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 The purpose of this study was to determine whether students taught by certified 

teachers and those taught by uncertified teachers had significantly different achievement 

on a state Algebra I End of Course examination.  The specific research questions were 

1. Does type of teacher certification impact Algebra I End of Course (EOC) 

Exam scores for high school freshman when controlli ng for students’ past 

mathematics success as measured by 8th grade TAAS mathematics test 

scores and teachers’ years of experience? 

2. Does type of teacher certification impact Algebra I End of Course (EOC) 

Exam passage rates for high school freshman when controlli ng for 

students’ past mathematics success as measured by 8th grade TAAS 

mathematics test scores, socio-economic status, ethnicity, gender, and 

teachers’  years of experience? 

This research was conducted in a large north Texas suburban school district.  The 

entire population (N=1,433) of freshman students enrolled in year-long Algebra I was 

included for this study.  Three statistical tests were used in data analysis for the first 

question.  Analysis of covariance using student as well as teacher as the unit of analysis 

and hierarchical multiple regression were used to analyze students’ specific scores.  

Logistic regression was used for the second research question.      



This study found that students in classes with non-certified teachers scored eight 

points lower on the Algebra I EOC Exam than those in classes with certified teachers.  

However, when controlli ng for students’ prior mathematics achievement and other 

variables, the difference was of no practical significance.  There was no practical 

significance in a student’s odds of passing the examination between students in certified 

teachers’ classrooms and those in uncertified teachers’ classrooms.  The results of this 

study offer further understanding of the debate over type of certification.   
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CHAPTER 1 

INTRODUCTION 
 

A national teacher shortage combined with legislation that emphasizes the 

importance of qualified teachers has intensified an ongoing debate about teacher 

preparation and certification requirements.  University-based teacher preparation has been 

criticized as inadequate since the 1950s (e.g. Bestor, 1953; Lynd, 1953) and continues to 

be questioned (e.g. Feistritzer, 1996; Ravich, 2000).   The position that teacher 

certification is not linked to teacher quality was further reinforced by Secretary of 

Education Roderick Paige who considers non-certified instructors to be “highly qualified” 

as detailed in Title II of the No Child Left Behind (NCLB) Act (U.S. Department of 

Education, 2002).   

As the literature review in the next chapter will explain, research has not 

established that certified teachers are more effective teachers than non certified instructors, 

though there is evidence that certified teachers are retained in the profession at a higher 

rate.  The criticisms of certification programs and lack of evidence of effectiveness give 

policy makers support for introducing solutions to the teacher shortage that eliminate 

traditional certification requirements.  To increase the pool of teacher applicants, states 

have authorized a variety of alternative certification programs that by-pass institutions of 

higher education, but prepare individuals to teach.   As part of a national education reform 

initiative, the 2001 No Child Left Behind (NCLB) Act authorized 3.175 billi on dollars for 
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improving teacher quality.  However, there is no national consensus on what constitutes 

“quality” . 

Teacher quality and the need for teacher certification have become highly 

politicized issues.  Currently, there is a national debate over the 

relationship, if any, between teacher certification and educational results.  The 

research evidence on the relationships between teacher preparation and student learning is 

unclear.  When all is said and done, does teacher certification make a difference?      

 Since the 1980s, growing demand for teachers in America’s classrooms, has led to 

an increase in emergency and alternative certification options 

(Freistritzer, 1998).  The need for teachers is predicted to grow.  The 

National Center for Educational Statistics (1999) estimates student 

population growth and teacher retirements will create a need for as many 

as 2.4 million new teachers between 2000 and 2009.  The projected need 

grows to more than 2.7 million new teachers when class size reduction 

efforts are included in the estimates.  Currently, all fifty states have some 

type of alternative certification plan in place to help meet the demand for 

teachers.   

The growth of alternative certification programs to address teacher shortages was 

accompanied by increased examination of teacher preparation.  Proponents of alternative 

certification programs emphasize the value of subject-area degrees rather than education 

degrees. However, the rigor of requirements and standards for alternative certification 

programs greatly differ.  Many alternative methods for entering the classroom have 
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produced teachers with little to no training in pedagogy or, often, in their teaching field, 

and critics argue that they are not as qualified as traditionally prepared teachers (Darling-

Hammond & Ball, 1998; Kaplan & Ownings, 2002; Wise & Leibbrand, 2000).  Advocates 

of training in pedagogy argue that an effective teacher commands expertise beyond subject 

matter understanding.  For example, expertise in pedagogy allows a teacher to meet the 

individual needs of learners. 

The fiscal support provided by the No Child Left Behind Act of 2001 provided for 

flexibili ty in teacher certification requirements with the creation of “passport” certification.  

As of spring 2003, would-be educators who have never taken an education course or 

spent time working with students in a classroom can receive “passport” certification.  The 

American Board for Certification of Teacher Excellence (ABCTE) can award “passport” 

certification to applicants with a bachelor’s degree who pass a background check and a 

computer-based examination covering basic classroom dynamics and knowledge of school 

procedures.   This nationwide program is funded through the United States Department of 

Education Fund for the Improvement of Education, which awarded the ABCTE 35 milli on 

dollars to create the passport certification program (Carter, 2003).    

 Teachers affect student achievement.  Willi am Sanders (1998), who has explored 

the value added, measured by standardized testing results in Tennessee, to students by 

attending specific schools or having a specific teacher’s class suggests teacher 

effectiveness has greater impact upon student achievement than class size, or student’s 

ethnicity and socio-economic status in his most recent work.   
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 Understanding how students learn as well as how to organize and manage 

classroom instruction ensures that teachers can effectively share their content knowledge 

with learners (Haselkorn, 2001).  Quite simply, subject-matter expertise alone is not 

enough to ensure effective teaching.  The “how to teach” element includes knowledge of 

child and adolescent development, instructional strategies for various types of learners, 

assessment and evaluation strategies, classroom management, and strategies for teaching 

those of differing abili ties.  This research-based knowledge is gained through formal study 

and supervised practice over time in clinical settings such as Professional Development 

School experiences (Wise & Leibbrand, 2000). 

With more than a quarter of new teachers not meeting minimum 

standards, 12% entering the classroom with no certification, and another 

15% entering with temporary or emergency certification, the relationship 

between teacher certification and students’ academic gains must be 

explored.  Teacher preparation and certification status should be 

reviewed and compared to the subsequent academic gains made by 

students.  Relevant information should also be analyzed for trends and 

patterns. 

 This study will explore the effects of teacher certification on 

students’ achievement in Algebra I, a ‘‘gateway’’ course to higher-level 

mathematics required for scientific and technical careers.  Algebra is 

traditionally considered to be a ‘‘gatekeeper course’’ for more advanced 

academic study, and there is a positive relationship between algebraic 
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understanding and college success (Kennedy, 2003).  More recently math 

literacy has become a gatekeeper for full participation in society.  Bob 

Moses, founder of the national math literacy program The Algebra 

Project, equates math literacy with economic access.  He has focused his 

efforts on the belief that math literacy for learners must be viewed in the 

same manner as reading-writing literacy (Moses & Cobb, 2001).   

Algebra I is a good test of the teacher’s influence on student learning.  

Mathematics achievement differs from reading-writing literacy in that it is far less likely to 

be affected by a students’ home experience (Moses & Cobb, 2001). Ultimately, student 

success in algebra is related to the development of problem solving abili ties rather than 

completing problems in isolation.  Teacher effectiveness in questioning strategy and 

instructional expertise that recognizes learning styles is key in teaching the concepts of 

patterns, relationships, and algebraic thinking (Kennedy, 2003). Does certification status 

predict a teachers’ abili ty to employ those strategies effectively? 

Statement of the Problem 

The problem of this study was to determine the relationship 

between teacher certification status and student learning in Algebra I.   

Research Questions 

This study addressed two research questions:  

Does type of teacher certification impact Algebra I End of Course 

(EOC) Exam scores for high school freshman when controlling for 
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students’ past mathematics success as measured by 8
th
 grade TAAS 

mathematics test scores and teachers’ years of experience? 

Does type of teacher certification impact Algebra I End of Course 

(EOC) Exam passage rates for high school freshman when controlling for 

students’ past mathematics success as measured by 8
th
 grade TAAS 

mathematics test scores, socio-economic status, ethnicity, and gender, 

and teachers’ years of experience?  

Purpose of the Study 

The purpose of the study is to add to the growing knowledge base on the 

relationship between teacher certification and student learning.  Additionally, the results 

will provide information to inform school district hiring practices and staff development as 

well as state and national policy development.  The information gained as a result of this 

study could assist in policy discussion and subsequent action related to teacher 

certification requirements as well as the design of teacher entry programs.  Further 

research is necessary as evidenced by the limited amount of study that has been 

successfully conducted up to this time and the conflicting results of that prior research. 

Definition of Terms 

The terms used in this study are listed below: 

Alternative Certification:  Teaching certification that is obtained outside of a university-

based setting at a Texas regional educational service center, and which is in process during 

the teacher’s first year in the classroom. 

Emergency Certification:  Practice of issuing certification to a person who is employed to 

teach but has not met all the requirements for certification.  Emergency certification is 
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most commonly issued for a period of one year during which time the teacher who is 

emergency certified is expected to take steps toward full certification. 

End-of-Course Exam (EOC):  State-developed tests that are given for specified high 

school courses in the state of Texas in order to measure successful learning of statewide 

curriculum. 

Math Certified (MAT):  Teaching certification earned through a university-based program 

in the area of mathematics.  In Texas this includes training in subject area and pedagogy. 

Non-Certified Educator Permit (NCEP): Permit issued for teachers who are teaching 

without certification and are currently enrolled in university-based teacher education 

program. 

Non-Certified Instructor (NCI): A person who is acting in a teacher capacity who has no 

teacher training or certification and is not enrolled in any type of teacher certification 

program.  

Texas Assessment of Academic Skill s (TAAS):  Standardized test used by the state of 

Texas to assess students’ academic skill s in specific content areas (math, reading, social 

studies, science, and writing). 

Temporary Classroom Assignment Permit for 2001 (TCAP01):  Permit which allows a 

teacher who holds a valid teaching credential to teach an area outside his/her certified 

subject area for a specified year – 2001. 

Texas Learning Index (TLI): A score that relates a student’s performance to a passing 

standard and allows for multi-year performance comparisons.  TLI is determined by 

converting the raw mean into the form of a z-score.  After collecting the data, the scores 

are broken down into quartiles, and the mean and standard deviation are calculated.  The 

passing standard (TLI of 70) is equated to 0.3 of a standard deviation above the mean.  

This standard was set in the spring of 1994 and has remained through spring 2002.  
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University-Based Certification:  Teaching certification that is attained after completing 

undergraduate study in a prescribed number of hours in a specific subject matter (i.e. 

math), professional coursework (i.e. educational psychology), and participation in a 

professional development school experience or student teaching. 

Value Added Analysis:  Statistical technique, which accounts for previous achievement 

levels and non-school factors, that is used to display the degree a specific school and/or 

teacher is contributing to student achievement. 

Limitations 

This study is restricted to high school freshman enrolled in year-long Algebra I sections in 

one north Texas school district.  Students placed in the Algebra I course sections studied 

are academically able to be successful in a course that is structured and paced in a manner 

that is developmentally appropriate for on-grade level learners.  Alternate sections for 

accelerated as well as academically at-risk learners were not included in this study.  The 

results can only be generalized to teaching Algebra I to ninth grade students who are 

academically able to be successful completing on-grade level work.  The relationship 

between student achievement and teacher certification found in this study may not apply to 

other subject areas, to remedial math courses, or to advanced mathematics courses that 

enroll a limited spectrum of students. 

Significance of the Study 

 The number of alternatively and emergency certified teachers continues to grow as 

the demand for new teachers soars.  Teaching positions are increasingly being fill ed by 

applicants with little to no training in pedagogy at a time of increasing accountabili ty for 

higher standards of achievement by all learners, yet little research has been done on the 

impact such teachers have upon student performance.  The information gained as a result 

of this study could assist in policy discussion and subsequent action related to teacher 
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certification requirements as well as the design of teacher entry programs.  This kind of 

research is necessary as evidenced by the limited amount of research that has been 

successfully conducted up to this time and the conflicting findings and conclusions about 

the need for teacher certification. 

Organization of Dissertation 

 This dissertation is organized into five chapters.  Chapter 1 

includes an introduction, which reviews the statement of the problem, 

research questions, purpose of the study, definition of terms, limitations, 

and significance of the problem.  Chapter 2 contains a review of relevant 

literature.  Chapter 3 details research methodology and procedures.  

Chapter 4 provides the presentation and analysis of data.  Chapter 5 

details conclusions as well as recommendations for further study. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Society continues to demand increasing levels of academic accountabili ty for all 

students.  At the same time the growing need for classroom teachers has led states to 

approve alternative means to bring teachers into the classroom. The need to investigate 

the potential impact certification has upon student achievement is clear.  As a result, the 

literature review focuses on teacher certification and student achievement.  This chapter 

is organized into issue specific sections: teacher education and its critics, alternative 

certification, and research linking teacher preparation to student achievement. 

Teacher Education and Its Critics 

The practice of licensing individuals to practice specific vocations originated 

during the middle ages.  In addition to elevating the licensed individual to a higher status, 

the use of licensing was used as a means of certifying to the public that an individual 

possessed a degree of competency.  Western European countries began licensing teachers 

in the 18th century; the United States implemented teacher licensure far later (Stinnett, 

1971). 

Education in the United States began as a function of the home and then the 

church.  Free public schools began in the early 19th century.  At that time, job 

requirements for teachers consisted of demonstrating a good character, which was 

defined by church attendance as well as promising not to involve oneself in dancing, 

immodest dressing, or falli ng in love.  Additionally, a teacher was expected to eat well, 

sleep eight hours a night, and remain in good spirits (Peterson, 1971). Prior to the 
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development of a state-based school system in the United States, the job requirements 

and selection of teachers were a local issue with ministers and other members of a town’s 

leadership taking on the task.  Between 1820 and 1865, state school systems were 

implemented, and the responsibili ty of licensing teachers was no longer a local task but 

the responsibili ty of each state’s Department of Education.  State legislatures first 

developed certification standards then subsequently delegated authority to determine 

standards to state education agencies (Stinnett, 1971).      

State Departments of Education provided the framework of minimum standards 

for the course work needed in order to be awarded teaching certification.  With the 

emergence of “normal schools” in the 1830s, teacher training moved from being a district 

responsibili ty.  “Normal schools” were two-year teacher training schools, and they 

attempted to provide prospective teachers with a laboratory for learning, often using 

model classrooms as a place to practice new skill s (Stinnett, 1971).  Initially, the 

curriculum was similar to a high school education.  The early 1900s brought an enriched 

“normal school” curriculum that more closely mirrored the requirements for a 

baccalaureate. The requirement of a four-year college degree was not widespread until 

after World War II .  Even then the academic teacher preparation program was still 

considered akin to vocational training, and some questioned the appropriateness of the 

courses being taught in a university setting (Dial & Stevens, 1993).  Ultimately “normal 

schools” were transitioned into state universities (Fraser, 2001).   

Teacher training and certification standards have been subject to criticism 

throughout the years.  Criticism of the current educational requirements started in the 



    

 12 

early 1950s with the publication of Educational Wastelands: The Retreat From Learning 

in Our Public Schools (Bestor, 1953) and Quackery in Public Education (Lynd, 1953).  

Both reports attacked required courses in pedagogy.  Bestor was particularly harsh, 

terming the educational establishment, in which he includes teacher colleges, school 

administration, and state education offices, as “the interlocking directorate of professional 

educationists” (Bestor, 1953).  He further described this group as the “creators and 

maintainers of mediocrity in public education” (Bestor, 1953).  Bestor blamed low 

academic standards specifically in the areas of math, science, history, and foreign 

language on the emphasis on pedagogy rather than subject matter expertise in teacher 

preparation programs as well as teaching practice.  More specifically, he suggested that 

methods and other pedagogy related courses may have a place in the training of 

elementary teachers, but standards for secondary teachers should come from the 

development of rigorous subject-based examinations (Bestor, 1953). 

After reviewing certification requirements, Conant recommended reform of 

teacher preparation and certification in his 1963 report The Education of American 

Teachers (Conant, 1963).  In studying more than 1,000 teacher training college programs, 

he found no consistency in the hours of course work required in subject area or in 

pedagogy course work, the types of certification available, or the examination(s) required 

for certification.  Additionally, he found that the number of hours demanded in subject 

area course work were quite limited, with one-third of math teachers graduating with less 

than nine college hours in math.  Conant recommended the development of stronger 

relationships between school boards, state agencies, and the National Council for 
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Accreditation of Teacher Education (NCATE) in order to create consistently high 

standards for certification that included subject area expertise.  Additionally, he 

encouraged the growth and development of what we now term professional 

developmental school experiences (Conant, 1963), “Before being entrusted with 

complete control of a public-school classroom, a teacher should have had opportunities 

under close guidance and supervision actually to teach.”  

The wide variation among states and school programs in recommendations and 

testing has raised questions about certification.  This disparity has evoked frustration as 

reflected in Feistritzer’s summative statement in The Making of a Teacher: A National 

Report on Teacher Education and Certification: 

The certification of classroom teachers in the U.S. is a mess.  Each state makes its 

own rules concerning who can be certified and what they can be certified to teach.  

The numbers of different types of certificates and what is required to get one 

within one state, much less nationwide are staggering.  Florida for example is set 

up to certify 410 academic and vocational areas for school personnel (Feistritzer, 

1996). 

With the publication of A Nation at Risk (National Commission on Excellence in 

Education, 1983) the political climate of the 1980s demanded perhaps the most critical 

review and subsequent strengthening of requirements.  Based on evidence of low student 

achievement, reformers suggested actions including adding to the curriculum in the areas 

of science, math, and technology, lengthening the time students spend in school, 

increasing the requirements for high school graduation, and developing more rigorous 
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assessments of student learning outcomes (National Commission on Excellence in 

Education, 1983).  Although specifically focused on the improvement of student 

achievement, the report includes seven specific recommendations related to improving 

teacher preparation and overall respect for the profession.  Of specific interest is the first 

recommendation included in the section: 

Persons preparing to teach should be required to meet high educational standards, 

to demonstrate an aptitude for teaching, and to demonstrate competence in an 

academic discipline.  Colleges and universities offering teacher preparation 

programs should be judged by how well their graduates meet these criteria 

(National Commission on Excellence in Education, 1983). 

Ultimately, A Nation at Risk (1983) purported that the teaching profession would be 

strengthened through higher standards for preparation of teachers as well as for their 

subsequent professional growth. 

However, criticism of required training in pedagogy continued.  In Education’s 

Smoking Gun: How Teachers Colleges Have Destroyed Education in America (1985) 

Reginald Damerell argued that a collapse in academic standards was directly linked to the 

emphasis being placed on pedagogy rather than content in teacher preparation.  Damerell 

aggressively questioned the need for colleges of education. 

Empty credentials are all that schools or departments of education in any 

university in the United States give to its graduates.  The education field is devoid 

of intellectual context, has no body or knowledge of its own, and acts as if bodies 

of knowledge do not exist in other university departments (Damerell, 1985). 
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In 1986 the Carnegie Foundation issued A Nation Prepared: Teachers for the 21st 

Century.  This report opened the door to discussion beyond student achievement as it 

focused on the role of the teacher as key to school reform.  Improved student success was 

ultimately the result of teachers acting as leaders in curriculum, instruction, and 

assessment efforts (Carnegie, 1986).  There was a call for policy change to ensure that all 

teachers were well prepared and committed to assume this role and take on new 

responsibili ties.  The report called for a bachelor’s degree in arts and sciences with an 

additional year of professional preparation for teachers.  Additionally, the creation of 

national board certification for teachers was recommended, and the Carnegie Forum on 

Education took action in 1987 creating the National Teaching Standards Board.  Plans 

were subsequently developed in order to begin issuing national certification in 1993.  

Such certification would be implemented on a voluntary basis acting as a step toward 

professionalizing certification rather than simply a replacement for state certification 

(ERIC, 1988).    

A national study of state directors of teacher certification (Hunt, 1987) found the 

majority of directors did not support national influence or control over state certification.  

Specifically the perceived control that the education profession was trying to take in 

relationship to certification was a concern.  Further, the state directors supported 

continuing undergraduate education coursework and degrees. 

As a result, the Council of Chief State School Officers (CCSSO) created an Ad 

Hoc Committee on Teacher Certification, Preparation, and Accreditation to review 
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concerns about certification standards and teacher education (Hunt, 1987).  Debate 

continued over ultimate control related to certification and preparation of teachers. 

In 1983 The Holmes Group composed of deans of education from large research 

universities, formed with the goal of reforming teacher education as a means of 

improving public education (Orlich, 1989).  Tomorrow’s Teachers, a document produced 

by The Holmes Group (1986), suggested a subject area major at the undergraduate level 

plus another year of study in education at the graduate level for prospective teachers.  

Within the report, there is a call for teaching to be moved from an occupation to a 

profession.  They further outlined plans for professional developmental schools.  Such 

schools serve three purposes: development of pre-service teachers, continued 

development of practicing educators, and research and development related to the 

profession of teaching (Holmes Group, 1990).  The efforts of the Homes Group to 

improve teacher education were detailed within their goals: 

Make the education of teachers intellectually sound.  Make better use of 

differences in knowledge, skill , and commitment among teachers.  Create relevant 

and defensible standards of entry to the profession of teaching.  Connect schools 

of education with schools.  Help make schools better places for practicing 

teachers to work and learn (Holmes Group, 1990). 

With a clear understanding of the complexity of improving schools and teacher 

preparation, the Holmes Group redefined itself in 1996.  Renaming the organization the 

Holmes Partnership, members now include universities and colleges with school/school 

district partners as well as professional organizations including teachers’ unions, the 
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National Board for Professional Teaching Standards, and national associations 

representing administrators, and school board members (Bradley, 1996).   

The National Commission on Teachers and America’s Future (1996) reinforced 

the importance of teachers in their report What Matters Most: Teaching and America’s 

Future.  The commission detailed a plan that linked higher standards for teachers with 

enhanced student success.  The plan included: requiring higher requirements for teacher 

licensure and renewal, rigorous testing of teacher knowledge, reforming teacher 

preparation programs, implementing incentives for effective teaching, and developing 

quality professional development opportunities for teachers that would positively impact 

student success (National Commission on Teachers and America’s Future, 1996). 

The reports presented by The Holmes Group (1986) and The Carnegie Task Force 

on Teaching as a Profession (1986) were criticized, and extended certification programs 

were attacked (Orlich, 1989).   The Association of American Colleges rejected the notion 

that certification programs should extend beyond four years.  They encouraged a four-

year certification program that included a subject area major with additional coursework 

that emphasized professional training.  Although emphasis was placed on the importance 

of subject area majors, pedagogy and clinical experiences in the form of student teaching 

as well as professional development school experiences were seen as crucial components 

to the certification program (Orlich, 1989).     

 Goodlad conducted an in-depth, five-year study on teacher preparation.  Based on 

this research, Teachers for Our Nation’s Schools (1990) includes recommendations for 

the improvement of teacher education programs.  Goodlad explored teacher preparation 
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in general, subject area majors, and professional courses, and subsequently recommended 

the restructuring of the professional component of teacher education/preparation.  

Goodlad advocated professional courses serving as the foundation for undergraduate 

study recommending a two-year pre-education program followed by a three-year teacher 

preparation course that would lead to a degree in pedagogy (Goodlad, 1990).  Key to 

Goodlad’s discussion is the call for subject area departments and schools of education to 

work cooperatively to prepare prospective teachers.        

A contemporary voice of criticism is Diane Ravitch.  In her book Left Back: A 

Century of Failed School Reforms, Ravitch explains that policy churning among local, 

state, and national educational leaders and by academic experts in higher education has 

acted as the most serious impediment for significant and lasting school reform.  

Throughout the 20th century, both liberal/progressive and conservative policymakers have 

used schools to further their own political and professional agendas, often without a clear 

sense of how their theories and programs would impact students and teaching in real 

classrooms in real schools (Ravitch, 2000). 

Teacher training is an area that has been negatively impacted by this reality 

according to Ravitch.  As standards have been raised for students so too should standards 

be raised for teachers (Ravitch, 2000).  Ravitch calls for subject area majors for all 

teachers.   

There is a widely accepted notion that people who teach little children don’t need 

to know much other than pedagogical methods and child psychology: that is 

wrong.  Teachers of little children need to be well educated and should love 
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learning as much as they love children.  Even elementary school teachers should 

have an academic major (Ravitch, 1998). 

Although Ravitch strongly advocates subject area majors, she does concede that practical 

experience is needed for effective practice.  Ravitch cites pedagogy coursework as a 

means for learning classroom management skill s rather than a necessary foundation for 

effective instruction (Ravitch, 1998).  She encourages the development of open 

discussion and ultimately partnerships between colleges of liberal arts and schools of 

education in preparing teachers in the future (Ravitch, 1998).       

A result of the debate over teacher preparation was increased attention to research 

on relationships between teacher certification requirements and student learning.  

Roderick Paige, United States Secretary of Education (2002), used this research to argue 

that non-certified instructors are “highly qualified” as detailed in Title II of the NCLB 

Act.  Highly qualified instructor status is given by the NCLB Act to a teacher who 

possesses a minimum of a bachelor’s degree, has obtained full state certification, and has 

demonstrated subject area competency in the academic areas taught either by passing a 

state exam or by earning an undergraduate or graduate degree in the subject area 

(Executive Summary of No Child Left Behind Act, 2001).  Citing Walsh’s analysis in the 

Abell Foundation Report, Teacher Certification Reconsidered: Stumbling for Quality 

(Walsh, 2001), Paige stated that no “scientifically rigorous” research displays a link 

between pedagogy training and higher student achievement (U.S. Department of 

Education, 2002).    
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The Abell Foundation study (Walsh, 2001) focused on review of educational 

research from the past fifty years that explores teacher certification and student 

achievement.  Key to this review were allegations that most of the studies were deficient 

in scientific rigor.  Walsh used scientific standards used in other fields of study were 

utili zed to eliminate all but 57 studies from review (Walsh, 2001).  Furthermore, only 

eight of the remaining studies were longitudinal or quasi-longitudinal studies that used 

student achievement data as a measure of teacher effectiveness and controlled for socio-

economic status.  Six of these studies reported a positive relationship between teacher 

certification and student achievement.  However, Walsh found problems within each of 

the studies or with claims from the studies that weaken them.  For example, she labeled 

one of the six, a dissertation by Davis, Selected Teaching-Learning Factors Contributing 

to Achievement in Chemistry and Physics that was never published and had a small 

sample size, (N=28) “weak” (Walsh, 2001).  Ultimately, the Abell Foundation report 

asserted that research evidence does not support a positive link between teacher quality 

and certification status. 

In contrast, Linda Darling-Hammond, a university-based researcher and leader in 

the reform of teacher education, cited evidence that formal pedagogy training is linked to 

student achievement. She addressed the arguments presented by the Abell report by 

examining five key issues: evidence ignored, unfounded claims, misrepresentations of 

research, methodological issues and double standards in using research, and ill ogical 

policy conclusions (Darling-Hammond, 2001).  Evidence ignored by the Abell Report 

included research findings regarding student learning and the relationship professional 
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knowledge beyond subject matter has upon student achievement (Darling-Hammond 

2001).  For example, Walsh had not reviewed Wenglinsky’s 2002 study, which, after 

controlli ng for school differences and student characteristics, found that students who 

were taught by math and science teachers who had completed pedagogy coursework were 

more successful on the National Assessment of Educational Progress (NAEP) 

assessment.   

Several examples of unfounded claims include Walsh’s statements that verbal 

abili ty and subject matter alone are sufficient to produce effective teachers’ , individuals 

with higher academic abili ty would be recruited into teaching if certification standards 

were eliminated; and new teachers who are certified do not produce greater student gains 

than to new teachers who are not certified (Darling-Hammond, 2001).  These claims are 

presented in the report in the form of summarizing statements that are not supported with 

specific data.   

Darling-Hammond referred to the omission from review of numerous studies as 

misrepresentations of research, arguing that Walsh selectively included studies that 

furthered her argument while dismissing others that used the same methods.  Walsh 

eliminated studies that measured teacher effectiveness in any way other than students’ 

subsequent academic achievement.  Additional studies were not included if a small 

sample size had been used, if the study had been published more than twenty years ago or 

had been published in some way other than as a peer-reviewed journal.  Darling-

Hammond acknowledged sample size as a genuine concern but also pointed to using such 

sweeping measures to eliminate studies for review as problematic as evidenced by 
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Walsh’s use of citations from studies that fail to meet her own high standards within her 

report.  As a result, Darling-Hammond referred to these concerns as methodological 

issues and double standards in using research (Darling-Hammond, 2001).   

Finally, Darling-Hammond concluded that Walsh’s policy conclusion of 

abolishing teacher certification as ill ogical.  Darling-Hammond responded in stating that 

the answer to inconsistent training standards is not to dissolve any and all standards.  

Ultimately, Darling-Hammond contended that teacher certification that includes training 

in pedagogy makes a positive difference (Darling-Hammond, 2001).  

The debate over the importance of teacher certification, especially the required 

training in pedagogy, remains contentious.  This has been displayed by the increasing use 

of research evidence in this debate. 

Alternative Certification 

Beyond discussion of teacher preparation program specifics, the need for teachers 

has encouraged the development of alternative means of entry including the use of non-

certified instructors.  In response to teacher shortages, states have created alternatives to 

university-based certification (National Education Agency, 2000; Walsh, 2001).  More 

than 2 milli on new teachers will be needed by 2009 (National Center for Educational 

Statistics, 1999).  The teacher shortage is fueled by an increasing teacher turnover rate, 

which ranges from 15% to 20% among the 50 states (National Education Agency, 2000; 

Walsh, 2001).  Alternative certification was originally introduced in New Jersey in 1984 

with Texas quickly following that same year.  Originally introduced as a short-term 
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solution, it now appears to be the permanent fix for our nation’s teacher shortage 

(Dahlkemper, 2001).   

Alternative certification is an umbrella term that can include academically 

rigorous programs that provide certification as a component of a master’s degree program 

commonly in the field of education or a specific teaching field area.  Candidates in these 

programs often bring private industry experience as well as subject area knowledge, 

which is subsequently enriched through their pedagogy coursework and practical 

experiences.  Without such alternative certification paths, a person with credentials as 

outstanding as being named a Nobel Laureate would not meet the certification 

requirements to teach in a public school (Washington Times, 2002). 

 There are two types of alternative certification programs: university-based and 

non-university based.  University-based alternative certification programs that include 

university-based instruction provide participants formal training in pedagogy.  Concerns 

ranging from classroom management to questioning strategies are fully explored.  

Additionally, these alternative certification programs require real-world experience in the 

classroom through student teaching and professional development school experiences.  

These opportunities for application in real classroom settings allow for the development 

of effective practice in a supportive environment.  Northwestern University’s Alternative 

Teacher Certification program provides this type of experience for prospective teachers.  

This year-long program begins with an intensive study of educational theory and 

pedagogy coupled with practice teaching as the program participant is supported by 

university faculty and classroom teacher mentors (Haselkorn, 2001). 
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Other alternative certification programs are set up to serve as a “fast track” and 

provide no real training (Dahlkemper, 2001).  In lieu of attending university-based 

courses such programs rely on the belief that subject matter knowledge is enough, 

especially if one receives training and mentoring.  This approach gives teachers a means 

of entering the classroom without enrolli ng in a traditional university-based teacher 

education program and is a major departure from the traditional (Feistritzer & Chester, 

1996).  Alternative certification has created a means of filli ng positions in high-need 

areas including math, science, bili ngual/English as a Second Language (ESL), and special 

education (Feistritzer & Chester, 1996).  It also has fill ed many teaching positions in 

inner-city schools as well as attracting far greater numbers of minority applicants than are 

found in traditional university-based programs (Feistritzer, 1998; Feistritzer & Chester, 

1996; Natriello & Zumwalt, 1993).   

The question of who should teach is a complex one.  Supporters of alternative 

certification argue that current university-based certification status provides no insight 

regarding a teacher’s abili ty, intellectual curiosity, creativity, affinity for children, or 

instructional skill s (Walsh, 2001).  Alternative certification advocates attack certification 

on a conceptual level questioning the relevance and importance of preparation 

coursework (Walsh, 2001).  Alternative certification advocates are aggressive in their 

desire to re-tool teacher preparation.  Using the lack of confidence the public at large has 

in the abili ty of colleges and universities to prepare individuals to be effective classroom 

teachers as the catalyst for change (Fraser, 2001). 
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The alternative certification movement is not without its critics.  Arguments 

against alternative certification include its role in the marginalization of teaching as a 

profession.  Preparation efforts are trivialized and professional status diminished when 

less qualified individuals are allowed to enter the field with little if any training (Dial & 

Stevens, 1993).   

An effective teacher commands expertise beyond subject matter understanding.  

Expertise in pedagogy allows a teacher to meet the individual needs of learners.  In their 

review of research on teacher behaviors and student achievement, Brophy and Good 

(1986) reported that increasing the opportunity to learn has consistently shown to have a 

positive impact upon student achievement.  They found that, teachers who organize 

instruction using an academic orientation as displayed through task-driven activities that 

enhance the abili ty to keep time on task at a maximum appear consistently to enhance 

student achievement.  A key variable related to this increased time for learning is the 

implementation of effective classroom management.  Effective teachers also 

communicate clear expectations to learners and then monitored student progress (Brophy 

& Good, 1986). 

McDiarmid and Wilson (1991) conducted exploration of mathematics knowledge 

of participants in two alternative certification programs through analysis of 

questionnaires and interview data.  The sample for the study consisted of 55 prospective 

teachers who had completed undergraduate degrees in mathematics and were enrolled in 

two different alternative certification programs.  Both alternative certification programs 

consisted of two to four weeks of training during the summer prior to teaching and 
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various workshops throughout the first year as teachers.  Questionnaires were given to all 

participants.  The intensive sample included 16 teachers who participated in structured 

interviews.  Half taught at the secondary level and half taught at the elementary level.  

Overall, the teachers pursuing alternative certification responded correctly to questions 

about the mathematical rules of thumb during the interviews but had difficulty in 

explaining mathematical meaning and representation, which is essential in order to 

explain fully mathematical concepts as well as to answer student questions.   

Mathematics majors who do not plan to teach can operate with tacit, unexplicated 

knowledge of these operations.  Teachers are, however, responsible to the 

children in their classes who ask, “Why?” (McDiarmid & Wilson, 1991).     

For participants in the study, classroom teaching experience did not appreciably improve 

their skill s in providing explanations.  Ultimately, the need for expertise beyond subject 

area mastery was reaffirmed by the work of McDiarmid & Wilson.  

With the majority of alternatively certified teachers placed at inner-city campuses, 

the equality of educational opportunity for learners comes into question (Stanford 

Research International, 2000).  Students from lower socio-economic backgrounds 

especially benefit from good teachers (Sanders & Horn, 1998).  Alternative certification 

critics are quick to point out potential educational inequity and question whether  

inner-city children are receiving a second-class education.  Alternatively certified 

teachers do not possess the pedagogical foundation university-based certified teachers 

have (Darling-Hammond, 2001).  Alternative certification critics focus on this 
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understanding as foundational to effective practice and, ultimately, to student 

achievement. 

Research on effectiveness of alternatively certified teachers showed mixed results.  

Some reports showed those teachers who came into the classroom via alternative 

certification were not as effective as their regularly certified counterparts as measured by 

student achievement (Darling-Hammond 1990; Felter; 1999; Hawk, Coble, & Swanson, 

1985; SRI, 2000).  Other research studies reported the exact opposite, defending 

alternatively certificated teachers as equally effective in assisting positive growth in 

student achievement (Golhaber & Brewer, 2000; Mill er, McKenna & McKenna, 1998; 

Peck, 1989; Qu & Becker, 2003; Raymond, Fletcher, & Luque, 2001). 

Research Linking Teachers to Student Achievement 

The research exploring the relationship between teacher inputs and student 

outputs began in earnest with the publication of the Equality of Educational Opportunity 

Study of 1966 (Coleman, Campbell, Hobson, McPartland, Mood, Weinfled, & York, 

1966) followed by Inequality: A Reassessment of the Effect of Family and Schooling in 

America (Jencks, Smith, Acland, Bane, Cohen, Ginitis, Heyns, & Michelson, 1970).  

Coleman’s seminal study introduced the practice of defining teacher effectiveness in 

terms of student achievement on standardized tests (Walsh, 2001). The results of both 

studies suggested that neither schools nor teachers had an impact upon students’ 

academic achievement.  However in response, focused research on teacher and school 

characteristics and student achievement has been conducted.  More recent research has 

focused on exploring the effects of individual teachers on student achievement rather than 
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relying on aggregated school level data as had been done by Coleman and Jenks (Sanders 

and Horn, 1998).   

The Tennessee Value-Added Assessment System (TVAAS) uses a statistical 

mixed model that includes multivariate longitudinal analysis of student achievement in 

order to determine the effectiveness of teachers, schools, and school districts.  Data used 

include the Tennessee Comprehensive Assessment Program (TCAP) scores.  TCAP is 

given annually in grades three through eight and is made up of five sub-tests in the areas 

of: mathematics, science, social studies, reading, and language arts.  End of course tests 

are also used for high school mathematics.  Scaled scores are used for analysis.  As a 

longitudinal instrument, any deviations from the normal pace (one year of growth) of 

achievement are noteworthy.  Additionally, cumulative gains are unrelated to 

demographic factors, socio-economic factors, or the mean achievement of the school. 

By following growth over time, the child serves as his or her own “control.”  This 

enables the partitioning of school system, school, and teacher effects free of the 

exogenous factors that influence academic achievement and that are consistently 

present with each child over time (Sanders & Horn, 1998).   

Teacher effectiveness has been found to be the dominant factor impacting student 

achievement throughout the Tennessee Value Added Assessment System studies 

(Sanders & Horn, 1998). 

In another attempt to measure student success in relationship to teacher inputs, 

Mendro, Jordan, Gomez, Anderson, & Bembry (1998) conducted a study that utili zed a 

two-stage multiple linear regression (MLR) technique, including more specifically 
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hierarchical linear modeling (HLM), which was used in order to determine the 

longitudinal effectiveness of teachers through student outcomes.  Data were collected 

from the Dallas Independent School District.  The first stage of study removed the effects 

of variables termed concomitant which included gender, ethnicity, socio-economic status, 

and language proficiency.  The second stage of the study included the use of HLM.  

Student achievement was linked to teachers and classrooms.  The creation of classroom 

effectiveness indices resulted.  The sample was limited to two groups, students with five 

years of complete testing data in reading or mathematics from 1993 to 1997 and four 

years of associated teacher effectiveness data in reading or math from 1994 to 1997, and 

students with four years of complete testing data in reading or mathematics from 1994 to 

1997 and three years of associated teacher effectiveness data in reading or math from 

1995 to 1997.  These groups were then divided into subject specific groups for math and 

reading.  Testing data from the Iowa Test of Basis Skill s was used for the analysis.  The 

study results display the longitudinal impact of ineffective teaching.  Students who had a 

sub-standard teacher during the first year and then highly rated teachers the following 

years, never attained the same level of success as the students who had high level 

teachers each year as displayed by effect sizes (i.e. .33 and .56) (Mendro, Jordan, Gomez, 

Anderson, & Bembry, 1998). Teacher Education/Preparation and Student Achievement 

The first studies related to the performance of alternatively certified teacher 

(Bliss, 1992; Lutz & Hutton, 1989) did not tackle the issue of gains in student 

achievement but rather used qualitative data regarding effectiveness in the form of 

surveys completed by supervisors and review of academic background and attrition rates 
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of teachers (Darling-Hammond, 2001).  Subsequent studies have shown certification to 

have little impact on student achievement (Golhaber & Brewer, 2000; Mill er, McKenna 

& McKenna, 1998; Peck, 1989; Qu & Becker, 2003; Raymond, Fletcher, & Luque, 

2001). 

The Golhaber and Brewer study is of particular interest.  The researchers 

compared the performance of students who had teachers with standard (university-based) 

certification to that of students who had teachers with non-standard certification 

(alternative, emergency, or non-certified) in an effort to gauge the impact certification has 

on student performance.   Using data from the National Educational Longitudinal Study 

of 1988, Golhaber and Brewer secured a nationally representative sample of 24,000 

eighth grade students.  A sub-set of the sample was resurveyed as tenth graders then as 

twelfth graders.   Surveys were administered to students and their parents with 

information requested including demographic specifics, as well as family structure.  Each 

time students were surveyed, they took sub-tests in mathematics, science, 

English/writing, and history.  One of the unique features of the tests used by the 

researchers was the availabili ty of teacher related data that could be directly linked to 

which students were taught by which teacher.   

Golhaber and Brewer used multiple regression, which statistically allowed them 

to assess the impact of specific factors on student performance on a standardized test in 

math and science.  The factors in this study included: individual and family background 

characteristics, school, teacher, and classroom characteristics, as well as state certification 

policy.   
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They found that family background characteristics appeared to have the greatest 

impact on student achievement.  Consistent with prior research conducted by the team, 

they found that students taught by teachers with degrees in mathematics outperformed 

students who were taught by teachers who had degrees in education.  The benefit of 

having a teacher with a degree in mathematics equated to .33 year of instructional benefit.  

Students whose teachers were certified in mathematics whether traditionally certified or 

emergency certified also seemed to perform better than students whose teachers had no 

certification or certification outside the subject area.  The benefit of certification equated 

to three-quarters of a year of instruction.  Overall a strong relationship between teacher 

certification and students’ academic success did appear.  Although interestingly, there 

appeared to be no discernable difference between the impact of having a teacher with 

standard certification and one with emergency certification within the confines of this 

study.   

 Exemplifying the politicization of the teacher preparation and certification issue, 

the Golhabler and Brewer study has been used to support alternative certification as well 

as to dismiss the use of alternatively certified teachers as professionally lacking in 

relationship to student achievement gains.  Darling Hammond (2001) critiqued the 

methodology of the Golhabler and Brewer study.   She redefined participants that 

Gohabler and Brewer originally termed “emergency certified” as “other certified” and 

ultimately included them with the certified teachers in her analysis after reviewing 

subject specific data.  Although the emergency certified teachers lacked requirements for 

credentials they had completed education coursework.   As a result, Darling-Hammond 
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redefines their status as stated in her response to the Abell report, The Research and 

Rhetoric on Teacher Certification: A Response to “T eacher Certification Reconsidered”  

and uses the study as support for the argument that a positive relationship exists between 

certification and student achievement (Darling-Hammond, 2001).   

Mill er, McKenna, and McKenna (1998) compared traditionally certified teachers 

with teachers who came to the classroom through university-based alternative 

certification.  The university-based alternative certification program used for the study 

included condensed coursework with mentoring support and on-going staff development 

level sessions for teachers.  Mill er, McKenna, and McKenna included three sub-studies 

for their comparison of alternatively and traditionally prepared teachers.  The first study 

focused on behavioral differences of teachers in regard to preparation differences.  After 

three years of teaching, attempts were made to contact the 67 alternative certification 

participants who entered the classroom in 1989.  Of the 67 participants, 41 were traced 

and included in the study as members of the alternative certification sample.  Those 

teachers were matched with traditionally certified teachers who also had three years of 

teaching experience and taught the same subject, at the same grade level, at the same 

school.  Trained observers visited each teacher’s classroom and evaluated observed 

lessons using a standardized rating instrument that contained scoring criteria (1-4 scale) 

in the areas of effective lesson components and effective pupil-teacher interaction 

components.  Means and standard deviations were calculated for each category of the 

assessment instrument.  The difference in the means for the two samples was relatively 

small.  The greatest mean difference was 0.2.  Multivariate analysis of variance suggested 
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that the differences obtained in the study were due to sampling variabili ty not a true 

difference in the populations (Mill er, McKenna, & McKenna, 1998). 

The second sub-study compared the impact of alternatively certified teachers with 

traditionally certified teachers on student achievement.  For this study, participants were 

limited to self-contained fifth and sixth grade classes.  There were 18 classrooms of 

students who participated in this study.  The sample was composed of 188 students who 

were taught by alternatively certified teachers and 157 students who were taught by 

traditionally certified teachers.  The Iowa Test of Basic Skill s was administered at the 

conclusion of the school year and was used for analysis.  Means and standard deviations 

were calculated and multivariate analysis of variance was used.  No difference in student 

achievement was present (Mill er, McKenna, & McKenna, 1998). 

The third sub-study was qualitative.  Trained interviewers asked 82 teachers who 

participated in the first study about perceptions of teaching abili ties.  Neither, 

traditionally certified nor alternatively certified teachers stated that they felt prepared.  

Analysis of their responses suggested that traditionally certified teachers related their 

feelings of inadequacy as a normal part of starting a career.  Alternatively certified 

teachers referred to gaps in knowledge and understanding as the rationale for their 

feelings.  Alternatively certified teachers mentioned concerns ranging from controlli ng 

classroom behavior to writing lesson plans. Ultimately, no significant difference was 

found between university-based alternatively certified teachers and those who were 

prepared traditionally within this study (Mill er, McKenna, & McKenna, 1998). 
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 The impact of teaching certification status on math teachers’ performance and 

student achievement was also explored through a pilot study conducted by Peck (1989).  

A sample of 52 teachers and their 1,469 students was used.  The pilot study was 

conducted to determine whether the means of entry into math instruction affects 

professional practice as well as student achievement.  The means of entry used within the 

study included: a degree from a college of education, a degree from a college of arts and 

sciences, adding an endorsement to pre-existing certification, and emergency 

certification.  Additionally, the pilot was conducted to provide a trial for the research plan 

created for a longitudinal, multi-state study.  Descriptive statistics as well as analysis of 

variance were used for analysis.  The first research question within the study focused on 

the overall differences between teachers in regard to a myriad of different characteristics 

based upon entry route.  Characteristics explored included: attitudes about mathematics 

and teaching, knowledge of students’ progress and interest in mathematics, and levels of 

knowledge in mathematics as well as pedagogy.  No significant difference was found 

between the four different entry methods in regard to the 13 sub-components included 

(Peck, 1989).    

 The intent of the second research question was to examine teaching performance 

as well as student achievement as measured by the Mississippi Teacher Assessment 

Inventory (MTAI).  Teachers who came to the classroom through the college of 

education as well as those who added an endorsement earned the highest ratings (188.9 

and 189.5) compared to the lower scores of college of arts and science graduates (179.6), 

and emergency certified teachers (174.2).  Student achievement data were gathered, but 
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tests of significance were ultimately not conducted due to small sample size.  According 

to Peck, potential differences would be misleading based upon sample size and 

subsequent lack of robustness of the sample.  Data related to students’ perceptions of the 

math knowledge and effectiveness of their respective teachers were assessed using 

ANOVA as well.  College of education teachers and those adding an endorsement scored 

similarly (52.8, 53.7) while college of arts and sciences (47.6) and emergency certified 

teachers (46.3) were viewed as less knowledgeable as well as less effective by students 

(Peck, 1989). 

 The final question of the study explored the relationship among routes of entry 

and teaching characteristics with teaching outcomes.  Due to the small size, the four 

certification groups were collapsed into two groups – traditional certification and 

irregular certification.  Traditional certification status was used for teachers who went 

through the college of education.  All others were included in the irregular certification 

group.  Discriminate function analysis was used for this portion of the study as a means 

of analysis.  Examination of characteristic variables revealed minimal differences 

between teachers.  Although differences were found between the four different 

certification statuses, these differences were not statistically significant in regard to any 

of the research questions presented within the study (Peck, 1989).    

In an effort to present an unbiased review of the research currently available on 

the impact of certification upon student achievement, Qu and Becker (2003) conducted a 

meta-analysis.  Theirs is the first effort at providing a research synthesis on the topic of 

alternative certification and includes 24 studies.  Of the 24 studies reviewed, nine 
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specifically focused on the relationship between certification and student achievement.  

Of the studies analyzed, the results suggest that teachers, whether university-based 

certified or alternatively certified, seemed to perform at an equivalent level.  Differences 

in results could primarily be explained by other variables present including: location 

(state), type of outcome measured, instructional level, subject area, and teacher 

experience (controlled).  In addition researchers specifically note that lack of information 

reported fully within the body of research negatively impacted the power of their analysis 

(Qu & Becker, 2003).   

The evidence, which places into question the competence of alternatively certified 

teachers in comparison to their university-based certified counterparts, is largely based 

upon research conducted by Darling-Hammond (1990).  Although alternatively certified 

teachers appeared to perform less successfully overall, their deficiencies in meeting 

students’ unique developmental needs as well as assisting in the development of higher-

order thinking skill s were striking (Darling-Hammond, 1990).  Darling-Hammond 

undertook an analysis of teacher qualifications and school inputs in relationship to 

student achievement.  Results from the 1993-1994 School and Staffing Survey (SASS), 

which included 65,000 teachers, were disaggregated to the state level and used for 

analysis. Additionally, state specific policies regarding teacher education and certification 

as well as data from the National Assessment of Educational Progress (NAEP) were 

reviewed.  The 1990 and 1996 state averaged NAEP mathematics scores for eighth 

graders and the 1992 and 1996 state averaged NAEP scores in mathematics for fourth 

graders were included in the study as well as the 1992 and 1994 state averaged NAEP 
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reading scores for fourth graders.  States were used as the unit of analysis for the study.  

Prior to conducting multivariate analysis, bivariate correlations were examined.  A strong 

relationship was displayed through partial correlations between teacher quality indicators 

and students’ academic outcomes.  For the purposes of this study, “high quality teachers” 

were defined as having traditional teacher certification and a subject area major for 

secondary teachers and traditional certification and a major in elementary education for 

self-contained classroom teachers or a subject area degree for specialized area teachers.  

The correlations between student scores and teacher preparation were highest for highly 

qualified teachers (r between .61 and .80, p<. 001) across the six different NAEP tests.  

Regression analysis was used to explore the influence of school resources and student 

characteristics on state-level NAEP scores.  Well-qualified teachers defined by their 

traditional certification and major in their field, displayed the greatest impact upon 

student achievement.  Teacher quality accounted for between 40 and 60 percent of the 

total variance in student achievement after student characteristics were taken into account 

(Darling-Hammond, 1990). 

Additional research related to the difference in instructional skill s and planning 

techniques displayed by university-based certified teachers and alternatively certified 

reaffirmed the benefit of certification on students’ academic achievement gains (Laczko-

Kerr & Berliner, 2002; SRI, 2000).  The impact teacher certification has upon student 

achievement can be seen in the recently released report by The Center for the Future of 

Teaching and Learning (2000) detaili ng the results of research conducted by Stanford 

Research International (SRI), an independent, non-profit research organization.  SRI 
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reviewed the potential link between the performance of California high school 

sophomores on the California high school exit exam and the certification status of 

teachers from the students’ campus.  The greatest concentration of failures was found on 

the campuses with the higher numbers of uncertified teachers.  In schools where 21% of 

teachers were not fully certified, a minimum of 75% of the sophomores failed the math 

portion of the exam as compared to campuses with 9% uncertified teachers where less 

than 50% failed the math section (SRI, 2000). 

Established in 1990, Teach for America is perhaps the most well known 

alternative preparation program in existence.  With the charge of placing the “best and 

brightest” in inner city and rural schools, the organization’s function is similar to an 

educational Peace Corps (Raymond, Fletcher, & Luque, 2001).  Teach for America 

teachers receive four to six weeks of intensive training through summer workshops prior 

to being placed at a school as a teacher.  The Center for Research in Education Outcomes 

(CREDO), a research group at Stanford University’s Hoover institution, examined the 

impact of Teach for America teachers who were placed in the Houston Independent 

School District (H.I.S.D.).  The research questions addressed by the study included: Does 

Teach for America (TFA) sufficiently qualify teachers for America’s schools?  How does 

a Teach for America (TFA) teacher perform when compared to another new hire with a 

different background?  These questions allowed researchers to review the impact on 

student learning when taught by a TFA teacher compared to other teachers, including 

those with more experience, as well as directly comparing student success of TFA 
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teachers to other new teachers.  The study was conducted using data from a four-year 

period (1996-2000) and included 1,500 teachers and their respective students.   

A number of statistical techniques were used within the study.  In order to explore 

the issue of student performance in relationship to teacher certification, econometric 

analysis was utili zed.  Termed a value-added model, this statistical procedure allowed the 

researchers to isolate the effects of a myriad of different variables.  In order to address the 

variable of teaching experience, a regression model was utili zed for the study 

(Raymond,Fletcher, & Luque, 2001). 

The results showed students’ academic achievement gains when taught by a 

Teach for America teacher were higher than those in classes of other non-certified 

teachers.  The study did not compare TFA teachers with certified teachers.  Additionally 

TFA teachers appeared to be the most consistent group in terms of impact upon student 

success with nearly 65% of the TFA teachers surpassing the mean student score achieved 

by all middle school math teachers in the study (Raymond, Fletcher, & Luque, 2001). 

The CREDO study has been the subject of great scrutiny, which finally resulted in 

the National Commission on Teaching and America’s Future (NCTAF) writing a 

response to the study with detailed concerns about the research.  Key to the discussion 

was the lack of comparison of TFA teachers with fully certified teachers.  TFA teachers 

were compared only to other under-certified teachers. Additionally, the data used for the 

study have not been made available to other researchers for verification or replication 

(NCTAF, 2001). 
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Further evidence of a positive relationship between teacher certification and 

students’ academic achievement is detailed within Laczko-Kerr and Berliner’s recent 

study: The Effectiveness of “T each for America” and Other Under-certified Teachers on 

Student Academic Achievement: A Case of Harmful Public Policy (Laczko-Kerr & 

Berliner, 2002).  The research compares the academic achievement of students when 

taught by under-certified teachers as opposed to fully certified teachers from 1997-2000.  

Under-certified teachers were defined as those who were teaching with emergency, 

temporary, or provisional certification.  Teachers who were part of the Teach for America 

(TFA) program were a sub-set within the under-certified group for this study.  Teachers 

identified as certified had completed university-based instruction and had completed all 

requirements for full teacher certification including student teaching and all state-level 

requirements (Laczko-Kerr & Berliner, 2002).   

Certified and under-certified teachers who had been recently hired in five low-

income Arizona school districts were paired by grade level and highest degree earned.  

There were 109 pairs.  Achievement was measured by Stanford Achievement Test (SAT 

9) results, a national norm-referenced standardized test that assesses achievement in 

reading, mathematics, and language arts.  Class means were used as the unit of analysis 

(Laczko-Kerr & Berliner, 2002).   

Laczko-Kerr and Berliner used a one-way analysis of variance (ANOVA) that 

defined TFA trained and all other under-certified training types as the independent 

variables and student achievement as demonstrated on the SAT 9 assessment as the 

dependent variable.  They found no significant difference in performance between 
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students who had TFA teachers and students where were taught by other under-certified 

teachers.  They also examined student performance of certified teachers and under-

certified teachers, using a correlated t-test.  Students of certified teachers out-performed 

students of under certified teachers on all areas of the SAT 9 assessment by two months 

on a grade equivalent scale.  A difference of 20% less growth per year for learners 

suggests that university-based certification positively impacts the academic achievement 

of learners (Laczko-Kerr & Berliner, 2002). 

Felter completed another study that investigated the relationship between math 

teachers’ expertise and student achievement (1999).  The study included 795 regular 

California high schools.  Non-traditional campuses serving special populations were not 

included. Test scores were analyzed in relationship to teacher experience and education 

as well as student demographics.  After controlli ng for socio-economic status 

(operationalized by participation in the federal lunch program), teacher experience and 

preparation significantly predicted test scores.  The average mathematics achievement 

test scores for schools were obtained from California’s Standardized Testing and 

Reporting (STAR) Program website (http://star.cde.ca.gov/).  Teacher related data came 

from the 1998 Professional Assignment Information Form (PAIF), an annual survey 

required of each certified staff member that includes demographic information as well as 

current assignment and credential/education specifics. For this study, preparation 

included teacher experience as well as certification status (Felter, 1999).  Descriptive as 

well as correlational research (multiple regression) techniques were used for this study.  

The lack of fully certified math teachers was reaffirmed.  The math teachers studied 
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included 10.5% who were emergency certified and a total of 25% who were teaching 

math without full certification.  Multiple regression was used for analysis, and the 

selected variables indicated that teacher preparation was positively related to testing 

results (.26).   

Hawk, Coble, and Swanson (1985) undertook a more focused analysis through 

their review of the impact of subject specific certification in mathematics.  They 

investigated the differences between certified and non-certified math teachers at the 

secondary level through a comparative/quasi-experimental study using analysis of 

covariance and t-tests as statistical tools.  The differences explored included student 

achievement, teacher subject area knowledge, and professional skill s as observed in a 

classroom setting.  This research was related to a pilot study executed in order to develop 

technical procedures for further studies as well as act as a source to review data in order 

to make hypotheses and complete follow-up research.  A sample of 36 teachers and 826 

students was used.  The teacher sample consisted of 18 teachers who were math certified 

(in-field) and 18 who were certified but not in the subject area of math (out-of-field).  In-

field and out-of-field teachers were paired with each other for the study.  Pairs were 

composed of teachers from the same school, teaching the same math course, to students 

of the same general abili ty.  The Stanford Achievement Test was used to measure general 

math achievement, and the Stanford Test of Academic Skill s was used to test 

achievement in the algebra.  Pre-test results were relatively similar for students.  The 

same achievement tests were used after five months of instruction.  Additionally, 

teachers’ classes were observed twice during the study.  Observational assessment was 
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guided through the use of the Carolina Teacher Performance Assessment System 

(CTPAS) observation framework.  Assessment of the teachers’ math skill s was also 

conducted.  The scores of students taught by math certified teachers were significantly 

higher than those of students of out-of-field teachers (F=13.96, p < .001, for general math 

and F=7.96, p < .01 for algebra).  Additionally, students with in-field teachers scored 

higher on the CTPAS and the math knowledge tests than those with out of field teachers 

scored.  Chi-square analysis was also employed and displayed no significant difference 

related to experience or degrees earned (Hawk, Coble, & Swanson, 1985).  The work of 

Hawk, Coble, and Swanson suggests that beyond certification, subject specific 

certification in mathematics impacts students’ mathematics achievement.    

 Attempts at doing longitudinal studies comparing university-based certified and 

alternatively certified teachers have been stymied by high attrition rates.  Although 

teacher attrition is a problem for all teachers, alternatively certified teachers appear to 

leave the profession at higher rates.  A National Center for Educational Statistics (NCES) 

report indicates that 15% of new teachers who student taught leave the classroom within 

five years while 29% of new teachers who had not participated in a student teaching 

period left within the same period. 

Summary 

The literature related to the impact teacher certification has on student 

achievement is relatively limited in scale with mixed results.  Since teacher effectiveness 

was not measured using student achievement as an indicator in a quantitative manner 

until the publication of the (1966) Coleman Report, and was not investigated beyond the 
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aggregate level until even more recently with the development of value-added analysis, 

the body of research is limited.  Additionally, the proliferation of alternatively certified 

teachers has been rather recent with the first such teachers entering classrooms in New 

Jersey in 1984.  The high turnover rate of alternatively certified teachers has also made 

study of a student performance/certification relationship more difficult.   

 The research conducted exploring teacher preparation and students’ academic 

achievement in mathematics is defined by its mixed results.  Research results from Peck 

(1989), Mill er, McKenna, & McKenna (1998), and Qu & Becker (2003) suggested that 

although some differences may be found, teacher certification does not impact students’ 

academic achievement in mathematics.   Golhaber & Brewer (2000) suggested that 

students taught by teachers who have math degrees outperform those who are taught by 

teachers with education degrees.  Additionally, students taught by certified teachers 

outperform those who are taught by uncertified teachers.  Interestingly, whether teacher 

certification is traditional or emergency did not appear to make a difference.  Hawk, 

Coble, and Swanson (1985) reported similar findings from their study of the academic 

gains of students taught by math certified teachers as opposed to students taught by 

teachers who are certified in a different subject area.  The work of Hawk, Coble, and 

Swanson (1985) suggested that beyond certification, math specific certification makes a 

difference in relationship to students’ academic gains.  Darling-Hammond (1990) and 

Laczko-Kerr & Berliner (2002) reported that the students of certified teachers outperform 

the students of under certified teachers consistently regardless of undergraduate major.   
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Many of the previous studies look at math in general.  In many the measure used 

is a national standardized test such as the SAT or a state exit examination.  Many factors, 

including affect of previous teachers, impact student scores on these general tests.  

Additionally, a wide range of students can be enrolled across math classes – remedial, 

accelerated, and advanced.  It is possible that teacher preparation might have different 

effects on different types of students.  

Beyond the issue of teacher certification, politicization has engulfed the current 

debate regarding the use of alternatively certified teachers and the impact that under 

certified personnel may potentially have upon students’ academic achievement.  This 

study adds to the expanding knowledge base on the relationship between teacher 

characteristics and student learning by focusing on student learning in one subject area – 

Algebra I as measured by a state-developed test of the state course objectives.  

Additionally, the researcher controlled for student socio-economic status, prior math 

achievement, and teacher experience.  This kind of research is necessitated by the limited 

amount of research that has been successfully conducted and more specifically by the 

conflicting findings and conclusions related to the research regarding the need for teacher 

certification. 
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CHAPTER 3 

RESEARCH METHODOLOGY AND PROCEDURES 

Introduction 

This study explored the relationship between teacher certification and freshman 

high school students’ academic achievement in Algebra I as measured by the end-of-

course exam using the following research questions: Does type of teacher certification 

impact Algebra I End of Course (EOC) Exam scores for high school freshman when 

controlli ng for students’ past mathematics success as measured by 8th grade TAAS 

mathematics test scores and teachers’ years of experience?  Does type of teacher 

certification impact Algebra I EOC Exam passage rates for high school freshman when 

controlli ng for students’ past mathematics success as measured by 8th grade TAAS 

mathematics test scores, socio-economic status, ethnicity, gender, and teachers’ years of 

experience?  All data relating to teachers’ certification as well as students’ academic 

achievement data and demographic specifics were collected from district records after 

seeking and attaining approval from the University of North Texas Institutional Review 

Board (IRB) as well as approval by the Planning Research and Evaluation (PRE) 

department of one suburban school district in north Texas.  This chapter addresses 

context, subjects, instrumentation, and data analysis. 

Context 

The study was conducted in a large north Texas suburban school district.  The 

district is home to 42 elementary campuses, 13 middle schools, seven high schools, one 

alternative education center, and one cooperative special education campus.  The total 
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2001-2002 enrollment of the district (52,500 students) comprises 24,455 elementary 

students, 12,330 middle school students, and 14,715 high school students.  The ethnic 

composition of the district is 16.8% African American, 28.8% Hispanic, 47.2% Anglo, 

6.5% Asian, and 0.6% Native American.  A third (33%) of students qualify for free or 

reduced lunch and are classified as low socio-economic status (SES). 

Subjects 

The entire population (N=1,433) of freshman students enrolled in year long 

Algebra I was used for this study.  Enrollment specifics are displayed in table 1.  The 

year-long Algebra I course is structured and paced in a manner developmentally 

appropriate for on-grade level learners.  Alternate sections are available for accelerated as 

well as academically at-risk learners.  Students from these alternate sections were not 

included in this study.  The population consisted of 705 students (49%) who were male 

and 728 students (51%) who were female.  Ethnically, the population consisted of seven 

(1%) Native American students, 48 (3%) Asian American students, 298 (21%) African 

American students, 431 (30%) Hispanic students, and 649 (45%) Anglo students.  Socio-

economic status was defined in terms of participation in the federal lunch program, free 

lunch participants, reduced lunch participants, and non-participants.  There were 379 

students (26%) of the population who received free lunch.  Another 125 students received 

reduced priced lunches.  The remaining 929 students (65%) did not qualify for free or 

reduced lunch privileges and were termed non-participants.  Algebra I students reflected 

the district population with two exceptions.  African American students were over 

represented, and Asian students were under represented. 
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Table 1. Characteristics of Student Subjects 
Student Subjects N % % District-Wide 

Gender   
    Male 705 49% 
    Female 728 51 
Ethnicity   
    African American 298 21 17.0 
    Anglo 649 45 47.0 
    Asian    48 3 7.0 
    Hispanic 431 30 29.0 
    Native American 7 1 0.006 
Socio-Economic Status   
    Free Lunch Recipient 379 26 
    Reduced Lunch Recipient 125 9 33 

(Free & Reduced) 
    Non-Participants 929 65 67.0 
 

All 43 Algebra I teachers were included.  Of the 43 teachers, 26 (61%) were fully 

certified math teachers, four (9%) were teaching with temporary classroom assignment 

permits, four (9%) were teaching with non-certified educator permits, eight (19%) were 

teaching as non-certified instructors, and one (2%) teacher was enrolled in an alternative 

certification program.  Although the temporary classroom assignment permit holders 

were certified teachers, they were not certified mathematics teachers.  Categories were 

compressed into two groups.  The first group included certified teachers.  Math certified 

teachers as well as teachers who were traditionally certified but by teaching mathematics 

were teaching outside their subject area specialization (those coded TCAP01) were 

included in the first group for analysis.  The second group was those not fully certified 

although they may be enrolled in some type of alternative certification program or 

training.   

There is a considerable difference between the mean years of experience of 

certified and non-certified teachers.  Experience specifics of certified and non-certified 
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teachers are displayed in table 2.   Certified math teachers had a mean of more than six 

years of classroom experience.  The next closest level of experience was for teachers who 

were certified but teaching outside their teaching field (temporary classroom assignment 

permit holders) with a year and a half of experience in the classroom.  The remaining 

teachers in the population were all uncertified and had less than one complete year of 

experience.       

Table 2. Characteristics of Teacher Subjects 
Teacher Subjects n % Mean Experience in Years 

Certification of Instructor    
  Alternative Certification Program 1 2   .00 
  Mathematics Certified 26 61 6.20 
  Non-Certified Educator Permit 4 9 .50 
  Non-Certified Instructor 8 19 .64 
  Temporary Classroom Assignment Permit 4 9 1.50 
  Total 43 100 1.77 
  

Instrumentation 

The Texas Algebra I End of Course (EOC) Exam was used to measure students’ 

academic achievement.  End of Course exams were state-developed tests given for 

certain high school courses in Texas in order to measure student learning of statewide 

curriculum.  Passing EOC exams became a statewide graduation requirement during the 

1998-1999 school year.  Statistical equating was conducted by the Texas Education 

Agency to ensure that a standardized passing standard exists for each test administration.  

As a result, minor shifts may occur regarding the total number of items that need to be 

answered correctly in order to meet minimum expectations.  For example, the raw score 

needed to meet minimum expectations for the Spring 2001 administration was twenty-

nine correct responses out of 40, which is actually 72.5%.  Students’ testing results were 
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provided in the form of an actual raw score as well as a scale score much like the scoring 

system utili zed for the Texas Assessment of Academic Skill s (TAAS) Writing Exam, 

which also uses a scaled score (Sloan, 2002).  For the purpose of this study, raw scores 

were converted into percentages for analysis. 

TAAS Mathematics Scores 

Previous mathematics success for students was measured using the Texas 

Assessment of Academic Skill s (TAAS) mathematics test.  The TAAS is a criterion-

referenced assessment, which all Texas public school students in grades three through 

ten, with the exclusion of the ninth grade, have been required to take since 1990.  The test 

itself was developed by classroom teachers, specialists in the area of test development, 

and personnel from the Texas Education Agency.  It is an effort to test mastery of 

academic skill s originally based upon the Texas Essential Elements (EE) but currently 

based on the Texas Essential Knowledge and Skill s (TEKS) curricular guidelines. 

During the first few years of use, scores from the TAAS were reported as scale 

scores only.  The Texas Board of Education established a minimum passing standard of 

70% on each subject specific test along with a scaled scored equivalent set at 1500 for 

meeting minimum expectations.  This presented a problem when making longitudinal 

comparisons since the difficulty level of the exam was not consistent across grade levels.  

In 1994 the difficulty level of the exam was set at equivalent levels for all grade levels by 

the Texas Education Agency.  In addition, student test performances were reported as a 

Texas Learning Index (TLI) number.  TLI relates student performance to a passing 

standard and allows measurement of students’ progress across grade levels.  TLI scores 
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of the same student from one year to the next were an objective indicator of the student’s 

academic achievement growth.  TLI served as a longitudinal index.  Although the TAAS 

test included subject specific exams in social studies, science, and writing, only math and 

reading scores are reported using TLI since these subjects were tested yearly.  TLI can be 

used to track an individual student’s academic growth from year to year and can be 

averaged to compare groups of students (TEA, 2000). 

TLI is based on Item Response Theory (IRT) or Rasch model using the spring 

1994 exit level standard of a scaled score of 1500, which is equivalent to a score of 70 

with a standard deviation of 15, and raw data collected as the result of test administration.  

TLI is obtained by using the following computation: 

TLI=[(({ Observed Score Mean} )-z-score at Standard) * 15] + 70 
                Standard Deviation   
 

Reliabili ty studies focus on ensuring that a test measures what it purports to 

assess.  Internal consistency of the TAAS test data has been assessed using the Kuder-

Richardson Formulas 20 and 21 (KR-20 and KR-21).  Kuder-Richardson 20 is used 

yearly by the Texas Education Agency in relationship to all exams at all levels.  A range 

of .86 to .91 was reported by the Texas Education Agency for the 2000-2001 

administration in the area of mathematics.  Additionally, analysis of testing results in 

relationship to grades earned reveals that only 1%-2% of students who fail their courses 

pass TAAS while 27%-50% of students who fail TAAS pass their respective courses 

(TEA, 2002).  For the purpose of this study, raw scores were converted into percentages 

for analysis. 
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Data Analysis 

This study was designed to determine the impact that teacher certification method 

has on freshman high school students’ academic achievement in Algebra I as measured 

by the State of Texas EOC Algebra I Exam.  Analysis of covariance (ANCOVA) was 

used to determine whether teacher certification type affected the scores earned on the 

EOC exam.  ANCOVA was an appropriate test since it allowed for the statistical control 

of extraneous variables, termed covariates, allowing for examination of the effects of the 

primary independent variables without the influence of the covariates (Hinkle, Wiersma, 

& Jurs, 1998).   

Two analyses were done.  Variables used for student as the unit of analysis are 

displayed in table 3.  The first used students’ scores from the EOC Algebra I Exam as the 

dependent variable while teacher certification and student gender served as independent 

variables.  Teachers’ experience and students’ previous mathematics success served as 

covariates.  The student was the unit of analysis.  The large number of students was 

(N=1,433) advantageous for a statistically significant test as a result of increased 

statistical power.   

Table 3. Variables Used For Student as the Unit of Analysis 
Variables 
Independent Variables 
       Teacher Certification (Certified v. Non-Certified) 
       Student Gender 
Dependent Variable 
       Algebra I End of Course Exam Scores 
Covariates 
       8th Grade TAAS Mathematics Test Scores 
       Teacher’s Years of Experience 
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Because the large number of students virtually guarantees a statistically 

significant result, a second analysis using the teacher as the unit of analysis was done.  

Variables used for teacher as the unit of analysis are displayed in table 4.  Since the 

number of teachers was small (43), a statistically significant difference was less likely 

due to decreased statistical power.  Students’ scores from the EOC Algebra I Exam were 

the dependent variable, and teacher certification was the independent variable.  Teachers’ 

experience and students’ previous mathematics success acted as covariates.   

Table 4. Variables Used For Teacher as the Unit of Analysis 
Variables 
Independent Variable 
       Teacher Certification (Certified v. Non-Certified) 
Dependent Variable 
       Algebra I End of Course Exam Scores 
Covariates 
       8th Grade TAAS Mathematics Test Scores 
       Teacher’s Years of Experience 

 
 The assumptions of ANCOVA were tested including the homogeneity of 

regressions slopes, which tests for the potential interaction of the covariates with the 

treatment.  The interaction of the covariate, math achievement, and the treatment 

(certification), was found to be statistically significant (F=17.49, p<.001), leading to 

rejection of the homogeneity of regression assumption.   

Subsequently, hierarchical multiple regression was used as an additional statistical 

test to test the impact of teacher certification on students’ Algebra I EOC scores.  A 

design, which used two blocks, was used.  The first block introduced variables including: 

teacher experience, students’ previous mathematics achievement, ethnicity, socio-

economic status, and gender and are displayed in table 5.  
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Table 5.  Variables Used For the First Block 
 Step 1 Variables 
Gender 
Socio-Economic Status 
 Free Lunch Recipient 
 Reduced Lunch Recipient 
Ethnicity 
 African American 
 Hispanic 
 Asian/Native American  
Student Math Achievement 
Teacher Experience 
 
 Teacher certification was added in the second block.  The variables used for the 

second block are displayed in table 6.  This design effectively tested the addition of 

teacher certification in the second block after controlli ng the prior variable introduced in 

the first block.   Gender, socio-economic status, ethnicity, student math achievement, and 

teacher experience have been previously shown to affect student achievement 

Table 6.  Variables Used For the Second Block 

Step 2 Variables 
Gender 
Socio-Economic Status 
 Free Lunch Recipient 
 Reduced Lunch Recipient 
Ethnicity 
 African American 
 Hispanic 
 Asian/Native American  
Student Math Achievement 
Teacher Experience 
Teacher Certification 

 
Finally, logistic regression was used to determine whether teacher certification 

type affected the odds that a student would pass the Algebra I EOC Exam.  The variables 

used for logistic regression are displayed in table 7.  The analysis used Algebra I EOC 
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Exam result (passage/failure) as a dichotomous dependent variable.  Eighth grade TAAS 

mathematics test results, socio-economic status, ethnicity, gender, teachers’ certification 

and experience served as independent variables.  The logistic regression provided 

information on practical significance of any difference, i.e., does a certified teacher make 

the difference between passing or faili ng the Algebra I EOC Exam? 

Table 7.  Variables Used For Logistic Regression 
Variables 
Independent Variables 
       Teacher Certification (Certified v. Non-Certified) 
       Teacher’s Years of Experience 
       8th Grade TAAS Mathematics Test Scores 
       Student Gender 
       Student Ethnicity 
       Student Socio-Economic Status 
Dependent Variable 
       Algebra I End of Course Exam Results – Pass/Fail 
 

Summary 

This chapter provided an overview of the research design, district and study 

subjects, instrumentation, data collection methods, and data analysis procedures.  The 

purpose of the study was to determine the impact teacher certification method has on 

freshman high school students’ Algebra I achievement as measured by the Texas Algebra 

I End-of-Course (EOC) Exam.  Analysis of covariance, multiple regression, and logistic 

regression were employed as the statistical tools. 
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CHAPTER 4 
 

ANALYSIS OF DATA 
 

Introduction 
 

 The research addressed the questions:  

Does type of teacher certification impact Algebra I End of Course (EOC) Exam 

scores for high school freshman when controlli ng for students’ past mathematics success 

as measured by 8th grade TAAS test scores and teachers’ years of experience?   

Does type of teacher certification impact Algebra I End of Course (EOC) Exam 

passage rates for high school freshman when controlli ng for students’ past mathematics 

success as measured by 8th grade TAAS mathematics test scores, socio-economic status, 

ethnicity, gender, and teachers’ years of experience?   

To answer the first question, three analyses were done.  The first was an analysis 

of covariance (ANCOVA) using the student as the unit of analysis.  Teacher certification 

status and student gender were the independent variables, student 2001-2002 Algebra I 

End of Course exam scores constituted the dependent variable, and 2000-2001 TAAS 

mathematics test scores and teacher experience were covariates.   

Because the large number of student scores (1,433) virtually guaranteed that any 

difference in performance between students of certified and uncertified teachers would be 

statistically significant, a second analysis of covariance using the teacher as the unit of 

analysis was conducted.  Student End of Course exam scores were the dependent 

variable, and teacher certification type was the independent variable.  Teacher years of 

experience and students’ 8th grade TAAS mathematics scores were covariates.  
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Since the data did not fit all the assumptions for analysis of covariance, 

hierarchical multiple regression was used as an additional statistical test within the study 

to test the impact teacher certification had on freshman high school students’ Algebra I 

EOC Exam scores.  To provide a picture of the practical significance of any difference in 

achievement, the effect size, which provides a way to quantify the size of the difference 

between groups, was determined for each analysis.   

Although the first three analyses looked at student scores, the fourth analysis 

focused on the probabili ty of passing the exam as another way of looking at the impact of 

the teacher’s certification status on student learning and thus answered the second 

research question.  Logistic regression used the pass/fail score on the End of Course 

examination as the dependent variable with students’ 8th grade TAAS mathematics test 

results, socio-economic status, ethnicity, gender, and teachers’ certification and 

experience as independent variables.  This helped to understand whether any difference 

based on certification status was great enough to help students pass this important 

gateway course examination.  The regression analyses also allowed for control of more 

variables, including student socio-economic status and ethnicity.  

Descriptive Data 

The individual student was used as the unit of analysis for the first ANCOVA.  

There were 1,433 records, each containing eighth grade TAAS math test and Algebra I 

EOC Exam scores, students’  gender, ethnicity and socio-economic status.  The student 

associated with the testing record was enrolled within the district for both 2000-2001 and 

2001-2002 school years.   
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The EOC Algebra I Exam mean score for all students was relatively low  

(M=.64).  End of course exam scores by gender are displayed in table 8.  The mean score 

for females (M=.65) was slightly higher than that of males (M=.63).  There was slightly 

more variance in the scores of the male subjects for both the Algebra I EOC Exam as 

well as for the TAAS math test.  The standard deviation on the Algebra I EOC Exam for 

male subjects was .21 as opposed to the standard deviation for female subject, which was 

.19. 

Table 8.  End of Course Exam Scores by Gender 
Student Gender n % EOC Exam Mean SD 
Male 705 49 0.63 .21 
Female 728 51 0.65 .19 
Total 1433 100 0.64 .20 
 
The mean Algebra I EOC score for non-lunch participants (M=.66) was higher than that 

of free lunch (M=.59) as well as reduced lunch recipients (M=.61).  End of Course Exam 

scores by socio-economic status are displayed in table 9.  There was slightly more 

variance in the scores of free lunch participants (SD=.21) when compared to non-lunch 

program participants (SD=.20) and reduced lunch participants (SD=.20).  

Table 9.  End of Course Exam Scores by Socio-Economic Status 
Student Socio-Economic Status n % EOC Exam Mean SD 

Reduced Lunch Participant 125 9 .61 .20 
Free Lunch Participant 379 26 .59 .21 
Non-Lunch Program Participant 929 65 .66 .20 
Total 1433 100 .64 .20 
 
 The mean scores of all students were relatively low.  End of Course Exam scores 

by ethnicity are displayed in table 10.  Native American students were the only group 

who had a mean (M=.71) that was actually at or above the passing level (M=.70).  Asian 
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(M=.66) and Anglo (M=.68) students scored within reach of a passing score while 

African American (M=.60) and Hispanic students (M=.60) scored lower.  There was more 

variance (SD=.21) in the scores of the Hispanic students and slightly less in the scores of 

Native American students (SD=.16).        

Table 10.  End of Course Exam Scores by Ethnicity 
Student Ethnicity n % EOC Exam Mean SD 

African American 298 21 .60 .18 
Anglo 649 3 .68 .19 
Asian 48 45 .66 .19 
Hispanic 431 30 .60 .21 
Native American 7 1 .71 .16 
Total 1433 100 .64 .20 
 
     The second ANCOVA used the teacher as the unit of analysis.  There were  

43 records, each containing teacher certification type and experience.   There were five 

different classifications created for certification type.  Classifications consisted of 

alternative certification through a means other than a university, math certified, non-

certified educator permit which is granted to those who are earning certification through 

an alternative university program at the same time they are teaching, non-certified 

instructors who have no training nor are they enrolled in any type of certification 

program, and temporary classroom assignment permits which are utili zed when a teacher 

is certified in an area other than that which he/she is teaching.   

  The largest group comprising 61 percent of the 43 subject population is the math 

certified teachers.  Teacher certification and experience are displayed in table 11.  There 

are 26 math certified teachers with a mean experience of 6.20 years.  Math certified 

teachers have four and one half years more average experience than those with temporary 

classroom assignment permits and approximately six years more experience than the 
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teacher subjects who were non-certified instructors or who had non-certified educator 

permits.  The difference in experience between the math certified teachers and the 

alternative certified was more than six years. 

Table 11.  Teacher Certification and Experience 
Certification Status n % Mean Experience SD 

Alternative Certification 1 2 .00 - a 
Math Certified 26 61 6.20 7.92 
Non-Certified Educator Permit 4 9 .50 1.00 
Non-Certified Instructor 8 19 .64 .97 
Temporary Classroom Assignment Permit 4 9 1.50 .58 
Total 43 100 4.05 6.67 
a Standard deviation could not be calculated for a single score. 

 
 Student related data including eighth grade TAAS math and Algebra I EOC  

Exam scores were also included within the second data set.  Instructor certification and 

student EOC scores are displayed in table 12.  Students’ scores on the Algebra I EOC 

Exam have been organized based upon the certification of their respective teachers.  A 

mean score of .67 was earned by students who had certified math teachers.  This was the 

highest mean score earned on the exam by any group organized by certification type.  

Students who were in the classes taught by non-certified instructors earned a mean of .57.  

This was the lowest mean score earned.  The difference between the two mean scores is 

equivalent to ten percentage points.     
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Table 12.  Instructor Certification Status and Student EOC Scores 

Instructor Certification Status Student  Student  
 n % Mean EOC Score SD 

Alternative Certification 15 1 62 .17 
Math Certified 896 63 67 .19 
Non-Certified Educator Permit 172 12 60 .20 
Non-Certified Instructor 235 16 57 .22 
Temporary Classroom Assignment Permit 115 8 66 .20 
Total 1433 100 64 .20 
 

Students who had certified teachers with a mean of 6.2 years of experience out  

performed all other groups.  Teacher experience and student scores are displayed in table 

13.  Of interest were the results of the non-certified instructors.  Although they had more 

experience than the non-certified educator permit holders and the alternatively certified 

teacher, the lowest mean EOC scores were earned by students who had teachers with no 

teacher training. 

Table 13.  Teacher Experience and Student Scores 

Certification Status Teacher Experience Student Score 
 Mean SD Mean EOC SD 

Alternative Certification .00  -  .62 .17 
Math Certified 6.20 7.92 .67 .19 
Non-Certified Educator Permit .50 1.00 .60 .20 
Non-Certified Instructor .64 .97 .57 .22 
Temporary Classroom Assignment Permit 1.50 .58 .66 .20 
Total 4.05 6.67 .64 .20 

 
Results 

      The first analysis of covariance (ANCOVA) used the student as the unit of 

analysis.  The use of ANCOVA allows for statistical control over extraneous variables 

known as covariates.  Teachers’ years of experience and students’ previous mathematics 

success as measured by their eighth grade TAAS math test score are covariates within the 

study.  Students’  Algebra I EOC Exam scores act as the dependent variable.  TAAS math 
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test scores as well as Algebra I EOC Exam scores were reported by the state of Texas in 

the form of a scale score as well as a raw score and Texas Learning Index (TLI) number.  

For the purpose of this study, raw scores were converted into percentages for analysis.  

Certification and student gender acted as independent variables.  The certification types 

of: alternative, traditional math, non-certified educator permit, non-certified instructor, 

and temporary classroom assignment permit were collapsed into two groups - certified 

teachers and those who were not fully certified although they may be enrolled in some 

type of alternative certification program or training.  Those teachers who were 

traditionally certified but teaching outside their subject area specialization, coded 

(TCAP01), were included with the math certified teachers for analysis.  Descriptive 

statistics are presented in table 14. 

Table 14.  Mean EOC Scores for Students in Certified Teachers’ Classes and Students in 
Non-Certified Teachers’ Classes 
Certification of Instructor  Student Scores 

 M SD n 
Non-Certified 58 .21 422 
Certified 66 .19 1011 
Total 64 .20 1433 

 
Table 15 presents results from the first ANCOVA, which used the student as unit 

of analysis.  After controlli ng for teacher experience and prior student math achievement, 

the ANCOVA revealed a statistically significant difference for certification (F=17.92, 

p<.001, �2=0.01) indicating that the difference in mean Algebra I EOC scores between 

students taught by certified teachers and those taught by non-certified is statistically 

significant. Students taught by certified teachers had a mean Algebra I EOC exam score 
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which was eight points higher than the mean score of those students taught by non-

certified teachers.    

Table 15.  Two Way ANCOVA for Algebra I EOC Scores Using Teacher Certification 
and Student Gender  

Source SS df MS F p �2 
Covariates       
  Teacher Experience .30 1 0.30 10.71 0.001 0.01 
  Student Achievement 14.60 1 14.60 520.78 <.001 0.27 
Certification 0.50 1 0.50 17.92 <.001 0.01 
Gender 0.13 1 0.13 4.46 0.04 0.01 
Certification x Gender 0.01 1 0.01 0.43 0.51 0.00 
Error 40.01 1427 0.03    
Total 57.30 1432     

 
After controlli ng for teacher experience and students’ prior math achievement, the 

gender main effect also was found to be statistically significant (F=4.46, p=0.04, 

�2=0.01).  The average mean EOC score for female students on the Algebra I EOC Exam 

was .65 while the average mean for male students was .63.   The interaction effect 

between certification and gender resulted in no statistical significance being shown, 

F=0.43, p=0.51, �2<.001.   

In addition to determining statistical significance, it was important to consider the 

practical significance of the difference in mean scores.  Practical significance is whether 

the difference is meaningful in a practical sense.  One way of determining the practical 

significance is to examine effect size.  Effect size quantifies the size of the difference 

between two groups (Coe, 2002).   Eta-squared (�2) was used to determine effect size.  

Pederson (2002) classified variance-accounted-for effect sizes such as �2 terming an 

effect size of .01 small, .059 a medium effect, and .138 a large  

effect size. 
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 According to Pederson’s (2002) guidelines, the practical significance of both the 

certification and gender main effects (�2=0.01, 0.01, respectively) was small.  In other 

words, type of certification and the students’ genders each explained 1% of the variance 

in students’ EOC Algebra I scores.  Although the certification and gender main effects 

were shown to be statistically significantly different, the effect size estimates demonstrate 

that the statistical differences are of little practical importance.  The statistical 

significance results may be a product of the large sample size instead of true effects.  

  It was interesting to note that the covariates, prior student math achievement and 

teacher experience, were statistically significant (F=10.71, 520.78, respectively; p=0.001, 

<.001, respectively).  Teacher experience accounted for very little variance in the 

students’ EOC scores (�2=0.01).  Students’ prior math achievement actually accounted 

for a large amount of variabili ty in students’ EOC scores (�2=0.27).  Specifically, prior 

math achievement accounted for 27% of the variabili ty in students’ Algebra I EOC 

scores. 

The second analysis was a one-way ANCOVA that used the teacher as the unit of 

analysis.  Unlike the prior analysis with N=1,433, this analysis had a sample size of 43, 

thereby reducing the chance that any statistically significant results are solely a product 

of sample size.  As shown in table 7, the mean score of students taught by certified 

teachers (M=66) was eight points higher than the mean for students taught by non-

certified teachers, but the difference is not statistically significant when the teacher is the 

unit of analysis.   
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 Table 16 presents results from the ANCOVA.  Teacher certification was not 

statistically significant, F=1.18, p=0.28, �2=0.03, and, accounted for very little variance 

in the dependent variable.  Again, results indicate that prior student math achievement, 

one of the covariates, shared a statistically significant relationship with the dependent 

variable, F=17.47, p<. 001, �2=. 31.   

 The two analyses show that, although there is a difference between scores of 

students taught by certified teachers and non-certified teacher, the difference is not large 

enough to be of practical significance.  Although the ANCOVA with the student as the 

unit of analysis demonstrated a statistically significant difference, the small effect size 

indicated that the result was not of practical significance.   

 Of interest, however, was the practical and statistical significance of the covariate, 

prior student math achievement, which shared the largest relationship with EOC scores in 

both analyses.   These results indicate that prior math achievement offers the most 

information regarding the variabili ty of students’ EOC scores, while certification and 

students’ gender do not. 

Table 16.  One Way ANCOVA for Algebra I EOC Scores Using Teacher Certification 

Source SS df MS F p �2 

Covariates       
  Teacher Experience 0.01 1 0.01 .81 0.37  0.02 
  Student Mathematics Achievement 0.10 1 0.10 17.47 <.001 0.31 
Certification 0.01 1 0.01 1.18 0.28 0.03 
Error 0.22 39 0.01    
Total 0.39 42     

 
Analysis showed that the data did not fit the assumptions for using ANCOVA.    

The interaction of certification status and previous mathematic achievement was found to 
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be statistically significant (F=17.49, p<. 001).  Students’ previous mathematics 

achievement interacted with the teacher certification status, which led to the rejection of 

the homogeneity of regression assumption.  ANCOVA is not sufficiently robust to 

address violation of the homogeneity of regression assumption (Huck, 2000).  The 

previous mathematics achievement (TAAS mathematics scores) of students taught by 

certified teachers (M=.69) were six points higher than those taught by non-certified 

teachers (M=.63).   

Therefore, hierarchical multiple regression was used as an additional statistical 

test to test the impact teacher certification has on freshman high school students’ Algebra 

I EOC scores.  This also allowed for control of the effects of student socio-economic 

status and ethnicity.  Variables were introduced in blocks in order to isolate their effects.  

In the first block, variables included: teacher experience, students’ previous mathematics 

achievement, ethnicity, socio-economic status, and gender.  Teacher certification was 

added in the second block.  This design effectively tested the addition of teacher 

certification in the second block after having controlled the prior variable introduced in 

the first block.  The variables in the first block attributed to 30% (R2=. 303) of the 

variance of the dependent variable.  Certification, the variable introduced in the second 

bORFN�H[SODLQHG�OHVV�WKDQ����RI�WKH�YDULDQFH��ûR2=. 007) in Algebra I EOC scores.  Both 

the initial R2�DQG�ûR2 were statistically significant (p<.001,=.000, respectively), however, 

the statistical significance of the small change in R2 attributable to certification may have 

been a function of sample size. The regression results are presented in table  

17.  
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Table 17.  Hierarchical Regressions of Algebra I End of Course Exam Achievement 

  R2 F- p 
 Change Value  
Step 1 .30 77.49 <.001 
    Gender    
    Socio-Economic Status      
      Free Lunch Recipient    
      Reduced Lunch Recipient        
   Ethnicity    
      African American    
      Hispanic    
      Asian/Native American    
    Student Math Achievement    
    Teacher Experience    
         
Step 2 .01 14.03 <.001 
    Gender    
    Socio-Economic Status      
      Free Lunch Recipient    
      Reduced Lunch Recipient        
   Ethnicity    
      African American    
      Hispanic    
      Asian/Native American    
    Student Math Achievement    
    Teacher Experience    
    Teacher Certification    

 
Beta weights and structure coefficients for all variables used in step 2 were 

reviewed.  Beta weights provided information regarding the relationship between 

predictor variables and the dependent variable.  However, they partition the explained 

variance such that they do not account for multicolli nearity between the predictor 

variables.  In other words, beta weights alone do not honor the fact that, due to 

multicolli nearity between predictors, more than one predictor variable can account for the 

same variance in the dependent variable.  For that reason, it is important to examine the 

structure coefficients.  A structure coefficient is simply a correlation between a predictor 
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variable and the variance explained in the dependent variable.  Examination of each 

predictor’s structure coefficient offers information regarding each predictor’s unique to 

the variance explained are displayed in table 18. 

Table 18.  Beta Weights and Structure Coefficients of Hierarchal Regression of Algebra I 
End of Course Achievement 

 β rs rs
2 

Step 2    
    Gender .04 .08 .01 
    Socio-Economic Status    
      Free Lunch Recipient -.003 -.26 .07 
      Reduced Lunch Recipient -.03 .08 .01 
   Ethnicity    
      African American -.02 .16 .03 
      Hispanic -.09 .27 .07 
      Asian/Native American .01 .05 .002 
    Student Math Achievement .50 .95 .90 
    Teacher Experience .08 .28 .08 
    Teacher Certification .09 .34 .11 

 
 The variables introduced in step two accounted for 31% of the variance of the 

dependent variable.  Ninety percent of the variance accounted for is explained by 

students’ previous mathematics achievement.  Most of the variables are responsible for 

only a very small percentage of the variance accounted for including gender (rs
2=. 01) 

and socio-economic status (rs
2=. 07, .01).  The influence of ethnicity was dependent upon 

which ethnicity was being reviewed.  For Asian/Native American students the percentage 

of the variance accounted for was small (rs
2=. 002).  It was larger for African American 

students (rs
2=. 03) and Hispanic students (rs

2=. 07).  Although responsible for a greater 

percentage of variance accounted for, the impact of teacher experience (rs
2=. 08) and 

teacher certification (rs
2=. 11) is rather small in comparison to students’ previous 

mathematics achievement.     
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 Hierarchical logistic regression was the final statistical test used within the study.  

Such a statistical test is utili zed to predict the probabili ty of a specific result, in this case 

the probabili ty of passing the Algebra I EOC Exam.  Predictor variables used in the first 

block included: students’ previous mathematics achievement, ethnicity, socio-economic 

status, and gender as well as teacher experience.  With these variables as predictors, the 

logistic regression analysis correctly classified 418 cases (70.8) as passing or faili ng the 

Algebra I EOC Exam.  Predicted passage using the variables introduced in block one is 

presented in Table 19. 

Table 19.  Predicted Passage on Algebra I End of Course Exam 
Step 1 Predicted Outcome Percentage Correct 

Outcome Failed Passed  
   Passed 491 232 67.9 
   Failed 186 524 73.8 
Overall    70.8 

 
The second block introduced certification as a variable.  The introduction of this variable 

increased the predicted passage rate by less than one percent (.8).  The predicted passage 

using all variables used in the second block is presented in Table 20.   

Table 20.  Predicted Passage on Algebra I End of Course Exam 
Step 2 Predicted Outcome Percentage Correct 

Outcome Failed Passed  
   Passed 502 221 69.4 
   Failed 186 524 73.8 
Overall   71.6 

 
 Table 21 displays the logistic regression coefficient, Wald test, and odds ratio for  

each of the predictor variables in block one. 
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Table 21.  Logistic Regression Predicting Passage of Algebra I End of Course Exam 
Predictor Variable B Wald X2 p Odds Ratio 

Step 1     
Gender .16 1.68 .20 1.17 
Socio-Economic Status     
      Free Lunch Recipient -.272 2.65 .10 .76 
      Reduced Lunch Recipient -.59 6.53 .01 .55 
Ethnicity     
      African American -.37 4.79 .03 .69 
      Hispanic -.36 4.51 .03 .70 
      Asian/Native American -.37 .12 .73 .89 
Student Math Achievement 7.90 208.77 .00 2704.93 
Teacher Experience .04 18.11 .00 1.04 

 
Table 22 presents the logistic regression coefficient, Wald test, and odds ratio for each of  

the predictor variables in block two.      

Table 22.  Logistic Regression Predicting Passage of Algebra I End of Course Exam 
Predictor Variable B Wald X2 p Odds Ratio 

Step 2     
Gender .16 1.68 .20 1.17 
Socio-Economic Status     
      Free Lunch Recipient -.272 2.65 .10 .76 
      Reduced Lunch Recipient     -.59 6.53 .01 .55 
Ethnicity     
      African American -.37 4.79 .03 .69 
      Hispanic -.36 4.51 .03 .70 
      Asian/Native American -.37 .12 .73 .89 
Student Math Achievement 7.90 208.77 .00 2704.93 
Teacher Experience .04 18.11 .00 1.04 
Certification .38 7.17 .01 1.47 

 
Through the use of the odds ratio, which gives a ratio of the odds of being a member of a 

targeted group (pass/fail) (Grimm & Yarnold, 1995), it appears that having a certified 

teacher does provide a slightly greater chance of passing (odds ratio=1.47) the EOC 

Exam.  Meaning that students who had certified teachers were 1.47 times more likely to 

pass than fail the exam.  Teacher experience (odds ratio=1.04) and gender (odds 
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ratio=1.17) also appeared to impact the probabili ty of passage.  The greatest impact upon 

probabili ty of passage was previous mathematics achievement (odds ratio=2704.93).  

Conclusion 

This chapter presented the data and analysis addressing the impact of teacher 

certification on student scores on the Algebra I EOC Exam.  When the impact of teacher 

certification was analyzed using ANCOVA and the individual student was used as the 

unit of analysis, the impact of certification was statistically significant.  However, the 

effect size demonstrated that the result was of little practical significance.  When teacher 

was used as the unit of analysis, the impact of teacher certification was also found not to 

be statistically significant although a slight mean difference was present.  The results 

indicated that neither certification nor gender shared a significant relationship with the 

dependent variable.  Instead, the covariate prior math achievement demonstrated the 

largest relationship with students’ Algebra I EOC scores. 

When regression was used, a similar result occurred.  Certification was found to 

be statistically significant, but the effect found was small.  The use of logistic regression 

demonstrated that having a certificated teacher does provide the student a slightly greater 

chance of passing the End of Course exam as did other variables including teacher 

experience and student gender.  Again, the covariate prior math achievement 

demonstrated the greatest impact on students’ Algebra I EOC scores.   
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CHAPTER 5 
 

DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 
 

 The quality of public school teachers and how to assure that all teachers are 

highly qualified continue to be national concerns.  There is no consensus about the 

importance of teacher certification, and research has produced conflicting results.  The 

debate about the necessity of certification has intensified as many districts experience a 

shortage of certified applicants for teaching positions, especially in certain disciplines 

such as mathematics.  In response all states have authorized alternative certification 

routes that bypass training in a college or university-based teacher education program. 

 This study was designed to contribute to the policy debate about the necessity of 

teacher certification.  The investigation focused on mathematics, a discipline suffering 

from a serious teacher shortage, and Algebra I, a course of critical importance to 

students’ access to scientific, technical, and other career areas.  The researcher addressed 

the following research questions: 

1. Does type of teacher certification impact Algebra I End of Course 

(EOC) Exam scores for high school freshman when controlli ng for 

students’ past mathematics success as measured by 8th grade TAAS 

mathematics test scores and teachers’ years of experience?   

2. Does type of teacher certification impact Algebra I End of Course 

(EOC) Exam passage rates for high school freshman when controlli ng 

for students’ past mathematics success as measured by 8th grade TAAS 
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mathematics test scores, socio-economic status, ethnicity, gender, and 

teachers’ years of experience? 

Four statistical tests were used to provide a complete picture of the impact 

certification has on student achievement.  Analysis of covariance was employed first 

using the student then using the teacher as the unit of analysis.  Then, hierarchical 

multiple regression and logistic regression were used.  Analysis of covariance and 

regression were used to answer the first research question that focused on specific student 

scores.  Logistic regression was used to answer the second research question that focused 

on whether a student passed or failed. This chapter reports the findings, discussion, 

conclusions, and recommendations of this study. 

Summary of Findings 
 
Research Question 1 
  

The first analysis used analysis of covariance (ANCOVA) with the student as the 

unit of analysis, teacher certification status and student gender as the independent 

variables, student 2001-2002 Algebra I End of Course exam scores as the dependent 

variable, and 2000-2001 TAAS mathematics test scores which acted as the measure for 

prior mathematics achievement and teacher experience as covariates.  Using this analysis 

the researcher found a statistically significant difference in the performance (F=17.92, 

p<.001, �2=0.01) of students taught by a certified teacher after controlli ng for teacher 

experience and prior student math achievement.  Additionally, the gender main effect was 

statistically significant (F=4.46, p=0.04, �2=0.01) after controlli ng for teacher experience 
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and students’ prior mathematics achievement.  No statistical significance was shown in 

regard to the interaction effect between certification and gender.   

Because the large number of students (N=1,433) assured that any difference 

would be statistically significant, a second ANCOVA was done using the teachers 

(N=43) as the unit of analysis.  The second analysis used a one-way ANCOVA and had 

teacher as the unit of analysis.  With a much smaller sample size (N=43) than the first 

analysis the chance that statistically significant results that are simply the result of sample 

size were reduced.    For this analysis teacher certification was used as the independent 

variable, student 2001-2002 Algebra I End of Course exam scores as the dependent 

variable, and 2000-2001 TAAS mathematics test scores and teacher experience were 

covariates.  This test failed to find a statistically significant difference in the performance 

(F=0.43, p=0.51, �2<. 001) of students taught by certified teachers as opposed to students 

taught by non-certified teachers.  The difference between the two groups was not large 

enough to overcome the small sample of teachers.   

The assumptions of ANCOVA were tested.  The interaction of the covariates with 

the treatment, certification status and previous mathematics achievement, were found to 

be statistically significant (F=17.49, p<. 001).  Students’ previous mathematics 

achievement interacted with teacher certification status.   This resulted in rejection of the 

homogeneity of regression slopes assumption.  Because the results of the ANCOVA 

analysis may be compromised by the violation of the homogeneity assumption, a 

hierarchical multiple regression was conducted.  The first block of variables included: 

teacher experience as well as students’ previous mathematics achievement, ethnicity, 



 75 

socio-economic status, and gender.  Teacher certification was added in the second block.  

This design allowed for the effect of certification to be isolated from the other variables.  

The effect of the variables within the first block accounted for 30%  (R2=. 303) of the 

variance in the dependent variable.  Certification, the variable introduced in the second 

block, accounted for less than 1%�RI�WKH�YDULDQFH��ûR2=. 007) in Algebra I EOC Exam 

scores.  Although the initial R2�DQG�ûR2 were statistically significant (p<. 001, =.001, 

UHVSHFWLYHO\���WKH�VWDWLVWLFDO�VLJQLILFDQFH�IRXQG�IRU�ûR2 may be the result of the large 

sample size. 

Practical as well as statistical significance of the results were addressed by 

examining variance-accounted-for effect sizes.  For the ANCOVA tests, eta-squared (�2) 

was used as a measure of practical significance.  In the regression analysis, the variance-

accounted-for measure, R2 was used as the measure of practical significance.  The use of 

effect size moves analysis beyond the impact of sample size and the resulting statistical 

significance and focuses upon the size of the effect (difference) found as the result of a 

treatment (Coe, 2002).  Further, variance-accounted-for effect sizes have been 

categorized.  Pederson (2002) termed an effect size of .01 as small, .059 as a medium 

effect, and .138 as a large effect size.   

The effect sizes were fairly consistent between the ANCOVA tests and the 

hierarchical multiple regression test.  The practical significance found for the ANCOVA 

with the student as the unit of analysis was �2=0.01, which is termed small by Pederson’s 

guidelines.  The practical significance found for the ANCOVA in which teacher was used 

as the unit of analysis was also small (�2=0.03).  The effect size for the hierarchical 
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multiple regression was even smaller at R2=. 007.  Students’ prior mathematics 

achievement appeared to have the greatest effect on students’ scores when the student 

was used as the unit of analysis (�2=0.27) as well as when teacher was used as the unit of 

analysis (�2=. 31). 

In summary, the analysis showed that the answer to the first question is that 

teacher certification status has no impact on student end-of-course exam score.  Statistical 

significance was dependent on sample size and the effect size was small.  The interaction 

between certification type and students’ prior mathematics achievement suggests that 

student assignment patterns tended to give certified teachers stronger students. 

Research Question 2 

 Logistic regression was used as the final statistical test and allowed for the 

evaluation of the probabili ty of passing the Algebra I End of Course Exam.  Predictor 

variables used in the first block included: students’ previous mathematics achievement, 

ethnicity, socio-economic status, and gender as well as teacher experience.  The predictor 

variables predicted passage correctly at a rate of 70.8%.  The second block added 

certification as a variable.  Predicted passage increased by less than one percent (.8) as a 

result of adding certification as a variable.  Ultimately, certification appeared to enhance 

slightly the chance of passing the Algebra I End of Course Exam only minimally (odds 

ratio=1.04).  Additionally, gender (odds ratio=1.17) and teacher experience (odds 

ratio=1.04) also had a small effect on the chance of passing.  As indicated by the results 

of the ANCOVA tests as well as regression tests, the greatest impact upon probabili ty of 
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passage was previous mathematics achievement (odds ratio=2704.93) when logistic 

regression was used. 

 This researcher found that the average score on the End of Course (EOC) Algebra 

I Exam for 9th grade algebra students taught by certified teachers was eight points higher 

(scale of 1-100) than the average scores of those taught by uncertified teachers.  The 

statistical analyses helped to understand whether this difference is large enough to affect 

policy decisions.   

Controlli ng for other factors shown to affect student achievement, the researcher 

determined the difference was statistically significant in three of the analyses, but the 

effect size was small.  In both regressions, the actual variance explained when controlli ng 

for student characteristics such as previous mathematics scores, ethnicity, socio-

economic-status and gender and teacher experience was minuscule.  Knowing the teacher 

certification type of a student’s teacher added virtually nothing to the odds of 

successfully predicting whether the student would pass or fail the EOC.  

Discussion 

 This study was limited to high school freshman enrolled in year-long Algebra I 

sections in one north Texas suburban school district.  Students enrolled in the Algebra I 

course sections studied are academically able to be successful in a course that is 

structured and paced in a manner that is developmentally appropriate for on-grade level 

learners.  Alternate sections for accelerated as well as academically at-risk learners were 

not included within this study.  As a result, the findings can only be generalized to 

teaching Algebra I to ninth grade students who are academically able to successfully 
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complete on-grade level work.  They should not be generalized to other subjects or to 

other kinds of students. 

 The debate over the issue of certification has included charges about the quality of 

research.  This study has primarily met the standards for “rigorous research” detailed by 

Walsh in Teacher Certification Reconsidered: Stumbling for Quality (2001), which were 

guided by the standards set by Greenwald, Hedges, and Laine (1996).  The researcher 

measured student achievement by standardized test scores, which Walsh considered the 

best measure since standardized test scores are comparable, valid, and reliable (Walsh, 

2001).  Walsh recommended that data be aggregated at the level of school district or 

smaller (Walsh, 2001), which also was done in this study.  Walsh also recommended 

utili zing a model that controls for socio-economic factors (Walsh, 2001).  This was also 

done with the regression analysis in this study.  Publication in the form of a book or peer 

reviewed journal was the only standard recommended by Walsh not met by this study at 

this time.  Based upon the standards set by Walsh, the public and policy makers can trust 

the findings of this study.   

 The need for math teachers, certified or not, was clearly demonstrated by the 

experience levels of the teachers in this study.  The mean experience in years for all 43 

teachers was 1.77 years.  When the 26 math certified teachers were pulled out, the 

remaining 17 teachers in the sample had an average of less than a year of experience 

(.88).  With almost no new teachers in algebra regularly certified, the demand for 

alternatively certified teachers in the school district continues to grow.  Subsequently, the 
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need for staff development that focuses on effective teaching practice and specifically 

teaching mathematics is essential. 

 The scores of Algebra I students were low no matter who was teaching them.  

More than half of the students did not pass the EOC Exam.  The mean score for all 

students was (M=.64).  Students taught by non-certified teachers had a mean of .58 while 

students of certified teachers had a mean of .66.  The passing standard for the test was 

.70.  Such low scores suggest that there may be a crisis in teaching this important course.  

Student success in Algebra I is essential, as it is a gateway to further math and technical 

courses and careers. 

Intervention in the form of additional help for all Algebra I teachers is needed in 

order to acquire and hone skill s in explaining mathematical meaning and representation 

which is necessary in order to fully explain mathematical concepts and answer student 

questions (McDiarmid & Wilson, 1991).  Additionally instruction and training for all 

math teachers who prepare students for Algebra I are also needed.  The foundation for 

algebraic understanding is built through development of problem solving activities 

throughout a student’s school career beginning in elementary school. 

 Due to the politicization of teacher certification issues, the degree of review and 

analysis of data appears often to be selective. The results of this study further 

understanding of the debate over types of certification.  Whether a significant difference 

exists depends on the way the analysis is designed.  Reviewing the results of the 

ANCOVA using the student as the unit of analysis, there is a significant difference based 

upon type of certification.  When the teacher was used as the unit of analysis there were 
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not enough teachers to demonstrate a significant difference between students taught by 

certified and non-certified teachers.  Thus, the first step of the analysis could support 

either side of the debate.   

Researchers do not always examine effect size.  The effect sizes found were 

considered small using Pederson’s classificatory scale.  Pederson developed the 

classification of effect sizes with great hesitancy because of the risk of creating 

operational definitions (Pederson, 2002).  The practical importance of the effect size 

cannot be fully evaluated in isolation but rather must be evaluated in conjunction with the 

costs and benefits of the intervention.  Further, within the field of education, a change 

that potentially impacts all learners may have a cumulative effect throughout learners’ 

school careers and may not be accurately assessed using the classificatory system (Glass, 

McGraw, & Smith, 1981).   

In this study the difference between having a non-certified rather than a certified 

teacher was eight points on the Algebra I End of Course (EOC) Exam.  However, when 

controlli ng for students’ prior mathematics achievement and other variables the 

difference was smaller.  Certification type explained less than 1 percent of the variance.     

 The debate over certification has been largely inconclusive because the difference 

between certified and non-certified teachers is statistically small in most studies.  The 

diversity found in the rigor of university-based programs is key to this issue.  Some 

university programs prepare prospective teachers well; others do not.  Certification 

requirements do not necessarily guarantee that prospective teachers have gone through 

high quality programs.  Sadly Conant’s (1963) criticisms of teacher education and 
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certification are still relevant today.  As highlighted by Feistritzer (1996) there continues 

to be little consistency in the course work required in subject area or the quality of 

pedagogy course work demanded.  Requirements of alternative certification programs 

also vary widely.   

 The findings of this study should be encouraging to school districts that have no 

choice but to hire people in alternative certification programs for high school Algebra I 

teaching.  The degree of effect size was relatively small for all ANCOVA and regression 

tests.  The difference between groups is not so great that one could suggest that 

alternatively certified teachers are doing tremendous harm to students.  

 As the teacher shortage persists, alternative certification appears to be expanding. 

For example, in November 2003 the Texas State Board of Education Certification 

(SBEC) approved regulations that allow individuals to obtain certification for content 

areas in grades 8-12 without enrolli ng in a teacher preparation program (2003).  These 

regulations allow an individual with no preparation, even in an alternative certification 

program, to teach and then be regularly certified if the employing school district 

recommends certification.  As the non-certified teachers in this study were in alternative 

certification programs where they received some formal training, no inference can be 

made about the effects of this regulation.  However, it will be important to examine the 

impact on students of teachers who have not participated in any formal training program. 

Recommendations for Further Research 

Longitudinal research tracking student achievement in mathematics and teacher 

certification status over time is recommended.  Such a study could track the effect of 
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certified and non-certified teachers upon student achievement and explore whether the 

effects of certification are enhanced when a student encounters multiple non-certified 

instructors.  The work of Mendro, Jordan, Gomez, Anderson, & Bembry (1998) suggests 

that students who encounter sub-standard teachers and then subsequently have highly 

rated teachers, never attain the same level of success as students who had high level 

teachers each year (Mendro, Jordan, Gomez, Anderson, & Bembry, 1998).  Additionally, 

a study of one year is not sufficient for making policy recommendations.  A longitudinal 

study would enhance confidence that the differences found in achievement are related to 

certification.  In regard to design, future research related to the impact certification has 

upon student achievement needs to control for students’ previous mathematics 

achievement given the strong relationship found between TAAS and EOC Exam scores.    

Another recommendation is to review the impact of certification for other grade 

levels more specifically, to look at the impact of certification at the elementary level 

using student achievement.  Previous studies have relied on the use of teacher 

performance evaluations, student and teacher surveys and interviews rather than on the 

academic achievement of students. The work of Willi am Sanders using the Tennessee 

Value-Added Assessment System is a notable exception.  Although focused on student 

achievement as measured by standardized testing data, his work does not specifically use 

certification status as an indicator of teacher effectiveness.  A subject area other than 

mathematics might also be considered.  Reading achievement, although often impacted 

by parental involvement, requires a teacher to have specialized training which is part of a 

traditional university-based certification program.  Do alternatively certified teachers 
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have the necessary understanding and expertise to effectively prepare students in the area 

of phonemic awareness to succeed as fluent readers?  Such a concern is worth further 

study as alternative certification pathways continue to develop. 

This study was limited to on-grade level ninth grade students.  Would the results 

of the study be different if an alternate student population was used?  Would the effect of 

certification be the same for remedial as well as accelerated (gifted) students?  The 

consistent finding that previous mathematics success had the greatest effect on Algebra I 

EOC Exam scores suggests that remedial students would need the most profound level of 

intervention in order to attain success.  The teacher’s abili ty to present mathematic 

concepts and ideas in a meaningful manner would be of paramount importance in order to 

bridge the students’ previous lack of understanding.  Research that examines the effect of 

teacher certification specifically for at-risk, remedial learners is needed especially since 

alternatively certified teachers are usually placed teaching lower level and remedial math 

sections.     

Finally, rather than looking at certification as opposed to non-certification, a more 

focused study of certified teachers from rigorous, high-quality programs as opposed to 

non-certified teachers is needed.  Research that reviews quality indicators of certification 

programs such as professional development school experiences and accreditation by the 

National Council for Accreditation of Teacher Education (NCATE) is necessary in order 

to study fully the potential impact of teacher certification on students’ academic 

achievement.     
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Conclusion 

 Alternative teacher certification is an increasingly popular gateway to the 

classroom.  The researcher tested the impact of teacher certification status on freshman 

high school students’ achievement on the Algebra I EOC Exam.  Through the use of a 

variety of statistical tests including ANCOVA, regression, and logistic regression the 

effect of certification was reviewed.  In three analyses a statistically significant difference 

favoring students of certified teachers was found.  However, the effect size was small and 

the amount of variance accounted for by certification was miniscule.  These findings 

suggest that the difference teacher certification type makes on student Algebra I 

achievement is of little practical consequence for average ninth graders.     
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