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Abstract
Recently, the increased interest in teacher quality has been the topic of debate for educational policy makers.  In response, there has been a growth of support, guidance, and orientation processes, often collectively labeled as mentoring, for beginning teachers.  Specifically, among the many strategies used to support teachers, mentoring was introduced in the early 1980s.  The objective of this study was to investigate the effects of a mentoring process, known as cognitive content coaching, on students’ academic achievement.  I examined whether algebra I students taught by first year teachers who received supervision from a cognitive content coach performed as well as students who were taught by first year teachers who did not experience cognitive content coaching.  The findings revealed that the students taught by new teachers who experienced cognitive content coaching achieved as well as or better than their peers taught also by new teachers, according to student achievement in mathematics, specifically Algebra I. 
There is a considerable controversy about existing evidence that addresses, whether or not, and how and why, induction programs that afford mentoring to beginning teachers, support, or otherwise, a new teacher’s  professional growth and development.  Historically, confounding variables have inhibited the process of isolating and assessing the impact, if any, of a new teacher’s mentoring experiences on student achievement.
Smith and Ingersoll (2004) proposed that some types of induction activities appear to be more effective than others in retaining new teachers.  Specifically, these researchers found that having a mentor from the same teaching field resulted in fewer teachers leaving teaching at the end of their first year.  This study, and other recent research, has called for carefully controlled studies that allow unambiguous conclusions about the particular value added by the program component being considered.   

In response, and given the dearth of studies that have attempted to link the effects of supervisory practices for new teachers with K-12 student achievement, the purpose of this study was to analyze the impact of a specific mentoring process on students’ academic performance that was afforded to new teachers through a school-university partnership program, known as Transition To Teaching (TTT). To determine whether a process of cognitive content coaching had a significant impact on student achievement, the following questions were considered: (1) Do Algebra I students taught by first year teachers (TTT teachers) who received supervision from a cognitive content coach perform as well as students who were taught by first year teachers (non-TTT teachers) that did not experience cognitive content coaching in the same school district?  And, (2) Do the students of TTT teachers who experienced cognitive content coaching gain more or less than the students of the non-TTT teachers? 
Perspectives: What is Cognitive Content Coaching?

For the purposes of this study, cognitive content coaching was conceptualized by five premises.  First, cognitive coaching is a nonjudgmental process – built around a planning conference, observation, and a reflecting conference that focuses on pedagogical content knowledge.   Second, cognitive coaching is designed to enhance the intellectual capacities of content-based teachers, which may in turn produce greater intellectual achievement in students (Costa and Garmston, 1994).  Third, cognitive content coaching may develop positive interpersonal relationships that could be thought of as the energy sources for changes in school culture.  And, last cognitive content coaching is a process of engaging, enhancing, and mediating the intellectual functions of teaching. 
The school-university partnership program, Transition To Teaching (TTT), implemented the Newport News Public Schools-Old Dominion University’s Cognitive Content Coaching Model that was organized around three goals: 

1. Establish and maintain trust between the new teacher sand the veteran teacher, known as a Partnership Coach;

2. Facilitate mutual learning of the new teacher and the Partnership Coach; and

3. Guide the new teacher’s professional growth and development towards both individual autonomy and collaboration (working interdependently with others). 

Learning by both the new teacher and the partnership coach was highlighted as a principle of cognitive content coaching.  This model provided guidance for building and sustaining professional growth and development.  Relatively, recent research has revealed that ”teachers with higher conceptual levels are more adaptive and flexible in their teaching style, have a greater ability to emphasize, choose new practices when classroom problems appears, vary their use of instructional strategies,” (Costa & Garmston, 1994, p. 6), diagnose individual student learning needs, give more corrective and positive feedback to students, and produce higher achieving students who are more cooperative and involved in their work.
Context


The research site selection of the high-need, majority-minority local education agency was based on this particular school division’s school-university partnership that addresses Haberman’s (1991) five standards of excellence.  These standards are: (1) a highly selective approach for the participants’ acceptance [to this Transition To Teaching program]; (2) the program has to recruit the best faculty to teach the candidates; (3) meaningful content of the curriculum that these prospective teachers experience; (4) effective teaching methods that focus on pedagogy; and (5) evaluation of the program’s effectiveness. The purpose of the Transition To Teaching (TTT) program was to meet the school division’s need for highly qualified teachers in the high need core academic subjects (mathematics and science) in ‘hard-to-staff’ schools.  It is important to note that the TTT program is a partnership between a high need LEA and a local institute of higher education (IHE) that is founded on the premises of a school-university partnership, in particular the professional development school model (Holmes, 1986).  

Methodology

A quasi-experimental design was used for this study because two intact groups of subjects were formed on a basis other than random assignment.  Specifically, a non-equivalent comparison group design was used in the study.  Teacher participants were matched by school based on the type of classrooms, first year of teaching experience, type of mathematics taught (Algebra I), grade level (middle or high school), and teacher preparation experience of the teachers.  Participating middle and high schools were designated Title I schools, with approximately 47 - 52 percent economically disadvantaged student population that mirrored the school system’s Free and Reduced lunch rate, 46.4 percent. And, with respect to ethnicity, each middle and high school mirrored the school system’s demographics, 55 percent African-American, 35 percent White, and 10 percent Latino and/or English as second language).  To this extent, inter-class selection bias was controlled for student social-economic status and diversity, as well as class size.  
Teacher Participants

The TTT program provided training to individuals interested in entering the field of teaching, but had not received degrees in education.  Potential participants were required to have the following upon entry into the program: a 2.5 grade point average or higher in all college coursework; a bachelor’s degree or higher from an accredited college or university with courses in mathematics or a bachelor’s degree or higher from an accredited college or university with work experience related to mathematics; a qualifying score on the Praxis I series of tests that meets the licensure requirements of Virginia in the area of reading, writing, and mathematics; and a qualifying score on the Praxis II mathematics test with qualifying scores for a Virginia alternative teaching license (known, as a one year eligibility license).  In addition, successful applicants met the requirements for employment as a public school teacher in the state of Virginia (Transition To Teaching, 2004).  The TTT program required qualified candidates to participate in a five-week Summer Institute that focused on pedagogical coursework, as well as child and adolescent growth and development.  And, each participant was expected to commit to teach for three years in the urban school district where they received their training (Transition To Teaching, 2004).  Of the 22 candidates, 18 completed the Cohort One, including twelve mathematics teachers and six earth science teachers.  However, only six of the twelve mathematics teachers met the requirements to be included in the study (teaching applicably sections of Algebra I, ABCD or CD). 

             For the purpose of the study, a comparison group was selected of six non-TTT teachers who were hired as mathematics teachers for the school year 2003-2004 in the same district, and taught Algebra I (sections ABCD or CD).   The six non-TTT teachers referred to in the study represented the traditionally prepared teachers.  These non-TTT first-year teachers had experienced a traditional teacher preparation program, were certified to teach in Virginia or other states, and attained state certification/licensure.  Each non-TTT teacher held at least a bachelor’s degree (a major in mathematics), and demonstrated subject-matter competency by passing a state-mandated mathematics test.  In addition, each non-TTT teacher successfully met the requirements of Title I, Part A of the NCLB Act (2002) to be defined as a ‘highly qualified’ teacher, as well as the district and Virginia Department of Education’s employment criteria. 


The six (6) TTT teacher participants were 3 males and 3 females, the average age was 34 years, and ethnicity was three (3) white, and three (3) African American.  The six (6) non-TTT teacher participants were 4 males and 2 females, the average age was 24 years, and the ethnicity was five (5) white and one (1) African American.  All teacher participants, TTT and non-TTT had passed the state mandated subject matter test, Grades 6-12 Mathematics, on their first attempt with an equal or higher minimum passing score (using actual scores rather than self-reported data).   Non-TTT teacher participants had successfully completed student teaching experience or equivalent clinical practicum, attaining a grade of a B+ or higher as noted on an academic transcript.  Participants enrolled in the TTT program must meet the same competencies as all other teacher candidates for teaching certificates.  Thus by the end of the end of their first year of teaching, all TTT teachers had completed similar pre-service teacher education coursework to those taken by the non-TTT teachers, graduates of college-recommended programs, including a year long teaching experience that was completed as a first year teacher of record.  And, during their first year of teaching all 12 teachers were also supported by a school-based mentor who assigned by the school system to guide the first year teacher through the Pathwise (ETS) that functioned as the school system’s site-based mentoring program. 
Research Sites   

 
Three middle schools (MS), four high schools (HS), twelve teachers and a total of 335 students in a high-need urban school district in southeast Virginia participated in the study (106 MS students and 229 HS students).  The students taught by TTT Algebra I teachers cohort one (2003-2004) represented the experimental group (n = 150) and those taught by first year Algebra I non-TTT teachers in the same school system were the comparison group (n = 185).  Thus, the students taught by the six TTT teachers, according to the specification (Algebra I, sections ABCD or CD) and their counterparts taught by the six matched non-TTT teachers from the eight new Algebra I teachers in the district, teaching sections ABCD or CD, hired during the 2003-2004 school year, were the participants (total considered n = 335).  For the sections, ABCD is a two-year alternative method of taking Algebra I.  CD is the second year of the two-year course.  MS Algebra I was a full year course.

Matching procedures


Of the eight non-TTT Algebra I (sections ABCD or CD) teachers hired in the district during the 2003-2004 school year, six were matched to the six TTT Algebra I (sections ABCD or CD) teachers in the same district.  The decision for inclusion was based on the type of school (MS or HS), the sections of Algebra I (ABCD or CD), the grade level of teaching, and the type of teacher preparation experienced by the teachers (see Table 1).


INSERT TABLE 1 HERE
Treatment

For the purposes of this particular study, a single treatment of cognitive content coaching was administered to TTT teachers as a three phase cycle: pre conference (planning), co teach or observation, and reflection (Costa & Garmston, 1994).  The coach helped the teacher reflect on the lesson and make decisions in the classroom by using paraphrasing and questioning techniques. The rationale for this particular strategy was that teaching is a series of decision-making behaviors and that the teacher had specific reasons for engaging in a chosen teaching methodology. The coach assisted the teacher to analyze, and draw inferences from the lesson. Finally, the coach guided the beginning teacher’s application of new understandings to future teaching situations.  Two cycles were administered of the cognitive content process.  Cycle I consisted of a pre conference, co-teach (1 hour), and post conference.   Cycle 2 consisted of pre conference, observation, and post conference. 
The treatment was administered for each participant (6) in the TTT program by the same cognitive content (mathematics) coach as follows:

· 2 doses of Cycle I and 1 dose of Cycle II of cognitive coaching weekly for the first 6 weeks of school year (total of 18 doses for each participant), September – mid October. 
· 1 dose of Cycle I and 1 dose of Cycle II of cognitive coaching for each week for the following 6 weeks of the school year (total of 12 doses for each participant), mid October – end December 

· 2 doses of Cycle I and 1 dose of Cycle II of cognitive coaching bi-weekly for the following 10 weeks of the school year (total of 15 doses for each participant), mid January – end March 

· 1 dose of Cycle I and 1 dose of Cycle II of cognitive coaching biweekly for the following 10 weeks of the school year (total of 10 doses for each participant), April – end May. 

· Total does for one school year per participant – 55 cycles of cognitive content coaching. 
Measures


The student achievement data were collected over a period of one school year, 2003-2004. The first Algebra I quarterly test (Q1), the second Algebra I quarterly test (Q2), the third Algebra I quarterly test (Q3), and the 2002 new version of the Virginia Standards of Learning (VASOL) were used as the instruments for the study.  The Quarterly Tests (Q1, Q2 and Q3) were administered at the end of each ten week period.  Quarterly Test 1 was given at the end of the first 10-week period of algebra I instruction (October, 2003). Quarterly Test 2 was given at the end of the second 10-week period of algebra I instruction (January, 2004). Quarterly Test 3 was given at the end of the third 10-week period of algebra I instruction (March, 2004).   The state mandated test for Algebra I (VASOL test) was given at the of the fourth 10-week period of algebra I instruction (June, 2004).   

The Algebra I quarterly tests used in the study were based on the VASOL test items, blueprint, and objectives.  The urban school district in this study administered the quarterly tests to monitor the progress of Algebra students throughout the year.  A panel of mathematics instructors, along with the mathematics coordinator for secondary education within the school district, worked collaboratively to design test items that mirrored the format and depth of items found on the state mandated Algebra I end of course assessment. The quarterly tests examine the students’ ability to utilize algebraic symbols; to solve problems using graphs, tables, and equations; to understand patterns, relations, functions, and models; and to solve complex problems using a variety of problem solving strategies (Gimbert, Cristol, Wallace & Sene, 2005).  

An application of Cronbach’s Alpha statistic test determined the internal consistency reliabilities of the three Algebra I quarterly tests to be = .98, = .97, and = .98 for Q1, Q2, and Q3 respectively.  And, correlation coefficients between the VASOL scores and the Algebra I quarterly tests were estimated to assess the validity of the quarterly assessments.  Pearson correlation coefficients were significant for all the Algebra I quarterly tests, but were not large (see Table 2).  The coefficients of shared variance are respectively 21.06 percent, 33.98 percent, and 22.46 percent for Q1, Q2, and Q3 respectively.

INSERT TABLE 2 HERE

The VASOL (2002) end of year assessment tests were designed by a panel of experts that comprised of specialists in mathematics education at the VDOE, experienced mathematics instructors from various school districts throughout the state of Virginia, university faculties with expertise in mathematics and instruction, and members of the Virginia Council of Teachers of Mathematics, an affiliate of the National Council of Teachers of Mathematics.  The state of Virginia required all school districts to administer an end of course assessment for Algebra I courses.  The VASOL end of year assessment test was aligned with the standards established by the National Council of Teachers of Mathematics (Wallace, 2004; Commonwealth of Virginia Board of Education, 2002; VDOE, 1999, 2002).  The reliability and validity of the Algebra I end of course assessment involved correlations with other related measures and between other VASOL Algebra I tests.  The Spearman Rank Order Correlation coefficient “rho” between the Algebra I VASOL tests and the Stanford 9 Total Math test was ( = .53 (VDOE, 1999, 2002).  The reliability and validity of the end of the year assessment from the state was reviewed annually by the VDOE through an analysis of field tested items and student responses (VDOE, 1999, 2002; Wallace, 2004).  The district used both versions of the VASOL (old and new).  Only the students who did not pass the VASOL for the first time were given the old version.  For the purposes of this study, each student completed the new 2002 version.  The data derived from the Algebra I quarterly tests and the VASOL were used to compare two groups of students, an experimental group taught by TTT teachers and a comparison group taught by the non-TTT teachers, and to determine the academic growth among Algebra I students between both groups. 

Data collection

             To ensure confidentiality, the chair of the research committee at the participating district, the coordinator of the TTT program, and the teachers involved in the study provided the coded data.  The TTT and non-TTT teachers were not randomly assigned.  However, the student participants to sections of Algebra I by the administration of individual middle and high schools were randomly assigned, and therefore countered inter-class selection bias.  The student participants were assigned numbers and pseudonyms and there was no personal identification.

           Data were collected immediately following the administration of each quarterly test. The state mandated test for Algebra I (VASOL test), given at the of the fourth 10-week period of algebra I instruction, was provided the school system’s Office of Accountability and Equity in June 2004.  At that point, the initial sample (508) was revised to include data from only those students who met the following two criteria: (1) were taught by the same teacher for the duration of the school year 2003-2004, and  data were available for the assessments (Q1, Q1, Q3, and VASOL).  Of the initial sample, some students did not take one or more assessments, and some dropped out or moved to another class or school.  Therefore, their scores were not considered in the study.  For the group of students of the TTT teachers the student attrition rate was 34 percent, and for the group of students of the non-TTT teachers the student attrition rate was also 34 percent, therefore consistent for both groups, and thus eliminating a selection bias between the experimental and control student groups.   In summary, the initial and final sample size was composed of 335 students, 150 TTT students and 185 non-TTT students.  The final data set comprised only student achievement data for those who received instruction from the same TTT or the same non-TTT teacher for the duration of the data collection period, the school year 2003-2004, and participated in all four (4) data measures. 1
Data Analysis

             First, the Algebra I test scores were converted into Z scores to remove the scaling factor from the original test score distributions.  Second, descriptive statistics (means and standard deviations) were used to compare the students taught by teachers from the TTT program (experimental group) and those taught by the non-TTT teachers (comparison group). Third, a 2 (TTT versus non-TTT) x 4 (tests administrated) repeated measures analysis of variance (ANOVA) was used to examine the impact of teachers’ TTT status on student achievement in Algebra I.  Box’s test was performed to determine whether the data satisfied the assumption of equality of covariance matrices required for repeated measures.  Last, follow-up tests were conducted to determine which of the means for the experimental group (TTT) and the comparison group (non-TTT) differed significantly from each other.  Multivariate Analysis of Covariance (MANCOVA) was performed as a follow-up, using Wilk’s lambda as the criterion for multivariate significance, and using the Bonferroni adjustment for multiple comparisons.

Descriptive statistics
            The means (M) and standard deviations (SD) of the three Algebra I quarterly tests and the VASOL end-of-course mathematics test for the treatment and for the comparison groups are provided in Table 3.  Standardized scores for the same tests are provided in Table 4.

INSERT TABLE 3 HERE

INSERT TABLE 4 HERE


Overall, the TTT students scored eleven points less than the comparison group, on average, during the first Algebra I quarterly test period (MTTT = 63.38, Mnon-TTT = 74.46).  The first quarterly test (Q1) results revealed a half standard deviation separated the two groups, in favor of the comparison group.  The reported effect size, Cohen’s d, was 0.44, considered as moderately large.  In the second and third quarterly tests (Q2 and Q3), as well as during the VASOL test periods, the TTT students reversed the tendency and surpassed the non-TTT students.  Specifically, in the second and third Algebra I quarterly tests, and the VASOL test period, the TTT students led the non-TTT students by respectively seven points, eleven points, and eight points (see Table 3).  And, the effect sizes, Cohen’s d, were for Quarterly Test 2, 0.42 (moderately large), Quarterly Test 3, 0.58 (moderately large), and VASOL end-of-course test, 0.21 (moderate).  

Substantial difference in the advantage of the non-TTT students during the first test period was followed in favor of the TTT students during the second and third test periods.  During the end-of-course test period, a small difference favoring the experimental group was found (MZQ1= -.24, MZQ2 = .23, MZQ3 = .32, MZSOL = .12) for the students taught by the TTT teachers and (MZQ1= .20, MZQ2 = -.19, MZQ3 = -.26, MZSOL = -.09) for the students taught by the non-TTT teachers (see Table 4).  

Inferential statistics


To evaluate whether the differences in academic achievement between the students taught by the TTT teachers and their peers taught by the non-TTT teachers grew, decreased, or remained similar from the first Algebra I quarterly test (Q1) to the VASOL test, the mean Z scores for each group were analyzed and the F test calculated.  

Box’s test indicated that the observed covariance matrices were significantly different between the two groups (F10, 481187.5 = 14.06, p < .001).  Therefore, the Geisser-Greenhouse conservative F test was used to correct for the possibility of positive bias in the F statistic arising from a violation of the equality of covariance matrices assumption (Kennedy & Bush, 1985).  The Geisser-Greenhouse test called for using degrees of freedom equal to 1 in the numerator, and n-1 in the denominator.  In this case, the Geisser-Greenhouse adjustment yielded a significant interaction between time period and groups (F1, 334 = 53.48, p < .001).  Further, sphericity and the results of assumptions of normality and independence were satisfactory.  In addition, the interaction effects (Algebra I x Treatment) were tested using the multivariate criterion of Wilks’ lambda ((), and found to be significant ((= .738, F4, 330 = 29.315, p ( .001).  This finding indicated that there was a statistically significant effect of the multivariate repeated measure, the students’ scores over the four measurement periods.  This effect was qualified by the interaction with the TTT and non-TTT independent variable.  The significant interaction effect indicated a unique pattern of test score variation that distinguished the students taught by a TTT teacher from those taught by a non-TTT teacher.  Although the students’ test score data in the individual teacher's classes were collapsed for the analyses, the use of the repeated measure of students’ scores over the four measurement periods eliminated some of the error variance.  

Figure 1 (Mean Z scores by test periods and by groups) show that the comparison group had higher scores than the experimental group in the first test period (.20 and -.24, respectively), a difference of .44 points, with significant F1, 333 =17.66, p ( .001 for the Q1.  In the second test period, the experimental group reversed the trend and led the difference to .42 points (-.19 for the non-TTT, and .23 for the TTT students), with significant F1, 333 =16.23, p ( .001 for Q2.  In the third test period, the experimental group kept the lead over the comparison group by .58 points, respectively (.32 and -.26), with significant F1, 333 = 31.48, p ( .001 for Q3.  Finally, in the VASOL test period, a small advantage of .21 points also favored the TTT group (-.09 for the non-TTT students and .12 for the TTT students), with a significant F1, 333 =3.98, p = .047 for VASOL. MANCOVA was used to follow-up the significant multivariate result.  The interaction between TTT teacher preparation and longitudinal Algebra I scores was significant (F1, 323 = 32.33, p ( .001).  
Findings

Data using descriptive statistics indicates that the students taught by the TTT teachers (experimental group) who received the treatment, cognitive content coaching, achieved in mathematics Algebra I as well as or better than the students taught by the non-TTT teachers (comparison group).  Means (M) and standard deviations (SD) of the original test scores and of the transformed Z scores show that the experimental group achieved less during the first Algebra I quarterly test (Q1), had higher test scores on average in the second and third Algebra I quarterly tests (Q2 and Q3), and had slightly more success in the SOL, as compared to the non-TTT students (comparison group).


Furthermore, data analysis using a 2 x 4 repeated measures ANOVA shows that the average Algebra I test scores were significantly different between the two groups (F1, 323 = 32.33, p ( .001).  Follow up tests with MANCOVA indicate that the students from the TTT program, as compared to the non-TTT students, under performed during the first test period and outperformed in the second and third test periods significantly for both, but did also slightly better in the end-of-course assessment.  There was a significant difference between the two groups with a small advantage for the experimental group in the last test period (SOL). 
Overall, algebra I students of the cognitively-coached TTT teachers, compared to that of students taught by the non-TTT teachers, did not perform as well during the first Algebra I quarterly test period (Q1).   The sudden reversal of tendency in algebra achievement between Q1 and Q2 according to teacher training (while this tendency remained quite stable after) was striking.  After lengthy debate, this pattern may be explained by the TTT teachers’ limited pre-service clinical experiences.  For example, each non-TTT teacher had experienced a carefully structured student teaching experience, whereas none of the TTT teachers had this same experience.  The results indicate that, in the second and third Algebra I quarterly tests (Q2 and Q3), and during the end-of-course Algebra I test period (VASOL), the experimental group outperformed the comparison group.  Likewise, in the last test period (VASOL), although there was only a small difference, the TTT students achieved better than the non-TTT students (see Figure 1).
INSERT FIGURE 1 HERE

Discussion
Although considered a pilot study, an initial step that empirically investigated the impact of a specific supervisory process on student achievement, methodological limitations were disclosed.  The small number of teachers (12) and students (150 to experimental group and 185 to comparison group), and the specific nature of the cognitive content coaching within the TTT program decreed that it was not possible to generalize to a larger population.   Furthermore, with the absence of random teacher selection and random teacher assignment to either experimental or comparison groups, the ability to generalize the findings of the study is also limited.  And, the researcher acknowledges that the most rigorous method to perform this study would be to test the students of both groups before and after exposure to the teachers.  Otherwise, telling with precision the effect of cognitive content coaching on student achievement is limited.  In addition to the high rate of student attrition for both groups (34 %), the low validity coefficient correlations (.459, .583, and .474 respectively for Q1, Q2, and Q3) were unregistered for the Algebra I quarterly tests.  However, this was understandable because the quarterly tests are formative measurements, while VASOL tests were summative measurements.
Nonetheless, the results of the study have important implications for urban education as mentoring programs continue to be developed and offered as a contribution to improving student achievement, as well as addressing the teacher shortages in particular fields.  The findings offer substantive research that documents the positive effect of cognitive content coaching on students’ performance, and indicate that the students of cognitively coached first year teachers achieved better than the non-cognitive coached students after the first Algebra I quarterly test.  The results of the study support existing literature suggesting that a well constructed and enacted supervisory process can support new teachers to have a positive effect on students’ academic achievement. 

Notes

1. The present analysis did not include students’ class as a factor. Although teachers were matched, classes were not, nor were the students. That is, if a teacher taught 35 students in two Algebra I sections, the 35 students were combined into one group. Thus, although the study’s design does not examine differences between individual classes of students, it does examine the changes across these students over time and multiple dependent measures.  

References

AACTE. (1989). Rates III teaching teachers: Facts and figures. Washington, DC: Author.

Commonwealth of Virginia Board of Education. (2002). Mathematics standards of Learning curriculum framework: Algebra I. Retrieved June 28, 2004, from

            http://www.pen.k12.va.us/vdoe/instruction/math/math_framework.html.

Costa, Arthur L. & Robert J. Garmston (1994). Cognitive coaching: A foundation. for renaissance schools. Norwood, MA: Christopher-Gordon.
Darling-Hammond, L. and Youngs, P. (2002). Defining “Highly Qualified Teachers”: 

What does “Scientifically-based research” actually tell us? American Educational Research Association. Research News and Comment.

Darling-Hammond, L. (2001). The challenge of staffing our schools. Educational 

  
Leadership, 58 (8), 12-17.

Darling-Hammond, L. (2000). Teacher quality and student achievement: A review of 

 
 State policy evidence. EPAA, 8 (1).

Darling-Hammond, L. (1999). Teacher quality and student achievement: A review of 

 
state policy evidence. Seattle, WA: Center for the Study of Teaching and Policy, 

University of Washington.

Haberman, M. (1991). The dimensions of excellence in teacher education. Washington, 

  
DC: Office of Governmental Affairs, USDE.

Ingersoll, R. M. (1999). The problem of under qualified teachers in American secondary
 schools. Educational Researcher, 28(2), 26-37.

Ingersoll, R.  (2002). Holes in the teacher supply bucket.  School Administrator, 59(3),
        42-43.

Stoddart, T. (1993). Who is prepared to teach in urban schools? Education and Urban 

  
Society, 26 (1), 29-48.

Thomas, T. M & Ingersoll, R. M. (2004). What are the effects of induction and mentoring

on beginning teacher turnover?  American Educational Research Journal, 41(3), 681 – 714.

U.S. Department of Education, Office of Postsecondary Education, Office of Policy and
Planning and Innovations (2002). Meeting the highly qualified teachers challenge: The Secretary’s annual report on teacher quality. Washington, D.C: Author.

VDOE, 2003.  Virginia’s Implementation of No Child Left Behind (NCLB). 2003.
 Retrieved on April 20, 2004 from  http://www.pen.k12.va.us/VDOE/nclb/.
VDOE. (1999). Virginia standards of learning assessments: Standards of learning (SOL)   

             tests validity and reliability information. Retrieved June 28, 2004, from 

             http://www.pen.k12.va.us/vdoe/assessment/validity.pdf.

Table 1

Number of Students by Grade Level and Program

	Pair     Level
	TTT
	Non-TTT
	TOTAL
	Grade Level
	Sections of Algebra I

	1         MS

 2        MS

 3        HS

 4        HS

 5        HS

 6        HS

   TOTAL
	22

43

31

32

10

12

150
	33

8

36

27

35

46

185
	55

51

67

59

45

58

335
	7

8

9

9

9

9


	ABCD (3)

ABCD (3)

ABCD (4)

ABCD (2)

CD (3)

CD (4)


Table 2

Correlation coefficients

	
	Q1
	Q2
	Q3
	SOL



	Q1          Pearson Correlation

Q2          Pearson Correlation

Q3           Pearson Correlation

SOL        Pearson Correlation


	1

    .553**

    .311**

    .459**


	1

    .552**

    .583**


	1

    .474**
	1


n = 335

** Correlation is significant at p ( .001.

Table 3

Mean scores by Grade Level and Program: Quarterly Tests and SOL

	LEVEL
	Q1 

M      SD   n
	Q2

M       SD   n
	           Q3

M        SD    n
	SOL

M        SD    n

	Middle 

  Comparison

     TTT

High

  Comparison

     TTT

T OTAL

  Comparison

     TTT    
	80.58    8.49   41

75.83  11.80   65

72.72  10.80  144

62.68  15.75    85 

74.46  10.82  185

63.38  15.57  150 
	63.12  11.27   41

70.27  19.78   65

54.25  16.15  144

58.25  12.92    85

56.21  15.62  185

63.46  17.26  150
	74.80   10.72   41

72.96   24.30   65

55.93   17.08  144

69.83   11.73    85

60.11   17.70  185

71.19   18.26  150
	469.97   35.11   41

458.98   34.24   65

432.89  37.96  144

442.91  41.92    85

441.11  40.33  185

449.88  39.47  150


Table 4

Mean Z scores by Test, Grade Level, and Group

	LEVEL
	Z score (Q1)

M     SD     n
	Z score (Q2)

M     SD    n
	Z score (Q3)

M    SD    n
	Z score (SOL)

M    SD    n

	Middle

  Comparison

     TTT

High

 Comparison

    TTT

TOTAL

  Comparison

     TTT   
	 .65  .62    41

 .30  .87    65  

 .07   .80   144

 -.67  1.16  85

 .20   .80   185

-.24   1.15 150
	.21   .67    41 

.64  1.18   65

-.31  .96   144

-.07  .77     85 

-.19  .93   185

 .23  1.03  150


	.51   .57    41

.42  1.29  65

-.48  .91   144

 .25   .62   85

-.26   .94  185

 .32    .97  150
	.62   .87    41

.34   .85    65

-.30  .94   144

-.05  1.04   85

-.09  1.00  185

 .12   .98    150


Table 5

SOL results by Grade Level (Middle School – Grades 7 & 8 and High School–Grade 9) and Group

	Level
	TTT

P                        F
	Non-TTT

P                          F
	Total

P                        F

	MS

HS

Total
	62                     3

75                    10  

 137                 13         
	41                        0

115                     29

156                     29
	103                    3

190                    39

293                    42


Note: P = passed. F = failed.

Figure 1

Mean Z scores by test periods and by groups

Note: Q1 = first quarterly test (end of first 1- week period of algebra I instruction). Q2 = second quarterly test (end of second 10-week period of algebra I instruction). Q3 = third quarterly test (end of third 10-week period of algebra I instruction). SOL = end-of-course test, VASOL (end of fourth 10 week period of algebra I instruction)
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