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ABSTRACT 

 

The purpose of this study was to examine differences between first year and 

preservice elementary mathematics teachers by certification route. First, the instructional 

practices of 90 first year elementary mathematics teachers were analyzed. Secondly, nine 

elementary mathematics teachers were interviewed concerning instructional practices. 

Finally, weighted effect sizes were compared to determine if differences existed between 

route to certification and correct responses to the mathematics portion of the Early 

Childhood-6th grade Texas Examinations of Educator Standards (TExES) for every 

person who took the assessment during the year 2012.  

First year elementary mathematics teachers (n=90) were given an online survey 

about instructional practices with questions covering the topics of Assessment Use, 

Performance Procedures, Communicative Understanding, Making Connections and 

Active Learning. The survey came from the Survey of Instructional Practices, Teacher 

Survey for Grades K-8. The first year teachers were grouped by their route to 

certification. The groups were Traditional-University Based, Alternative-University 

Based, Alternative-Non-University Based, and Post Baccalaureate. MANOVA was 

utilized to determine if there were statistical differences between the responses to the 

five question groups along with calculating the effect sizes. The data in the study 

demonstrated that there was little to no difference between the uses of instructional 

strategies in the elementary mathematics classroom of first year teachers, no matter their 

route to certification.  
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A cross-case study involving first year elementary mathematics teachers was 

then conducted. The findings of this study also showed that in a small sample, the 

teachers who were alternatively certified employed the use of manipulatives more often 

than the teachers who were traditionally certified and were also more knowledgeable as 

to why different strategies were important to use in the mathematics classroom when 

compared to their traditionally certified counterparts.  

Data from all participants who attempted the mathematics portions of the Texas 

Examinations of Educator Standards Generalist Early Childhood – 6th grade in 2012 

were collected from the Texas Education Agency and were analyzed in two ways using 

the grouping variable of route to certification. First each question was treated as an 

independent study and analyzed by calculating the variance of the average proportion 

and then calculating the weighted effect size. For each question, the weighted effect 

sizes were compared using analog to the analysis of variance. The weighted effect sizes 

from the data from the Texas Education Agency on the 2012 mathematics portion of the 

Texas Examinations of Educator Standards, Generalists Early Childhood – 6th grade 

pointed out that preservice elementary mathematics teachers from alternative routes 

were outperformed by their traditionally certified colleagues in the areas of 

Mathematical Instruction, Number Concepts and Operations, Patterns and Algebra, 

Geometry and Measurement, Probability and Statistics, and Mathematical Processes. 
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CHAPTER I 

INTRODUCTION 

Introduction 

Teaching is a complex and multidimensional process that requires deep 
knowledge and understanding in a wide range of areas and the ability to 
synthesize, integrate, and apply this knowledge in different situations, under 
varying conditions, and with a wide diversity of groups and individuals. (Hollins, 
2011, p. 395) 
 

Becoming a teacher has had many incarnations in the United States over the years. In the 

past, many teachers were preachers, master craftsmen, tutors, private contractors, 

association leaders, town officials, or college professors. Children learned from these 

“teachers’ in a variety of locations, such as in church, in their home, or in 

apprenticeships. The arrival, in the 1830’s, of the normal school changed education in 

America forever (Labaree, 2008). The United States does not have a national education 

system; “Indeed, education is not even mentioned in our Constitution, a circumstance 

that left the development and implementation of schools to the realm of states’ rights” 

(Jones, 2009, p. 10). Major parts of these states’ rights include the education of and 

certification of teachers.  

The process of teacher certification has been in development since the first 

records of teachers during the Roman Empire (Angus, 2001). But how has the process of 

teacher certification changed over the years in the United States? Surprising, the debates 

about teacher certification that took place about 100 years ago have strikingly similar 

connotations that have occurred in the 21st century. Debates about how teachers should 
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be certified and who has the power to grant these certificates are an ongoing struggle that 

does not have a simple conclusion.  

Early 20th Century Teacher Education 

 America in the early 20th century was under a rapid change from an agrarian 

economy to one based more on industry. The industrial revolution aided in the 

urbanization of the United States in the 1900’s. Also during this time, citizens were more 

respectful to the authority of science (Angus, 2001). These developments, along with 

teacher shortages after World War I, created a shift in how teacher certification would be 

handled during the next few decades. During and directly after WWI, there was a 

shortage of teachers in the United States. This was due to many of the female teachers 

leaving the profession to take more lucrative jobs to aide in the war movement or take 

the place of the men serving overseas (Angus, 2001).  

The shortages of teacher candidates caused many schools to hire unprepared 

teachers with emergency certificates. This caused local citizens to take notice of the 

teacher shortages and raised concerns over the quality of education that their children 

were receiving. This brought about a number of successful campaigns to raise teacher 

salaries and increase teacher education standards in an attempt to develop qualified 

educators (Cook, 1928). These raises in salary for teachers worked and between the 

years 1921 and 1927, the teacher shortage turned into a small surplus. Kathryn Cook of 

the Unite States Bureau of Education (1928) stated there was an “unusual and 

satisfactory progress in raising the standards of qualifications demanded of prospective 

teachers” (pp. 1-2). As Gutek (1995) noted, variation continued to exist for teacher 
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education and certification processes from state to state in the 20th century, but the 

education programs were organized into four general phases. Gutek described these 

phases:  

1. General education courses 
2. Depth courses in which prospective secondary school teachers specialized in an 

academic subject, such as English or history, and elementary school teachers 
studied the subjects and skills of the elementary school 

3. Professional education courses in the historical, philosophical, or sociological 
foundations of education, educational psychology, and teaching methods 

4. Laboratory experiences with children and youth culminating in supervised 
student teaching. (pp. 503-504) 

 
 The increases in teacher education standards, and the demand for more 

opportunities other than just a teacher certification, led to the increased number of 

normal schools becoming college institutions and the decrease in teacher certification 

exams (Labaree, 2008). “In 1900, no more than four normal schools were collegiate 

institutions. By 1930, there were nearly 150” (Angus, 2001, p. 16). By 1938, people who 

wanted to gain a teacher certificate would have to have some form of professional 

training, in the form of one to four years of college, two years of normal school, or other 

professional preparation courses, depending on the state (Angus, 2001). This increase in 

the training of teachers at secondary institutions caused many states to stop giving 

certification exams, but rather certification was granted after completing a formal 

schooling. 

World War II and Beyond 

 World War II and the years following created the largest teacher shortage the 

United States had ever experienced. The salaries of teachers just could not compete with 
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other job opportunities and this pulled educators out of the classrooms. Teachers with 

emergency certificates rose from 2,305 in 1940-41 to 69,423 in 1943-44 (Frazier, 1943). 

These shortages did not cause the standards for teacher certification to decline; in fact, 

the standard for teacher certification was a four-year degree (Angus, 2001).  

 In 1946, the National Commission on Teacher Education and Professional 

Standards (TEPS) was created to “establish for teaching the same control of entry that 

other professions enjoyed” (Angus, 2001, p. 22) and to protect the public schools from 

teachers that were deemed unqualified. TEPS was influential in making the minimum 

qualification for becoming certified as a teacher, the attainment of a bachelor’s degree 

and the elimination of the certification examination. By the 1950’s, the certification of 

applicants to become teachers was based on the completion of a teacher education 

program that was approved by the state (Angus, 2001). By the year 1953, only seven 

states certified teachers with examinations plus some other prerequisites, with only three, 

Texas, North Dakota, and Missouri, certifying teachers based solely on certification 

exams (Armstrong & Stinnett, 1953). 

 But in 1957, everything changed in the United States, especially in the area of 

education, with the Russian launch of Sputnik. Teacher education programs were looked 

at as easy to enter, easy to graduate from, and they adhered to a low standard of quality 

education (Angus, 2001). Criticisms of the education system, due to a fear of national 

security after Sputnik, were magnified. The main argument was that there was no 

reliable scientific evidence that showed a predictable, positive relationship between the 
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teacher education programs and student learning. Author, James Bryant Conant (1963) 

confronted these criticisms of the teacher certification process when he wrote, 

the state should require only (a) that a candidate own a baccalaureate degree from 
a legitimate college or university, (b) that he submit evidence of having 
successfully performed as a student teacher under the direction of college and 
public school personnel in whom the state department has 
confidence,…and…that he hold a specially endorsed teaching certificate from a 
college or university which, in issuing the official document, attests that the 
institution as a whole considers the person adequately prepared to teach in a 
designated field and grade level. (p. 60) 

 During this period of great debate and change, two-thirds of all the states in the 

union took to revising their certification method. For some states, the revisions were due 

to too much time devoted to professional courses in education and not enough in 

academic studies (Angus, 2001). By 1961, California made changes to the certification 

process by requiring an academic major and minor, with the elimination of the education 

major, and a reduction in the number of hours in professional education courses (Conant, 

1963). 

With the release of A Nation at Risk, in the 1980’s, educational reform was again 

at the forefront of the national stage (Gutek, 1995). Different groups, including state 

legislatures, schools, colleges of education, and teachers understood that to improve the 

educational system in America, a strong teacher preparation component was needed. 

These differing ideologies created new battles over the best ways to certify teachers to 

ensure the highest quality (Angus, 2001).  

During the 1980’s and 1990’s, the idea of differentiating the teaching occupation 

was explored. This included extending formal educational training, creating alternative 

routes into the career of teaching, and focus on the proficiencies of effective teachers. In 
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1988, then President George Bush encouraged alternative certification routes as a way to 

combat the findings of A Nation at Risk (Gutek, 1995). Even the American public was 

skeptical about colleges and universities delivering large numbers of well-prepared 

teachers, if left to their own devices (Angus, 2001). This skepticism has brought teacher 

certification examinations back, full circle by the early 1990’s. By 1993-94, almost 40% 

of all states made it mandatory for teachers to pass subject matter exams before 

certification (United States Department of Education, 1999). 

Alternative Routes to Teacher Certification 

 Supporters of alternative certification programs that seek to bypass colleges of 

education find support to their arguments from liberal arts department scholars, who 

believe that subject matter mastery as the only true credential for teacher education 

(Angus, 2001). With the reported teacher shortages of the mid 1980’s and pressure to 

stop issuing emergency certificates to untrained teachers, lawmakers were in need of a 

quick way to have teachers certified. Thus, alternative certification routes found support 

by state legislators. In, the early 1990’s, the National Center for Education Information 

(NCEI) began to collect state guidelines for teacher certification along with alternative 

routes to teacher certification in an attempt to provide some order to the chaos that was 

the early days of alternative teacher certification (Feistritzer, 2005). These alternative 

teacher certification programs, first conceived as a response to a teacher shortage crisis, 

have become integral parts of the educational setting (Stoddart & Floden, 1995).  

In most states, the alternative routes in the early 1990s required a post-

baccalaureate credential program that included student teaching prior to accepting a 
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position as a full time classroom teacher. A few states, like Texas and New Jersey, 

“allowed districts or the state itself to offer a route that offered a few weeks of training 

before teachers could take on a class and required a total of as little as 200 seat hours of 

training” (Darling-Hammond, Berry, & Thoreson, 2000, p. 62). Each state has their own 

rules and regulations about alternative teacher certification and this could create 

confusion about if a person is certified to teach in different states. To add to the 

confusion about alternative teacher certification, these routes are very new in historical 

terms. About half of these alternative routes to teacher certification were created after 

the year 2000, with California, Texas, and New Jersey being the states that produce the 

highest number of teachers who gained certification through an alternative method 

(Feistritzer, 2009).  

According to the NCEI, the first state to enact legislation allowing alternative 

routes to teacher certification was New Jersey in 1985 (Feistritzer & Chester, 2003). 

New Jersey has used the program to train over 7,000 teachers in about 15 years. The 

state passed this legislation to reduce the number of emergency certifications used for 

teachers. Since the legislation was passed, New Jersey has not issued a single emergency 

certificate (Klagholz, 2000). The NCEI also reported that as of 2005, there were 115 

alternative routes to teacher certification being utilized in 43 states and the District of 

Columbia. These 115 alternative certification routes were being implemented by around 

485 providers (Feistritzer, 2005). The number of states with alternative routes to teacher 

certification continued to increase. According to the National Center for Policy Analysis 

(2009), every state including the District of Columbia had some type of alternative 
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certification programs in effect to contend with teacher shortages. In the state of Texas, 

the Texas Administrative Code (2010), Title 19, Part 7, Chapter 228, Rule 228.2, defined 

the term Alternative Certification Program as: 

An approved educator preparation program, delivered by entities described in 
§228.20(a) of this title (relating to Governance of Educator Preparation 
Programs), specifically designed as an alternative to a traditional undergraduate 
certification program, for individuals already holding at least a baccalaureate 
degree. (Texas Administrative Code, 2010) 
These alternative programs are not a new invention. As previously stated, before 

the concept of normal schools, most school districts were the authority in certifying 

teachers, not the state government (Roth & Swail, 2000). In Texas, according to the 

Texas Administrative Code (2010) the certification for teachers can be supplied through 

an “institution of higher education, regional education service center, public school 

district, or other entity approved by the State Board for Educator Certification.”  

One such regional education service center that provides an alternative route to 

teacher certification is Region 4. Region 4 services the greater Houston area and first 

offered the alternative teacher certification program in 1990 with Dr. Sandra Petersen as 

its director. The alternative certification program from Region 4 involves prospective 

teachers taking courses that cover Curriculum and Instruction, Foundation of Teaching, 

Bilingual Education, English/Language Arts, Foundations of English as a Second 

Language, Foundations of Special Populations, and Getting Ready for the Classroom. 

The participants of Region 4’s alternative certification program must already possess a 

bachelor’s degree which is mandated by the Texas Administrative Code (2010). The 

alternative certification route provided by Region 4 has certified over 14,000 educators 
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as of 2012 (K. J. Van Gilder, personal communication, July 25, 2012). Some of the 

other, more prominent alternative certification programs in the United States include The 

New Teacher Project, Transitioning to Teaching, Troops to Teachers, and Teach for 

America (Feistritzer, 2005). 

Article 1 

The focus of this study was to determine if there were differences in instructional 

practices of first year elementary mathematics teachers by route to certification. The 

participants included 90 first year elementary mathematics teachers in a suburban school 

district in southwest Texas. Participants were not contacted directly by the researcher, 

but were contacted through other personnel who worked on the elementary campuses, 

such as the principals or instructional coaches, to protect the identities of the participants 

from the researcher. The participants responded to 26 different questions that came from 

the Survey of Instructional Practices, Teacher Survey for Grades K-8 in Mathematics, 

which was created by the Measures of the Enacted Curriculum.  

MANOVA was utilized to determine if there were statistical differences in the 

responses to the five question groups along with determining the effect sizes for the 

different routes to certification. Certification routes were used as the dependent variable. 

Results and findings were discussed. Recommendations were made. 

Article 2 

Article 2 answers the research question: Do alternatively certified and 

traditionally certified first year elementary mathematics teachers have different 
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perspectives and understandings of instructional practices in mathematics in the 

classroom? The interview protocol came from the Survey of Instructional Practices, 

Teacher Survey for Grades K-8 in Mathematics, which was created by the Measures of 

the Enacted Curriculum. The purpose of this case study was to describe the different 

perspectives and understandings of instructional practices explicitly in the area of Active 

Learning, more specifically use of manipulatives, data collection and analysis, working 

in small groups or pairs, and conducting mathematics lessons outside of the classroom in 

elementary teachers’ classrooms during their first year of teaching in public schools at a 

large suburban district in southeastern Texas based on the certification experiences of 

the educators. Data were unitized and categorized in an on-going effort to identify 

patterns. Three themes were identified and discussed.  

Article 3 

Article 3 answers the research question: Does certification route correlate to 

correct answer choices on the Texas Examinations of Educator Standards (TExES) 

Generalist Early Childhood – 6th grade for elementary teachers in the area of 

mathematics? 

Participants were any person who attempted a TExES certification exam in the 

area of teaching mathematics for grades Early Childhood-6 during the year of 2012. The 

TExES certification program was developed collaboratively by the State Board for 

Educator Certification (SBEC) and the Texas Education Agency (TEA)—and the testing 

contractor, Educational Testing Service (ETS). The exam’s purpose is to confirm that 

educators have the professional knowledge and skills to instruct students successfully 
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(SBEC, 2008). “The purpose of the tests is to help identify examinees who have the 

appropriate level of knowledge and skills that have been judged to be important for 

educators seeking employment in Texas public schools” (SBEC, p.11). The portion of 

the Early Childhhod-6 assessment used in this study was based on content described by a 

set of competencies: Mathematical Instruction, Number Concepts and Operations, 

Patterns and Algebra, Geometry and Measurement, Probability and Statistics, and 

Mathematical Processes. An assumption made for this research was that the TExES 

Mathematics (EC-6) exam is an instrument that accurately measures knowledge of 

mathematics in preservice early childhood through sixth grade teachers and that the 

scores from this exam are valid and reliable. 

Data were collected from the Texas Education Agency and included the 

percentages of correct responses by applicants grouped into four program routes on 

mathematical pedagogical content knowledge questions.  
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CHAPTER II 

FIRST YEAR ELEMENTARY MATHEMATICS TEACHERS’ 

INSTRUCTIONAL STRATEGIES BY CERTIFICATION ROUTE 

Introduction 

Feistritzer (2009) reported that an estimated 33% of all teachers were certified 

through alternative routes. Zientek (2006) suggested 

alternative teacher certification programs are somewhat diversifying the teaching 
population by bringing in more minorities and science majors, but do not appear 
to be bringing in more experienced scientists and mathematicians nor do they 
appear to be alleviating the teacher shortage (p. iii).  
But with the high standards in place brought forth by the No Child Left Behind 

law; do these alternative avenues for teacher certification create educators that possess 

similar instructional strategies as compared to teachers who have gone through 

traditional routes for teaching certification in the elementary mathematics classroom? 

The continuing effort to recruit and retain highly qualified mathematics teachers poses 

another challenge. According to Mohr (2006), “Mathematics education continues its 

‘math wars’ and is now struggling to put and keep teachers in the classroom” (p.1). Thus 

school districts have been forced to look at different pools of candidates in order to fill 

teaching positions, especially in mathematics. Yet there is little evidence to show 

whether these programs provide educators with the specific tools or knowledge to use 

appropriate instructional strategies, specifically in the area of mathematics.  

 Mohr (2006) stated that “for almost all of the last century, teacher preparation 

has been located within higher educational institutions; this is not the case anymore.” 
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(p.1). Shortages of mathematics teachers and the forecasts that there will be more 

shortages in the future have produced a staggering number of initiatives which are 

producing classroom teachers on a fast track (Hart, 2004). These alternative programs 

have also caused some universities to disband their teacher education programs or to 

modify the programs to compete with these shorter duration alternative programs (Mohr, 

2006). Sometimes these shortened time frames for obtaining certification come with less 

time spent in classrooms observing professional educators allowing for little reflection 

time. Imre and Akkoc (2012) found that “observing real classroom settings and 

reflections on these observations helped prospective teachers to develop their PCK 

[pedagogical content knowledge]” (p. 224). These researchers also suggested adding 

extra time to certification programs for prospective teachers to discuss lessons and 

observe multiple teaching approaches to better understand the underlying procedures 

occurring in the classroom. “Also these alternative programs are frequently aimed at 

recruiting and preparing teachers for working in the urban setting where the number of 

youth who live in poverty is growing and the demand for teachers is often greatest” 

(Hart, 2004, p. 79). In the interest of speeding up the time to certification through these 

alternative routes, the question remains: do these shortened programs hamper the 

production of first-year teachers who are prepared to teach in urban settings (Hart, 

2004)?  

 While many professionals, especially those from backgrounds in science, 

technology, engineering, and mathematics, are eager to become teachers, some do not 

believe that traditional teacher education programs are the right choice for pursuing their 
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aspirations. This perception that traditional certification routes are unnecessary for 

individuals with strong content knowledge backgrounds is not uncommon (Grier & 

Johnston, 2008). Yet these changes and viewpoints have come with concerns from some 

professional organizations about teachers’ mathematics preparation (Mohr, 2006). 

Additionally, Ng and Kelli (2007) reported that “the accelerated nature of alternative 

certification does not provide teachers with a great deal of time to explore the teaching 

profession or have guided instructional practice, as compared to traditionally prepared 

teachers” (p. 4). Butcher and Kritsonis (2008) added to the uneasy feelings of others 

when they stated,  

Due to the accelerated nature of many programs, alternative certification interns 
are immediately assigned a classroom, students, and a mentor. Instead of being 
gradually handed teaching responsibilities, they begin the first day of their 
contract with the full responsibilities and expectations of a classroom teacher. (p. 
4) 
 

 Urban school districts rely on high numbers of alternatively certified teachers to 

staff their classrooms (Ng & Kelli, 2007). Additionally, along with recruiting these 

alternatively certified teachers there is a concern about retaining the teachers in the 

education field. A “RAND study of non-traditional pathways found that the graduates of 

the longer and more intensively supervised alternate routes felt better prepared and were 

much more likely to report they would stay in teaching than those who had completed 

short-term alternatives” (Darling-Hammond et al., 2000, p. 26). Ng and Kelli reported 

that between forty and fifty percent of all beginning teachers leave the field within the 

first five years. This staggering number also creates more openings which need to be 

filled by qualified individuals.  
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 This vicious cycle of teachers leaving the field creates a tremendous amount of 

turnover and begs the question about the knowledge level and quality of people joining 

the ranks to replace the educators leaving the field. Darling-Hammond et al. (2000) 

stated that “strong and consistent evidence was found that when compared to students 

whose teachers are uncertified, students achieve at higher levels in mathematics when 

they have teachers who hold standard certification in mathematics” (p. 1). Reiterating 

this, they (Darling-Hammond et al., 2000) explained that both educational degrees and 

disciplinary degrees exert a positive influence on student achievement, but the effect size 

was several times greater for educational degrees. Grier and Johnston (2008) refuted this 

belief, “it is reasonable to expect that these professionals [alternatively certified 

teachers] have access to the content knowledge and the practical professional 

experiences to allow them to achieve success in the classroom” (p. 1). Alternative routes 

do attract interested individuals who have diverse backgrounds with great amounts of 

content knowledge who want an opportunity to enter the teaching field, yet it does not 

assure that they will be successful in the classroom (Ng & Kelli, 2007).  

So do students of alternatively certified teachers perform at the same levels as 

students who are in classrooms with traditionally certified teachers? Darling-Hammond, 

Hotzman, Gatlin, and Heilig (2005) claimed that alternatively certified teachers’ students 

performed lower than the students of teachers from the traditional certification route, but 

other researchers (Glazerman, Mayer, & Decker, 2006; Kane, Rockoff, & Staiger, 2006) 

disagreed and believed that there was little to no difference. More recently, Harris and 

Sass (2011) found “no evidence that education majors are significantly more productive 
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as teachers than non-education majors” (p. 811) and were strongly in favor of utilizing 

alternative certification routes to allow non-education majors into the field of teaching.  

Instructional Strategies Literature Review 

 With the debate raging about how teachers should be certified, no researchers 

have looked at the instructional strategies of first year elementary mathematics teachers 

from different certification preparation routes. Instructional strategies are defined as “a 

purposeful activity to engage learners in acquiring new behaviors or knowledge” 

(Barrera, Shyyan, Liu, & Thurlow, 2008, p. 3). The use of instructional strategies were 

found to increase student achievement in the area of mathematics, while at the same time 

these strategies increased student attitudes about mathematics (Fidler, 1999; Grouws & 

Cebulla, 2000; Kilpatrick, Martin, & Schifte, 2003; National Council of Teachers of 

Mathematics, 2005; Oakes & Star, 2008; Sherrod, Dwyer, & Narayan, 2009; Siegle & 

McCoach, 2007; Siegler, 2003; Slavin, 1990; Sowell, 1989; Suydam & Higgins, 1977).  

 Teachers need to be able to readily use instructional strategies in their classrooms 

effectively. Shulman (1987) reported that by utilizing instructional strategies in the 

mathematics classroom, teachers are able to convert students’ previous understandings 

and skills into specific classroom representations and actions to improve students’ 

mathematical performances. These instructional strategies “are ways of talking, 

showing, enacting, or otherwise representing ideas so that the unknowing can come to 

know, those without understanding can comprehend and discern, and the unskilled can 

become adept” (Shulman, 1987, p. 7). 
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 Students should not passively receive mathematical instruction, but rather be a 

part of building new knowledge from experiences and connecting these experiences to 

their prior beliefs and ideas about mathematics. According to the National Council of 

Teachers of Mathematics [NCTM] (2005), high-quality elementary school classrooms 

should be structured in a manner that allows students to be actively involved in 

connecting the mathematics they are learning to their personal worlds. Instructional 

strategies are at the heart of these active classrooms, with teachers using specific 

strategies in mathematics, to allow for opportunities for students to experience 

conceptual mathematics to either build upon prior mathematical knowledge, or challenge 

mathematical misconceptions (NCTM, 2005) 

 Routes to teacher certification must instill a solid understanding of both 

mathematics content and instructional strategies for prospective educators, as well as 

create teachers who appreciate and comprehend the importance of mathematics. 

“Effective programs of teacher preparation and professional development help teachers 

understand the mathematics they teach, how their students learn that mathematics, and 

how to help each student learn” (NCTM, 2005, p. 1).  

 The instructional strategies that were the focus of this research were based on 

active learning in the classroom. For this research active learning was defined by 

Bonwell and Eison (1991): 

1. Students are involved in more than passive listening; 2. Students are engaged 
in activities; 3. There is less emphasis placed on information transmission and 
greater emphasis placed on developing student skills; 4. There is greater 
emphasis placed on the exploration of attitudes and values; 5. Student motivation 
is increased; 6. Students can receive immediate feedback from their instructor; 7. 
Students are involved in higher order thinking. (p. 2) 
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Breaking down the definition provided by Bonwell and Eison (1991), the research 

identified the following instructional strategies to study: student use of manipulatives, 

students working in pairs or groups, connecting mathematics to the real world, solving 

non-routine mathematical problems, use of assessments by educator, and students 

explaining mathematical reasoning.  

Active Learning 

 It is important for teachers to have students utilizing concrete representations of 

mathematical concepts to better understand and internalize mathematical concepts. 

According to Klemmer, Hartmann, and Takayama “the use of tangible manipulatives has 

been shown to improve elementary school student understanding of mathematical 

concepts” (2006, p. 141). According to these findings, teachers should use manipulatives 

with their students to associate and incorporate abstract mathematical concepts with 

tangible depictions of the same mathematical concepts (Oakes & Star, 2008; Schoenfeld, 

2002).  

 Allowing students to work in groups or pairs in the elementary mathematics’ 

classroom has been found to positively affect student understanding of concepts, not just 

for struggling students, but for students of higher ability. Slavin (1990) concluded that 

students’ mathematics level of achievement improved by working in cooperative groups 

or pairs. Webb (1991) agreed and reported that when working in groups or pairs, 

students helped each other solve problems or clarify concepts. The students who 

struggled benefited from peer explanations and student models provided by classmates. 

At the same time the intellectually able student gained a deeper understanding of the 
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concept while explaining or modeling the concept to the lower achieving student. Along 

with students increasing their mathematical understandings, group work was also found 

to increase student self-efficacy. Through this methodology students were afforded the 

opportunity to interact with multiple models presented by peers (Siegle & McCoach, 

2007). 

Making Connections 

 Non-routine mathematical problems are problems that do not involve routine 

computations, but rather deal with the application of mathematical strategies (English, 

1996). Through the use of students solving non-routine mathematical problems, teachers 

provide the “vehicle through which students develop mathematical ideas” (Van de 

Walle, Karp, & Bay-Williams, 2013, p. 4). While students attempt to solve these non-

routine mathematical problems, they also develop the concept of using logical reasoning 

for providing a rationale and justification for their answers or conclusions (Schoenfeld, 

1992; Van de Walle et al., 2013). 

 Connecting learning to the student’s real world experiences has also been found 

to improve student understanding. It was reported that retention of information was 

facilitated by relating the information to aspects of the student’s life (Rogers, Kuiper, & 

Kirker, 1977). Schoenfeld (2002) reported that teachers must develop creative activities 

to engage students in meaningful mathematics that connects to students’ previous 

experiences and the students’ world. Just as very young children rely on physical 

interaction with objects in their world to increase their cognitive development, school 

aged children can expand their learning through interacting with their world that 
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listening to words from a book alone just cannot provide (Klemmer et al., 2006). These 

researchers also reported that real world situations that incorporate artifact-centered 

action can increase students’ ability to solve problems. 

Assessment Use and Performance Procedures 

 One important aspect of assessment used by mathematics teachers includes using 

multiple forms of assessments. Teachers should “invest in the development of 

assessment systems that use multiple measures of student performances” (Pellegrino, 

Chudowsky, & Glaser, 2001, p. 310). These assessment systems should include 

assessment formats such as short answer questions, questions that require students to 

draw conclusions from data, questions that allow students to explain the problem solving 

procedures used, and practical problems that incorporate technology (Pellegrino et al., 

2001).  

Assessments in the mathematical classroom should guide educators to better 

prepare to teacher their students. According to the National Council of Teachers of 

Mathematics (NCTM) (2013, July) formative assessments should be utilized by 

educators to foster growth by using the information collected to make curricular 

decisions that would allow for differentiated instruction. Formative assessment of 

student work and problem solving should be used by the educators to implement positive 

changes in mathematical classrooms (Schoenfeld, 2002; Van de Walle et al., 2013). Use 

of formative assessments by educators allows student thinking and learning to become 

visible (Hattie, 2008, p. 173). Through the use of formative and summative assessments, 

that are directly aligned to the taught curriculum, student learning and rate of learning 
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has been found to increase dramatically (Pellegrino et al., 2001; Wiliam, 2007; Wilson 

& Kenney, 2003). The use of both formative and summative assessments in the 

classroom is a critical facet for any mathematical curriculum (VanDerHeyden & Burns, 

2005). 

These different types of assessments are related to the types of performance 

procedures teachers use in the mathematics’ classroom. Students should be engaged, 

during the mathematics class time, with activities that require students to read 

information about a problem situation and then determine the best route to solve the 

problem (Leatham, Lawrence, & Mewborn, 2005). Van de Walle et al. (2013) 

recommended that students should be solving mathematical problems that are connected 

to real world problem solving situations, such as collecting data and utilizing technology 

(computers, calculators, etc.). According to the NCTM (2013, July), performance 

procedures should be used by teachers to create effective classroom discussions, 

questions, activities, and tasks that offer the right type of evidence of how students are 

progressing to the advocated learning goals, while these tasks also provide feedback that 

moves learning forward. These performance procedures should encourage students to 

take ownership of their own learning. 

Communicative Understanding 

 Students come to the classroom having had many conversations with peers, 

parents, and others that must be interpreted and understood. Teachers should understand 

this reality and use it to benefit their students. It was found that when the mathematical 

information or reasoning was shared in normal conversation as compared to a teacher 
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lecturing, students were found to “use less cognitive effort to process the verbal 

information” (Moreno & Mayer, 2000, p. 724). Connected to working in pairs or groups, 

when students participated in explaining their mathematical reasoning, it was found that 

the students become “more strategic in selecting good [mathematical] strategies” (Van 

de Walle et al., 2013, p. 14).  

 As stated above, researchers have disagreed on how the teachers’ route to 

certification has affected student performance in the area of mathematics. At the same 

time there has been scant research conducted on how teachers from different 

certification routes utilize instructional strategies. The Center for the Study of Teaching 

and Policy (2001) stated that, “exploring the relative contributions of education method 

and education foundation courses on prospective teachers is especially important” (p. 

35).  

Research Purpose and Question 

Do differences in the use of instructional strategies exist between alternatively 

certified and traditionally certified first year elementary mathematics teachers? The 

purpose of this study is to determine if first year elementary mathematics teachers, from 

different certification routes, differed in the use of specified mathematical instructional 

strategies during instructional time. 



 

 

23 

 

Method 

Setting 

 This research was conducted in a suburban school district in southwest Texas. 

This district employs 4068 teachers with 23.50% having advanced degrees. The average 

years of teaching experience for this district is 11.40 years with 45.60% of the teachers 

having over ten years of experience. The district contains a student body of 64,526 

students, as of 2013 and has had an average growth rate of 4.94% over the last ten years. 

The student body was identified as being composed of 41.78% white students, 34.19% 

Hispanic students, 9.48% African-American students, 11.47% Asian/Pacific Islander 

students, and 0.43% Native American students. As of 2012, this district had 31.20% of 

the students identified as economically disadvantaged, 30.03% as low income, 13.85% 

as limited English proficient, 8.37% as special education, 13.80% as Bilingual or 

English as a second language, 6.56% as gifted and talented, and 24.35% in a Title 1 

program. The graduation rate in 2012 was 92.90% with the dropout rate at 0.70%. 

Participants 

Possible participants were identified by principals or campus instructional 

coaches as being elementary mathematics teachers and participating in their first year as 

the teacher of record. Participants were not contacted directly by the researcher, but were 

contacted through a third party (other personnel who worked on the elementary 

campuses, such as the principals or instructional coaches) to protect the identities of the 

participants from the researcher. The participants included (n=90) first year elementary 

mathematics teachers. The participants were mostly female (94.4%) with a mean age of 
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26 years. The average class size of the first year teachers was 22.32 students. The 

majority of the group identified themselves as white (52%) while 23% identified as 

Hispanic, and 14% identified as African-American. Table 1 displays the breakdown of 

the participants by route to certification. 

Table 1 
Sample Size by Route to Certification 

Route to 
Certification n 

% 
Female 

Mean 
Age White Latino 

African-
American 

Race Not 
Identified 

Traditional-
University Based 38 92% 22 19 12 6 1 

Alternative-
University Based 20 95% 30 8 6 4 2 

Alternative-Non-
University Based 19 100% 31 13 2 3 1 

Post Baccalaureate 13 77% 25 7 1 0 5 
Total 90 92% 26 47 21 13 9 
Note. Definitions for each route to certification can be found in Appendix A; Mean ages 
were rounded to the nearest whole number; Participants could identify their ethnicity, 
but this was optional 

Data Collection and Analysis 

Instrument 

In order to measure the teaching practices of first year mathematics teachers, it 

was important to use an accepted instrument that had been administered in the field in 

the past. The Survey of Instructional Practices, Teacher Survey for Grades K-8 in 

Mathematics, which was created by the Measures of the Enacted Curriculum, was 

selected and utilized to gather data on five different factors with 26 specific items. The 

researcher received permission from the author of the survey, Dr. John Smithson, 

Director of the Measures of the Enacted Curriculum of the University of Wisconsin-

Madison on August 28, 2012.  
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The Survey of Instructional Practices has been in use for over 20 years and “the 

surveys have been field tested in hundreds of schools and classrooms through 

collaboration with state education agencies” (Council of Chief State School Officers, 

2005, p. 2). Originally, Borko and Livingston (1989) reported that the Survey of 

Instructional Practices was found to have 17 factors when the data were standardized (z-

scores) and an Exploratory Factor Analysis was conducted (EFA). From these 17 

factors, five were selected as a focus: Active Learning, Making Connections, Assessment 

Use, Performance Procedures, and Communicative Understanding (see Appendix B) 

because these areas of instructional practices have been shown to increase student 

achievement in the area of mathematics, as stated above. The reliability coefficient 

(Cronbach’s α) reported by the Measures of the Enacted Curriculum (2012) for each of 

the selected categories ranged from 0.743 – 0.884 (see Appendix C, Table 1). These 

reliability coefficients were the result of using the Survey of Instructional Practices with 

over 600 elementary teachers across 11 states in grades kindergarten through eighth 

grade. The survey instrument was used to determine if there were differences in 

instructional practices and use of content between teachers in different states and 

teachers at different grade levels (Council of Chief State School Officers, 2005). 

Data Collection 

The data were collected for 10 days during the month of February 2013, using an 

anonymous web survey. The survey link was provided to a third party at each school to 

give to the first year teacher. Only the researcher had access to the response section of 

the form and no personal information connecting the participants to their responses was 
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collected. During the 2012-2013 school year, there were 278 first year teachers at the 

selected school district. Of the 278 possible participants, 90 first year teachers chose to 

participate and completed the survey. 

Data Analysis 

The independent variable used during this research was the certification routes: 

Traditional-University Based, Alternative-University Based, Alternative-Non-University 

Based, and Post Baccalaureate (see Appendix A for complete definitions of certification 

routes). The dependent variables were the responses to the 26 items on The Survey of 

Instructional Practices, Teacher Survey for Grades K-8 in Mathematics, and which all 

answers related to the percentage of time spent using specific components of 

instructional strategies. The dependent variables were transformed into z-scores to 

remove the difference in the variances. The measures of skewness for the z-scores from 

the 26 items ranged from -0.177 to 0.677 which all fell between the thresholds of -1 and 

1. The measure of kurtosis for the z-scores from the 26 items ranged from -1.984 to -

0.608, which all fell between the thresholds of -3 and 3. These z-scored items were then 

analyzed using Confirmatory Factor Analysis (CFA). CFA was used to analyze the data 

to determine if the 26 items on the survey loaded on the five selected factors with the 

data that were collected and matched the EFA that was conducted by Borko and 

Livingston (1989). Once the CFA was confirmed, Multivariate Analysis of Variance 

(MANOVA) was utilized to determine if there were statistical differences of the 

responses on the observed factor scores for the CFA (dependent variable) between the 

certification groups (independent variable), along with calculating the effect sizes 
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(partial η2). For this study, the null hypothesis was that the groups of teachers by 

certification route, used the instructional strategies the same amount of time. The results 

could then be used to make policy decisions about what appropriate actions should be 

taken to enhance certification routes allowing teachers to better understand and use 

teaching strategies.  

Results 

CFA 

Based on the factors identified for The Survey of Instructional Practices, Teacher 

Survey for Grades K-8 in Mathematics, a confirmatory factor analysis was then 

conducted with the collected data transformed to z-scores. Following the findings from 

the Borko and Livingston (1989), a model was created (See Figure 1). The fit indices 

were found to meet the requirements described by Kline (2011). The following fit 

indices were found for the CFA model: χ2 to df ratio = 2.032, CFI=0.980, the TLI=0.966, 

and the RMSEA=0.041. It was found that all indicators specified to measure a common 

factor had standardized factor loadings greater than 0.72. It was also found that the 

estimated correlations between the factors were all less than 0.82. These results indicated 

both convergent validity as well as discriminant validity for the model (Kline, 2011).  
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Figure 1. The CFA model with five factors: Assessment Use (Assessment), Performance 
Procedures (PerfProc), Communicative Understanding (Communicati), Making 
Connections (MakeConnect), and Active Learning (ActiLearn) with their indicators was 
analyzed. Errors were not shown to save space. 

 

MANOVA 

The z-scores were first analyzed to determine if the observed covariance matrices 

of the dependent variables were equal across groups (Box's Test of Equality of 

Covariance Matrices). The analysis failed to reject the null hypothesis for Box’s Test, so 

it was concluded that the covariance matrices of the dependent variables were not 

statistically different. For each instructional strategy, it was found that there were no 
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statistical differences between the teacher certification groups using Pillai’s Trace (See 

Table 2) when comparing the responses from the five factors of instructional strategies.  

In the area of Assessment Use, the data showed that p=0.150 and a partial 

η2=0.077; Performance Procedures, it was found that p=0.303 with a partial η2=0.065; 

Communicative Understanding, it was found that p=0.439 with a partial η2=0.057; 

Making Connections, it was found that p=0.366 with a partial η2=0.073; Active 

Learning, data showed that p=0.337 and with a partial η2=0.050. Thus, the results for 

every category were not statistically significant (p<0.05) with effect sizes interpreted as 

being small when compared to effect sizes reported in the same area (Borko & 

Livingston, 1989; Newby, 1991; Siegle & McCoach, 2007). From the results, the null 

hypotheses would not be rejected demonstrating that the use of instructional strategies 

was the same for each of the instructional strategy categories. The partial η2’s for found 

in this study were interpreted to be small and with the largest explaining just above 7% 

of the variance, it appears that certification route has little to do with the use of 

mathematical instructional strategies. 
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Table 2 
Instructional Strategies MANOVA Table 
 

 
Note. The data were measured in percent of teaching time per day transformed into z-
scores.  
 

Discussion 

Caution needs to be taken with how the results of this study are interpreted. 

Because the data were collected using self-reports, the responses are subject to social 

desirability response tendency (Peltier & Walsh, 1990). Because the sample was not 

randomly selected, there is a limitation in the generalizability of the results. Yet, even 

with the limitations of this research, the observed power indicates that if another sample 

that is similar to this data set, the findings appear to be robust. The intellectual merit 

gained from this study will allow administrators to determine if specific professional 

development types are needed for different teachers from diverse certification routes. 

Also, the findings from this study should be used to improve teacher preparation and 

determine if certification routes need to be modified. As Angus (2001) stated, “any 

major efforts to improve the quality of American education need[s] a strong teacher 

Instructional 
Strategy Model Value F p 

Partial 
η2 

Observed 
Power 

Assessment 
Use 

Pillai’s 
Trace 

0.230 1.395 0.150 0.077 0.828 

Performance 
Procedures 

Pillai’s 
Trace 0.194 1.161 0.303 0.065 0.733 

Communicative 
Understanding 

Pillai’s 
Trace 0.171 1.016 0.439 0.057 0.658 

Making 
Connections 

Pillai’s 
Trace 

0.218 1.087 0.366 0.073 0.754 

Active 
Learning 

Pillai’s 
Trace 

0.151 1.128 0.337 0.050 0.645 
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preparation component” (p. 33). It will additionally add to the literature about 

instructional strategies of first year elementary mathematics teachers who were 

alternatively certified versus traditionally certified. 

When examining different certification routes for first year elementary 

mathematics teachers, it appears that there are not significant differences between the 

instructional strategies, reported by the first year mathematics teachers, used during 

classroom instruction in the areas of Assessment Use, Performance Procedures, 

Communicative Understanding, Making Connections, and Active Learning in 

elementary mathematics classes. These findings should ease some concerns brought 

forth by Ng and Kelli (2007) when they reported that “the accelerated nature of 

alternative certification does not provide teachers with a great deal of time to explore the 

teaching profession or have guided instructional practice, as compared to traditionally 

prepared teachers” (p. 4). It appears that by halfway through the first year of teaching, 

mathematical instructional strategies are not statistically different by route to teacher 

certification. 

Also, if Darling-Hammond et al. (2005) claimed that the alternatively certified 

teachers’ students perform lower than the students of teachers trained by traditional 

certification route, it appears that it does not originate with the instructional strategies of 

first year teachers. Thus what differences are creating these lower achievement levels for 

students with teachers who gained certification through an alternative route? It could 

possibly be attributed to content knowledge or some other aspect of teaching, but from 
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this study, it appears that mathematical instruction for first year teachers is not 

statistically different. 

Although this analysis did not find a statistically significant difference between 

the groups of first year elementary mathematics teachers and low effect sizes, future 

studies should explore where these first year elementary mathematics teachers developed 

their classroom strategies. Did this understanding of instructional strategies for 

mathematics come from teacher educators during their chosen certification route or did it 

come from another area such as prior knowledge, from working with children before 

becoming a teacher, or from peers and mentors at their schools. Further research into this 

aspect of first year teachers’ understanding of teaching strategies is needed. Also, further 

study should be used to determine if first year mathematics teachers differed in 

mathematical content knowledge, as this may result in other areas of need for teachers 

from different routes of certification, specifically mathematics teachers. As Lo and Luo 

(2012) concluded in order to improve the mathematical education of students in the 

United States, teacher education routes need to include many high quality mathematics 

courses for preservice teachers that “support the development of mathematical 

knowledge for teacher” (p. 497). A limitation of this study is that it focused on only one 

suburban school district in the area of instructional strategies. Further studies should 

focus on addressing this concern in different regions of the country including rural and 

inner city school districts and in other aspects of teaching in addition to instructional 

strategies. 
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The results of this study should alert administrator of elementary schools and of 

teacher certification routes, to think about mathematical instructional strategies when 

they either train prospective teachers or are providing professional development for new 

educators. To use David Angus (2001) quote once again, “any major efforts to improve 

the quality of American education need[s] a strong teacher preparation component” (p. 

33).  
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CHAPTER III 

A CROSS-CASE STUDY OF NINE FIRST YEAR ELEMENTARY 

MATHEMATICS TEACHERS’ INSTRUCTIONAL PRACTICES: 

ALTERNATIVE VS. TRADITIONAL ROUTES TO CERTIFICATION 

Introduction 

Looking around the classroom, the students are working together to solve a 

mathematics situation that was designed around problems the students see every day. 

The teacher is walking around talking to each group, not so much answering questions, 

but probing their thoughts with more questions, pushing the students to explain their 

answers. Many students look puzzled, yet are actively talking, explaining, questioning 

each other’s thoughts and answers. All students are engaged in attempting to solve the 

problem with different manipulatives. Some students are using centimeter cubes, others 

are using hundreds charts, while others are busily writing, then erasing, and then writing 

again in attempts to solve the posed problem. 

 What if illustrated above is an ideal classroom based around the concept of active 

learning. As Addler (1982) explained, all genuine learning is active, not passive. 

Learning is a process of discovery in which the student is the main agent, not the 

teacher. The classroom above, describes how a teacher could incorporate instructional 

practices to increase the level of active learning in the elementary mathematics 

classroom. The fictional teacher’s classroom incorporated active learning as described 

by Bonwell and Eison (1991): 
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1. Students are involved in more than passive listening; 2. Students are engaged 
in activities; 3. There is less emphasis placed on information transmission and 
greater emphasis placed on developing student skills; 4. There is greater 
emphasis placed on the exploration of attitudes and values; 5. Student motivation 
is increased; 6. Students can receive immediate feedback from their instructor; 7. 
Students are involved in higher order thinking. (p. 2) 
 

To ensure that students in classrooms are engaged in active learning, educators must 

provide and create “rich environments to utilize dynamic, interdisciplinary, generative 

learning activities that promote high-level thinking processes to help students integrate 

new knowledge with old knowledge and thereby create rich and complex knowledge 

structures” (Grabinger & Dunlapp, 1995, p. 10).  

 Active learning has been shown to enhance students’ ability to build knowledge 

or understanding in the classroom. As Grabinger and Dunlapp (1995) stated, “students 

cannot construct or evolve their own learning without generating something through 

active involvement (p. 19)”. Akinoglu and Tandogan (2007) also reported that an “active 

learning model plays a role in regard to increase in academic achievement” (p. 77). But 

does the use of active learning instructional strategies, which leads students to increase 

academic achievement, stem from the teacher’s certification route? According to 

Darling-Hammond, Hotzman, Gatlin, and Heilig (2005) it was found that the alternative 

certified teachers’ students performed lower than the students of teachers from the 

traditional certification route, but these findings were disputed by Kane, Rockoff, and 

Staiger (2006) as they found that there is little to no difference between achievements of 

students based on teacher certification route. 
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Active Learning Instructional Strategies 

Shulman (1987) reported that high quality teachers are able to take information 

and transform it in a way so any and all students will understand. Crucial aspects of 

quality teaching include instructional strategies. “These are ways of talking, showing, 

enacting, or otherwise representing ideas so that the unknowing can come to know, those 

without understanding can comprehend and discern, and the unskilled can become 

adept" (Shulman, 1987, p. 7). Teachers who are able to utilize instructional strategies in 

the manner that Shulman described above are much more likely to have students who 

better understand concepts in the classroom.  

Instructional strategies play a large role in how successful teachers are in the 

classroom, especially when teaching mathematics. According to Barrera et al., (2008) an 

instructional strategy is “a purposeful activity to engage learners in acquiring new 

behaviors or knowledge. Such a strategy should have clearly defined steps or a clear 

description of what the teacher does” (p. 3). Teachers need to have a strong 

understanding of mathematical concepts as well as instructional strategies to impact 

student learning and achievement positively.  

The National Council of Teachers of Mathematics (NCTM) stated, “In high-

quality elementary classrooms, students are actively involved in making sense of the 

mathematics they are learning. Learning is not a passive activity but rather, an active 

process of building new knowledge from experience and prior knowledge” (2005, p. 3). 

Teachers must create opportunities for their students to be engaged in active learning 
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opportunities, so that students are able to build knowledge upon the prior knowledge that 

they have brought into the classroom. 

Manipulatives and Measurement Tools 

One important instructional strategy for the mathematics classroom is the use of 

manipulatives (Van de Walle, Karp, & Bay-Williams, 2013). Manipulatives are any 

teaching aid or visual that teachers use to help students understand mathematical 

concepts at a concrete level. Manipulatives could include the use of “dried beans and 

bottle caps to Unifix cubes and base-ten blocks” (Boggan, Harper, & Whitmire, 2010, p. 

2). Manipulatives could also include more traditional tools such as meter sticks, 

balances, or protractors. Manipulatives are used by students to sort, classify, measure, 

stack and explore as they construct mathematical knowledge.  

Suydam and Higgins (1977) reviewed learning in mathematics in the elementary 

and junior high grades and concluded that using manipulative materials produces greater 

achievement gains than not using them. Sowell (1989) later found that the use of 

concrete materials over an extended period of time improved student achievement and 

attitudes in the area of mathematics. Oakes and Star (2008) suggested that teachers must 

connect and integrate abstract mathematical representations of a concept with 

manipulatives to ensure student understanding. Thoughtful use of manipulatives, 

including measurement tools, for the improvement of conceptual knowledge in 

mathematics has strong support theoretically and empirically (Kilpatrick et al., 2003). 

Through the use of instructional practices, connected to active learning, it has 

been found that students improved their understanding of mathematical concepts. Thus, 
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all teachers should be utilizing these practices inside of their classrooms. But does the 

use of these instructional practices depend on the teacher’s route to certification? 

The interview protocol (see Appendix E) came from the Survey of Instructional 

Practices, Teacher Survey for Grades K-8 in Mathematics, created by the Measures of 

the Enacted Curriculum (Smithson & Poner, 1994). The researcher received permission 

to use the survey from Dr. John Smithson of the University of Wisconsin, Director of the 

Measures of the Enacted Curriculum on August 28, 2012. Due to the time of year that 

these interviews were conducted and the scope and sequence of the mathematics 

curriculum of the district, not all of the teachers had had an opportunity to work with 

students in the area of data collection or analysis. Thus, this area of questioning was 

unproductive and was not used during analysis. 

Research Question 

Is a teacher’s use of instructional strategies that are linked to active learning 

reflect the teacher's route to certification? 

Research Design 

The present research uses a cross-case study design. Each of the cases was 

compared to the participants of their same certification group as well as to the other 

cases in the other group. The cases consist of first year elementary mathematics teachers, 

one group who went through an alternate route to teacher certification, and the second 

group who went through the traditional route of university or college educational degree 

to teacher certification. The two groups are defined as: 
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Traditional– teacher received undergraduate degree from a four year university or 

college which included courses leading to teacher certification  

Alternative –teacher received undergraduate degree from a four year university or 

college and later attended an alternative teacher certification program 

The characteristics of a case study include the study of a bounded system, or 

case, and reports descriptions or themes that emerge from the investigation (Creswell, 

2007). This was a collective case study due to the fact that multiple cases were selected 

to discuss instructional practices in a mathematics teachers’ first year classroom. The 

researcher took the research orientation of Social Constructivist because this study was 

specifically designed to understand the world in which these first year mathematics 

teachers live.  

The purpose of this case study was to describe the use of instructional practices 

explicitly in the area of Active Learning, more specifically the use of manipulatives, data 

collection and analysis by students working in small groups or pairs, and conducting 

mathematics lessons outside of the classroom during their first year of teaching in public 

schools based on the certification experiences of the educators. This project is significant 

to understand how alternatively certified and traditionally certified first year teachers 

feel their route to certification prepared them for mathematics instructional practices and 

to determine what aspects increase the use of instructional practices in the elementary 

mathematical classrooms. Also, the participants shared their thoughts on what they 

perceived could be done to better prepare themselves for classroom success. As Denzin 

and Lincoln (2011) stated, “it is often difficult to summarize and develop general 
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propositions and theories on the basis of specific case studies” (p. 311), the author 

recognizes that the results of this study are not generalizable, but suggest that there is 

much to be learned from the experiences and some important implications for teacher 

educators. 

Setting 

 The schools where the first year elementary mathematics teachers teach are 

located in a quiet suburb in southeastern Texas. This suburb began as an agricultural 

community built around a transportation hub that allowed farmers to easily ship goods 

throughout the state. The suburb had grown quickly along with the school district during 

the recent past. The influx of oil industry workers and employees in the medical field 

created a swell in student population that was averaging 5% per year. From 2001 to 

2011, the growth of Black and Hispanic students was 10 times that of the growth of 

White students. As of 2013 the student demographics of the school district were 41.78% 

white, 34.19% Hispanic, 9.48% African-American, 11.47% Asian/Pacific Islander, and 

0.43% Native American: 30.03% of the student population identified as eligible for free 

and reduced lunch. The school district serves an area of 181 square miles. The district 

population increased from 37,554 in 2001 to over 65,000 in 2013. Due to the growth in 

number of students enrolled, the school district has expanded its instructional capacity 

multiple times by building more elementary, junior high and high schools and thus, 

created a need for many new teachers every year.  
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Participants 

Teachers were identified by school principals or instructional coaches at 

elementary schools as being first year elementary mathematics teachers. Emails were 

sent to teachers identified and those who agreed to be part of the research project were 

selected to become participants. The relative convenience, ease, location, and cost of 

recruiting participants were the reasoning to use this sample of convenience for this 

research (Kam, Wilking, & Zechmeister, 2007). 

The teachers for this case study were given pseudonyms to insure confidentiality. 

The alternatively certified teachers were Renee, Gracie, May, Laura, and Kelly. The 

traditionally certified teachers were Shayna, Erin, Edge, and Stephanie. Even though the 

participants were grouped by route to certification, they had different experiences and 

went through different universities and alternative certification programs.  

The teachers’ average class size in this study was 21 students. The class sizes for 

the teachers in this study would be defined as “regular” by Mosteller (1995). Mosteller 

(1995) defined a regular class size as between 21 and 25 students, whereas a small class 

size would be between 13 and 17 students. Mosteller (1995) reported “compelling 

evidence that smaller classes help, at least in early grades, and that the benefits derived 

from these smaller classes persist” (p. 125). These findings point out that the first year 

teachers in this study had class sizes that were not as conducive to student learning as if 

the class sizes were smaller. 

The interview protocol (see Appendix E) came from the Survey of Instructional 

Practices, Teacher Survey for Grades K-8 in Mathematics, created by the Measures of 
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the Enacted Curriculum (Smithson & Poner, 1994). The researcher received permission 

to use the survey from Dr. John Smithson of the University of Wisconsin, Director of the 

Measures of the Enacted Curriculum on August 28, 2012. Due to the time of year that 

these interviews were conducted and the scope and sequence of the mathematics 

curriculum of the district, not all of the teachers had had an opportunity to work with 

students in the area of data collection or analysis. Thus, this area of questioning was 

unproductive and was not used during analysis. 

The data was analyzed holistically at first to determine if there were emergent 

themes from each case (participant). A with-in-case analysis was employed initially so 

that each case will be described in detail. Then a cross-case analysis was utilized to 

determine emergent themes. Finally interpretations or assertions are included in the 

conclusion of this case study (Creswell, 2007). The researcher met with each teacher 

individually to conduct the interviews. Each interview was audio recorded so that the 

data could be interpreted at a later time. Each recording was then transcribed by the 

researcher.  

Alternatively Certified Teachers 

Five alternatively certified first year teachers agreed to be part of this study. 

Their ages range from 24 years to 47 years. They are all white females, with diverse 

backgrounds. Four of the teachers came to the teaching profession with previous 

experiences of working with children: substitute teaching, working at a daycare facility, 

or tutoring, with the other teacher participated in student teaching through her? 

alternative certification program. 
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Renee is a 24 year-old white female who completed her alternative certification 

through Texas Teachers ACP. She earned a bachelor’s degree in community health in 

2009 from Texas A&M University. Renee spent two years working part-time at a 

daycare center with children between the ages of 2 and 4 years of age. She also held a 

paraprofessional job at an elementary school, working with students before beginning 

her alternative certification program. She currently works with 2nd grade students 

teaching all content areas. 

Gracie is a 46 year-old white female who completed her alternative certification 

through an Independent School District – Alternative Certification Program. She earned 

a bachelor’s degree in psychology in 1989 from the University of St. Thomas. She held 

the position of Senior Living Services Management for 5 years but left to care for her 

children. Gracie was a substitute elementary teacher for seven years prior to beginning 

her certification. Gracie currently teaches 2nd grade students mathematics and science. 

May is a 47 year-old white female who earned her alternative certification 

through Texas Teachers ACP. She earned a bachelor’s degree in early childhood studies. 

May was trained as a nursery nurse in London, and then earned her Diploma in Post 

Qualifying Studies in 1988, so she could manage a daycare in the United Kingdom. She 

earned a business certificate in Child Care and Education from a community college in 

1989 and then attended the University of North London, receiving a Bachelors of Arts in 

Education in 1992. She moved to the United States where she substitute taught for two 

years before beginning her alternative certification program. May currently teaches 1st 

grade students, teaching all content areas. 
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Laura is a 24 year-old white female who earned her alternative certification 

through a regional service center. She earned a bachelor’s degree in communication 

studies from Louisiana State University in 2011. To complete her alternative 

certification route, Laura was a student teacher in a high school in speech courses. She 

then decided to move to the elementary level by studying and passing the certification 

exam for early childhood through sixth grades. She currently teaches 4th grade 

mathematics. 

Kelly is a 31 year-old white female who earned her alternative certification 

through iTeach Texas. She earned a bachelor’s degree in family and consumer science 

from the University of Houston in 2005. She was a substitute teacher for one year before 

beginning her alternative certification program. Kelly also held a part time position as a 

mathematics tutor at an elementary school before she was hired as a 5th grade classroom 

teacher. She teaches only mathematics. 

Traditionally Certified Teachers 

Four traditionally certified first year teachers agreed to be part of this study. 

Their ages range from 23 years to 37 years. They are all white, three females and one 

male. Two of the teachers graduated from the University of Texas at Austin, one 

graduated from the University of Houston-Victoria, and one from Texas A&M 

University. None of these teachers mentioned any experiences of working with children, 

outside of their degree work, before being hired as the teacher of record. 

Erin is a 37 year-old white female who earned a bachelor’s degree in 

interdisciplinary studies from the University of Houston-Victoria in 1998. She spent 14 
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years as a stay at home mother to care for her children. Both of her parents were 

educators and spent their entire careers as teachers. Erin currently teaches 3rd grade 

mathematics and science. 

Shayna is a 23 year-old white female who earned a bachelor’s degree in 

interdisciplinary studies from Texas A&M University in 2012. She was hired as a 

classroom teacher upon graduation. She currently teaches 5th grade mathematics and 

social studies. 

Stephanie is a 28 year-old white female who earned a bachelor’s degree in 

interdisciplinary studies from the University of Texas at Austin in 2010. She spent two 

years as a stay at home mother before accepting a position as an elementary teacher. 

Stephanie currently teaches 2nd grad, teaching all content areas. 

Edge is a 24 year-old white male who earned a bachelor’s degree in 

interdisciplinary studies from the University of Texas at Austin in 2012. He was hired as 

an elementary teacher upon graduation. Edge currently teaches 5th grade mathematics 

and science. 

The limitations of this study include that all of these first year teachers were from 

the same school district and were all white teachers. Future studies should continue this 

research with other first year mathematics teachers of different routes to certification to 

see if these themes are consistent, especially with teachers of different races. 
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Findings 

Use of Manipulatives 

When the teachers were asked about the use of manipulatives in their elementary 

mathematics classrooms, every teacher, regardless of route to certification, responded 

that they utilized manipulatives (including measurement tools). The teachers were 

passionate about the use of manipulatives every day and stated that their use was vital to 

teaching mathematics to elementary students. As May stated, “I use manipulatives as a 

necessity. Actually, I promote them instead of offering them, so I use them as a tool for 

everything that we do pretty much, everything in the classroom whenever we do math.” 

Edge added that, “We try to use them as much as time allows. They [the students] enjoy 

it and it does help to maintain their information better.” One hundred percent of the 

participants stated that they used manipulatives in one way or another during their 

mathematics class time.  

When the participants were asked about the amount of time that the students used 

manipulatives in their classrooms, the answers did not vary much when looking at 

participants in the same group. Teachers in the traditional route to certification said 

students used manipulatives 50% of the time. With Erin stating that the manipulatives 

are available at all times for the students to use. No other participant in the traditional 

certification group volunteered that their students were allowed to use manipulatives 

without teacher instruction. 

The alternative group also stated they often used manipulatives in their 

classrooms. The lowest percent of time spent using manipulatives in class was reported 
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by Laura, who stated that she used manipulatives with the class at least 50% of the time, 

the same as the traditionally certified teachers. Renee stated that she used manipulatives 

for 60-70% of her class time with her students. Three of the five alternatively certified 

teachers stated that students had access to the manipulatives at all times, no matter if the 

teacher directed them or not.  

All of the teachers agreed that students need to use manipulatives in the 

classroom. Yet the amount of time the teachers allowed students to have access to 

manipulatives was different across the groups of teachers. The alternatively certified 

group allowed students access to manipulatives more than the traditionally certified 

group. The statements made by the two groups appears to show that the alternatively 

certified group was utilizing manipulatives more with their students when compared to 

the traditionally certified group. This is a positive aspect of the alternative group, 

especially when Sowell’s (1989) findings of extended use of manipulatives improve 

student understanding, are taken into account. 

Group Work 

Another instructional strategy important for mathematical teachers to utilize is 

allowing students to work with partners or in small groups when solving mathematical 

problems or discussing mathematical relationships. In 1990, Slavin determined that 

teachers utilizing cooperative strategies in mathematics enhanced student achievement. 

Other studies have continued to document the positive effects of students working in 

groups or pairs on student achievement in the areas of mathematics (Fidler, 1999; 

Grouws, & Cebulla, 2000; Sherrod et al., 2009). The NCTM (2005) explained the value 
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of group work when they stated, “conversations in which mathematical ideas are 

explored from multiple perspectives help participants sharpen their thinking and make 

connections” (p. 5). The effect of using group work was not just limited to increasing 

student achievement in the area of procedural mathematics. Siegle and McCoach (2007) 

reported that students who worked in groups during mathematics class had higher levels 

of self-efficacy or increased levels of confidence in their mathematical ability. 

When the teachers were asked about allowing students to work in groups or 

pairs, all of the first year teachers, no matter which certification route they completed, 

stated they allowed their students to work either in pairs or small groups during the 

mathematics class. But the teachers’ reasons for having the students work in pairs or 

small groups were different between the certification groups.  

The teachers from the traditional route mentioned having students work in groups 

or pairs to learn from each other. Stephanie made it clear why she has students work in 

groups when she stated, “I have the groups set up the way I want them to be because I 

know where my learners are now and I have the higher achieving ones really help the 

students who are struggling.” The traditionally certified group’s main argument was to 

have students who are struggling with the content work with other students who 

understand the concept at a higher level. This is a form of peer tutoring. In contrast, 

teachers from the alternative certification routes discussed different reasons for having 

students work in groups or pairs. This group brought up the social aspect of learning 

along with having students discuss different mathematical problem solving methods. 

Laura even mentioned the importance/value of students being able to articulate their 
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thinking so that others can understand, a statement which mirrors the guidance of NCTM 

(2005). From the responses given to this question, the alternative group of teachers had a 

broader understanding for the importance of allowing students to work in groups while 

solving mathematical problems, because, as the NCTM (2005) states, “teachers must 

have a solid knowledge of both mathematics content and teaching methodologies” (p. 1) 

to allow students to engage in active learning opportunities. 

Education of Teachers 

Using these teaching strategies to increase student achievement in mathematics 

should be a focus of mathematics teachers, even during their first year of teaching. But 

first year teachers, regardless of how they are certified, run into difficulties and 

frustrations during that first year of instruction (Brock, 1990; Lortie, 1975).  

Beginning teachers reported the following rank-ordered list of problems: 
classroom management and discipline, working with mainstreamed students, 
determining appropriate expectations for students, dealing with stress, handling 
angry parents, keeping up with paperwork, grading/evaluating student work, 
handling student conflicts, pacing lessons, varying teaching methods, dealing 
with students of varying abilities, and feeling inadequate as a teacher. (Brock & 
Grady, 1998, p. 180)  
 

This new world is full of unforeseen challenges that must be dealt with in an ever 

changing environment with students, parents, and other faculty with an array of different 

personalities and character traits. The Advisory Committee on Mathematics Education 

(2002) understood the needs of new teachers as they stated, “the government should 

initiate urgently the process of developing and funding a long-term program of CPD 

[continuing professional development] for teachers of mathematics that can meet their 

needs at various stages of their careers” (p. 2). Cuddapah and Clayton (2011) echoed and 
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added to the idea of supporting new teachers when they stated, “new teachers have 

specific needs to be met in a discrete window of time” (p. 73). First year teachers are in 

need of support and professional development. 

Maccini and Gagnon (2000) reported that teachers need to understand the proper 

use of manipulatives to encourage active learning. The researchers reported that teachers 

were able to describe the methods in which to use manipulatives in the classrooms but 

were unable to articulate the sequence of instruction (moving from direct physical to 

more abstract representations) which is often recognized as most effective for the use of 

manipulatives. To ensure that mathematics teachers are equipped with these tools, high 

quality teacher education programs “help teachers understand the mathematics they 

teach, how their students learn that mathematics, and how to help each student learn” 

(NCTM, 2005), which includes instructional strategies. Hsieh et al. (2011) reiterated 

these recommendations when they suggested that, in the United States, teacher 

certification should focus more on mathematical content knowledge and mathematical-

pedagogical content knowledge to improve the overall effectiveness for teachers. 

When the teachers were asked about how they made the decision to utilize 

specific instructional practices in their classrooms, some differences emerged. The 

responses from the group who went through the traditional route to certification centered 

on learning the practice from college coursework. As Erin stated, “I would say in the 

instructional classes as well as in my math class [in college], they talked a lot about 

different ways to teach math, not just one way. We give them so many different tools to 

solve problems and that was definitely from college.” The other traditionally certified 
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teachers discussed specific courses they had taken, which emphasized the use of these 

specific instructional practices in the classroom. Shayna stated, “In all my math 

education classes in college, I mean that was drilled into me that it is important to have 

them hands-on and I can tell it [manipulatives] helps them learn to have it right there in 

front of them, moving it around, touching it.” The lone exception came from Edge. He 

believed that his practice of using manipulatives would have developed due to the 

educational focus of using “hands on” approaches. Edge stated, “I think it [use of 

manipulatives] would have come along either way. Since the focus everywhere seems to 

be hands on, I think it would have come along.” 

The responses from the group of teachers who went through alternative routes to 

certification focused on learning the use of the instructional practices from either prior 

job experiences or from on the job training from mentors, peers, or instructional leaders 

on their campus. Kelly said, “I feel like that if I hadn’t subbed in the classroom that I 

probably would not have had really a great grasp of what to expect when using 

manipulatives.” May’s comments were more negative than the others about her 

alternative certification route. May stated, “My certification route absolutely did not help 

me with using manipulatives. That is something that you learn on a daily basis. You 

learn through experience.” Edge’s comment seems to be more aligned with the 

alternative certified teachers, as he commented on “the focus” which was interpreted by 

the researcher as the practices used in his school and district. 
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Mathematics Outside of the Classroom 

The one instructional practice that was not used in every one of these teachers’ 

elementary mathematics classrooms was conducting mathematics lessons outside of the 

classroom. Conducting mathematics lessons outside of the classroom allows students the 

opportunity to connect classroom mathematics to real world situations. As De Coret, 

Verschaffel, and Greer (2000) stated, “by immersing pupils in an innovative learning 

environment that constitutes a radical departure from traditional classroom practices, 

they can learn more realistic beliefs about and strategies for mathematical modeling” (p. 

72). Conducting mathematics lessons outside of the classroom has also been described 

by Sobel (2004) as place-based education. Place-based education utilizes the local 

community and the environment to connect mathematics concepts to the local real 

world. “Emphasizing hands-on, real-world learning experiences, the place-based 

approach to education increases academic achievement, helps students develop stronger 

ties to their community, enhances students’ appreciation for the natural world” (Sobel, 

2004, “Distance from Beauty,” para. 7). 

When asked about conducting mathematics lessons outside of their classroom, 

the teachers’ responses fell into three different categories. First, three of the teachers had 

taken students outside of the classroom for a mathematics lesson. Two of the teachers 

from the traditional route to certification, Edge and Erin, and one teacher from the 

alternative route to certification, Laura, had utilized this instructional practice. Erin 

summed up this group’s reasoning for using lessons outside of the classroom when she 

stated, “Because it’s real world. They [the students] need to know how to apply it 
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[mathematics] in life.” All three used this strategy when they were working with their 

students on concepts of measurement and geometry.  

The second group of teachers was made up of one traditionally certified teacher, 

Shayna, and two alternatively certified teachers, Kelly, and Renee. This group did not 

conduct lessons outside of the classroom. The reason that this group of teachers did not 

utilize this strategy was that they never thought about it, or taking the students outside of 

the classroom was never brought up during their planning time. Renee suggested that she 

might try this strategy in the future, now that she had heard of it. She said, “It has not 

come up in our planning sessions, I guess, we just have never thought about doing that. 

It might be a thing I might try now, but really have never done a lesson outside." 

The third group of teachers was made up of two alternatively certified teachers, 

Gracie and May. This group also did not conduct lessons outside of the classroom, but 

for different reasons: time and classroom management concerns. May believed that it 

was due to time constraints in the classroom, while Gracie, who taught 2nd grade, felt 

that it would be difficult to conduct lessons outside of the classroom because of 

classroom management, or lack thereof.  

These differences do not seem to be grouped by certification route, but by other 

influences on the teachers. Some were just not aware of this strategy, which could be due 

to lack of exposure by peers or certification route, both alternative and traditional. The 

other groups believed that there was not enough time to take students outside the 

classroom, or that the teachers would lose control of student conduct. These two factors 

could also be connected to lack of experience with working with students outside of the 
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classroom. With more training or experiences, these teachers might learn that conducting 

mathematics activities outside the classroom is a possible option which would lead to 

mathematics being connected to the real world. 

Support Structures 

 Butcher and Kritsonis (2008) believed that first year teachers need support from 

a mentor for technical issues such as classroom management, content knowledge, and 

pedagogical knowledge, along with support for emotional needs on a daily basis to 

ensure the development of professional skills and aptitude. The results of this study 

supports that finding as it was found that these structures were viewed as necessary by 

the first year teachers. The idea of needing support was not asked about during the 

interview, but was an emerging idea that arose during the discussions with the teachers.  

All of the teachers mentioned either a peer, teammate, administrator, 

instructional coach, or mentor from their certification route as being a vital resource 

during the first year of teaching, especially in the area of instructional practices. As 

Stephanie stated, “My instructional coach and the other teachers are always trying to 

help me. They are always pushing me and my teaching. It is definitely helpful.” Renee 

went even further about her mentor as she said 

My mentor is wonderful. I go to her for everything. I talk to her all day, 
every day. She is on the grade level with me and she has been teaching for 12 
years now. So she’s been a huge help. I’ve been able to go observe her 
classroom, while someone covered my classroom, go observe her doing lessons 
and certain things. If I have questions on how to teach something, she always 
will either sit down and talk with me about it or offer to come teach a lesson for 
me. So yeah, she has been wonderful.  
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These local experts guided all of the first year teachers with suggestions on 

implementing specific instructional practices, even going as far as to team teach so that 

the teacher could observe their/m practice with students. Statements about the 

importance of support structures came from all the participants except Shayna. Shayna 

stated that she relied on her college courses and the experiences that she gained while 

participating in her student teaching assignment. These comments could be related to a 

type of support, but Shayna did not explicitly state current support structures were vital 

to her teaching. The comments from the other teachers, about support structures, 

explained how these structures allowed these first year teachers to more effectively 

implement different instructional practices in their elementary mathematics classrooms. 

Student Teaching 

Student teaching emerged as a theme from the interviews with the alternatively 

certified group of mathematics teachers. Student teaching was mentioned by every 

participant who went through the alternative certification route. The emergence of this 

theme came as a surprise to the researcher, as no questions asked specifically about 

student teaching. This group of teachers all believed that if they had some sort of student 

teaching experience, it would have made their transition from preservice teacher to 

classroom teacher easier and more successful. 

Gracie explained, “I would have loved to have the situation where I could be a 

student teacher for a semester. It’s just being able to spend more time watching a teacher 

do her job instead of having people watch me do it, kind of cold.” Laura was the 

anomaly for the alternative certified group, as she participated in a form of student 
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teaching as part of her alternative certification route. She stated that it was “the best 

part” of her program. These teachers expressed a desire for some form of practical 

experience, some form of “student teaching,” yet four out of the five interviewed did not 

have a first person experience of what occurs during student teaching.  

While the alternative certified teachers all brought up aspects of student teaching, 

only two teachers from the traditionally certified group mentioned their time student 

teaching, Shayna and Edge stated that their time spent student teaching was a positive 

aspect of their certification route. Shayna believed that her student teaching experience 

helped her the most when preparing to become a teacher. Edge stated, “I guess my 

student teaching helped a lot. I mean, you're practicing it and then, of course, as you 

observe and learn from your fellow teachers.” 

The aspect of incorporating field work into teacher preparation seems to be 

supported by these first year mathematics teachers from alternative certification routes, 

yet the extent of these field work experiences seem to be vague. The participants did not 

explicitly explain what they believed a student teaching experience would entail. As the 

Center for the Study of Teaching and Policy (2001) reported, “Many studies we found 

document what typically happens in student teaching experiences: Field experiences are 

often limited, disconnected from university coursework, and inconsistent” (p. 17). This 

may be a reason why only two of the teachers who went through the traditional 

certification route mentioned their student teaching experiences. the researcher 
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Discussion 

 From the interviews conducted with the participants, three conclusions can be 

drawn from this group of first year teachers: (1) use of instructional strategies did not 

depend on route to certification, (2) support structures are vital, and (3) student teaching 

or field experiences.  

Use of Instructional Strategies 

First, no matter which route to certification the first year teachers took to 

becoming certified, all used instructional practices that included using manipulatives 

with students and allowing students to work in groups in the mathematics classroom. 

Although, according to this group of alternatively certified teachers, they chose to have 

their students use manipulatives more often than the traditionally certified teachers. 

Also, this group of traditionally certified teachers did not report understanding why to 

utilize group work to the level that the alternative certified teachers stated. The 

alternative group was able to go into much more detail as to why it was important to 

have students work in groups or pairs. The alternative group’s ideas about why group 

work was important included social interaction, discussing different ways to solve 

problems, and peer tutoring, while the traditional group only mentioned peer tutoring.  

From the teachers’ comments and statements about using instructional strategies 

in the classroom, it appears that the alternative certification group understood at a higher 

level as to why to allow students to work in groups or. These findings show a need for 

traditional routes to certification to incorporate more time and practice for preservice 



 

 

58 

 

teacher education, when it comes to the use of student groups in the mathematics 

classroom. 

What is difficult to determine from this study, is if the practice of allowing 

students to use manipulatives more often was due to certification route. All of the 

teachers from the alternative group discussed learning to use manipulatives from 

experience outside of their certification route. This sentiment was also reiterated by one 

teacher from the traditional route, Edge. Others in the traditionally certified group 

initially learned instructional practices from courses offered from the university or 

college that they attended. Both groups mentioned receiving guidance from peers, 

teaching partners, or instructional coaches. These supports were found to be vital as both 

groups did rely heavily on educational peers throughout their first year of teaching 

Support Structures 

The second conclusion is the importance of support structures to these first year 

teachers. These conclusions reiterate what Ng and Kelli (2007) reported when they 

stated, “the teacher education courses in which they [preservice teachers] were enrolled 

and the on-site observations and support they received from school and university 

partners were essential” (p. 17). These structures must be in place for new teachers to be 

successful, no matter the certification route. This finding points to the need for school 

districts and individual schools to ensure that new teachers have access to quality 

support structures, such as instructional coaches or mentor teachers. These findings 

support Darling-Hammonds and Sykes’ (2003) previous conclusions that intensive 

mentoring was found to yield more positive evaluations of first year teachers than of 
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teachers who participated in programs that are void of mentoring. Butcher and Kritsonis 

(2008) also agreed that support throughout the first year for teachers is essential and 

should be available to the mentee[first year teacher] until the mentor feels “the new 

teacher has reached the Zone of Proximal Development” (p. 4).  

These structures need to be in place early and available often, helping new 

elementary mathematics teachers, specifically guiding these new teachers to positive 

instructional practices to utilize with their students during mathematics. These findings 

support what was reported by numerous researchers in the past (Carroll, 2005; Christie, 

Conlon, Gemmell, & Long, 2004; Darling-Hammond & Baratz-Snowden, 2005; 

Darling-Hammond & Sykes, 2003; Feistritzer & Chester, 2003; Guarino, Santibanez, & 

Daley, 2006; Harrison & McKeon, 2008; Miller, McKenna, & McKenna, 1998; Saffold, 

2006; Wilcox & Samaras, 2009). The comments and statements made by these nine first 

year teachers also highlight the findings of Blank (2013). Blank stated that, “The 16 

effective [teacher certification] programs included from two to six different types of 

activities, including coaching, mentoring, internships, professional networks, and study 

groups, in addition to coursework or initial professional learning” (p. 52). . These 

findings reinforce what Wilcox and Samaras (2009) reported, “Although teachers faced 

challenging situations and difficulties, they were grateful for their mentors” (p. 181). 

Student Teaching/Field Experiences 

The final understanding emerged from the alternative certified group, a finding 

reinforced by only two of the four traditionally certified teachers. The idea of wanting to 

participate in a form of student teaching, specifically the group of first year teachers that 
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took part in alternative routes to certification, emerged from their comments. The 

teachers believed that this would have made their transition to teaching more successful 

and less stressful. Renee stated, “I would have loved to have the situation where I could 

be a student teacher for a semester. It’s just being able to spend more time watching a 

teacher do her job instead of having people watch me do it, kind of cold.” The addition 

of more time observing classrooms or teachers would help in the understanding of the 

workings of a school and teaching in general. This concept could be shorter than a 

semester of student teaching, or a full student teaching component can be added to the 

program as Renee suggested. 

The theme of student teaching was also reinforced by two of the traditionally 

certified teachers, Shayna and Edge. These two teachers mentioned how their student 

teaching experiences were vital to their learning experiences. These two teachers had the 

least amount of time between their student teaching experience and the beginning of 

their career as a teacher. This could explain why they felt their student teaching 

experiences were so important; these experiences were still fresh in their minds as they 

became the teachers of record. 

Patterns 

 The three specific patterns that emerged from the first year teachers’ comments 

and answers are all connected by the idea of building experiences in teaching. The first 

year teachers all relied heavily on support structures throughout their first year as the 

teacher of record, no matter their route to certification. As stated earlier, Renee 

explained her relationship with her mentor, “My mentor is wonderful. I go to her for 
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everything. I talk to her all day, every day. She is on the grade level with me and she has 

been teaching for 12 years now. So she’s been a huge help. I’ve been able to go observe 

her classroom, while someone covered my classroom, go observe her doing lessons and 

certain things. If I have questions on how to teach something, she always will either sit 

down and talk with me about it or offer to come teach a lesson for me. So yeah, she has 

been wonderful.” Yet these mentors or support teachers must be experts in education and 

teaching. Saffold (2006) stated that universities, school districts, or other educational 

entities must 

train mentors to have an in depth understanding of teacher development, 
professional teacher standards, strategies for classroom observation and a variety 
of coaching techniques, then they could prepare beginning teachers for more than 
resilience in schools but nurture their development at the start of their careers. (p. 
237) 
 
It is quite possible that if these suggestions are incorporated into all certification 

programs, the teachers they produce would feel more comfortable transitioning into the 

classroom. Also, the information garnered from the interviews conducted for this 

research could help administrators create specific professional development (at the 

beginning and throughout the school year) for first year elementary mathematics 

teachers to incorporate pedagogical information such as using manipulatives and how 

small groups or working in pairs is beneficial for student learning, so that these first year 

teachers do not have to find this information out at a later time.  

Conclusion 

 Although this first year has been a struggle for all of the elementary mathematics 

teachers, they are not giving up. They all plan on staying in education. They love the 
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constant learning that occurs while working on their craft and the constant interaction 

with their students. But these findings describe how these first year elementary 

mathematics teachers arrived at the same instructional practices used in their classrooms 

along with possible improvements for certification routes. The Education Commission of 

the States (2003) reported the features of successful alternative teacher certification 

programs. These programs include: 

(a) strong partnership between preparation programs and school districts; (b) 
superior participant screening and selection process; (c) strong supervision and 
mentoring; (d) a curriculum including coursework in classroom basics and 
teaching methods; and (e) field experiences and coursework prior to full-time 
teaching (p. 7). 
 

The findings from this research suggest that not only should alternative 

certification programs include the aforementioned features, but all certification routes to 

teaching need to include these features. If the goal is to have the highest quality teachers 

in every classroom, including first year teachers, utilizing active learning strategies, then 

support structures are imperative for first year teachers.  

Also, these findings support the stance that Grossman and McDonald (2008) 

made when they stated that,  

Continuing to classify and design research studies based on the gross categories 
of alternative or traditional, despite differences in state and local contexts and 
without consideration of similarities and differences in organizational structures 
and practices, will provide an inaccurate picture of teacher preparation (p. 195).  
 

Educational experiences should be added to this statement, as preservice teachers bring 

different understandings and skills to the certification route they choose. The group of 

alternative certified teachers who took part in this study came to the education profession 
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with multiple experiences working with students. The teachers had participated in 

substitute teaching, working at a daycare facility, or tutoring, which could explain the 

high level of understanding they brought to the classroom. These findings from this 

group of first year elementary mathematics teachers does show how school 

administrators and routes to certification can enhance their instruction to meet the needs 

of their preservice teachers to create a better transition to the first year of teaching.  

 As explained at the beginning of this article, an ideal active learning classroom 

might appear as: the students working together to solve a mathematics situation that was 

designed around problems the students see every day. The teacher is walking around 

talking to each group, not so much answering questions, but probing their thoughts with 

more questions, pushing the students to explain their answers. Many students look 

puzzled, yet are actively talking, explaining, questioning each other’s thoughts and 

answers. All students are engaged in attempting to solve the problem with different 

manipulatives. Some students are using centimeter cubes, others are using hundreds 

charts, while others are busily writing down, then erasing, and then writing again in 

attempts to solve the posed problem. But what the observer would not see would be that 

this is a first year teacher, who through the help of quality mentors, experienced 

teammates, and highly informed instructional coaches has worked hard to learn and 

utilize active learning instructional strategies to incorporate into his/her mathematics 

classroom. The research analyzed in this report brought forth just how important support 

structures are to the first year elementary mathematics teachers interviewed in this 

district, no matter what certification route they participated.  
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CHAPTER IV 

ALTERNATIVE CERTIFICATION VS. TRADITIONAL CERTIFICATION: 

TEXAS EDUCATORS’ MATHEMATICS CERTIFICATION EXAMS 

Introduction 

Teaching has been defined in multiple ways throughout history. Hollins (2011) 

defined teaching as a “multidimensional process that requires deep knowledge and 

understanding in a wide range of areas and the ability to synthesize, integrate, and apply 

this knowledge in different situations, under varying conditions, and with a wide 

diversity of groups and individuals” (p. 395). If teaching does incorporate all of these 

attributes, how to educate people to reach the pre-stated skills of teaching, is a source of 

consternation.  

Teachers who have earned certification through non-traditional avenues are 

becoming more commonplace in schools across the nation. In most public schools, 

teaching is a profession that requires teachers to be certified by the state in which they 

teach. Requirements often include a minimum number of course hours, a minimum 

number of hours as a student teacher, passing an exam, or a combination of some or all 

of these (Glazerman et al., 2006). “Teacher education programs often provide 

specialized coursework, training, and support to prepare teachers for high-needs schools, 

and they can influence the career paths of their graduates” (Kirchhoff & Lawrenz, 2011, 

p. 246). These teacher education programs were highly affected by the No Child Left 

Behind Act of 2001. Some states reacted by focusing on the need for content knowledge 

for classroom teachers and began to support educational programs outside of colleges 
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and universities. A study by Zientek (2006), applauded alternative teacher certification 

programs for bringing more minorities and science majors to the field of education.  

Special care needs to be taken when hiring educators for the classroom. As 

Ferguson and Brown (2000) pointed out, “the teacher a student has in a particular year 

affects learning gains a great deal, not only for the current year, but for the next several 

years as well” (p. 135). According to research, one of the most important factors for 

student success in the classroom is teacher quality (e.g., Ferguson 1998; Goldhaber 

2002; Goldhaber, Brewer, & Anderson 1999; Hanushek, Kain, & Rivkin 1999; Wright, 

Horn, & Sanders 1997). 

 Wang, Lin, Spalding, Klecka, and Odell (2011) stated that “quality teaching from 

a cognitive resource perspective is related to the knowledge, beliefs, attitudes, and 

dispositions teachers bring into the profession” (p. 331). Hollins (2011) went even 

further by citing six essential knowledge and skills necessary for quality teaching. They 

include  

(1) knowledge of human growth; (2) deep understanding of the learning process; 
(3) deep understanding of the organizing ideas for a discipline; (4) an 
understanding of pedagogy; (5) an understanding of how to identify and develop 
appropriate classroom assessment approaches; and (6) an ability to maintain a 
strong professional identity. (p. 397) 

  
If schools expect to employ high quality teachers, is it realistic to think that 

alternative certification programs should include all of these skills in fast-track 

platforms? Wiseman (2012) did not believe this was accurate. Alternative routes to 

teacher certification “allowed new teachers to enter the classroom with degrees in their 

teaching field with precious little, if any, pedagogical preparation” (p. 88). 
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On the other hand, the continuing effort to recruit and retain highly qualified 

teachers, especially those in mathematics poses further challenges. According to the 

National Commission on Teaching and America’s Future (1996, 2003) educators are the 

most unevenly distributed school resource throughout the country. School districts have 

been forced to look at different pools of candidates, such as alternatively certified 

teachers to fill teaching positions, especially in the field of mathematics. Yet the research 

evidence concerning whether these alternative programs provide educators with the 

specific tools and knowledge to create classroom environments that encourage high 

achieving students, has been confusing and sometimes contradictory when attempting to 

interpret the literature on this topic.  

 Shortages of mathematics teachers and the forecasts that there will be further 

shortages in the future have produced a staggering number of initiatives for producing 

classroom teachers quickly (Hart, 2004). “These alternative programs are frequently 

aimed at recruiting and preparing teachers for working in the urban setting where the 

number of youth who live in poverty is growing and the demand for teachers is often 

greatest” (Hart, 2004, p. 79). According to the National Center for Policy Analysis 

(2009), every state including the District of Columbia has some type of alternative 

certification programs in effect to contend with these teacher shortages. 

 While some professionals, especially those with work experiences in science, 

technology, engineering, and mathematics, who are eager to become teachers, do not 

believe traditional teacher education programs are the right conduits to pursue their 

teaching aspirations. Berk (1999) noted that increased certification procedures would 



 

 

67 

 

“simultaneously reduce the supply of potential teachers, particularly in specific content 

areas” (p. 222). Angrist and Guryan (2004; 2008) added to this statement when they 

explained that stricter procedures to gain certification for educators increased barriers to 

entry into the profession, while at the same time appeared financially costly and time 

consuming to teacher candidates with other attractive employment prospects. 

In the U.S. Department of Education Secretary’s annual report (2002) on teacher 

quality, a “highly qualified teacher” was defined as one “who has obtained full State 

certification as a teacher (including certification obtained through alternative routes to 

certification) or passed the State teacher licensing examination, and holds a license to 

teach in such State” (p. 4). But Cochran-Smith (2002) disagreed that alternative teacher 

certification programs would solve the teacher supply problem, while maintaining 

teacher quality. Cochran-Smith argued that due to this new definition “unqualified” 

teachers could be viewed as “qualified” with no more than a signature and the passing of 

an exam. Imagine a person who has never taken a pedagogy course, has never been 

exposed to a classroom experience, has never studied how people learn or how children 

develop, could intently become a “highly qualified” teacher just by passing one 

certification exam. It appears that most school districts agreed with Cochran-Smith, as 

they were skeptical that the NCLB’s requirement for “highly qualified” teachers would 

improve the quality of teaching (Jennings & Rentner, 2006).  

An example of one alternative route to teacher certification, the Los Angeles 

Unified School District (LAUSD) posed very few requirements of new teachers. “That 

is, prospective teachers in the Los Angeles program can move from applicant status to 
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full-time, salaried teacher without bothering to gain experience in an actual classroom 

(Baines, 2006, p. 326).,” and the only courses required by the LAUSD are delivered in-

house in brief seminars or online during the first year of teaching. The nature of some 

alternative certification programs places novice teachers with little or no classroom 

experiences, other than their having been students, immediately into classrooms with 

students without an in-class mentor. Compared to traditional programs where novice 

teachers are gradually handed teaching responsibilities and have mentors the entire day, 

these alternatively certified teachers began the first day of their contract with full 

responsibilities and expectations of a classroom teacher without any requisite training or 

practical experiences in the norms and practices of a school (Butcher & Kritsonis, 2008).  

Kee (2011) found that first year teachers whose certification route or degree plan 

had fewer opportunities to work in the field (student teaching) and fewer education 

courses felt less prepared than teachers coming from programs that were more complete. 

This meant that alternative certification programs that placed these novice teachers into 

the classroom as the acting teacher, created educators who felt less prepared when 

compared to teachers whose program required a complete residency programs. Kee 

(2011) did infer, that if alternative certification programs with fast-track summer 

programs “followed by additional coursework as well as substantial field experience-like 

observation and feedback on their teaching, will feel relatively better prepared than 

others” (p. 36). 

Research has shown that students that had teachers who went through traditional 

routes to certification, have performed above the levels of other students with 
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alternatively certified teachers A specific example of students with certified teachers 

outperforming students with non-certified teachers comes from Texas. Alexander and 

Fuller (2004) examined student results on the mathematics portion of the 1999 Texas 

Assessment of Academic Skills (TAAS) and concluded that “students who had a 

certified teacher had greater gains on the TAAS mathematics exam than students having 

non-certified teachers, after controlling for several variables” (p. 12) including teachers’ 

years of experience, prior student achievement, and school and student demographics. 

Darling-Hammond et al. (2005) agreed and summed up their research when they stated, 

“that, relative to teachers with standard certification, uncertified teachers and those in 

most other substandard certification categories generally had negative effects on student 

achievement, after controlling for student characteristics and prior achievement, as well 

as teacher experience and degrees,” (p. 20).  

Certification Exams 

 In the recent past, teachers’ knowledge of mathematics has become a concern 

brought to the forefront of education. This concern has brought about the use of 

licensing exams to determine if teachers possess the knowledge to be successful in the 

classroom (Hill, Ball, & Shilling, 2003). These exams were typically used as a 

“screening net to capture the competent and discard the incompetent” (Berk, 1999, p. 

220) and were used to test for content knowledge, pedagogy, or both. But these teacher 

certification exams might be the most efficient measure of quality teaching, when tens of 

thousands of teachers need to be assessed each year (Ferguson & Brown, 2000). It has 

been found that the mathematical knowledge a teacher possesses is positively correlated 
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to gains in students’ mathematical achievement (Tyler & Vitanova, 2008). The practice 

of testing prospective teachers is not a new phenomenon though. In the 19th century, 

many teachers in a large number of states had to pass basic subject tests, but these exams 

were held on the county level. It was not until the 1960’s that some states began to test 

the knowledge of potential educators (Angrist & Guryan, 2008). These standardized 

certification tests are required by 41 states as of 1999 (Angrist & Guryan, 2004, p. 241).  

Teacher certification exams have been found to be positively correlated to 

student performances. Ferguson and Brown (2000) reported on data from Texas using 

the scores from the Texas Examination of Current Administrators and Teachers 

(TECAT, a test that all educators had to pass in 1986 to teach in Texas). Ferguson and 

Brown found that when a teacher’s score on the TECAT moved one standard deviation, 

this predicted a change in the standard deviation of students’ scores by 0.17 over a two 

year period. According to Ferguson and Brown the assumption that policy makers 

should take is that there is a positive causal relationship between teachers’ test scores 

and students’ test scores. Clotfelter, Ladd, and Vidgor (2006) discovered that teacher 

experience and teacher test scores were the two teacher characteristics most steadily 

linked to student achievement. Through further research, Clotfelter et al., (2007) found 

that an educator’s test scores were positively linked to student achievement. For every 

one standard deviation above the mean, a positive increase in student achievement by 

0.011 to 0.015 standard deviations can be attributed. “Having a teacher at one of the 

extremes of the distribution has a large effect on achievement relative to having an 
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average teacher” (Clotfelter et al., 2007, p. 35). These findings were higher for the field 

of mathematics when compared to reading.  

The positive causal relationship between teachers’ test scores and students’ test 

scores should then be utilized by policy makers to ensure that students receive 

instruction from a high scoring educator. In relationship to alternatively certified 

teachers, Gitomer, Latham, and Ziomek (1999) found that individuals who did not 

participate in traditional teacher education programs scored lower than people who 

matriculated through traditional teacher education on the Educational Testing Service’s 

Praxis tests. These researchers did not identify the alternative certification programs 

specifically, but did report that traditionally trained teachers scored the highest on this 

test. Angrist and Guryan (2008) also suggested that these educational certification exams 

have the potential to evaluate teachers with stronger skills that are subject specific.  

Method 

Research Purpose and Question 

Does certification route correlate to correct answer choices on the Texas 

Examinations of Educator Standards (TExES) Generalist Early Childhood – 6th grade for 

elementary teachers in the area of mathematics? The purpose of this study is to 

determine if there were differences in correct answer selection on the mathematics 

portion of the TExES Generalist Early Childhood – 6th grade certification assessment 

when examining the results of preservice teachers grouped by certification route.  
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Participants 

 The participants of this study included any person who attempted a TExES 

certification exam for grades Early Childhood-6 during the year of 2012 (N=25,312). 

The data was purchased from the Texas Education Agency’s data base. These are 

candidates who are seeking to become the teacher of record for the first time in the state 

of Texas.  

Instrument 

The TExES certification program was developed collaboratively by the State 

Board for Educator Certification (SBEC) and the Texas Education Agency (TEA)—and 

the testing contractor, Educational Testing Service (ETS). The exam’s purpose is to 

confirm that educators have the professional knowledge and skills to instruct students 

successfully (SBEC, 2008). “The purpose of the tests is to help identify examinees who 

have the appropriate level of knowledge and skills that have been judged to be important 

for educators seeking employment in Texas public schools” (SBEC, p.11).  

The portion of the Early Childhhod-6 assessment used in this study was based on 

content described by a set of competencies: Mathematical Instruction, Number Concepts 

and Operations, Patterns and Algebra, Geometry and Measurement, Probability and 

Statistics, and Mathematical Processes (See Appendix F). An assumption made for this 

research was that the TExES Mathematics (EC-6) exam is an instrument that accurately 

measures knowledge of mathematics in preservice early childhood through sixth grade 

teachers and the scores from the exam are valid and reliable. 
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Data were collected from the Texas Education Agency and included the 

percentages of correct responses by applicants grouped into four program routes on 

mathematical pedagogical content knowledge questions. The four program routes were: 

Traditional-University Based, Alternative-University Based, Alternative-Non-University 

Based, and Post Baccalaureate (see Appendix A for complete definitions of certification 

routes). 

Analysis 

 The data were analyzed two different ways. First each question from the TExES 

was treated as an independent study and analyzed by calculating the variance of the 

average proportion and then calculating the weighted effect size. “All data analysis 

involving effect sizes is weighted analysis. Each effect size is weighted by an 

appropriate value, generally the inverse of the sampling error variance, so that its 

contribution to any statistical analysis is proportionate to its reliability” (Lipsey & 

Wilson, 2001, p.106,). This was done because statistical analysis on the percentages 

correct would produce a statistical difference for every comparison on every item, due to 

the large sample size. In addition, because the item results were reported as percentage 

correct, the variance for each certification group depended on the percentage, and was 

thus statistically different from every other certification group given the large sample 

sizes. This violated any MANOVA or ANOVA-based statistical analysis assumptions 

for the raw data for each item. Effect size analysis standardized the effects in terms of 

the variance of a group and permitted comparisons on the standardized measures using 

meta-analytic methods.  
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For each question, the weighted effect sizes were compared using analog to the 

analysis of variance to determine if there were statistically significant differences 

(Lipsey & Wilson, 2001). “The meta-analysis of variance is a technique that groups 

effect sizes into mutually exclusive categories on the basis of an independent variable 

and tests the homogeneity among the effect sizes within the categories and the 

differences between the categories” (Lipsey & Wilson, 2001, p. 120). For this study, the 

focus was the differences between the categories of certification routes.  

The data were then analyzed for six specific competencies that focused on 

mathematical pedagogical content knowledge: Mathematical Instruction, Number 

Concepts and Operations, Patterns and Algebra, Geometry and Measurement, 

Probability and Statistics, and Mathematical Processes (See Appendix F). Each group’s 

weighted effect sizes were calculated. Next, the weighted effect sizes were analyzed by 

ANOVA with certification route as the grouping variable to determine if statistically 

significant differences existed. By using the weighted effect sizes for each group instead 

of the percentage scores, the sample sizes for each of the groups were the same. Due to 

this, if differences were found, it would not be due to the sample sizes, but the 

differences in the weighted effect sizes for each of the groups. Once the ANOVA was 

complete a post hoc Bonferroni test was used to determine which groups were 

statistically different.  
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Results 

Weighted Effect Sizes across Groups 

 When examining the weighted effect sizes for each individual item, it was found 

that when comparing the weighted effect sizes across groups, the traditionally certified 

preservice teachers had a statistically significantly larger weighted effect size on 45 out 

of the 112 questions when compared to the other three certification routes. For 12 other 

questions, both traditionally certified and post baccalaureates had statistically 

significantly larger weighted effect sizes than both the alternative-non university based 

and alternative-university based certification routes. The post baccalaureate group also 

had larger effect sizes on 9 questions when compared to the other three groups. The 

alternative-university based preservice teachers had the largest effect size on 8 of the 

questions, while the alternatively-non university certified preservice teachers had the 

largest statistically significant effect size on none of the questions. It was also found that 

the alternatively-non university certified had a statistically significant lower effect size, 

when compared to the other groups on 20 of the questions (see Table 3 and Appendix 

G). 
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Table 3 
Comparison of Weighted Effect Size on Number of Questions 

 
Traditional 

Alternative-Non 
University 

Alternative-
University 

Post 
Baccalaureate 

Largest 
Weighted 
Effect Size 

45 
*(12) 

0 8 9 
*(12) 

Lowest 
Weighted 
Effect Size 

6 20 7 0 

Note. The table reflects the number of questions that each certification route had either 
the largest positive or negative weighted effect size. * On 12 questions, both the 
Traditional group and Post Baccalaureate group had significantly larger weighted effect 
sizes than the other two groups. 
 

ANOVA 

The weighted effect sizes were then analyzed using ANOVA for each of the six 

competencies that the Texas Education Agency identified for these certification 

assessments (see Table 4) and then each group was compared to all other groups post 

hoc using the Bonferroni test (see Table 4 and Appendix H). 
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Table 4 
ANOVA Table by Competency 

Competency 
 

SOS df 
Mean 
Square F Sig. R2 

Mathematical 
Instruction 

Between 422270.2 3 140756.733 405.465 <0.001 0.02 
Within 2.60E+07 74932 347.149 

  
 

 
Total 2.64E+07 74935 

   
 

Number 
Concepts and 
Operations 

Between 590235.8 3 196745.254 792.431 <0.001 0.07 

Within 1.81E+07 72972 248.281 
  

 

 
Total 1.87E+07 72975 

   
 

Patterns and 
Algebra 

Between 576346 3 192115.342 935.027 <0.001 0.08 
Within 1.27E+07 61940 205.465 

  
 

 
Total 1.33E+07 61943 

   
 

Geometry and 
Measurement 

Between 1124355 3 374785.084 1877.85 <0.001 0.16 
Within 1.15E+07 57610 199.582 

  
 

 
Total 1.26E+07 57613 

   
 

Probability and 
Statistics 

Between 837464.1 3 279154.711 925.75 <0.001 0.08 
Within 2.03E+07 67214 301.544 

  
 

 
Total 2.11E+07 67217 

   
 

Mathematical 
Processes 

Between 1250577 3 416859.063 2072.39 <0.001 0.16 
Within 1.45E+07 72208 201.149 

  
 

  Total 1.58E+07 72211        
 
Note. The data came from 112 different questions from the TExES certification exam for 
grades Early Childhood-6. 
 

For the competencies of Patterns and Algebra, Geometry and Measurement, 

Probability and Statistics, and Mathematical Processes, the Traditionally Certified group 

had a significantly higher effect size than all other groups. The Alternative-University 

based group had a statistically significantly lower effect size than all other groups for the 

competencies of Patterns and Algebra and Probability and Statistics, while the 

Alternative-Non University based group had a statistically significantly lower effect size 
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than all other groups for Geometry and Measurement. Both the Alternative-University 

Based and the Alternative-Non University based groups had a statistically significantly 

lower effect size than the other two groups on Mathematical Processes (see Appendix 

H).  

For the competencies of Mathematics Instruction and Number Concepts and 

Operations, the Post Baccalaureate and Traditionally Certified groups had statistically 

significantly higher effect sizes than both Alternative certification groups, while the 

Alternative-Non University based group had a statistically significantly lower effect size 

than all other groups for this competency (see Appendix E). When analyzing the effect 

sizes from the ANOVA, they may appear to be small, but with all of the variability in 

these preservice teachers, these effects should not be dismissed. These differences of 

performance on the TExES certification exam are partly explained by the certification 

route that the preservice teachers completed. 

From the data that were analyzed for this study, it appears that traditionally 

certified preservice teachers performed better on the elementary TExES teacher 

certification exam in the area of mathematics when the effect sizes for each of the four 

categories for certification route were compared. The group that performed the poorest, 

from the data, was the preservice teachers that went through the alternative-non 

university based routes. If these exams evaluate what the Texas Education Agency 

claims they do, it appears that traditionally certified teachers were better prepared to 

become effective elementary mathematics educators. Even when the items were 
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analyzed individually, the traditionally certified teachers had the largest positive effect 

size on more of the questions than any other group. 

Discussion 

 If we ascribe to the findings of Ferguson and Brown (2000) that teacher 

certification exams may be the most efficient measure of quality teaching and that 

“licensure test scores seem to matter more for math than for other subjects. They 

consistently appear linked to improved student achievement in that subject” (Sawchuk, 

2011, p. 4), the results from this study bring to the forefront the differences between 

preservice teachers’ preparation from different certification routes. These findings do not 

directly refute the sentiments of Angrist and Guryan (2004 & 2008), that stricter 

procedures to gain certification for educators increase barriers to entry into the 

profession and deter possible teacher candidates with other attractive employment 

prospects. Yet, will these barriers have a negative influence on certifying teachers 

especially when it comes to the quality of educators instructing students in mathematics 

classrooms across the state of Texas?  

The findings above show a possible need for non-university based certification 

entities to increase the rigor and support for preservice teachers in their programs, 

especially in the area of mathematics. The data show that these prospective teachers may 

need more time developing an understanding of pedagogy and content knowledge in the 

area of mathematics. This could include more class time with expert educators, or more 

time in the classrooms working with experienced, mentor mathematics teachers. The 

results from this study demonstrate that changes should be made in the area of teacher 
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training in routes that are alternative to the traditional, university teacher certification 

route. If researchers agree that the single most important factor determining student 

success in the classroom is teacher quality (e.g., Ferguson 1998; Goldhaber 2002; 

Goldhaber et al. 1999; Hanushek et al., 1999; Wright et al.,1997), educators and 

researchers should demand far more from the different certification route preparation 

programs that are gateways to becoming an educator, especially those certification 

programs that are non-university based. 

Implications for Further Research 

It may be too simplistic of a sentiment to state that certification route is the only 

variable that caused statistically significant differences in this study. Traditionally 

certified teachers have been involved in courses for a longer period of time, devoted to 

studying educational processes and pedagogical content knowledge more deeply. This 

study does add to the field demonstrating that there is a difference in preservice 

elementary mathematics teachers’ abilities to answer correctly questions on the 

mathematics portion of the TExES certification exam for grades EC – 6th in 2012. This is 

important, especially when searching for ways to improve alternative certification routes 

to becoming an educator. These findings do make the assumption that the scores from 

the TExES certification exam was both accurate and reliable. Further research should be 

conducted to determine if this trend occurred in previous years of the assessment and, if 

in fact, the questions from certification exams align with specific competencies, possibly 

through factor analysis and data availability. 
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CHAPTER V 

SUMMARY AND DISCUSSION 

Researchers continue the argument concerning the most effective ways to ensure 

teachers receive the training necessary for successfully working with developing high-

achieving mathematics students. Darling-Hammond et al. (2005) claimed that students 

of alternatively certified teachers were outperformed by students of teachers from the 

traditional certification route. However, these results were rebuked by other researchers 

(Glazermanet al., 2006; Harris & Sass, 2011; Kane et al., 2006) who reported that there 

was little to no difference between educators who were certified via different routes. 

These seem to be the same arguments that have been continuing for over a century in an 

attempt to determine the best route to becoming an educator. Yet this is a very important 

argument, as David Angus (2001) stated, “any major efforts to improve the quality of 

American education need[s] a strong teacher preparation component” (p. 33). But 

preparing teachers does not need to be limited to preservice courses or trainings. 

Instructional Practices of First Year Elementary Mathematics Teachers 

The data in the three articles that comprise this dissertation study demonstrate 

that there was little to no difference between the uses of instructional strategies in the 

elementary mathematics classroom of first year teachers, no matter their route to 

certification. Article 1 (Chapter II) illustrated that in a large school district in southeast 

Texas, route to certification was not a statistically significant factor when examining the 

instructional strategies used by first year mathematics teachers. Article 2 (Chapter III) 
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confirmed this finding allowing first year elementary mathematics teachers to voice the 

perceptions of their use of instructional strategies. The findings of this article also 

showed that in a small sample, the teachers who were alternatively certified employed 

the use of manipulatives more often than the teachers who were traditionally certified 

and were also more knowledgeable as to why different strategies were important to use 

in the mathematics classroom when compared to their traditionally certified 

counterparts. The weighted effect sizes from the data from the Texas Education Agency 

on the 2012 mathematics portion of the Texas Examinations of Educator Standards, 

Generalists Early Childhood – 6th grade in Article 3 (Chapter IV) pointed out that 

preservice elementary mathematics teachers from alternative routes were outperformed 

by their traditionally certified colleagues in the areas of Mathematical Instruction, 

Number Concepts and Operations, Patterns and Algebra, Geometry and Measurement, 

Probability and Statistics, and Mathematical Processes (See Appendix G and H). These 

findings seem to exacerbate the issue of teacher certification by not arriving at the same 

conclusion. However, when the themes of Article 2 are fleshed out, a clearer picture 

comes into view.  

Supporting First Year Elementary Mathematics Teachers 

 The theme of support structures for first year teachers emerged when examining 

all of the teachers’ responses, not just the alternatively certified group or the traditionally 

certified group, on multiple questions. This theme emerged from the statements made by 

the teachers about where they learned to understand and employ these specific 

instructional strategies. These supports were found to be vital as both groups relied 
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heavily on the support offered from educational peers throughout their first year of 

teaching. These educational peers included instructional coaches, administrators, and 

other teachers. The first year teachers interviewed stated multiple times that these people 

had a positive effect on their abilities to use a variety of teaching strategies during their 

first year.  

 Relying on support from peers, teaching partners, or instructional coaches during 

the first year of teaching, emphasizes the importance of support structures for these first 

year teachers. This theme reinforces what Ng and Kelli (2007) reported when they 

stated, “the graduate teacher education courses in which they [preservice teachers] were 

enrolled and the on-site observations and support they received from school and 

university partners were essential” (p. 17). These structures must be in place for new 

teachers to be successful, no matter the certification route. This finding points to school 

districts and individual schools ensuring that new teachers have access to quality support 

structures, such as experienced instructional coaches or mentor teachers during the first 

year of being the teacher of record. These support personnel need to be in place early 

and should be easily accessible to first year teachers as often as they are needed. These 

support personnel are vital in guiding these new teachers to positive instructional 

practices to utilize with their students during classroom mathematics instruction. High-

quality elementary school classrooms should utilize instructional practices that create 

classroom environments that are structured in a manner that allows students to be 

actively involved in connecting the mathematics they are learning to their real world 

experiences. Students should not passively receive mathematical instruction, but rather 
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be a part of building new knowledge from experiences and connecting these experiences 

to their prior beliefs and ideas about mathematics brought forth through teacher driven 

instructional practices (NCTM, 2005).  

Preservice Elementary Mathematics Teachers’ Mathematics Knowledge 

The findings from Article 3 (Chapter IV) show a need for non-university based 

and university based alternative certification entities to increase the rigor and support for 

their preservice teachers in the area of mathematics. The Alternative-University based 

group had a statistically significantly lower effect size than all other groups for the 

competencies of Patterns and Algebra and Probability and Statistics, while the 

Alternative-Non University based group had a statistically significantly lower effect size 

than all other groups for Geometry and Measurement. Both the Alternative-University 

Based and the Alternative-Non University based groups had a statistically significantly 

lower effect size than the Traditionally Certified group and the Post-Baccalaureate group 

on Mathematical Processes. For the competencies of Mathematics Instruction and 

Number Concepts and Operations, the Post Baccalaureate and Traditionally Certified 

groups had statistically significantly higher effect sizes than both Alternative 

certification groups, while the Alternative-Non University based group had a statistically 

significantly lower effect size than all other groups for this competency (see Appendix 

H).  

The data show that these prospective teachers may need more time in developing 

an understanding of pedagogy and content knowledge in the area of mathematics. This 

could include more class time with expert educators, or more time in the classroom 
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working with experienced, mentor mathematics teachers. This study demonstrates that 

changes should be made in the area of teacher training in routes that were defined as 

alternative-non-university based. If researchers agree that the single most important item 

for student success in the classroom is teacher quality (e.g., Ferguson 1998; Goldhaber 

2002; Goldhaber, Brewer, & Anderson 1999; Hanushek et al.,1999; Wright et al., 1997), 

educators and researchers should demand far more from the different certification route 

preparation programs that are gateways to becoming an educator. 

From the findings of these three articles, it appears that first year teachers are 

using mathematical instructional strategies almost identically by the time they have 

completed more than half of their first year. During interviews, it even appears that the 

alternative certified group of teachers are using manipulatives more and grouping 

students with more understanding. Yet at the same time, preservice teachers from 

alternative certification programs were outperformed on the TExES certification exam 

by traditionally certified preservice teachers.  

The alternatively certified teachers who participated in the survey and the 

interviews in Chapters II and III are also teachers who passed the certification exam, so 

it was an endogenous selection. This could explain some of the conflicting results 

between Chapter IV and the previous two chapters. These educators had scored high 

enough on the certification exam to pass and were using instructional strategies just as 

much as the traditionally certified teachers who also passed the certification exam. Yet 

other factors appear to be at work when we look closely at the statements made during 

the interviews. 
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These results appear to show that alternatively certified teachers are making 

gains in understanding mathematical pedagogy during their first year of teaching. From 

the responses given by the alternatively certified teachers about support structures, this 

learning appears to be coming from mentor teachers or instructional coaches. These 

guides to professional development are vital to the growth of alternatively certified 

teachers to ensure that appropriate mathematical instructional strategies are utilized with 

students.  

Future studies should expand this research with additional first year mathematics 

teachers of different routes to certification to determine if the findings are consistent 

with the findings from this study. Also, “it is often difficult to summarize and develop 

general propositions and theories on the basis of specific case studies” (Denzin & 

Lincoln, 2011, p. 311) thus larger data sets from first year elementary mathematics 

teachers should be analyzed. The author recognizes that the results of this study are not 

generalizable, but suggest that there is much to be learned from the experiences and 

some important implications for teacher educators. It may be too simplistic of a 

sentiment to state that certification route is the only variable that caused the statistically 

significant differences in Article 3.  

In some cases, teachers from different certification routes have been involved in 

courses for a longer period of time, devoted to studying educational processes and 

pedagogical content knowledge more deeply. This study does add to the field 

demonstrating that preservice teachers from alternative certification routes (both 

university-based and non-university-based) perform at a lower level when compared to 
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traditionally certified and post-baccalaureate preservice teachers in correctly answering 

questions on the mathematics portion of the TExES certification exam for grades EC – 

6th in 2012. This is important, especially when analyzing ways to improve certification 

routes for becoming a mathematics educator. Article 2 brought forth some themes from 

first year elementary mathematics teachers that should not be dismissed, as these could 

enhance preservice teachers’ experiences as they complete their certification route. The 

theme of ensuring support structures for the first year teachers, creating quality student 

teaching experiences for the preservice teachers could increase teacher knowledge in the 

area of mathematics and instructional strategies. Further research should be conducted to 

determine if this trend occurred in previous years of the assessment and, if in fact, the 

questions from certification exams align with specific competencies, possibly through 

factor analysis. 

Also, these findings support the stance that Grossman and McDonald (2008) 

made when they stated that,  

Continuing to classify and design research studies based on the gross categories 
of alternative or traditional, despite differences in state and local contexts and 
without consideration of similarities and differences in organizational structures 
and practices, will provide an inaccurate picture of teacher preparation (p. 195).  

 

The research conducted in this study emphasizes adding prior experiences of preservice 

teacher to the statement above, as preservice teachers bring different understandings and 

skills to the certification route they choose. The findings from this group of first year 

elementary mathematics teachers does show how the mentoring practices of school 
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administrators and routes to certification can enhance the instructional strategies of 

preservice teachers enabling them to better transition to their first year of teaching.  
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APPENDIX A 

DEFINITIONS OF ROUTES TO CERTIFICATION 

Traditional-University Based – teacher received undergraduate degree from a four year 

university or college in interdisciplinary studies 

Alternative-University Based – teacher received undergraduate degree from a four year 

university or college not in education and later attended an alternative teacher 

certification program based at a university or college without receiving a graduate 

degree in an educational field 

Alternative-Non-University Based – teacher received undergraduate degree from a four 

year university or college not in education and later attended an alternative teacher 

certification program not based at a university or college without receiving a graduate 

degree in an educational field 

Post Baccalaureate – teacher received undergraduate degree from a four year university 

or college not in education and later attended a university or college and received a 

graduate degree in an educational field 
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APPENDIX B 

SURVEY OF ENACTED CURRICULUM: SURVEY OF INSTRUCTIONAL 

PRACTICES TEACHER SURVEY – GRADES K-8 MATHEMATICS* 

Thank you for agreeing to participate in this survey of instructional practice and content. 
This survey is part of a collaborative effort to provide education researchers, 
policymakers, administrators, and most importantly, teachers like you with comparative 
information about instruction in districts participating in the SEC Collaborative or 
associated initiatives from states and districts around the country. To learn more about 
the surveys of enacted curriculum and their use in other projects, please visit the project 
website; http://www.secsurvey.org  
Your participation in this survey is voluntary. If you choose to participate, your personal 
information will remain strictly confidential. Information that could be used to identify 
you or used to connect you to individual results will not be shared with staff in your 
school, district or state. Individual respondents are never identified in any reports of 
results. The questionnaire poses no risk to you and there is no penalty for refusal to 
participate. You may withdraw from the study simply by returning the questionnaire 
without completing it, without penalty or loss of services or benefits to which you would 
be otherwise entitled. 
 
If you would like to add to this survey by participating in a short (15 minutes) interview, 
please type your email address below, if not, just type no. Your email will not be shared 
with anyone except the researcher and will not be connected to your answers to this 
survey. 

 
 
 
 
 
 
 
 
 
 
 
*Note. Questions come from Survey of Instructional Practices, Teacher Survey for 
Grades K-8 in Mathematics, which was created by the Measures of the Enacted 
Curriculum. The researcher received permission from Dr. John Smithson, Director of the 
Measures of the Enacted Curriculum on August 28, 2012. The Q# shows where the 
questions were located in the online survey. 

http://www.secsurvey.org/
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Education Characteristics 

Use the descriptions below to answer the next question: 1. Traditional-University Based 
– teacher received undergraduate degree from a four year university or college in an 
educational field 2. Alternative-University Based – teacher received undergraduate 
degree from a four year university or college not in education and later attended an 
alternative teacher certification program based at a university or college without 
receiving a graduate degree in an educational field 3. Alternative-Non-University Based 
– teacher received undergraduate degree from a four year university or college not in 
education and later attended an alternative teacher certification program not based at a 
university or college without receiving a graduate degree in an educational field 4. Post 
Baccalaureate – teacher received undergraduate degree from a four year university or 
college not in education and later attended a university or college and received a 
graduate degree in an educational field  

 
Please indicate the choice that best describes your certification route to becoming a 
teacher.  
1 2 3 4 
 
Indicate the grade level of the majority of students in the target class.  
K 1 2 3 4 5 6 7 8 
 
How many students are in the target class?  
10 or less 11 to 15 16 to 20 21 to 25 26 to 30 31 or more 
 
During a typical week, approximately how many hours will the target class spend in 
mathematics instruction? Number of instructional hours 
0 1 2 3 4 5 6 7 8 9 
 
What is the average length of each class period for this targeted mathematics class?  
Not applicable  30 to 40 minutes 41 to 50 minutes  51 to 60 
minutes 
61 to 90 minutes 91 to 120 minutes  
Varies due to block scheduling or integrated instruction 
 
How many weeks total will the target mathematics class/course meet for this school 
year? Total # of weeks = 
1 to 12  13 to 24 25 to 36 

INSTRUCTIONAL ACTIVITIES IN MATHEMATICS 

Listed below are questions about the types of activities that students in the target class 
engage in during mathematics instruction. For each activity, you are asked to estimate 
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the relative amount of time a typical student will spend engaged in that activity during 
classroom instruction over the course of a school year. The activities are not necessarily 
mutually exclusive; across activities, your answers will undoubtedly greatly exceed 
100%. Consider each activity on its own, estimating the range that bests indicates the 
relative amount of mathematics instructional time that a typical student spends over the 
course of a school year engaged in that activity. 

AMOUNT OF INSTRUCTIONAL TIME (for the school year) 

For the next 4 questions: 0 – None 1 – Little (10% or less of instructional time for the 
school year) 2 – Some (11-25 % of instructional time for the school year) 3 – Moderate ( 
26-50% of instructional time for the school year ) 4 – Considerable (50% or more of 
instructional time for the school year) How much of the total mathematics instructional 
time do students in the target class: 

 
Present or demonstrates solutions to a math problem to the whole class.  
0 1 2 3 4 
 
Use manipulatives (for example, geometric shapes or algebraic tiles), measurement 
instruments (for example, rulers or protractors), and data collection devices (for 
example, surveys or probes).  
0 1 2 3 4 
 
Work in pairs or small groups on math exercises, problems, investigations, or tasks.  
0 1 2 3 4 
 
Do a mathematics activity with the class outside the classroom.  
0 1 2 3 4 
 
AMOUNT OF INSTRUCTIONAL TIME (working individually) 

For the next 4 Questions: 0 – None 1 – Little ( 10% or less of individual work time on 
mathematical exercises, problems or tasks) 2 – Some (11-25 % of individual work time 
on mathematical exercises, problems or tasks ) 3 – Moderate ( 26-50% of individual 
work time on mathematical exercises, problems or tasks) 4 – Considerable (50% or more 
of individual work time on mathematical exercises, problems or tasks) When students in 
the target class work individually on mathematics exercises, problems, investigations, or 
tasks, how much time do they: 

 
Solve word problems from a textbook or worksheet.  
0 1 2 3 4 
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Solve non-routine mathematical problems (for example, problems that require novel or 
non-formulaic thinking).  
0 1 2 3 4 
 
Explain their reasoning or thinking in solving a problem, using several sentences orally 
or in writing.  
0 1 2 3 4 
 
Apply mathematical concepts to “real-world” problems.  
0 1 2 3 4 
AMOUNT OF INSTRUCTIONAL TIME (in pairs or small groups) 

For the next 6 Questions: 0 – None 1 – Little (10% or less of instructional time in pairs 
or small groups) 2 – Some (11-25 % of instructional time in pairs or small groups) 3 – 
Moderate (26-50% of instructional time in pairs or small groups) 4 – Considerable (50% 
or more of instructional time in pairs or small groups) When students in the target class 
work in pairs or small groups on math exercises, problems, investigations, or tasks, how 
much time do they: 

 
Solve word problems from a textbook or worksheet.  
0 1 2 3 4 
 
Solve non-routine mathematical problems (for example, problems that require novel or 
non-formulaic thinking).  
0 1 2 3 4 
 
Talk about their reasoning or thinking in solving a problem. 
0 1 2 3 4 
 
Apply mathematical concepts to “real-world” problems. 
0 1 2 3 4 
 
 
Analyze data to make inferences or draw conclusions. 
0 1 2 3 4 
 
Work on a problem that takes at least 45 minutes to solve. 
0 1 2 3 4 
AMOUNT OF INSTRUCTIONAL TIME (using hands-on materials) 

For the next 4 Questions: 0 – None 1 – Little (10% or less of instructional time using 
hands-on materials) 2 – Some (11-25 % of instructional time using hands-on materials) 3 
– Moderate (26-50% of instructional time using hands-on materials) 4 – Considerable 
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(50% or more of instructional time using hands-on materials) When students in the target 
class use hands-on materials, how much time do they: 

 
Work with manipulatives (for example, counting blocks, geometric shapes, or algebraic 
tiles) to understand concepts.  
0 1 2 3 4 
 
Measure objects using tools such as rulers, scales, or protractors.  
0 1 2 3 4 
 
Collect data by counting, observing, or conducting surveys.  
0 1 2 3 4 
 
Present information to others using manipulatives (for example, chalkboard, whiteboard, 
poster board, projector).  
0 1 2 3 4 
 
AMOUNT OF INSTRUCTIONAL TIME (using calculators, computers or other 
ed. Tech.) 

For the next 2 Questions: 0 – None 1 – Little (10% or less of instructional time using 
calculators, computers, or other ed. Tech.) 2 – Some (11-25 % of instructional time 
using calculators, computers, or other ed. Tech.) 3 – Moderate (26-50% of instructional 
time using calculators, computers, or other ed. Tech.) 4 – Considerable (50% or more of 
instructional time using calculators, computers, or other ed. Tech.) When students in the 
target class are engaged in activities that involve the use of calculators, computers, or 
other educational technology as part of mathematics instruction, how much time do they: 

 
Practice procedures  
0 1 2 3 4 
 
Retrieve or exchange data or information (for example, using the Internet or partnering 
with another class)  
0 1 2 3 4 
 
ASSESSMENTS 

For the next 6 items, indicate how often you use each of the following when assessing 
students in the target mathematics class. 0 – Never 1 – 1-4 times per year 2 1-3 times per 
month 3 – 1-3 times per week 4 – 4-5 times per week 

 
Short answer questions such as performing a mathematical procedure.  
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0 1 2 3 4 
 
Extended response item for which student must explain or justify solution.  
0 1 2 3 4 
 
Performance tasks or events (for example, hands-on activities).  
0 1 2 3 4 
 
Individual or group demonstration, presentation.  
0 1 2 3 4 
 
Mathematics projects.  
0 1 2 3 4 
 
Portfolios.  
0 1 2 3 4 
TEACHER CHARACTERISTICS 

Please indicate your gender. 1 – Female; 2 – Male 
1 2 

 
Please indicate your ethnicity/race. Indicate all that apply 

American Indian or Alaska Native 
Asian 
Black or African American 
Hispanic or Latino 
Native Hawaiian or Other Pacific Islander 
White 

 
What was your major field of study for the bachelor’s degree?  

Elementary Education 
Middle School Education  
Mathematics Education 
Mathematics 
Mathematics Education and Mathematics 
Other Disciplines (includes other Education fields, Science, History, English, 
Foreign Languages, etc.) 

If applicable, what was your major field of study for the highest degree you hold beyond 
a bachelor’s degree?  

Elementary Education 
Middle School Education 
Mathematics Education 
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Mathematics Education and Mathematics 
Other Disciplines (includes other Education fields, Science, History, English, 
Foreign Languages, etc.) 

 
What type(s) of state certification do you currently have? Indicate all that apply 

Emergency or Temporary Certification 
Elementary Grades Certification  
Middle Grades Certification 
Secondary certification in a field other than mathematics 
Secondary Mathematics Certification 

FORMAL COURSE PREPARATION 

0 – 0 1 – 1-2 Courses 2 – 3-4 Courses 3 – 5-6 Courses 4 – 7-8 Courses 5 – 9-10 Courses 
6 – 11-12 Courses 7 – 13-14 Courses 8 – 15-16 Courses 9 – 17+ Courses Please indicate 
the number of quarter or semester courses that you have taken at the undergraduate or 
graduate level in each of the following areas: 

 
Refresher mathematics courses (e.g., algebra, geometry)  
0 1 2 3 4 5 6 7 8 9 
 
Advanced mathematics courses (e.g., calculus, statistics)  
0 1 2 3 4 5 6 7 8 9 
 
Mathematics Education  
0 1 2 3 4 5 6 7 8 9 
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APPENDIX C 

SURVEY QUESTIONS 

Topic (Chronbach’s α) Questions 

Assessment Use 

Reliability Coefficient = 0.727  
How often do you use each of the following when assessing students in mathematics class? 

Q21 – Short answer questions such as performing a mathematical procedure. 

Q22 – Extended response item for which student must explain or justify solution. 
Q23 – Performance tasks or events (for example, hands-on activities). 

Q24 – Individual or group demonstration, presentation. 

Q25 – Mathematic projects. 

Q26 – Portfolios. 

Performance Procedures 

Reliability Coefficient = 0.758  

Performance Procedures: How much time do students spend doing the following activities? 

Q5 – Solve word problems from a textbook or worksheet individually. 

Q9 – Solve word problems from a textbook or worksheet in pairs or small groups. 
Q17 – Collect data by counting, observing, or conducting surveys. 

Q19 – Practice procedures on calculators, computers, or other educational technology. 

Q20 – Retrieve or exchange data or information (for example, using the Internet or 
partnering with another class). 

Communicative Understanding 

Reliability Coefficient = 0.802  

Communicative Understanding: How much time do students spend doing the following 

activities? 
Q1 – Present or demonstrates solutions to a math problem to the whole class. 

Q3 – Work in pairs or small groups on math exercises, problems, investigations, or 

tasks. 
Q7 – Explain their reasoning or thinking in solving a problem, using several sentences 

orally or in writing.  

Q11 – Talk about their reasoning or thinking in solving a problem. 
Q18 – Present information to others using manipulatives (for example, chalkboard, 

whiteboard, poster-board, projector). 

Making Connections  
(Solve new notions) 

Reliability Coefficient = 0.861 
Making Connections (Solve new notions): How much time do students spend doing the 

following activities? 
Q6 – Solve non-routine mathematical problems (for example, problems that require 

novel or non-formulaic thinking) individually. 
Q8 – Apply mathematical concepts to “real-world” problems individually. 

Q10 – Solve non-routine mathematical problems (for example, problems that require 

novel or non-formulaic thinking) in pairs or small groups. 
Q12 – Apply mathematical concepts to “real-world” problems in pairs or small groups. 

Q13 – Analyze data to make inferences or draw conclusions. 

Q14 – Work on a problem that takes at least 45 minutes to solve. 
Active Learning Reliability 

Coefficient = 0.853 

 

Active Learning: How much time do students spend doing the following activities? 

Q2 – Use manipulatives (for example, geometric shapes or algebraic tiles), 

measurement instruments (for example, rulers or protractors), and data collection 
devices (for example, surveys or probes). 

Q4 – Do a mathematics activity with the class outside the classroom. 

Q15 – Work with manipulatives (for example, counting blocks, geometric shapes, or 
algebraic tiles) to understand concepts. 

Q16 – Measure objects using tools such as rulers, scales, or protractors. 

Note. Questions come from Survey of Instructional Practices, Teacher Survey for Grades K-8 in Mathematics, which 

was created by the Measures of the Enacted Curriculum. The researcher received permission from Dr. John Smithson, 

Director of the Measures of the Enacted Curriculum on August 28, 2012. The Q# shows where the questions were 

located in the online survey. 
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APPENDIX D 

TEXAS A&M UNIVERSITY HUMAN SUBJECTS PROTECTION PROGRAM 

CONSENT FORM 

 

Project Title: Alternative Feelings about the Teaching Experience 

 

You are being invited to take part in a research study being conducted by Texas 

A&M University. You are being asked to read this form so that you know about 

this research study. The information in this form is provided to help you decide 

whether or not to take part in the research. If you decide to take part in the study, 

you will be asked to sign this consent form. If you decide you do not want to 

participate, there will be no penalty to you, and you will not lose any benefit you 

normally would have. 

 

WHY IS THIS STUDY BEING DONE? 
The purpose of this case study is to describe the experiences of the first year teaching for 

teachers at elementary public schools in a suburban district in southwest Texas. At this 

stage in the research the teacher experiences for alternatively certified teachers will be 

generally defined as the successes and failures of the first year alternatively certified 

teachers and how they feel the training helped, hindered or was absent during the school 

year. 

 

WHY AM I BEING ASKED TO BE IN THIS STUDY?  
You are being asked to be in this study because you are a first year elementary 

mathematics teacher.  

 

HOW MANY PEOPLE WILL BE ASKED TO BE IN THIS STUDY? 

Around 25 people (participants) will be enrolled in this study locally.  

 

WHAT ARE THE ALTERNATIVES TO BEING IN THIS STUDY? 
The alternative is not to participate. 

 

WHAT WILL I BE ASKED TO DO IN THIS STUDY? 
Your participation in this study will last up to 3 hours and includes up to 2 visits. The 

procedures you will be asked to perform are described below. 

 

Visit 1 (Week 1) 

This visit will last about 1 hour. During this visit a one on one interview will be 

conducted and recorded. 

 

Visit 2 (Week 2) 
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This visit will be with the entire group to interview with all participants. 

 

WILL VIDEO OR AUDIO RECORDINGS BE MADE OF ME DURING THE 

STUDY?  

Required recordings: 

The researchers will video recording during the study so that the interview can be transferred 

to a written transcript. If you do not give permission for the video recording to be obtained, 

you cannot participate in this study. 

 

 

________ I give my permission for video recordings to be made of me during my 

participation in this research study. 

 

________ I do not give my permission for video recordings to be made of me during my 

participation in this research study. 

 

ARE THERE ANY RISKS TO ME? 
The things that you will be doing have no more risk than you would come across in 

everyday life.  

Although the researcher has tried to avoid risks, you may feel that some 

questions/procedures that are asked of you will be stressful or upsetting. You do not 

have to answer anything you do not want to. . 

 

ARE THERE ANY BENEFITS TO ME?  
There may be no direct benefit to you by being in this study. What the researchers find 

out from this study may help other people with understanding feelings about working in 

an elementary school after receiving teaching certification through an alternative 

program.  

 

WILL THERE BE ANY COSTS TO ME?  
Aside from your time, there are no costs for taking part in the study. 

 

Side effects (injury) can happen in any research study. These effects may not be your 

fault or the fault of the researcher involved. Known side effects have been described in 

the “Are there any risks to me?” section of this consent form. However, side effects that 

are not currently known may happen and require care. You do not give up any of your 

legal rights by signing this form. 

 

If you believe you are injured because of the research or are billed for medical care for 

injuries that you feel has been caused by the research, you should contact the Principal 

Investigator Jonathan Maxwell Masters in Education at 281-381-0109. 
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WILL I BE PAID TO BE IN THIS STUDY? 

You will not be paid for being in this study. 

 

WILL INFORMATION FROM THIS STUDY BE KEPT PRIVATE? 
The records of this study will be kept private. No identifiers linking you to this study 

will be included in any sort of report that might be published. Research records will be 

stored securely and only Jonathan Maxwell will have access to the records. 

 

Information about you will be stored in computer files protected with a password. This 

consent form will be filed securely in an official area. 

Information about you will be kept confidential to the extent permitted or required by 

law. People who have access to your information include the Principal Investigator and 

research study personnel. Representatives of regulatory agencies such as the Office of 

Human Research Protections (OHRP) and entities such as the Texas A&M University 

Human Subjects Protection Program may access your records to make sure the study is 

being run correctly and that information is collected properly.  

 

WHOM CAN I CONTACT FOR MORE INFORMATION? 
You can call the Principal Investigator to tell him/her about a concern or complaint 

about this research study. The Principal Investigator Jonathan Maxwell Masters of 

Education can be called at 281-381-0109 or emailed at jonathanmaxwelltx@yahoo.com.  

 

For questions about your rights as a research participant; or if you have questions, 

complaints, or concerns about the research and cannot reach the Principal Investigator or 

want to talk to someone other than the Investigator, you may call the Texas A&M 

Human Subjects Protection Program office. 

Phone number: (979) 458-4067 

Email: irb@tamu.edu  

 

MAY I CHANGE MY MIND ABOUT PARTICIPATING? 

You have the choice whether or not to be in this research study. You may decide not to 

participate or stop participating at any time. If you choose not to be in this study, there will be 

no effect on your employment. You can stop being in this study at any time with no effect on 

your employment. 

 

STATEMENT OF CONSENT 

I agree to be in this study and know that I am not giving up any legal rights by 

signing this form. The procedures, risks, and benefits have been explained to me, 

and my questions have been answered. I know that new information about this 

research study will be provided to me as it becomes available and that the 

researcher will tell me if I must be removed from the study. I can ask more 

questions if I want. A copy of this entire, signed consent form will be given to me. 

 

 

mailto:irb@tamu.edu
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_______________________________________________________________________ 

Participant’s Signature    Date 

 

 

_______________________________________________________________________ 

Printed Name Date 

 

 

INVESTIGATOR'S AFFIDAVIT: 

Either I have or my agent has carefully explained to the participant the nature of the 

above project. I hereby certify that to the best of my knowledge the person who signed 

this consent form was informed of the nature, demands, benefits, and risks involved in 

his/her participation. 

 

_______________________________________________________________________ 

Signature of Presenter Date 

 

_______________________________________________________________________ 

Printed Name Date 
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APPENDIX E 

INTERVIEW PROTOCOL 

Do you use manipulatives (for example, geometric shapes or algebraic tiles), 

measurement instruments (for example, rulers or protractors), and data collection 

devices (for example, surveys or probes) in your mathematics classroom? 

How much time do you use manipulatives in your mathematics classroom? 

How much time do you allow students to measure objects using tools such as rulers, 

scales, or protractors? 

How much time do you allow students to collect data by counting, observing, or 

conducting surveys? 

Why do you use or not use these items in your classroom? 

How did you decide to allow your students to use manipulatives, measurement 

instruments, and data collection devices for the amount of time you allotted? 

If teacher uses items: Where/when did you learn to use these items for a mathematics 

classroom? 

Do you allow your students to work in pairs or small groups on math exercises, 

problems, investigations, or tasks? 

Why do you allow this group work in your classroom? 

Where/when did you learn to use small groups in your math classroom? 

Do you ever conduct a mathematics activity with the class outside the classroom? 

Why or why not? 

Where/when did you learn to conduct a mathematics activity outside of the classroom? 
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APPENDIX F 

COMPETENCIES FROM EC-6 TEXES TEST 

Competency Description 

13 – Mathematical Instruction The mathematics teachers understands how 

children learn and develop mathematical skills, 

procedures and concepts; knows typical errors 

students make; and uses this knowledge to 

plan, organize and implement instruction; to 

meet curriculum goals; and to teach all 

students to understand an use mathematics. 

14 – Number Concepts The mathematics teacher understands and uses 

numbers, number systems and their structure, 

operations and algorithms, quantitative 

reasoning and technology appropriate to teach 

the statewide curriculum (Texas Essential 

Knowledge and Skills [TEKS]) in order to 

prepare students to use mathematics. 

15 – Patterns and Algebra The mathematics teacher understands and uses 

patterns, relations, functions, algebraic 

reasoning, analysis and technology appropriate 

to teach the statewide curriculum in order to 

prepare students to use mathematics. 

16 – Geometry and 

Measurement 

The mathematics teacher understands and uses 

geometry, spatial reasoning, measurement 

concepts and principles and technology 

appropriate to teach the statewide curriculum 

in order to prepare students to use 

mathematics. 

17 – Probability and Statistics The mathematics teacher understands and uses 

probability and statistics, their applications and 

technology appropriate to teach the statewide 

curriculum in order to prepare students to use 

mathematics. 

18 – Mathematical Processes The mathematics teacher understands and uses 

mathematical processes to reason 

mathematically, to solve mathematical 

problems to make mathematical connections 

within and outside of mathematics and to 

communicate mathematically. 
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APPENDIX G 

INDIVIDUAL ITEM ANALYSIS 

Item 

# Comp Cert Route Comparing N 

% 

Correct e t w p(QB) 

1 13 
Traditional 

Alt-Univ to 
all other 

groups 

3,468 76.50 0.10300447 0.767058 19290.78 1.04266E-30 

Alt-Non  2,933 72.00 -0.1340358 -0.99814 14548.61 

 
Post Bacc 222 77.00 0.12934229 0.963192 1253.529 

 
Alt-Univ 71 62.00 -0.6607922 -4.92081 301.3582 

 2 13 
Traditional 

Alt-Univ to 
all other 

groups 

3,493 80.00 0.197061 1.892025 21831.25 3.46337E-22 

Alt-Non  2,855 70.20 -0.344019 -3.30300 13647.48 

 
Post Bacc 213 78.90 0.136327 1.308909 1279.440 

 
Alt-Univ 69 84.10 0.423431 4.065457 516.0074 

 3 13 
Traditional 

Post Bacc 
to all other 

groups 

3,160 83.90 -0.0222734 -2.28580 23393.71 1.14E-09 

Alt-Non  2,737 84.40 0.01528778 1.568901 20787.76 

 
Post Bacc 188 86.20 0.15050837 15.44584 1580.416 

 
Alt-Univ 59 83.10 -0.0823715 -8.45333 420.1112 

 4 13 
Traditional 

Alt-Univ to 

all other 

groups 

2,203 51.10 -0.0320166 -0.60962 8816.267 6.17977E-07 

Alt-Non  1,841 52.80 0.03612618 0.687873 7387.166 

 
Post Bacc 140 50.00 -0.0761091 -1.44918 560 

 
Alt-Univ 32 62.50 0.42494140 8.091245 136.5333 

 5 13 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

2,219 52.50 0.09291849 1.129053 8898.245 2.78385E-69 

Alt-Non  1,858 46.40 -0.1524915 -1.85292 7470.728 

 
Post Bacc 122 63.10 0.51936880 6.310855 523.9672 

 
Alt-Univ 33 57.60 0.29809741 3.622184 135.1218 

 6 13 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

2,546 75.70 0.09115299 5.253219 13840.64 2.4427E-76 

Alt-Non  1,970 71.10 -0.1474978 -8.50041 9587.354 

 
Post Bacc 152 77.00 0.15859779 9.140116 858.2721 

 
Alt-Univ 56 75.00 0.05483656 3.160274 298.6666 

 7 13 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

2,527 88.30 0.24579600 2.186032 24460.12 < 0.01* 

Alt-Non  2,054 78.30 -0.5082870 -4.52054 12088.68 

 
Post Bacc 156 85.90 0.06481607 0.576453 1287.989 

 
Alt-Univ 45 86.70 0.12514271 1.112979 390.2489 

 8 13 
Traditional 

Traditional 

to all other 
groups 

1,896 27.80 0.10872541 3.022098 9446.182 4.16246E-50 

Alt-Non  1,573 23.90 -0.0952665 -2.64799 8648.607 

 
Post Bacc 119 22.70 -0.1580332 -4.39264 678.1747 

 
Alt-Univ 42 19.00 -0.3515640 -9.77196 272.9044 

 9 13 
Traditional 

Alt-Univ to 

all other 
groups 

1,572 32.20 -0.0427017 -1.25562 7200.571 0.01669228 

Alt-Non  1,360 34.60 0.06565944 1.930683 6010.146 

 
Post Bacc 103 28.20 -0.2233036 -6.56613 508.7022 
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Alt-Univ 29 37.90 0.21465606 6.311856 123.2160 

 10 13 
Traditional 

Post Bacc 

to all other 
groups 

1,896 45.50 0.08847599 1.326831 7645.932 1.05457E-24 

Alt-Non  1,573 40.00 -0.1364900 -2.04687 6554.166 

 
Post Bacc 119 54.60 0.46069262 6.908782 480.0632 

 
Alt-Univ 42 42.90 -0.0178716 -0.26801 171.4572 

 11 13 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,588 63.20 0.21392885 3.381160 6827.875 2.9891E-173 

Alt-Non  1,377 51.20 -0.2855335 -4.51287 5511.174 

 
Post Bacc 85 64.70 0.27636166 4.367915 372.1687 

 
Alt-Univ 30 60.00 0.08073888 1.276083 125 

 12 13 
Traditional 

Traditional 

to all other 
groups 

1,588 67.80 -0.0593149 -1.89948 7273.859 6.80689E-13 

Alt-Non  1,377 70.10 0.04836503 1.548831 6569.687 

 
Post Bacc 85 71.80 0.12795457 4.097589 419.8028 

 
Alt-Univ 30 76.70 0.35735971 11.44401 167.8687 

 13 13 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,921 68.70 0.06194414 5.290548 8933.595 1.23378E-24 

Alt-Non  1,495 65.20 -0.0973022 -8.31043 6588.921 

 
Post Bacc 110 70.90 0.16204186 13.83973 533.1549 

 
Alt-Univ 40 67.50 0.00734539 0.627358 182.3361 

 14 13 
Traditional 

Trad & Post 

Bacc to Alt 

Certs  

1,588 69.60 0.17479006 2.319509 7505.293 1.5789E-120 

Alt-Non  1,377 60.60 -0.2266156 -3.00724 5767.201 

 
Post Bacc 85 68.20 0.11234918 1.490902 391.9290 

 
Alt-Univ 30 56.70 -0.4005580 -5.31550 122.1941 

 15 13 
Traditional 

Traditional 

to all other 
groups 

1,572 80.60 0.26739189 3.232708 10053.46 < 0.01* 

Alt-Non  1,360 67.70 -0.4285836 -5.18148 6219.388 

 
Post Bacc 103 74.80 -0.0455273 -0.55041 546.4306 

 
Alt-Univ 29 75.90 0.01381940 0.167073 158.5401 

 16 13 
Traditional 

Traditional 

to all other 
groups 

1,572 87.90 0.20245373 3.667897 14780.13 < 0.01* 

Alt-Non  1,360 81.00 -0.3348539 -6.06662 8836.907 

 
Post Bacc 103 85.40 0.00777702 0.140898 826.0883 

 
Alt-Univ 29 82.80 -0.1946867 -3.52718 203.6288 

 17 13 
Traditional 

Traditional 

to all other 
groups 

1,896 98.50 0.16619507 2.637840 128324.8 < 0.01* 

Alt-Non  1,573 97.60 -0.3154376 -5.00661 67153.34 

 
Post Bacc 119 98.30 0.05916558 0.939073 7121.058 

 
Alt-Univ 42 97.60 -0.3154376 -5.00661 1793.032 

 18 13 
Traditional 

Traditional 

to all other 
groups 

625 36.50 0.22126983 5.681307 2696.580 2.9086E-59 

Alt-Non  475 26.70 -0.2329583 -5.98142 2427.048 

 
Post Bacc 42 28.60 -0.1448937 -3.72028 205.6766 

 
Alt-Univ 16 31.30 -0.0197492 -0.50707 74.40787 

 19 13 
Traditional 

Alt-Univ to 

all other 

groups 

625 56.50 -0.0178862 -0.31793 2542.976 2.50299E-05 

Alt-Non  475 56.60 -0.0138034 -0.24535 1933.692 

 
Post Bacc 42 61.90 0.20258404 3.600963 178.0875 
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Alt-Univ 16 68.80 0.48429612 8.60844 74.53786 

 20 13 
Traditional 

Traditional 

to all other 
groups 

625 64.30 0.07182222 8.759286 2722.706 2.35444E-08 

Alt-Non  475 60.60 -0.0864251 -10.5402 1989.412 

 
Post Bacc 42 59.50 -0.1334717 -16.2779 174.2919 

 
Alt-Univ 16 62.50 -0.0051630 -0.62966 68.26666 

 21 13 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

631 97.00 0.16303224 0.517661 21683.84 < 0.01* 

Alt-Non  481 95.00 -0.3831771 -1.21666 10126.31 
 

Post Bacc 37 97.30 0.24496364 0.777810 1408.397 
 

Alt-Univ 3 100.00 0.98234630 3.119152 0 
 22 14 

Traditional 
Trad & Post 

Bacc to Alt 

Certs 

5,081 75.00 0.20113597 2.909517 27098.66 < 0.01* 

Alt-Non  4,232 64.40 -0.3137811 -4.53897 18459.06 
 

Post Bacc 298 75.80 0.23999764 3.471667 1624.544 
 

Alt-Univ 99 68.70 -0.1048996 -1.51741 460.3987 
 23 14 

Traditional 
Traditional 

to all other 

groups 

3,468 72.40 0.07168563 1.360075 17355.27 1.63357E-43 

Alt-Non  2,933 69.20 -0.0835389 -1.58496 13761.16 
 

Post Bacc 222 71.60 0.03287948 0.623815 1091.746 
 

Alt-Univ 71 62.00 -0.4327943 -8.21130 301.3582 
 24 14 

Traditional 
Alt-Non 

Univ to all 

other 
groups 

3,160 78.10 0.15751817 3.664828 18475.31 1.5953E-261 

Alt-Non  2,737 70.80 -0.2326404 -5.41262 13239.10 
 

Post Bacc 188 76.60 0.07734859 1.799597 1048.849 
 

Alt-Univ 59 79.70 0.24303239 5.654408 364.668 
 25 14 

Traditional 
Traditional 

to all other 

groups 

3,160 81.60 -0.0737623 -1.52054 21046.46 8.96956E-51 

Alt-Non  2,737 83.20 0.03744057 0.771806 19581.33 
 

Post Bacc 188 88.80 0.42665078 8.795049 1890.283 
 

Alt-Univ 59 83.10 0.03049039 0.628534 420.1112 
 26 14 

Traditional 
Alt-Non 

Univ to all 

other 
groups 

2,546 64.70 0.13961142 4.423990 11147.55 6.2999E-123 
Alt-Non 

Univ 1,970 56.60 -0.2040060 -6.46451 8019.73 

 
Post Bacc 152 62.50 0.04628322 1.466617 648.5333 

 
Alt-Univ 56 66.10 0.19900209 6.305954 249.9118 

 27 14 
Traditional 

Traditional 
to all other 

groups 

2,521 86.80 0.13988608 3.732178 22002.86 5.3157E-227 

Alt-Non  2,048 82.50 -0.1940203 -5.17648 14185.28 

 
Post Bacc 161 82.60 -0.1862551 -4.96931 1120.202 

 
Alt-Univ 58 81.00 -0.3104993 -8.28416 376.8681 

 28 14 
Traditional 

Trad & Post 
Bacc to Alt 

Certs 

2,546 90.30 0.19202091 2.215776 29066.91 < 0.01* 

Alt-Non  1,970 84.00 -0.3936037 -4.54189 14657.73 

 
Post Bacc 152 90.10 0.173429656 2.0012478 1704.055 

 
Alt-Univ 56 85.70 -0.2355780 -2.71839 456.9526 

 29 14 
Traditional 

Post Bacc 

to all other 

groups 

1,921 41.30 0.04779295 0.870040 7923.904 8.90874E-13 

Alt-Non  1,495 38.30 -0.0772480 -1.40625 6326.408 

 
Post Bacc 110 48.20 0.33538729 6.105514 440.5709 
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Alt-Univ 40 35.00 -0.2147931 -3.91017 175.8241 

 30 14 
Traditional 

Traditional 

to all other 
groups 

1,588 41.90 0.05504510 3.693573 6523.194 2.12321E-10 

Alt-Non  1,377 39.50 -0.0445732 -2.99090 5762.109 

 
Post Bacc 85 35.30 -0.2189052 -14.6887 372.1687 

 
Alt-Univ 30 36.70 -0.1607945 -10.7894 129.1372 

 31 14 
Traditional 

Traditional 

to all other 
groups 

1,896 45.90 0.15665178 1.771124 7635.34 4.96234E-85 

Alt-Non  1,573 38.30 -0.1569419 -1.77440 6656.482 

 
Post Bacc 119 40.30 -0.0744172 -0.84137 494.6153 

 
Alt-Univ 42 28.60 -0.5571866 -6.29962 205.6766 

 32 14 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,588 51.60 0.05993600 0.856570 6358.511 1.07555E-18 

Alt-Non  1,377 47.90 -0.0883752 -1.26300 5517.733 

 
Post Bacc 85 52.90 0.11204536 1.601287 341.1476 

 
Alt-Univ 30 63.30 0.52892022 7.559021 129.1372 

 33 14 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,572 59.70 0.04645144 2.828931 6533.910 3.56349E-13 

Alt-Non  1,360 56.80 -0.0731944 -4.45760 5542.514 

 
Post Bacc 103 64.10 0.22798313 13.88436 447.5945 

 
Alt-Univ 29 58.60 0.00106851 0.065073 119.5363 

 34 14 
Traditional 

Alt-Non 

Univ to all 

other 

groups 

1,896 74.60 7.66816655 0.168504 10006.12 < 0.01* 

Alt-Non  1,573 65.70 11.1317703 -0.26585 6980.222 

 
Post Bacc 119 74.80 0.53283744 0.178265 631.3131 

 
Alt-Univ 42 76.20 0.34134840 0.246591 231.5887 

 35 14 
Traditional 

Traditional 

to all other 
groups 

1,588 97.10 0.24146860 1.493409 56394.04 < 0.01* 

Alt-Non  1,377 93.80 -0.5320959 -3.29085 23677.69 

 
Post Bacc 85 94.10 -0.4617719 -2.85591 1531.007 

 
Alt-Univ 30 93.30 -0.6493027 -4.01573 479.9155 

 36 14 
Traditional 

Trad & Post 

Bacc to Alt 
Certs 

631 54.00 0.16243714 0.632592 2540.257 6.56639E-48 

Alt-Non  481 43.90 -0.2464378 -0.95972 1953.069 

 
Post Bacc 37 62.20 0.49439502 1.925364 157.3691 

 
Alt-Univ 3 33.30 -0.6755540 -2.63086 13.50676 

 37 14 
Traditional 

Alt-Univ to 

all other 
groups 

631 80.80 -0.8677577 -1.82886 4067.398 
NA - Small 

Data Set Alt-Non  481 71.30 -1.4132141 -2.97845 2350.572 

Post Bacc 37 86.50 -0.5404838 -1.13910 316.8486 
 

Alt-Univ 3 100.00 0.23406428 0.493307 0 
 38 14 

Traditional 
Trad & Post 

Bacc to Alt 

Certs 

631 81.80 0.19308593 0.105150 4238.426 1.3738E-102 

Alt-Non  481 72.80 -0.3371811 -0.18362 2429.096 
 

Post Bacc 37 81.10 0.15184293 0.082690 241.3898 
 

Alt-Univ 3 33.30 -2.6644645 -1.45100 13.50676 
 39 14 

Traditional 
Trad & Post 

Bacc to Alt 

Certs 

631 87.50 0.35243298 0.909952 5769.142 < 0.01* 

Alt-Non  481 68.00 -0.8913293 -2.30133 2210.477 
 

Post Bacc 37 78.40 -0.2279894 -0.58864 218.4901 
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Alt-Univ 3 66.70 -0.9742468 -2.51542 13.50676 

 40 14 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

631 88.10 0.11389366 0.326452 6018.752 1.8386E-79 

Alt-Non  481 83.80 -0.2552097 -0.73150 3543.121 

 
Post Bacc 37 91.90 0.44007808 1.261393 497.0512 

 
Alt-Univ 3 100.00 1.13536592 3.254292 0 

 41 14 
Traditional 

Post Bacc 

to all other 
groups 

625 92.20 -0.0066589 -0.03442 8690.694 2.50375E-37 

Alt-Non  475 92.00 -0.0343700 -0.17768 6453.804 

 
Post Bacc 42 95.20 0.40900695 2.114478 919.1176 

 
Alt-Univ 16 87.50 -0.6578689 -3.40104 146.2857 

 42 15 
Traditional 

Alt-Non 

Univ to all 
other 

groups  

6,030 66.80 0.04065574 4.973832 27189.59 2.12033E-28 

Alt-Non  4,920 64.60 -0.0572568 -7.00481 21514.40 

 
Post Bacc 356 66.30 0.01840288 2.251413 1593.333 

 
Alt-Univ 128 69.50 0.16082114 19.67489 603.8447 

 43 15 
Traditional 

Traditional 

to all other 
groups 

4,099 71.00 0.27525671 1.193791 19907.72 < 0.01* 

Alt-Non  3,414 57.00 -0.3479772 -1.50918 13929.00 

 
Post Bacc 259 57.10 -0.3435256 -1.48987 1057.319 

 
Alt-Univ 74 44.60 -0.8999845 -3.90324 299.4932 

 44 15 
Traditional 

Traditional 

to all other 

groups 

3,493 83.10 0.20066244 3.481959 24872.00 < 0.01* 

Alt-Non  2,855 74.40 -0.3335859 -5.78849 14989.70 

 
Post Bacc 213 80.80 0.05942435 1.031150 1372.988 

 
Alt-Univ 69 76.80 -0.1862071 -3.23112 387.2575 

 45 15 
Traditional 

Trad & Post 

Bacc to Alt 
Certs 

1,572 54.50 -0.0753051 -12.1155 6339.348 8.45712E-18 

Alt-Non  1,360 58.40 0.08347295 13.42957 5597.997 

 
Post Bacc 103 56.30 -0.0020229 -0.32546 418.6464 

 
Alt-Univ 29 58.60 0.09161542 14.73957 119.5363 

 46 15 
Traditional 

Trad & Post 

Bacc to Alt 
Certs 

1,921 56.40 0.07478213 0.641378 7811.991 2.50276E-29 

Alt-Non  1,495 52.20 -0.0951049 -0.81568 5991.599 

 
Post Bacc 110 59.10 0.18399528 1.578059 455.0738 

 
Alt-Univ 40 40.00 -0.5885866 -5.04808 166.6666 

 47 15 
Traditional 

Traditional 

to all other 
groups 

1,921 56.40 0.12648093 7.166478 7811.991 2.13509E-61 

Alt-Non  1,495 49.50 -0.1519885 -8.61175 5980.598 

 
Post Bacc 110 50.00 -0.1318095 -7.46840 440 

 
Alt-Univ 40 50.00 -0.1318095 -7.46840 160 

 48 15 
Traditional 

Alt-Univ to 

all other 
groups 

1,588 58.10 -0.0161934 -0.59133 6523.194 7.77598E-05 

Alt-Non  1,377 58.50 0.00028835 0.01053 5671.918 
 

Post Bacc 85 62.40 0.16098644 5.878752 362.2817 
 

Alt-Univ 30 66.70 0.33816638 12.34884 135.0676 
 49 15 

Traditional 
Traditional 

to all other 

groups 

1,896 69.00 0.38502882 0.894754 8863.955 < 0.01* 

Alt-Non  1,573 48.60 -0.4998999 -1.16169 6296.936 
 

Post Bacc 119 58.00 -0.0921386 -0.21411 488.5057 
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Alt-Univ 42 33.30 -1.1635964 -2.70404 189.0946 

 50 15 
Traditional 

Traditional 

to all other 
groups 

1,921 81.10 0.14321124 2.916448 12532.70 3.6608E-137 

Alt-Non  1,495 75.10 -0.2129495 -4.33664 7994.695 

 
Post Bacc 110 78.20 -0.0289331 -0.58921 645.2521 

 
Alt-Univ 40 72.50 -0.3672859 -7.47965 200.6269 

 51 15 
Traditional 

Traditional 

to all other 
groups 

1,896 86.60 0.22871069 0.421750 16338.63 < 0.01* 

Alt-Non  1,573 78.30 -0.3547583 -0.65418 9257.787 

 
Post Bacc 119 79.80 -0.2493121 -0.45973 738.2317 

 
Alt-Univ 42 61.90 -1.5076370 -2.78013 178.0875 

 52 15 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,588 92.00 0.11146045 1.728164 21576.08 < 0.01* 

Alt-Non  1,377 89.30 -0.2145996 -3.32731 14411.15 

 
Post Bacc 85 94.10 0.36506278 5.660200 1531.007 

 
Alt-Univ 30 93.30 0.26845237 4.162282 479.9155 

 53 15 
Traditional 

Traditional 

to all other 
groups  

1,588 97.90 0.19484851 3.022562 77241.11 < 0.01* 

Alt-Non  1,377 96.40 -0.3534328 -5.48258 39678.42 

 
Post Bacc 85 96.50 -0.3168807 -4.91557 2516.654 

 
Alt-Univ 30 96.70 -0.2437765 -3.78155 940.1146 

 54 15 
Traditional 

Alt-Non 

Univ to all 

other 

groups  

631 37.10 0.17581204 0.306302 2703.988 1.10232E-48 

Alt-Non  481 28.30 -0.2229679 -0.38845 2370.497 

 
Post Bacc 37 37.80 0.20753318 0.361568 157.3691 

 
Alt-Univ 3 66.70 1.51716302 2.643228 13.50676 

 55 15 
Traditional 

Traditional 

to all other 
groups 

631 46.60 0.08483435 1.379237 2535.725 2.7056E-10 

Alt-Non  481 41.80 -0.1099450 -1.78748 1977.178 
 

Post Bacc 37 45.90 0.05642903 0.917423 149.0018 
 

Alt-Univ 3 33.30 -0.4548667 -7.39522 13.50676 
 56 15 

Traditional 
Alt-Univ to 

all other 

groups 

625 85.00 0.19909556 0.735405 4901.960 2.75615E-39 

Alt-Non  475 74.90 -0.4640018 -1.71389 2526.609 
 

Post Bacc 42 81.00 -0.0635172 -0.23461 272.9044 

 
Alt-Univ 16 93.80 0.77684381 2.869450 275.1220 

 57 15 
Traditional 

Traditional 

to all other 

groups 

625 85.60 0.10101410 0.898218 5070.418 1.35481E-28 

Alt-Non  475 82.70 -0.1163978 -1.03501 3320.029 
 

Post Bacc 42 81.00 -0.2438462 -2.16828 272.9044 
 

Alt-Univ 16 75.00 -0.6936640 -6.16807 85.33333 
 58 15 

Traditional 
Trad & Post 

Bacc to Alt 

Certs 

631 97.50 0.21429187 0.414547 25887.17 < 0.01* 

Alt-Non  481 95.00 -0.5035862 -0.97418 10126.31 
 

Post Bacc 37 94.60 -0.6184466 -1.19638 724.2972 
 

Alt-Univ 3 100.00 0.93216995 1.803283 0 
 59 16 

Traditional 
Traditional 

to all other 

groups 

3,817 69.70 0.13787176 6.214182 18073.68 5.1623E-170 

Alt-Non  3,068 62.50 -0.1869647 -8.42691 13090.13 
 

Post Bacc 229 66.80 0.00703481 0.317074 1032.573 
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Alt-Univ 82 63.40 -0.1463602 -6.59677 353.3812 

 60 16 
Traditional 

Traditional 

to all other 
groups 

4,118 81.50 0.44108388 1.237483 27312.22 < 0.01* 

Alt-Non  3,330 55.90 -0.8776154 -2.46219 13508.08 

 
Post Bacc 255 73.30 0.01868801 0.052430 1302.941 

 
Alt-Univ 85 61.20 -0.6046034 -1.69624 357.9610 

 61 16 
Traditional 

Trad & Post 

Bacc to Alt 
Certs 

3,160 65.80 0.04081393 0.902549 14042.19 1.89987E-19 

Alt-Non  2,737 63.60 -0.0557835 -1.23358 11822.69 

 
Post Bacc 188 69.10 0.18571017 4.106752 880.4837 

 
Alt-Univ 59 57.60 -0.3192312 -7.05940 241.5815 

 62 16 
Traditional 

Traditional 

to all other 
groups 

3,152 79.00 0.28418236 2.655080 18999.39 < 0.01* 

Alt-Non  2,529 64.60 -0.4542743 -4.24422 11058.92 

 
Post Bacc 198 66.70 -0.3465827 -3.23807 891.4461 

 
Alt-Univ 61 68.90 -0.2337629 -2.18401 284.6755 

 63 16 
Traditional 

Traditional 

to all other 
groups 

2,546 61.70 0.20143458 4.951133 10773.93 1.5366E-214 

Alt-Non  1,970 50.40 -0.2645047 -6.50135 7880.504 

 
Post Bacc 152 53.30 -0.1449273 -3.56222 610.6600 

 
Alt-Univ 56 57.10 0.01176016 0.289057 228.6096 

 64 16 
Traditional 

Traditional 

to all other 

groups 

2,546 86.40 0.10703228 4.312360 21667.34 2.3997E-131 

Alt-Non  1,970 83.10 -0.1506690 -6.07049 14027.44 

 
Post Bacc 152 82.20 -0.2209511 -8.90218 1038.847 

 
Alt-Univ 56 85.70 0.05236837 2.109936 456.9526 

 65 16 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,588 33.50 0.12312960 4.256717 7128.268 6.13736E-61 

Alt-Non  1,377 27.80 -0.1442816 -4.98796 6860.439 

 
Post Bacc 85 36.50 0.26387238 9.122339 366.7349 

 
Alt-Univ 30 33.30 0.11374675 3.932342 135.0676 

 66 16 
Traditional 

Traditional 

to all other 
groups 

1,896 72.90 0.09840124 3.973873 9597.133 2.83114E-46 

Alt-Non  1,573 68.70 -0.1051405 -4.24603 7315.224 

 
Post Bacc 119 65.50 -0.2602200 -10.5088 526.6069 

 
Alt-Univ 42 66.70 -0.2020652 -8.16027 189.0946 

 67 16 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,572 79.80 0.14874934 5.140323 9752.103 3.2719E-122 

Alt-Non 

Univ 1,360 73.30 -0.2189403 -7.56590 6949.02 
 

Post Bacc 103 78.60 0.08086817 2.794557 612.3516 
 

Alt-Univ 29 79.30 0.12046552 4.162920 176.6666 
 68 16 

Traditional 
Traditional 

to all other 

groups 

1,896 90.20 0.18295034 1.408293 21448.93 < 0.01* 
Alt-Non 

Univ 1,573 85.40 -0.2682333 -2.06477 12615.89 

 
Post Bacc 119 84.00 -0.3998286 -3.07775 885.4166 

 
Alt-Univ 42 81.00 -0.6818184 -5.24842 272.9044 

 69 16 
Traditional 

Traditional 

to all other 

groups 

1,588 95.70 0.27130701 0.837860 38589.58 < 0.01* 

Alt-Non 
Univ 1,377 89.50 -0.6544894 -2.02122 14652.83 

 
Post Bacc 85 89.40 -0.6694216 -2.06733 896.9650 

 



 

 

127 

 

Alt-Univ 30 86.70 -1.0725911 -3.31241 260.1659 

 70 16 
Traditional 

Post Bacc 

to all other 
groups 

631 45.80 0.00291676 0.038701 2541.935 0.152148784 

Alt-Non 

Univ 481 45.50 -0.0091746 -0.12173 1939.711 
 

Post Bacc 37 48.60 0.11577023 1.536128 148.1161 
 

Alt-Univ 3 33.30 -0.5008933 -6.64623 13.50676 
 71 16 

Traditional 
Alt-Univ to 

all other 

groups 

631 56.10 0.02869620 0.137207 2562.134 0.00099055 
Alt-Non 

Univ 481 54.50 -0.0361086 -0.17264 1939.711 

 
Post Bacc 37 56.80 0.05704831 0.272768 150.7889 

 
Alt-Univ 3 33.30 -0.8947725 -4.27823 13.50676 

 72 16 
Traditional 

Traditional 
to all other 

groups 

625 68.80 0.16057412 1.144806 2911.635 1.76535E-39 

Alt-Non 
Univ 475 60.20 -0.2205557 -1.57244 1982.503 

 
Post Bacc 42 66.70 0.06750752 0.481292 189.0946 

 
Alt-Univ 16 50.00 -0.6725934 -4.79522 64 

 73 16 
Traditional 

Alt-Univ to 

all other 
groups  

631 76.10 0.0421587 0.08081 3469.339 

NA - Small 

Data Set 

Alt-Non 

Univ 481 74.60 -0.0387277 -0.07423 2538.472 

Post Bacc 37 70.30 -0.2706023 -0.51871 177.2107 
 

Alt-Univ 3 100.00 1.33095008 2.551301 0 
 74 17 

Traditional 
Traditional 

to all other 

groups 

3,493 78.00 0.21634299 0.963713 20355.47 < 0.01* 
Alt-Non 

Univ 2,855 67.40 -0.3317364 -1.47774 12993.57 

 
Post Bacc 213 76.10 0.11810234 0.526094 1171.108 

 
Alt-Univ 69 58.00 -0.8177690 -3.64280 283.2512 

 75 17 
Traditional 

Trad & Post 
Bacc to Alt 

Certs 

2,527 55.20 0.08070878 5.769457 10218.52 1.20715E-39 

Alt-Non  2,054 50.50 -0.1084826 -7.75487 8216.821 

 
Post Bacc 156 56.40 0.12901298 9.222477 634.3939 

 
Alt-Univ 45 51.10 -0.0843305 -6.02836 180.0871 

 76 17 
Traditional 

Traditional 
to all other 

groups 

2,527 75.20 0.0598348 0.897914 13549.88 6.17442E-25 

Alt-Non  2,054 72.70 -0.0702573 -1.05432 10349.11 

 
Post Bacc 156 74.40 0.01820532 0.273199 819.0524 

 
Alt-Univ 45 64.40 -0.5021632 -7.53574 196.2802 

 77 17 
Traditional 

Traditional 
to all other 

groups 

1,896 45.30 0.13263612 9.115644 7651.609 7.40883E-62 

Alt-Non  1,573 38.30 -0.1557968 -10.7074 6656.482 

 
Post Bacc 119 42.90 0.03374483 2.319171 485.7955 

 
Alt-Univ 42 42.90 0.03374483 2.319171 171.4572 

 78 17 
Traditional 

Post Bacc 
to all other 

groups 

1,921 45.40 0.06840903 1.697927 7749.592 4.65155E-10 

Alt-Non  1,495 41.20 -0.1026711 -2.54832 6171.157 

 
Post Bacc 110 50.90 0.29244265 7.258490 440.1426 

 
Alt-Univ 40 40.00 -0.1515512 -3.76153 166.6666 

 79 17 
Traditional 

Alt-Univ to 
all other 

groups 

1,572 50.30 0.19101697 0.690401 6288.226 1.09578E-28 

Alt-Non  1,360 40.50 -0.2084364 -0.75336 5643.739 
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Post Bacc 103 52.40 0.27661413 0.999778 412.9514 

 
Alt-Univ 29 24.10 -0.8769095 -3.16945 158.5401 

 80 17 
Traditional 

Traditional 

to all other 
groups 

1,896 52.70 0.14485926 8.072610 7606.179 2.23145E-74 

Alt-Non  1,573 44.80 -0.1731245 -9.64775 6360.798 

 
Post Bacc 119 49.60 0.02008080 1.119048 476.0304 

 
Alt-Univ 42 47.60 -0.0604214 -3.36712 168.3879 

 81 17 
Traditional 

Post Bacc 

to all other 
groups 

1,921 57.30 0.08104000 3.511805 7851.359 3.39138E-05 

Alt-Non  1,495 52.40 -0.1176846 -5.09977 5993.809 

 
Post Bacc 110 60.00 0.19054134 8.256960 458.3333 

 
Alt-Univ 40 52.50 -0.1136290 -4.92402 160.401 

 82 17 
Traditional 

Traditional 

to all other 
groups 

1,572 62.40 0.20895473 2.599166 6700.081 8.1369E-137 

Alt-Non  1,360 51.10 -0.2585571 -3.21616 5442.634 

 
Post Bacc 103 60.20 0.11793471 1.466977 429.8903 

 
Alt-Univ 29 48.30 -0.3744008 -4.65713 116.1342 

 83 17 
Traditional 

Traditional 

to all other 
groups 

1,896 64.70 0.16148678 6.061747 8301.553 1.6914E-104 

Alt-Non  1,573 56.10 -0.2018005 -7.57500 6387.065 

 
Post Bacc 119 58.00 -0.1215393 -4.56223 488.5057 

 
Alt-Univ 42 61.90 0.04320719 1.621873 178.0875 

 84 17 
Traditional 

Alt-Univ to 

all other 
groups 

1,921 82.30 0.23036801 0.557006 13187.25 1.35234E-43 

Alt-Non  1,495 71.00 -0.4276988 -1.03413 7260.806 

 
Post Bacc 110 83.60 0.30607482 0.740057 802.3106 

 
Alt-Univ 40 60.00 -1.0682949 -2.58302 166.6666 

 85 17 
Traditional 

Traditional 

to all other 
groups 

1,921 87.40 0.1722215 1.717760 17443.97 6.0324E-293 

Alt-Non  1,495 81.70 -0.2717952 -2.71092 9999.264 

 
Post Bacc 110 82.70 -0.1938975 -1.93396 768.8490 

 
Alt-Univ 40 77.50 -0.5989655 -5.97416 229.3906 

 86 17 
Traditional 

Post Bacc 

to all other 
groups 

1,921 89.40 0.18332704 1.086679 20271.41 4.32966E-53 

Alt-Non  1,495 82.70 -0.3994263 -2.36761 10449.35 

 
Post Bacc 110 91.80 0.39207454 2.324040 1461.289 

 
Alt-Univ 40 82.50 -0.4168220 -2.47073 277.0562 

 87 17 
Traditional 

Alt-Univ to 

all other 
groups 

1,588 91.10 0.13835046 0.786770 19585.83 < 0.01* 

Alt-Non  1,377 87.10 -0.2840475 -1.61532 12255.36 

 
Post Bacc 85 90.60 0.08555072 0.486509 998.0743 

 
Alt-Univ 30 96.70 0.72970763 4.149697 940.114 

 88 17 
Traditional 

Traditional 

to all other 
groups 

1,588 96.30 0.22598437 1.553619 44567.93 < 0.01* 

Alt-Non  1,377 93.00 -0.4318860 -2.96917 21152.07 

 
Post Bacc 85 91.80 -0.6711116 -4.61382 1129.178 

 
Alt-Univ 30 93.30 -0.3720796 -2.55800 479.9155 

 89 17 
Traditional 

Traditional 

to all other 
groups 

1,588 97.00 0.22280662 1.167973 54570.44 < 0.01* 

Alt-Non  1,377 94.00 -0.4955897 -2.59792 24414.89 
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Post Bacc 85 96.50 0.10307389 0.540323 2516.654 

 
Alt-Univ 30 93.30 -0.6632155 -3.47663 479.9155 

 90 17 
Traditional 

Traditional 

to all other 
groups 

625 53.10 0.15792289 4.346807 2509.647 2.72322E-31 

Alt-Non  475 44.60 -0.1846776 -5.08322 1922.423 

 
Post Bacc 42 42.90 -0.2531977 -6.96923 171.4572 

 
Alt-Univ 16 50.00 0.03297447 0.907618 64 

 91 17 
Traditional 

Alt-Univ to 

all other 
groups 

631 60.70 0.19486600 1.804035 2645.136 4.89783E-48 

Alt-Non  481 49.70 -0.2566082 -2.37563 1924.069 

 
Post Bacc 37 51.40 -0.1868349 -1.72968 148.1161 

 
Alt-Univ 3 66.70 0.44112471 4.083854 1.497751 

 92 17 
Traditional 

Traditional 

to all other 
groups 

625 70.20 0.30976078 2.235566 2987.628 1.11575E-50 

Alt-Non  475 53.10 -0.4423962 -3.19280 1907.331 

 
Post Bacc 42 52.40 -0.4731863 -3.41501 168.3879 

 
Alt-Univ 16 62.50 -0.0289298 -0.20878 68.26666 

 93 17 
Traditional 

Alt-Univ to 

all other 
groups 

625 82.90 0.25433376 0.713467 4408.891 6.82528E-15 

Alt-Non  475 69.90 -0.5054644 -1.41794 2257.613 
 

Post Bacc 42 83.30 0.27771216 0.779049 301.9171 
 

Alt-Univ 16 62.50 -0.9379649 -2.63121 68.26666 
 94 17 

Traditional 
Alt-Univ to 

all other 

groups 

631 84.20 0.31505603 0.386448 4743.077 
NA - Small 

Data Set Alt-Non  481 68.20 -0.6235947 -0.76490 2217.857 

Post Bacc 37 67.60 -0.6587941 -0.80807 168.9312 
 

Alt-Univ 3 100.00 1.24197367 1.523406 
  95 17 

Traditional 
Traditional 

to all other 

groups 

625 96.80 0.22748213 0.100878 20176.91 < 0.01* 

Alt-Non  475 93.10 -0.562666 -0.24951 7394.262 
 

Post Bacc 42 95.20 -0.1142036 -0.05064 919.1176 
 

Alt-Univ 16 81.30 -3.0825992 -1.36699 105.2416 
 96 18 

Traditional 
Traditional 

to all other 

groups  

5,706 61.60 0.22329288 1.543436 24122.36 < 0.01* 

Alt-Non  4,707 49.50 -0.2753851 -1.90350 18829.88 

 
Post Bacc 340 57.90 0.07080456 0.489412 1394.820 

 
Alt-Univ 115 40.90 -0.6298174 -4.3534 475.7590 

 97 18 
Traditional 

Traditional 

to all other 

groups 

4,724 57.80 0.22001844 2.543321 19367.32 < 0.01* 

Alt-Non  3,889 45.80 -0.2679326 -3.09718 15666.54 
 

Post Bacc 301 54.20 0.07363312 0.851168 1212.555 
 

Alt-Univ 90 42.20 -0.4143179 -4.78934 368.9794 
 98 18 

Traditional 
Alt-Univ to 

all other 

groups 

5,081 69.60 0.02916603 0.957713 24014.10 9.08324E-14 

Alt-Non  4,232 68.10 -0.0409378 -1.34425 19480.84 
 

Post Bacc 298 67.80 -0.0549585 -1.80465 1364.993 
 

Alt-Univ 99 75.80 0.31892860 10.47253 539.6977 

 99 18 
Traditional 

Traditional 

to all other 

groups 

3,817 90.40 0.29655123 0.990917 43982.76 < 0.01* 

Alt-Non  3,068 78.30 -0.6695998 -2.23744 18056.51 
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Post Bacc 229 82.50 -0.3342415 -1.11685 1586.147 

 
Alt-Univ 82 74.40 -0.9810038 -3.27799 430.5275 

 100 18 
Traditional 

Traditional 

to all other 
groups 

2,527 79.90 -0.0868665 -8.33193 15734.84 1.0684E-53 

Alt-Non  2,054 82.60 0.08986587 8.619618 14291.28 

 
Post Bacc 156 82.70 0.09641152 9.247453 1090.367 

 
Alt-Univ 45 80.00 -0.0803209 -7.70410 281.25 

 101 18 
Traditional 

Trad & Post 

Bacc to Alt 
Certs 

2,219 85.20 0.17156439 2.922827 17597.70 3.2416E-305 

Alt-Non  1,858 78.70 -0.2772957 -4.72410 11083.86 

 
Post Bacc 122 84.40 0.11632007 1.981667 926.6010 

 
Alt-Univ 33 78.80 -0.2703901 -4.60645 197.5385 

 102 18 
Traditional 

Trad & Post 

Bacc to Alt 
Certs 

2,213 88.90 0.35780131 0.697454 22426.25 < 0.01* 

Alt-Non  1,852 69.20 -0.9572454 -1.86593 8689.287 

 
Post Bacc 127 89.00 0.36447667 0.710466 1297.242 

 
Alt-Univ 46 71.70 -0.7903613 -1.54063 226.7003 

 103 18 
Traditional 

Traditional 

to all other 
groups 

1,588 48.30 0.13046246 3.476335 6359.351 7.36229E-50 

Alt-Non  1,377 41.90 -0.1291390 -3.44107 5656.447 

 
Post Bacc 85 41.20 -0.1575329 -4.19766 350.8685 

 
Alt-Univ 30 36.70 -0.3400652 -9.06146 129.1372 

 104 18 
Traditional 

Traditional 

to all other 
groups 

1,896 58.80 0.10851030 2.837936 7826.431 1.84345E-44 

Alt-Non  1,573 53.50 -0.1074484 -2.81016 6322.982 

 
Post Bacc 119 50.40 -0.2337640 -6.11377 476.0304 

 
Alt-Univ 42 47.60 -0.3478554 -9.09767 168.3879 

 105 18 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,572 64.40 0.21550899 2.775773 6856.724 3.7346E-188 

Alt-Non  1,360 52.10 -0.3011293 -3.87856 5449.613 

 
Post Bacc 103 66.00 0.28271397 3.641378 459.0017 

 
Alt-Univ 29 65.50 0.26171242 3.3708768 128.3327 

 106 18 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

1,572 70.10 0.13394066 2.282401 7500.035 9.525E-99 

Alt-Non  1,360 62.50 -0.2118372 -3.60979 5802.666 

 
Post Bacc 103 74.80 0.34777700 5.926257 546.4306 

 
Alt-Univ 29 72.40 0.23858397 4.065565 145.1277 

 107 18 
Traditional 

Post Bacc 

to all other 
groups 

1,921 79.80 0.05365015 0.601107 11917.16 8.85433E-45 

Alt-Non  1,495 76.90 -0.1199642 -1.34410 8415.944 

 
Post Bacc 110 86.40 0.44877264 5.028145 936.1383 

 
Alt-Univ 40 75.00 -0.2337116 -2.61855 213.3333 

 108 18 
Traditional 

Alt-Non 

Univ to all 
other 

groups 

631 33.10 0.32708409 3.095163 2849.543 1.4795E-142 

Alt-Non  481 20.20 -0.3303759 -3.12631 2983.945 

 
Post Bacc 37 32.40 0.29140796 2.757563 168.9312 

 
Alt-Univ 3 33.30 0.33727727 3.191620 13.50676 

 109 18 
Traditional 

Traditional 

to all other 
groups 

625 60.00 0.26431477 1.789342 2604.166 1.69312E-89 

Alt-Non  475 46.10 -0.3061068 -2.07226 1911.630 
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Post Bacc 42 45.20 -0.3430405 -2.32229 169.5626 

 
Alt-Univ 16 37.50 -0.6590295 -4.46145 68.26666 

 110 18 
Traditional 

Alt-Univ to 

all other 
groups 

625 76.00 0.20651376 0.426440 3426.535 1.95884E-21 

Alt-Non  475 65.30 -0.3234883 -0.66798 2096.288 

 
Post Bacc 42 54.80 -0.8435839 -1.74195 169.5626 

 
Alt-Univ 16 87.50 0.77614224 1.602693 146.2857 

 111 18 
Traditional 

Traditional 

to all other 
groups 

631 89.50 0.21241358 0.319078 6714.551 5.9937E-162 

Alt-Non  481 82.50 -0.3845648 -0.57767 3331.601 

 
Post Bacc 37 81.10 -0.5039605 -0.75702 241.3898 

 
Alt-Univ 3 66.70 -1.7320304 -2.60178 13.50676 

 112 18 
Traditional 

Post Bacc 

to all other 
groups 

625 91.20 -0.0153510 -0.08233 7787.579 1.2866E-244 

Alt-Non  475 89.10 -0.2629738 -1.41048 4890.907 
 

Post Bacc 42 97.60 0.73930879 3.965349 1793.032 
 

Alt-Univ 16 93.80 0.29122948 1.562035 275.1220   
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APPENDIX H 

MULTIPLE COMPARISONS BY COMPETENCY 

      

95% Confidence 

Interval 

Competency 

Group 

(I) 

Group 

(J) 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

Lower 

Bound Upper Bound 

Mathematical 

Instruction 
1 2 4.79292* 0.13967 <0.01 4.4244 5.1614 

 

3 -0.24018 0.39279 1 
-

1.2765 
0.7961 

 

4 1.93282* 0.68281 <0.01 0.1313 3.7343 

2 1 -4.79292* 0.13967 <0.01 
-

5.1614 
-4.4244 

 

3 -5.0331* 0.39508 <0.01 
-

6.0755 
-3.9907 

 

4 -2.8601* 0.68413 <0.01 
-

4.6651 
-1.0551 

3 1 0.24018 0.39279 1 
-

0.7961 
1.2765 

 

2 5.0331* 0.39508 <0.01 3.9907 6.0755 

 

4 2.173* 0.77641 0.031 0.1246 4.2214 

4 1 -1.93282* 0.68281 0.028 
-

3.7343 
-0.1313 

 

2 2.8601* 0.68413 <0.01 1.0551 4.6651 

 
3 -2.173* 0.77641 0.031 

-

4.2214 
-0.1246 

Number 

Concepts and 

Operations 

1 2 5.7329* 0.1197 <0.01 5.417 6.049 

 

3 -0.3163 0.3387 1 -1.21 0.577 

 

4 4.1279* 0.5879 <0.01 2.577 5.679 

2 1 -5.7329* 0.1197 <0.01 -6.049 -5.417 

 

3 -6.0492* 0.3407 <0.01 -6.948 -5.15 

 

4 -1.6050* 0.5891 0.039 -3.159 -0.051 

3 1 0.3163 0.3387 1 -0.577 1.21 

 

2 6.0492* 0.3407 <0.01 5.15 6.948 

 

4 4.4442* 0.6689 0.031 2.679 6.209 

4 1 -4.1279* 0.5879 <0.01 -5.679 -2.577 

 

2 1.6050* 0.5891 0.039 0.051 3.159 

 
3 -4.4442* 0.6689 <0.01 -6.209 -2.679 
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Patterns and 

Algebra 
1 2 6.1651* 0.1183 <0.01 5.853 6.477 

 

3 3.6271* 0.3342 <0.01 2.745 4.509 

 

4 7.9385* 0.5743 <0.01 6.423 9.454 

2 1 -6.1651* 0.1183 <0.01 -6.477 -5.853 

 

3 -2.5381* 0.3363 <0.01 -3.425 -1.651 

 

4 1.7733* 0.5756 0.012 0.255 3.292 

3 1 -3.6271* 0.3342 <0.01 -4.509 -2.745 

 

2 2.5381* 0.3363 <0.01 1.651 3.425 

 

4 4.3114* 0.655 0.031 2.583 6.039 

4 1 -7.9385* 0.5743 <0.01 -9.454 -6.423 

 

2 -1.7733* 0.5756 0.012 -3.292 -0.255 

 
3 -4.3114* 0.655 <0.01 -6.039 -2.583 

Geometry 

and 

Measurement 

1 2 9.0478* 0.1209 <0.01 8.729 9.367 

 

3 4.4714* 0.3393 <0.01 3.576 5.367 

 

4 7.3902* 0.5838 <0.01 5.85 8.931 

2 1 -9.0478* 0.1209 <0.01 -9.367 -8.729 

 

3 -4.5764* 0.3415 <0.01 -5.477 -3.675 

 

4 -1.6576* 0.5851 0.028 -3.201 -0.114 

3 1 -4.4714* 0.3393 <0.01 -5.367 -3.576 

 

2 4.5764* 0.3415 <0.01 3.675 5.477 

 

4 2.9188* 0.6655 <0.01 1.163 4.675 

4 1 -7.3902* 0.5838 <0.01 -8.931 -5.85 

 

2 1.6576* 0.5838 0.028 0.114 3.201 

 
3 -2.9188* 0.6655 <0.01 -4.675 -1.163 

Probability 

and Statistics 
1 2 7.1329* 0.1376 <0.01 6.77 7.496 

 

3 2.2929* 0.387 <0.01 1.272 3.314 

 

4 9.2342* 0.6614 <0.01 7.489 10.979 

2 1 -7.1329* 0.1376 <0.01 -7.496 -6.77 

 

3 -4.8400* 0.3895 <0.01 -5.868 -3.812 

 

4 2.1013* 0.6629 0.009 0.352 3.85 

3 1 -2.2929* 0.387 <0.01 -3.314 -1.272 

 

2 4.8400* 0.3895 <0.01 3.812 5.868 

 

4 6.9413* 0.7551 <0.01 4.949 8.934 

4 1 -9.2342* 0.6614 <0.01 
-

10.979 
-7.489 

 

2 -2.1013* 0.6629 0.009 -3.85 -0.352 

 
3 -6.9413* 0.7551 <0.01 -8.934 -4.949 

Mathematical 

Processes 
1 2 8.4769* 0.1084 <0.01 8.191 8.763 

 

3 2.8010* 0.305 <0.01 1.996 3.606 
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4 8.6648* 0.5285 <0.01 7.27 10.059 

2 1 -8.4769* 0.1084 <0.01 -8.763 -8.191 

 

3 -5.6759* 0.3069 <0.01 -6.485 -4.866 

 

4 0.1879 0.5296 1 -1.209 1.585 

3 1 -2.8010* 0.305 <0.01 -3.606 -1.996 

 

2 5.6759* 0.3069 <0.01 4.866 6.485 

 

4 5.8637* 0.6015 <0.01 4.277 7.451 

4 1 -8.6648* 0.5285 <0.01 
-

10.059 
-7.27 

 

2 -0.1879 0.5296 1 -1.585 1.209 

  3 -5.8637* 0.6015 <0.01 -7.451 -4.277 

 

Note. *The mean difference was significant at the p=0.05 level. 1-Traditional, 2-Alt-Non 

University, 3-Post Baccalaureate, 4-Alt-University 
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