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Background /Context: Although there is relative agreement on the pattern of the achievement
gap, attributing changes in the gap to schooling is less clear. Our study contributes to under-
standing potential teacher and teaching effects on achievement and inequality.
Purpose/Objective/Research Question/Focus of Study: We intend our work to contribute to
understanding the school’s role in addressing the achievement gap. We investigate the extent
to which specific aspects of teacher quality (degree in math, experience, certification, math
courses, and professional development) and teaching quality (time spent on math instruc-
tion and conceptual, basic procedural, and advanced procedural instruction) influence
mathematics achievement growth and the achievement gap between White and Black stu-
dents and low- and high-SES students in kindergarten and first grade.

Research Design, Data Collection and Analysis: In this secondary analysis, we examine the
first four waves of data from the National Center for Education Statistics’ Early Childhood
Longitudinal Study (2000), a nationally representative longitudinal sample of students
who were kindergartners in 1998. We use multilevel growth models to estimate relationships.
Findings/Results: We found evidence that lower achieving students are initially assigned to
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teachers who emphasize basic instruction, and higher achieving students are assigned teach-
ers who emphasize more advanced instruction. The use of advanced procedural instruction
and time spent on math were related to achievement growth for traditionally disadvantaged
populations—Black students and low-SES students. Other types of instruction and teacher
quality variables were not related to achievement growth.

Conclusions/Recommendations: We found weak or no effects for teacher quality and type of
instruction, which suggests that these aspects of teacher and teaching quality may operate as
sorting variables. This may explain a part of the findings of past cross-sectional and gain
studies that would likely interpret correlations between teachers and teaching as part of the
effect of instruction. We found that low achievers tend to get teachers who spend less time on
instruction, a variable we found significant in influencing achievement growth. If, as our
study found, time on instruction matters, and disadvantaged students are more likely to get
the weakest teachers who spend less time on instruction, we can identify an area in which
schooling exacerbates the achievement gap but has the potential to ameliorate it.

Inequality in education outcomes has been the target of research and
policy at least since the War on Poverty in 1965. A central question has
been whether schools mitigate or exacerbate the achievement gap
between students of different racial/ethnic backgrounds and family
income levels. Some argue that schools reproduce inequalities (Bourdieu
& Passeron, 1977; Bowles & Gintis, 1976) through systematic differences
within schools (e.g., tracking; Gamoran & Mare, 1989; Oakes, 1985) or
between schools (e.g., teacher quality; Condron & Roscigno, 2003).
Others believe that the schools act to decrease inequality (Cremin, 1951)
by providing disadvantaged students with educational experiences they
otherwise would not be exposed to at home.

Our study contributes to understanding the school’s role in inequality
by investigating the extent to which specific aspects of teacher and teach-
ing quality influence student mathematics achievement growth and the
achievement gap between White and Black students and low- and high-
SES students in kindergarten and first grade, using a nationally represen-
tative sample of students, the Early Childhood Longitudinal Study
(ECLS).

NATIONAL DATA AND TRENDS IN THE ACHIEVEMENT GAP

Recent analyses of national and other large-scale data have found clear
patterns in the achievement gap among races/ethnicities. Reviews of the
National Assessment of Education Progress (NAEP; Braswell et al., 2001)
and other national data show that before formal schooling begins, Black
children perform about half of a standard deviation lower than White
children in mathematics, reading, and vocabulary. Furthermore, this gap
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remains constant in reading and widens by an additional two-tenths of a
standard deviation in mathematics and vocabulary by 12th grade
(Phillips Crouse, & Ralph, 1998).

For mathematics, which we focus on in this study, Tate (1997) exam-
ined three national data sets—the NAEP, the National Education
Longitudinal Study (NELS), and Scholastic Achievement Test (SAT)
scores—and found that from 1973 to 1992, both White and Black stu-
dents experienced positive growth in mathematics proficiency. However,
there was still a large achievement gap in mathematics between the two
groups, and White students outperformed Black students at each grade
level. Hedges and Nowell (1998) found similar results by examining six
large nationally representative surveys conducted between 1965 and
1992.

Studies examining the extent to which SES explains the race achieve-
ment gap are mixed. Lubienski (2002) analyzed NAEP data from 1990 to
2000 and found that Black—-White gaps on math performance were signif-
icant at both the lowest and highest SES levels and that the lowest SES
White students consistently scored equal to or higher than the highest
SES Black students across three grades (fourth, eighth, and twelfth) in
1990 and 1996. In contrast, Fryer and Levitt (2004) analyzed the ECLS
and modeled the gap such that SES variables explained much of the
Black—White achievement gap in kindergarten and first grade.

LACK OF CLEAR EVIDENCE ABOUT THE SCHOOL'’S ROLE IN THE
ACHIEVEMENT GAP

Although there is relative agreement on the pattern of the achievement
gap, attributing changes in the gap to schooling is less clear. One compli-
cation is that the gap between advantaged and disadvantaged students
has been shown to increase during the summer recess (Alexander,
Entwisle, & Olson, 2001; Cooper, Nye, Charlton, Lindsay & Greathouse,
1996; Heyns, 1978, 1987), which confounds the interpretation of the
school’s role when summer is not accounted for separately. Further, these
same studies found that the pattern of gaps and growth across reading
and mathematics can be quite different, as can results depending on how
the gap is defined—for example, between White and Black and high- and
low-SES students (Alexander et al., 2001). Further, out-of-school time
varies substantially in the quality of educational experiences for the child
(Hart & Risley, 1995), a variable that is difficult to include in models of
the gap. Still another confounding factor is that regression toward the
mean might explain the increasing of the gap—for example, Black stu-
dents regress toward the Black student population mean, which is lower
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than the student population mean for Whites (Porter, 2005).

The complexities of regression toward the mean, summer effects, dif-
ferent findings across subjects and for race and SES, and the quality and
variation in out-of-school time make it difficult to determine the school’s
role in maintaining or improving the achievement gap (Phillips et al.,
1998). The most recent empirical work that attempts directly to address
the question of whether schools improve or magnify the achievement gap
found that schools improve the achievement gap. In a careful analysis,
Downey, von Hippel, and Broh (2004) used ECLSK data, which is a
nationally representative longitudinal sample of children who were
kindergartners in 1998. They separated summer and school effects and
showed that the Black-White achievement gap decreased during the
school year. Additionally, Fryer and Levitt (2004) analyzed the kinder-
garten wave of the ECLS-K and concluded that a substantial part of the
Black—White achievement gap might be due to Black students attending
“worse” schools than White students.

Our study builds on this work by going inside the “black box” of school-
ing to examine the extent to which teachers and teaching influence the
achievement gap in mathematics. The ECLS is ideal for bridging achieve-
ment gap trends and linking it with classroom instruction. In our study
we link work on reform-oriented mathematics teaching (e.g., Carpenter,
Fennema, Peterson, Chiang, & Loef, 1989; Cohen & Hill, 2001; Newman
& Associates, 1996; Spillane & Zeuli, 1999) with larger scale work on the
achievement gap (Downey et al., 2004; Fryer & Levitt, 2004; Phillips et al.,
1998).

A focus on mathematics is justified given that U.S. students are achiev-
ing at alarmingly low levels in math compared to other countries (Porter,
2005; Schmidt et al., 2001; U.S. Department of Education, 2003), and
teacher quality is a major contributor to the problem (Schmidt,
McKnight, & Raizen, 1997). Focusing on a single subject, a common
practice in studying teaching (e.g., Xue & Meisels, 2004), allows us
greater control over the potentially confounding effects of a subject given
consistent differences in the reading and mathematics achievement gaps
across grades (Phillips et al., 1998). Further, teaching technologies and
required competencies are different for different subjects, as are the
issues involved in teacher quality, such as content knowledge and certifi-
cation requirements.

DOES TEACHER OR TEACHING QUALITY MATTER?

In trying to improve overall achievement and decrease the achievement
gap, a major focus of education reform efforts has been teacher and
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teaching quality, an especially promising reform option (Porter, 2005).
Several studies using value-added approaches to link teachers to student
outcomes in elementary school suggest that the effects of teachers may
be quite substantial (Rowan, Correnti, & Miller, 2002; Wright, Horn, &
Sanders, 1997).

The ECLS provides us with an opportunity to examine the extent to
which teacher characteristics and instruction are related to overall
achievement and the achievement gap. The four main teacher and teach-
ing quality features discussed in the literature, and which we focus our
study on, are content knowledge, experience, certification and reform-
oriented instruction. Below we highlight the major findings in these
areas, as they pertain to links to student achievement.

TEACHER QUALITY AND STUDENT ACHIEVEMENT

Most of the research on teacher credentials published since the debut of
the Coleman Report (Coleman et al., 1966) has focused on the link
between teacher characteristics and student achievement. These studies
found positive associations between student achievement and teacher
knowledge, measured as their Scholastic Aptitude (or, more recently,
Assessment) Test (SAT) or National Teacher Examination (NTE) score
(Ballou, 1996; Ehrenberg & Brewer, 1994, 1995; Ferguson, 1991;
Ferguson & Ladd, 1996; Mosteller & Moynihan, 1972; Strauss & Sawyer,
1986; Wright et al., 1997). Other studies found connections between stu-
dent achievement and teacher knowledge proxies such as college major,
number of courses, or amount of professional development taken in a
subject area (Cohen & Hill, 2000; Darling-Hammond, 2000; Goldhaber
& Brewer, 1997, 2000; Monk, 1994; Monk & King, 1994; Wenglinsky,
2000, 2002; Wiley & Yoon, 1995). Greenwald, Hedges, and Laine (1996)
found, based on a meta-analysis, that teachers who attend better colleges
and/or score higher on standardized tests produce greater gains in stu-
dent achievement but are less likely to teach low-SES, Black, or Hispanic
students. Teaching experience has been associated with achievement
gains in high school mathematics (Fetler, 1999) and elementary mathe-
matics (Murnane & Phillips, 1981; Rowan et al., 2002).

Studies of the relationship between teacher certification and student
performance are more mixed (e.g., Darling-Hammond, Berry, &
Thorenson, 2001; Goldhaber & Brewer, 2000). For example, Hawk,
Coble, and Swanson (1985) found a positive relationship between math-
ematics achievement and teacher certification in secondary school,
whereas Fetler (1999) found a negative correlation between mathematics
and emergency credentials. Goldhaber and Brewer (2000) found no dif-
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ference in mathematics achievement according to emergency or regular
teacher certification for high school, and Rowan et al. (2002) found a
similar lack of relationship at the elementary school level. These varying
findings are likely in part because certification is operationalized quite
differently across states.

INSTRUCTION AND STUDENT ACHIEVEMENT

Student opportunity to learn, defined as time spent on instruction in the
classroom, has for several decades been shown to matter for student
achievement (e.g., Carroll, 1963; Gamoran, Porter, Smithson, & White,
1997; Guarino, Hamilton, Lockwood, Rathbun, & Hausken, 2006). It is
especially salient for disadvantaged students, who often do not receive
high-quality education experiences outside of school (Alexander et al.,
2001).

In addition to the amount of time spent on academic content, in
recent years, there has been a focus on the importance of the type of
instruction that teachers use in mathematics (Cohen, McLaughlin, &
Talbert, 1993; Elmore, Peterson, & McCarthy, 1996; Lampert, 1990;
Milesi & Gamoran, 2005). Our choice about how to measure mathemat-
ics instruction is grounded in this literature and reflects current reform
efforts in mathematics. The characteristics of effective teaching and
teachers are varied and complex, and there is no firm consensus on what
“good” teaching looks like (see Loveless, 2001). Thus, we developed our
measures of teaching from current work in the teaching and learning of
mathematics that seeks to increase the emphasis on conceptual learning
goals (e.g., reasoning, estimation, conjecture; Cohen & Ball, 1990;
National Commission on Teaching and America’s Future, 1996; National
Council of Teachers of Mathematics, 1989; Spillane & Zeuli, 1999) and
decrease the emphasis on procedural learning goals (e.g., memorization,
computation, routine problem-solving), which predominates instruction
across American classrooms (Schmidt et al., 1997).

Debates persist about the appropriate balance between conceptual and
procedural instruction in mathematics; it has not yet been determined
which mix of content with which students has what effect over what dura-
tion of time under what circumstances (see Gamoran, Secada, & Marrett,
2000; Loveless, 2001; Shouse, 2001). However, many studies have docu-
mented achievement benefits from increased use of conceptual tech-
niques in mathematics, from using different definitions of conceptual
instruction, to studying different grade levels (e.g., Carpenter et al., 1989;
Cobb et al., 1991; Cohen & Hill, 2000; Gamoran et al., 1997; Hamilton et
al., 2003; Hiebert et al., 1996, 1997; Lee, Smith, & Croninger, 1997; Silver
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& Lane, 1995). Research also shows that conceptual techniques might be
especially beneficial to disadvantaged students (e.g., Knapp, Shields, &
Turnbull, 1992; Smith, Lee, & Newmann, 2001), but that compared with
their high- and midachieving counterparts, low-achieving students
receive less conceptual and more procedural instruction on average
(Knapp & Shields, 1990; Kozma & Croninger 1992; Levine, 1988; Smith
et al., 2005). Some studies, though, offer evidence in support of an
emphasis on direct, procedural instruction (e.g., Geary, 2001; Slavin,
Madden, Karweit, Livermon, & Dolan, 1990), especially in the early
grades (D’Agostino, 2000).

A few studies have attempted to examine the effects of different types
of instruction on the achievement gap. One study examined the differen-
tial impact of reform (inquiry-based) and traditional (teacher-centered)
types of instruction on Black and Hispanic students’ math performance
by using a subsample of 190 Black and 174 Hispanic students from NELS:
88 (Manswell Butty, 2001). Results showed no significant differences
between the two types of instruction on 10th-grade students’ math
achievement; however, for 12th-grade students, reform-oriented instruc-
tion was significantly more effective than traditional teaching. Another
study examined the impact of reform-based instruction on closing
fourth-grade students’ achievement gap in mathematics by using the
2000 NAEP (Wenglinsky, 2004). In this study, Wenglinsky distinguished
two types of achievement gaps: a within-school gap and a between-school
gap. The results showed that when instructional practices were taken into
account, the within-school gaps disappeared, but the between-school
gaps remained unchanged. In addition, the study indicated that some
instructional practices were beneficial to all students, irrespective of race.
For example, increasing class time spent on math, emphasizing routine
problems, and emphasizing geometry were found to be beneficial to all
students. Some practices were found to have negative impacts on all stu-
dent achievement. Those practices included frequent testing, working on
projects, and emphasizing facts. The practices particularly beneficial to
African American students differed somewhat from those beneficial to
the whole student body. For Black students, the most beneficial practice
was the emphasis on topics of measurement, and the most detrimental
practice was taking tests.

CONTRIBUTIONS OF OUR STUDY

Our focus on teacher quality is based on the belief that certain teacher
background characteristics are related to better teaching. The focus on
teaching quality is based on the belief that better instruction leads to
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improved student achievement. Drawing on achievement gap and
teacher quality research, we focus our inquiry on contrasting procedural
and conceptual approaches to teaching and several key teacher quality
indicators—specifically, certification, whether the teacher is inexperi-
enced (less than two years of teaching experience), content knowledge as
proxied by degree in mathematics, mathematics courses, and profes-
sional development taken in mathematics. Figure 1 reflects our concep-
tual framework for the study.

Figure 1. Conceptual Framework for the Study

Certification
\ Teacher .| Instruction .| Student
Content "| (time, type) "| Achievement
1 / Enowledge Growth
Expernience
— __F‘/\H-\-\__ "
— B

Context: Limited English proficiency, school
SES, and race/ethnicity

The ECLS provides an opportunity to build on previous work by exam-
ining the same students over time in order to identify the process
through which teachers might affect achievement and the achievement
gap. Our study has several strengths that build on and extend previous
work: (1) we use nationally representative longitudinal data that allow
growth modeling, (2) we use a hierarchical framework to account for the
fact that students are nested within teachers, and time points are nested
within students, (3) we take into account summer learning curves to
make a stronger separation between school and out-of-school effects,
much like Downey et al. (2004), and (4) we examine the initial teacher
and teaching quality distribution as well as change over time to separate
initial correlations due to teacher assignment from effects of teachers
and teaching on growth. This last modification allows us to account for
research that has shown that students from low-income homes are more
likely to be taught by inexperienced teachers who are not certified and
do not have a degree in the content area in which they are teaching (e.g.,
Goldhaber & Brewer, 2000; Ingersoll, 2002). Research also suggests that
high-poverty students are more likely to have teachers who rely predom-
inantly on basic/procedural rather than conceptual/higher order
instruction (Barr, Wiratchai, & Dreeben, 1983; Desimone, Smith, &
Frisvold, 2007; Gamoran, 1986; Smith, Desimone, & Ueno, 2005),
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though high-poverty students do not necessarily have lower conceptual
than procedural achievement (Desimone, Smith, Hayes, & Frisvold,
2005). We examine initial teacher assignments to see if they correspond
to this pattern, and then look at whether those characteristics affect stu-
dent cognitive growth. Finally, (5) we categorize mathematics instruction
both as opportunity to learn (full-day kindergarten and time spent on
mathematics) and into a three-part typology of types of instruction,
which reflects current debates in the mathematics community about the
efficacy of a relative emphasis on conceptual versus procedural
approaches to teaching math. This allows us to test on a national sample
whether particular types of instruction are more or less effective for
advantaged and disadvantaged students’ achievement growth.

Our study builds on a recent NCES gains analysis of ECLS data that
linked teacher quality and student achievement in kindergarten
(Guarino et al., 2006). We extend this work by measuring growth rather
than just one-year gains, including first grade and accounting for sum-
mer effects, and using more comprehensive measures of teachers’ learn-
ing experiences (including professional development) and credentials
(differentiating among alternative, emergency, and high and low). We
also focus on mathematics content rather than pedagogy, which has been
shown to be more weakly related to achievement (Pellegrino, Baxter, &
Glaser, 1999; Porter, Kirst, Osthoff, Smithson, & Schneider, 1993).
Further, we look at effects of teacher quality and instruction on overall
achievement as well as the achievement gap. Previous studies have used a
multitude of race/ethnicity and income categories when examining the
achievement gap. Here we focus on the most common racial gap,
between Black and White students, and the most commonly examined
income gap, between high- and low-SES students.

RESEARCH QUESTIONS

Our inquiry focuses on looking inside schooling to examine whether
teacher and teaching quality matters for overall achievement and narrow-
ing the achievement gap between White and Black and low- and high-SES
students in kindergarten and first grade. We focus on three main ques-
tions. First we ask, What is the distribution of teacher and teaching quality dur-
ing the first year of kindergarten? Here we hypothesize, based on previous
research, that low-achieving students are more likely to be assigned to
teachers with less experience, lower credentials, and less content knowl-
edge and that teachers spend less time on instruction and are more likely
to use procedural rather than conceptual approaches to instruction. Our
second question asks, To what extent do teacher quality, time spent on instruc-
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tion, and type of instruction predict growth in student achievement in kinder-
garten and first grade? Our third question analyzes the answer to the sec-
ond question in the context of inequality, asking, To what extent do teacher
and teaching quality narrow the Black—White and low-/high-SES achievement

gap?
DATA AND SAMPLE

We examine the first four waves of data from the National Center for
Education Statistics’ (NCES, 2000) Early Childhood Longitudinal Study-
Kindergarten Cohort (ECLS-K), a nationally representative longitudinal
sample of students who were kindergartners in 1998. The kindergarten
sample is based on a national sample of schools with kFindergarten pro-
grams. Because the ECLS followed students, teachers and schools were
sampled in the first grade only if they included one or more ECLS-K chil-
dren in their classrooms (NCES, 2002b). This study examines kinder-
garten and first-grade teachers within schools using teacher and principal
surveys and student achievement scores from the “restricted use” version
of the ECLS. These data allow the linking of students to teachers and
schools. The ECLS provides data on a national multistage probability
sample of approximately 19,000 kindergartners and first graders in 3,000
classrooms in 1,000 schools. The Department of Education used a dual-
frame multistage sampling design in which 100 primary sampling units of
counties or groups of counties were selected. Private and public schools
were sampled separately within each of the chosen primary sampling
units, and about 23 kindergartners were selected from each of the sam-
pled schools. Students were followed from fall of kindergarten until fifth
grade, with a refresher sample in first grade. Specifically, the first wave of
the ECLS consisted of fall and spring kindergartner achievement tests,
teacher surveys (93% response rate), principal surveys (69%), and par-
ent interviews (85%). In fall 1999, a subsample of first graders was given
achievement tests. All students were tested again in spring 1999, 2001
(third grade), and 2003 (fifth grade). Teacher, administrator, and parent
data collections were also administered again in these years. Private
school kindergartners and Asian students were oversampled. This sam-
pling design allows comparisons among students by race and ethnicity
and by socioeconomic status (Tourangeau, Nord, Lé, Pollack, & Atkins-
Burnett, 2006).

We analyze students who have taken at least one wave of the mathemat-
ics assessment test. This reduced our sample size from 21,399 to 19,730.
To conduct a growth curve analysis, we needed the date of entry into
kindergarten and the date of each of the four achievement tests. When
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there was an assessment score without a date, we imputed the missing
date from the median date of assessment for the student’s school. If all
the students in a given school were missing the dates of an assessment, we
dropped observations at the assessment level. We dropped cases that had
missing data on all four assessments. We only included cases in which we
were able to match students to their teachers. These additional require-
ments further reduced our sample to 10,980 students in 2,164 schools.
See Appendix A for how missing data affects our sample.

In this study, we used data from the kindergarten and first-grade waves
and analyzed the full sample of students (N=10,980) as well as four sub-
samples: White students (n = 6,652); Black students (n = 1,447); low-SES
students (n = 2,797), defined as students who are in the lowest SES quar-
tile; and high-SES students (n = 2,736), defined as students who are in the
highest SES quartile.

VARIABLES

We calculated teacher-level variables from teacher questionnaires and
classroom averages of student characteristics, and we calculated school-
level characteristics from administrator surveys and school averages of
student characteristics.

ACHIEVEMENT SCORES

Our growth curve model is based on an analysis of student and classroom
characteristics at three levels: multiple student assessment scores, nested
within students, nested within schools. At the student assessment level, we
examined the dependent variable of math achievement scaled using item
response theory (IRT) so that it could be compared across all four tests
(in the fall and spring of kindergarten and the fall and spring of first
grade). Each test counts as a separate observation, such that a student
who took all four assessment tests would have four different observations
at level 1.

As we mentioned earlier, children’s reading and math skills were tested
on four occasions: spring and fall of kindergarten (1998-1999), and fall
and spring of first grade (1999-2000). The first, second, and fourth tests
were given to all available students; the third test in the fall of first grade
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was given in a 30% random subsample of schools. Tests followed a two-
stage format designed to reduce ceiling and floor effects. In the first
stage, children took a brief “routing test” comprising items of a wide
range of difficulty. In the second stage, children took a test containing
questions of appropriate difficulty given the results of routing test
(NCES, 2000). IRT was used to map children’s answers onto a common
64-point scale for math. Few scores were clustered near the top or bottom
of IRT scales, suggesting that ceiling and floor effects were minimized. In
addition, the IRT scales improved validity and reliability by down-weight-
ing questions with poor discrimination or high guessability (Rock &
Pollack, 2002).

We paid careful attention to the dates on which tests were given, simi-
lar to Downey et al.’s (2004) study. We included variables for the number
of days between the beginning of kindergarten and each test administra-
tion. So, the kindergarten (K), summer (S), and first grade (F) variables
reflect how long the child was in each in grade (or the length of summer)
before taking the assessment.

STUDENT VARIABLES

We included a series of control variables to measure SES and race at the
student level. To measure SES, we used a measure calculated by NCES
that consists of a weighted average of parent’s education and income.
This variable is standardized with a mean of 0 and a standard deviation
of 1. We measured race with dummy variables for White, Black, Asian,
Hispanic, Native American, and mixed race.' We also included controls
for other factors that might be associated with achievement, such as the
age of the student (in months) at the beginning of kindergarten and
whether the student was in kindergarten for the first time in the
1998-1999 school year. Last, at the student level, we included days absent
from kindergarten and first grade. The days-absent variable can also be
viewed as a measure of opportunity to learn, given that absence from
classes leads to less exposure to teaching and less of a chance to learn.
See Table 1 for the descriptive statistics for all the level land level 2
covariates for the full sample and each of our subsamples (i.e., White,
Black, and low and high SES).
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Table 1. Descriptive Statistics

Full Sample
Level 1 Mean  S.D.
Math Achievement 31.29 1257
Months in Kindergarten 21326 95.1
Months on Summer Break 3195  40.16
Months in First Grade 82.22 114.82
Sample Size 35110
Level 2 Mean  S.D.
“Socio Economic Status
(SES), standardized” 005  0.77
White 061 049
Black 0.13 034
Hispanic 0.14 035
Asian 0.06 024
Native American 0.03 018
Mixed Race 002 015
Ist time K 085 0.6
Age began Kindergarten 66.26  4.34
Days Absent in Kindergarten ~ 9.16 123
Days Absent in First Grade 782 8.68
Sample Size 10980
Level 3
Kindergarten
Teacher Quality Mean  S.D.
Experience (standardized) 0.04  0.96
New Teacher 0.1 031
Less than BA 001 0.07
BA 024 043
More than BA 0.59 049
High certification 057 049
Regular certification
No certification 001 012
Emergency certification 0.07 025
Alternative certification 001 012
Professional development (?=.55) 0.01 ~ 0.61
Number of math courses 0 096
Kindergarten Instruction
Full-day K 0.6 046
Minutes of math per day
(10 min. increments) 18.12  10.68
Basic Procedural
(in days per month) 9.74 478
Conceptual
(in days per month) 578 433
Advanced Procedural
(in days per month) 457 313
Kindergarten Controls Mean  S.D.
% private 01 03
% free lunch 30.68  24.37
Class > 27 013 033
10% or less LEP 0.74 042
% min. in class 038 0.34
% w/ Data on
Kindergarten Teachers 093 025

White Sample
Mean  S.D.
33.03 1253
21221 94.69
32.25  40.37
81.84 114.25
21313
Mean  S.D.
022 0.73
1 0
0 0
0 0
0 0
0 0
0 0
087 034
66.57  4.32
8.08 9.1
753 843
6652
Mean  S.D.
0.07 096
0.1 0.3
0.01  0.08
0.25 043
0.58 049
0.58 049
0.02 013
0.06  0.24
0.01  0.08
0 061
0.02 097
0.58 047
1747 10.67
9.34 476
566  4.36
454 314
Mean  S.D.
012 033
2522 20.27
011 031
0.8 038
025 0.24
093 026

Black Sample

Mean
2721
214.79
31.63
82.25
4691

Mean

0.35

cooco—o

0.82
66.06
9.71
8.32
1447

Mean
0.02
0.11

0.26
0.55
0.54

0.01
0.07
0.01
0.02
-0.03

0.69
18.6
10.06
6.28
4.79
Mean
0.07
39.4
0.13
0.78
0.52

0.92

S.D.
11.43
94.52
38.49

114.78

S.D.

0.74

S.D.
0.95
0.31
0.07
0.44
0.49

0.5

0.12
0.25
0.09

0.61
0.92

0.44
10.85
4.99
4.6
3.3
S.D.
0.26
27.36
0.33
04
0.33

027

High SES Sample  Low SES Sample

Mean
35.72
211.93
32.41
81.29
8836

Mean

1.09
0.76
0.05
0.07
0.07
0.01
0.03
0.9
66.17
7.2
6.81
2736

Mean
0.07
0.1
0.01
0.24
0.59
0.58

0.03
0.06
0.01
0.01
0.01

4.6

Mean
0.19
22.45
0.13
0.81
0.28

0.94

S.D.
12.35
95.09
40.69

113.93

S.D.

0.44
0.43
0.22
0.25
0.26
0.12
0.17

0.3

4.2
8.80
6.18

S.D.
0.96

0.3

0.1
0.43
0.49
0.49

0.16
0.24
0.11
0.61
0.98

047
10.21
4.65
4.32
3.09
S.D.
0.39
19.26
0.33
0.87
0.28

0.23

Mean
26.88
21448
31.51
83.27
8877

Mean

-0.81
0.38
0.23
0.27
0.05
0.05
0.02
0.84

66.29

11.82
9.38

Mean
0.04
0.12

0.24
0.6
0.57

0.01
0.07
0.01
0.01
-0.01

0.61
18.71
9.87
5.60
4.45
Mean
0.06
37.08
0.14
0.7
0.45

0.94

S.D.
12.01
95.69
40.79

116

S.D.

0.45
0.49
0.42
0.44
0.21
0.21
0.14
0.7
4.48
16.3
11.37

S.D.
0.98
0.32
0.06
0.43
0.49
0.49

0.11
0.26
0.12
0.62
0.94

0.46
10.7
4.68
4.22
3.05
S.D.
0.23
25.76
0.34
0.44
0.36

0.25
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Table 1. Descriptive Statistics (continued)

Full Sample ~ White Sample Black Sample  High SES Sample Low SES Sample
Mean S.D. Mean S.D. Mean SD. Mean  SD.  Mean SD.
First Grade Teacher Quality

Experience 0.04 081  0.09 0.8 0.01 083 0.11 0.82 002 08
New Teacher 009 024 009 023 0.12 027 008 022 0.1 02
Less than BA 0 0.06 0 006 0.01  0.07 0.01 0.08 0 003
BA 026 038 027 038 031 04 027 039 0.27 039
More than BA 058 044 061 043 054 044 062 043 058 044
High certification 007 022 008 023 0.1 026 008 022 0.07 022
Regular certification

No certification 002 012 002 012 0.02 012 005 015 0.01  0.09
Emergency certification 006 021 006 019 007 022 0.06 02 007 0.22
Alternative certification 0.01 01 001 007 0.01  0.09 0.01 0.08 0.02 012
Professional development (?=.49)-0.01 ~ 049  -0.02 048 0.06 052 -0.02 0.49 -0.01 0.5
Number of math courses 0 078 0 079 0 081 0.01 0.8 001 079
First Grade Instruction

Minutes of math per day

(10 min. increments) 23.39 1162 239 10.58 2416 11.61 2379 10.01 2393 11.56
Basic Procedural 836 479 865 44 888 481 855 422 873 48
Conceptual 757 451 179 425 794 458 784 407 75 449
Advanced Procedural 778 445 178 409 797 444 7.86 4 783 44)
First Grade Controls

% private 0.1 0.3 012 033 0.08 0.26 0.19 039 0.06 023
% free lunch 2436 23.09 2206 19.64 2982 25.04 1883 17.63 29.2 25.06
Class > 27 0.05 02 004 018 0.05 02 005 021 0.04 018
10% or less LEP 071 043 081 036 0.78 039 085 0.3 0.68 044
% min. in class 03 035 0235 024 048 0.34 026 028 041 037
% w/ Data on

First Grade Teachers 087 034 09 029 0.88 032 092 027 088 033
Sample Size 2164 1574 611 1048 1295

TEACHER AND INSTRUCTION VARIABLES

At the teacher level, we examined three sets of variables for both kinder-
garten and first grade: teacher quality, instruction, and controls. We mea-
sured teacher characteristics with the following variables: years of
experience teaching (standardized); a dummy variable for first- or sec-
ond-year teachers to identify new teachers; teacher’s education (whether
they have a BA or graduate degree in mathematics); the level of teacher
certification (high [permanent or long term certification], regular,
emergency, alternative, or no certification); the number of college-level
courses taken in mathematics; and the teacher’s participation in profes-
sional development. We measured professional development with a com-
posite consisting of an average of the following four standardized
variables: (1) the teacher attended peer feedback meetings, (2) the
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teacher attended or observed other schools, (3) the teacher attended
classes and meetings to learn new skills, and (4) the teacher attended
professional development workshops during the current academic year.
The Cronbach’s alpha for this professional development construct was
.55 for kindergarten and .49 for first grade.

We measured exposure to instruction in several ways. For kindergart-
ners, we used a dummy variable indicating full-day versus half-day kinder-
garten. For both kindergarten and first grade, we used a measure of the
number of minutes the teacher spent on math instruction per day (in 10-
minute increments) and three measures of the days per month the
teacher spent on basic procedural teaching, conceptual teaching, and
advanced procedural teaching.

To develop the three types of instruction, we used previous research (as
reviewed earlier) to sort the ECLS items into categories of instruction.
We then tested our conceptions using factor analysis and tested the final
composites using Cronbach’s alpha.

The basic procedural teaching measure consisted of the average of how
many days per month the students were taught the following math skills:
telling time, adding single-digit numbers, subtracting single-digit num-
bers, writing all numbers from 1 to 10, recognizing and naming geomet-
ric shapes, and making, copying, or extending patterns. We also included
a question about the following math activity: How many days per month
did the children in your class count out loud? The Cronbach’s alpha for
these variables was .74 for kindergarten teachers and .69 for first-grade
teachers.

Conceptual teaching consisted of the average of the number of days per
month that students were taught the following skills: estimating quanti-
ties, estimating probabilities, and writing math equations to solve word
problems. We also included in this measure the following question about
math activities: How many days per month did the children in your class
work on math problems that reflect real life situations? The Cronbach’s
alpha for conceptual teaching was .65 for both kindergarten and first
grade.

The advanced procedural teaching composite measured the extent to
which the teacher taught the following skills: place value, reading two-
digit numbers, mixed operations, recognizing fractions, recognizing the
value of coins and currency, counting by 2s, bs, and 10s, counting beyond
100, writing all the numbers between 1 and 100, reading three-digit num-
bers, adding two-digit numbers, carrying numbers in addition, and sub-
tracting two-digit numbers. The Cronbach’s alpha for the advanced
procedural teaching construct was .75 for kindergarten and .82 for first
grade.
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SCHOOL- AND CLASS VARIABLES

Last, we included controls indicating whether a student was in private
school, the percent of students in the school who qualified for free lunch,
the percentage of minorities in the classroom, a dummy variable for
classes with more than 27 students, a dummy variable for classes with less
than 10% limited-English-proficiency (LEP)? students, and a dummy vari-
able for whether we had data for the kindergarten or first-grade teacher.
(See Table 1 for the descriptive statistics for all the school and classroom
variables.) Variables describing conditions at the class level were assigned
to the corresponding teachers and thus were categorized as teacher-level
variables in our models.

We tested for collinearity at the teacher level and found that there were
no notable correlations between the teacher-level covariates for either
first grade or kindergarten (see Appendix B).

METHODS

We estimated knowledge and learning rates using a multilevel growth
model (Raudenbush & Bryk, 2002; Singer & Willett, 2003). In this model,
we viewed tests (level 1) as nested within children, and children (level 2)
as nested within schools (level 3).

This model allowed us to examine the distribution of teacher and teaching
quality during the first year of kindergarten and to estimate the effects of
teacher quality, time spent on instruction, and type of instruction on the growth in
student achievement in kindergarten and first grade.

GROWTH MODEL

To estimate the growth curve, we used a three-level multilevel model in
hierarchical linear modeling (HLM; see equations below). Level 1 con-
sists of the IRT math score as the dependent variable. We modeled the
growth in math achievement with three covariates of the days since the
beginning of kindergarten, designed to separate academic-year growth
from summer gains or losses. The kindergarten slope (K) consists of the
days since the beginning of kindergarten for assessments between the
beginning and end of kindergarten and 9 months later. The summer
slope (S) consists of assessment dates between 9 months and 12 months
since the beginning of kindergarten. The first-grade (F) slope consists of
assessment dates 12 months after the beginning of kindergarten.

Our model extrapolates the scores that would have been obtained on
the last day of kindergarten and the first day of first grade. There might
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be a slight bias if learning speeds up or slows down at the beginning and
end of the school year, though Downey et al. (2004) found that learning
rates are approximately constant for much of the school year. Our model
makes these extrapolations by using information about the date of each
test relative to the first and last days of school.

Level 2 consists of student family background (SES), student race
(RACE), student family background (SES), whether this was the first time
that a student entered kindergarten (First Time in K.) and student age
for the intercept. The slope for kindergarten includes race, family back-
ground, whether the student was in a full-day kindergarten (Full day K.),
and the number of days absent in kindergarten. The summer slope con-
sists of race and family background. The slope for first grade includes
race, family background , and days absent in first grade.

Level 3 consists of a series of teacher quality, instruction, and control
variables for both kindergarten and first grade. The kindergarten covari-
ates at level 3 influence both the level 1 intercept and the growth of
kindergarten achievement. The first-grade covariates are modeled on the
first-grade slope.

Level 1: Y=mg, + 1y (K) + 79 (S) + g (F) +e

Level 2: Ty = BOO + B()l (SES) + B02 (RACE) + B03 (First Time in K.)
+ B04 (AGE) + ro
m = BlO + Bll (SES) + Bl? (RACE)+ B13 (Days Absent in K.)
+ By4 (Full day K.)
9 = BQO + BQl (SES) + B22 (RACE)
g = Bgo + B31 (SES) + BSQ (RACE) + ng (Days Absent in
First Grade)

Level 3: Boog= o1 + 002 (K Teacher Quality)+ (g (K. Instruction) +
004 (K. Controls)+ ug

Bo1 = 01

Bp2 = 02
Bos = 03

Bo4 = 04

Bp= 0o+ oo (K Teacher Quality)+ (( (K. Instruction) + (o
(K. Controls)

Bio= 11
Bio= 19
Big= 13
Bop = 00
Bo1 = 91

Bog = 91
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Bgo = 0o oo (F. Teacher Quality)+ () (F. Instruction) + ¢
(F. Controls)

B3g1= 10
Bgo = 90
B3z = 30

The equations above jointly model the sorting of students, teachers,
and classroom achievement on initial achievement and the influences on
three learning rates: kindergarten, summer, and first grade. We esti-
mated the equations using HLM for the full model and for the White,
Black, high-SES, and low-SES subsamples (see Tables 2 and 3).

The intercept in this growth model (7 and B()()) can be interpreted as
the initial sorting of students of different abilities into schools and class-
rooms. In other words, the covariates (1, 002> and (jpg measured the
selection effects of unmeasured characteristics that matched student
achievement with different types of kindergarten teaching and different
types of kindergarten teachers. For example, the positive and significant
effect of the private school covariate on the intercept could be inter-
preted to indicate that more higher achieving students begin kinder-
garten in private schools than in public schools. In contrast, the slopes
for kindergarten (1] and Bj() and first grade (ng and Bg()) gave esti-
mates of the effects of teaching and teacher characteristics on achieve-
ment growth. For example, the private school covariate for the slope is
either negative or zero, meaning that private schools are not associated
with an increase in achievement growth above the initial sorting of high-
ability students into private schools.

This growth curve model has several advantages over ordinary regres-
sions. In ordinary regressions, the estimated correlation between initial
status and subsequent change is attenuated and negatively biased
because measurement error is confounded with true variation in initial
status and change (Blomqvist, 1977; Thomson, 1924). Our multilevel
growth model avoids this bias by separating school and student-level vari-
ation from variation due to testlevel measurement error.

MISSING VALUES

ECLS-K has a fair number of missing values. We assumed that values were
missing at random (Allison, 2001; Little & Rubin, 2002). We dropped
cases with missing data on the date of assessment and where we were not
able to impute an assessment date from other students in the same
school. However, randomly missing test scores are not problematic
because our longitudinal models did not require that all children be
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tested on all occasions (Raudenbush & Bryk, 2002; Singer & Willett,
2003). As a result, we were able to keep cases that had at least one out of
the four assessments. For the covariates at levels 2 and 3, we used mean
substitution for missing data and added a dummy variable (see Appendix
A for the descriptive statistics for all the missing data dummies).’*

Randomly missing predictors can produce bias and inefficiency. We
addressed this potential problem by creating dummy variables for miss-
ing data and doing mean substitution for missing values. This produced
unbiased estimates but slightly inefficient standard errors. We could have
used a multiple imputation strategy (Allison, 2001; Rubin, 1987), which
in nonnested data has the advantage of producing unbiased and efficient
estimates. However, we tested a series of smaller multilevel models of
achievement with the ECLS data and found almost identical coefficients
and standard errors with both mean imputation and multiple imputa-
tion. Although multiple imputation has advantages for nonnested data,
there is a great deal of uncertainty about how best to conduct multiple
imputations with nested data. It is possible that imputation strategies can
change the covariance matrices between the different levels of imputed
data. The direction and magnitude of this bias is unknown. Because of
this uncertainty, we used mean imputation instead.

Our analysis of the longitudinal data from the ECLS has several advan-
tages over existing cross-sectional studies. First, our multiple measures of
achievement at the beginning and end of kindergarten allow us to esti-
mate both the initial distribution of achievement and achievement
growth in order to distinguish between the effects of initial student char-
acteristics and the effects of schooling on achievement growth. In con-
trast, cross-sectional studies suffer from an inability to distinguish the
effects of initial student traits and schooling effects. Second, the multiple
measures of achievement allow us to parse out the confounding summer
learning effects. Third, the extensive covariates at both the kindergarten
and first-grade levels allow us to account for the changing school and
teacher traits that influence student achievement.

RESULTS

DIFFERENCES IN TEACHER QUALITY AND INSTRUCTION BY RACE
AND SES (TABLE 1)

The descriptive statistics for the White versus Black sample and the
high- versus low-SES sample show similarities in both teacher and teach-
ing quality. The percentage of new teachers for all four subsamples is
close to 10% in kindergarten and first grade. The number of teachers
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with emergency credentials is near 6%, and the number with alternative
credentials is near 1% for all four subgroups in kindergarten and first
grade. The percentage of teachers with high (or advanced) certification
is nearly identical for all subgroups in both kindergarten and first grade.
In addition, levels of professional development for all subgroups are
almost identical to the grand mean for professional development. There
also are no statistically significant differences among the number of math
courses, teacher education, and levels of teacher experience across sub-
groups. Contrary to findings from other studies, it appears that for
kindergartners and first graders in the ECLS, Black, White, well-off, and
poor students all have teachers with similar levels of experience, educa-
tion, certification, professional development, and math coursework.

Though average levels of time spent on mathematics and emphasis on
the three different types of instruction differed by subgroup, none of
these differences was statistically significant. Black students’ teachers
reported spending slightly more time on math and on each of the three
types of instruction compared with teachers of White students in both
kindergarten and first grade. Low-SES students have slightly higher levels
of minutes of instruction and days of basic instruction than high-SES stu-
dents. In contrast, high-SES students have slightly higher levels of con-
ceptual and algorithmic instruction. However, as we mentioned, none of
these differences was statistically significant.

The large differences in subgroups are related to gaps in socioeco-
nomic status between Black and White students and differential racial
composition between high- and low-SES groups. In addition, the contex-
tual controls of private schools, percent free lunch, and percent minority
in the class are statistically different for all groups. There are also statisti-
cally significant differences in absenteeism for the subgroups.

Although there might not be much difference in the mean levels of
instruction and teaching characteristics by subgroups, it is possible that
there are notable differences in the effects of these characteristics in both
their initial distribution across differential ability levels and on the
growth in achievement. Next, we discuss the results concerning these two
issues.

INITTIAL STUDENT ASSIGNMENT (TABLES 2 AND 3)

The main findings we want to highlight in Tables 2 and 3 are that being
new to the teaching profession and all three of our teaching measures
were associated with the initial distribution of students across classrooms.
Lower achieving kindergartners are more likely to have new teachers (b
=-.64%), but none of the other teacher quality variables (certification, BA



3044 Teachers College Record

or higher in mathematics, professional development participation) is sig-
nificantly related to initial achievement levels, except that teachers who
have taken more coursework in mathematics have students with lower
achievement (b =-.17*). We suspect that taking coursework is a proxy for
lack of prior content knowledge, so this negative relationship is consis-
tent with the idea that weaker teachers get assigned to weaker students.
Teachers who more often use advanced procedural instruction (algo-
rithms) (b = .08**) and conceptual approaches to mathematics (b =
.08**) are more likely to have higher achieving kindergartners in their
fall class. Teachers who favor more basic procedural approaches are more
likely to have lower achieving kindergartners (b = -.06*). The subgroup
analyses of Black, White, and high- and low-SES students show that the
initial allocation of students to teachers generally followed the same pat-
terns (e.g., conceptual and advanced procedural instruction were associ-
ated with higher initial achievement, and basic procedural instruction
was associated with initially lower achieving students), but for the most
part, coefficients were not significant, probably due in part to sample size
limitations. One exception was that for high-SES students (Table 3,
Model 4), having a teacher who spent more time on math instruction was
associated with initially higher levels of achievement (b = 1.19%%¥).

ACHIEVEMENT GROWTH AND SUMMER EFFECTS (TABLES 2 AND 3)

Moving to our growth models, we ask how teacher and teaching quality
affects kindergarten and firstgrade achievement growth. We separate
summer growth from academic year growth to better isolate cognitive
growth that occurs while the student is in school. Tables 2 and 3 show the
extent to which teacher quality and instruction are related to student
achievement growth in both kindergarten and first grade.

TEACHER QUALITY

In the full sample, reported in Table 2, several teacher quality variables
are related to first-grade achievement growth, but none is associated with
kindergarten growth. Specifically, first-grade achievement growth occurs
at a slower rate if students have a teacher with less than a bachelor’s
degree (b =-.70%*) and at a fasler rate if the teacher has high certification
(b =.30**) or alternative certification (b =.60%).

Subgroup analyses reveal similar but not identical patterns.* The
Whites-only sample is similar to the full sample—for first graders, having
a teacher with less than a BA in mathematics slows growth (b =-.87%), and
having a teacher with high certification accelerates growth (b = .32%).
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There are no teacher quality effects for kindergartners. For the Black-
only sample, no teacher quality variables are significantly related to
growth. For low-SES students, having a teacher with no certification is
associated with an increase in cognitive growth in mathematics in kinder-
garten. For high-SES students in first grade, having a new teacher (b = -
.53*) is associated with the slowing of achievement growth (see Models 2

and 3 in Table 2, and Models 4 and 5 in Table 3).

Table 2. Growth Curve Models for the Full Sample and the White and Black Samples

Model 1- Full Sample

Initial Status Coefficient
Intercept -8.64
Teacher Quality

Experience .10
New Teacher -0.64
Less than BA 0.06
More than BA 0.10
High certification 0.10
No certification 0.39
Emergency certification -0.21
Alternative certification 0.78
Professional development 0.18
Number of math courses 0.17
Instruction

Full-day K 0.02
Minutes of math 0.00
Basic Procedural <0.06
Advanced Procedural 0.08
Conceptual 0.08
Controls

% private 1.77
% free lunch -0.03
Class > 27 0.25
10% or less LEP 0.42
% min. in class 0.19
1st time K 2.06
Black -1.42
Hispanic -1.85
Asian 0.66
Native American 247
SES (sescont) 2.64

(Table 2 continued on the next page)

S.E. P-value
(1.23)  0.00
(.10)  0.28
(.29 0.03
(1.00)  0.96
(.20)  0.60
(.21)  0.62
(.76)  0.61
(33 0.53
(1.02)  0.44
(13) 017
(.08  0.04
(.19 091
(.01)  0.81
(.03 0.03
(.03 0.01
(.02)  0.00
(.27)  0.00
(.00)  0.00
(30 043
(.25 0.09
(34 058
(.27)  0.00
(.22)  0.00
(.23 0.00
(37 0.07
(.44 0.00
(.11)  0.00

Model 2 - Whites

Coefficient
9.73

-0.13
-0.74
-0.71
0.02
-0.33
-0.60
-0.30
2.44
0.11
-0.18

0.18
0.00
-0.06
0.11
0.07

1.54
-0.04
-0.45
-0.37

0.24

2.55

2.88

S.E. P-value
(1.71)  0.00
(13 033
(43 0.09
(1.44)  0.62
(.26)  0.95
(.28)  0.25
(1.25)  0.63
(.45 0.50
(1.72)  0.16
(17) 052
(.11)  0.09
(.25 048
(.01)  0.88
.04) 012
.04 0.02
.03 0.03
(.32 0.00
(.01)  0.00
(44 030
(42 037
(.60)  0.68
(.41)  0.00
(.15 0.00

Model 3 - Blacks
S.E. P-value
6.95 (2.99)

Coefficient

0.06
0.32

(.17)
(.56)

0.10 (1.40)

0.33
0.15

(.32)
(.33)

-0.42 (1.01)

-0.93

(.55)

415 (2.16)

0.04
0.43

-0.60
0.02
0.01
0.07
0.09

2.96
-0.01
0.72
-0.08
0.42
0.38

1.80

(.23)
(.16)

(38)
(.02)
(.05)
(.05)
(.04)

(59
(.01)
(.58)
(.62)
(.56)
(.63)

(.22

0.02

0.72
0.57
0.94
0.30
0.66
0.68
0.09
0.05
0.86
0.01

0.11
0.21
0.83
0.18
0.02

0.00
0.25
0.22
0.90
0.46
0.55

0.00
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Table 2. Growth Curve Models for the Full Sample and the White and Black Samples (continued)

Kindergarten Slope
Intercept

Teacher Quality
Experience

New Teacher

Less than BA

More than BA

High certification

No certification
Emergency certification
Alternative certification
Professional development
Number of math courses
Instruction

Full-day K (Khours2)
Minutes of math

Basic Procedural
Advanced Procedural
Conceptual

Controls

% private

% free lunch

Class > 27

10% or less LEP

% min. in class

Black

Hispanic

Asian

Native American

SES (sescont)

Absent

Summer Slope
Intercept

SES cont
MSEScount
Black

Hispanic

Asian

Native American

Model 1- Full Sample

0.05

0.05
0.09
-0.20
-0.04
0.02
0.40
0.10
-0.40
-0.09
-0.01

0.10
0.01
0.01
0.03
-0.01

-0.20

-0.002

-0.08
-0.06
-0.14
-0.50
0.20
0.07
0.20
0.20
-0.02

2.20
0.20
0.30
0.20
0.40
0.80
0.70

(.00)

(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.01)
(:00)
(.00)
(.01)
(.01)

0.00

0.16
0.45
0.60
0.62
0.79
0.12
0.43
0.23
0.08
0.79

0.13
0.10
0.13
0.01
0.19

0.05
0.24
0.47
0.52
0.29
0.00
0.04
0.62
0.33
0.00
0.00

0.00
0.20
0.67
0.55
0.37
0.11
0.23

Model 2 - Whites

0.05

0.05
0.07
-0.05
0.01
0.09
0.40
0.20
0.72
-0.09
0.01

0.19
0.003
0.01
0.04
-0.01

-0.19
-0.004
-0.15
-0.06
0.008

0.17
-0.02

2.30
0.10
-0.07

(.00)

(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)

(.00)
(.00)
(.01)

0.00

0.27
0.65
0.89
0.90
0.37
0.21
0.30
0.09
0.20
0.85

0.04
0.52
0.47
0.01
0.25

0.10
0.14
0.25
0.69
0.97

0.01
0.00

0.00
0.52
0.95

Model 3 - Blacks

0.05

-0.05
-0.40
-0.20
0.20
0.03
0.10
-0.20
-1.10
-0.10
-0.03

0.02
0.001
-0.01
0.04
0.01

0.20
-0.01
-0.46
0.04
0.50

0.10
-0.03

2.40
0.01
0.20

(.00)

(.00)
(.00)
(.01)
(.00)
(.00)
(.01)
(.00)
(.01)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)

(.00)
(.00)
(.01)

0.00

0.59
0.12
0.81
0.36
0.87
0.82
0.48
0.09
0.16
0.70

0.91
0.86
0.61
0.13
0.67

0.36
0.01
0.08
0.88
0.13

0.31
0.00

0.00
0.98
0.86
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Table 2. Growth Curve Models for the Full Sample and the White and Black Samples (continued)

Ist Grade Slope
Intercept

Teacher Quality
Experience

New Teacher

Less than BA

More than BA

High certification

No certification
Emergency certification
Alternative certification
Professional development
Number of math courses

Instruction
Minutes of math
Basic Procedural
Advanced Procedural
Conceptual
Controls

% private

% free lunch
Class > 27

10% or less LEP
% min. in class
Black

Hispanic

Asian

Native American
SES (sescont)
Absent

Variance Component

Model 1- Full Sample
0.05  (.00) 0.00

001 (00)  0.90
090 (00) 0.0
070 (00) 001
010 (00) 0.8
030 (00) 0.1
030 (00) 0.4
010 (00) 051
060 (00)  0.04
002 (00) 070
002 (00) 056

007 (00)  0.02
001 (00) 045
003 (00)  0.04
001 (00) 098

09 (00 001

0.002  (.00) 015

020 (00) 015
001 (00) 092
010 (00) 036
084 (00 001
007 (00)  0.60
059 (00) 0.0
020 (00) 030
016 (00) 0.0
001 (00) 0.4

Level 1 Variance 16.20
Level 2 Variance 34.04
df 8807.00
Chi-Square 53579.34
Level 3 Variance 3.58
df 2133.00
Chi-Square 3282.04
Deviance 220475.06
df 131

Model 2 - Whites
0.04 (000  0.00

003 (00) 056
0920 (00 033
087 (000 0.04
005 (00) 059
032 (00) 0.0
030 (00) 034
010 (00) 051
030 (00) 031
008 (00 098

0004 (00) 094

000 (00) 045
001 (00) 072
002 (00) 030
001 (00) 052

020 (00) 015
000 (00) 071
009 (00) 060
010 (00) 042
010 (00) 046

015 (00 003
001 (00)  0.03

16.25
35.89
5074.00
35243.73
3.17
1543.00
183.51

134142.90
111.00

Note: coefficients for kindergarten, summer and first-grade slopes were multiplied by 100

Model 3 - Blacks
0.04 (.00) 0.00

018 (.00) 0.06
008 (00 0.79
100 (05) 025
0.05 (00) 0.79
040 (00) 025
040 (01 056
020 (.00) 046
080 (01 034
020 (00) 0.13
001 (00) 088

00.02 (.00) 0.02
001 (00) 068
002 (00 05b
001 (00) 063

040 (00) 012
001 (00) 010
030 (00) 052
007 (00) 081
065 (00) 001

0.08 (.00 055
0.002 (00) 0.88

14.53
31.21
832.00
10113.88
0.73
580.00
699.31

28882.86
111.00



3048 Teachers College Record

Table 3. Growth Curve Models for the Highest SES Quartile and the Lowest SES Quartile

Model 4 - High SES Model 5 - Low SES
Initial Status Coefficient S.E. Pvalue  Coefficient S.E. P-value
Intercept -12.27 (2.74) 0.00 -5.68 (2.21) 0.01
Teacher Quality
Experience 40.22 (.23) 0.34 -0.05 (.14) 0.74
New Teacher -1.41 (.72) 0.05 -0.20 (.45) 0.66
Less than BA 2.00 (1.93) 0.30 0.77 (1.88) 0.68
More than BA -0.14 (.45) 0.75 0.40 (31) 0.20
High certification -0.15 (51) 0.77 .46 (.33) 0.16
No certification -1.62 (1.31) 0.22 -0.09 (.88) 0.92
Emergency certification 40.94 (.87) 0.28 0.04 (.54 0.94
Alternative certification 0.23 (1.51) 0.88 <0.72 (.99 0.47
Professional development 0.31 (.30) 0.31 -0.04 (.20) 0.84
Number of math courses 40.26 (.18) 0.16 0.03 (.13) 0.80
Instruction
Full-day K -0.02 (.02) 0.39 0.41 (31) 0.19
Minutes of math 1.19 (.44) 0.01 0.01 (.01) 0.37
Basic 0.11 (.06) 0.07 -0.05 (.04) 0.25
Algorithm 0.15 (.07) 0.03 0.04 (.05) 0.38
Conceptual 0.10 (.05) 0.07 0.05 (.03) 0.13
Controls
% private 1.30 (.45) 0.00 4.25 (.82) 0.00
% free lunch 40.04 (.01) 0.00 0.01 (.01) 0.04
Class > 27 0.02 (.69 0.98 0.66 (.48) 0.17
10% or less LEP -0.07 (.62) 0.92 0.91 (.40) 0.03
% min. in class 0.31 (.86) 0.72 .12 (.50) 0.81
Ist time K 2.66 (.84 0.00 1.42 (.43) 0.00
Black -3.34 (.64) 0.00 -1.05 (.38) 0.01
Hispanic -1.60 (.69) 0.01 -1.58 (.39 0.00
Asian 1.19 (.67) 0.07 0.80 (.90) 0.38
Native American 0.07 (1.30) 0.61 3.57 (.64) 0.00
SES 2.13 (.38) 0.00 1.00 (.25) 0.00

(Table 3 continued on the next page)
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Table 3. Growth Curve Models for the Highest SES Quartile and the Lowest SES Quartile (continued)

Kindergarten Slope Model 4 - High SES Model 5 - Low SES
Coefficient S.E. Pvalue  Coefficient S.E. P-value
Intercept 0.05 (.01) 0.00 0.05 (.00) 0.00
Teacher Quality
Experience 0.10 (.00) 0.17 0.09 (.00) 0.10
New Teacher 0.41 (.00) 0.06 0.06 (.00) 0.76
Less than BA -0.30 (.00) 0.34 0.09 (.01) 0.93
More than BA 0.03 (.00) 0.83 0.10 (.00) 0.35
High certification -0.02 (.00) 0.89 0.03 (.00) 0.84
No certification 0.61 (.00) 0.06 1.10 (.00) 0.01
Emergency certification 0.06 (.00) 0.83 0.04 (.00) 0.87
Alternative certification .72 (.00) 0.04 0.40 (.01) 0.44
Professional development 0.10 (.00) 0.11 0.04 (.00) 0.65
Number of math courses <0.01 (.00) 0.93 <0.02 (.00) 0.79
Instruction
Full-day K -0.10 (.00) 0.38 0.20 (.00) 0.13
Minutes of math 0.01 (.00) 0.30 0.01 (.00) 0.30
Basic Procedural 0.04 (.00) 0.03 0.02 (.00) 0.34
Advanced Procedural 0.01 (.00) 0.49 0.04 (.00) 0.08
Conceptual -0.04 (.00) 0.05 0.01 (.00) 0.37
Controls
% private -0.30 (.00) 0.03 <0.62 (.00) 0.01
% free lunch 0.003 (.00) 0.36 0.00 (.00) 0.05
Class > 27 0.30 (.00) 0.12 0.10 (.00) 0.50
10% or less LEP 0.30 (.00) 0.14 0.5 (.00) 0.00
% min. in class 0.20 (.00) 0.52 .38 (.00) 0.10
Black -0.65 (.00) 0.02 <0.52 (.00) 0.00
Hispanic -0.48 (.00) 0.08 0.47 (.00) 0.01
Asian 0.04 (.00) 0.87 0.30 (.00) 0.42
Native American -0.60 (.01) 0.16 0.40 (.00) 0.19
SES (sescont) 0.08 (.00) 0.60 0.02 (.00) 0.89
Absent -0.002 (.00) 0.64 0.02 (.00) 0.00
Summer Slope
Intercept 1.20 (.01) 0.12 2.00 (.01) 0.00
SES cont 0.80 (.01) 0.17 0.40 (.01) 0.36
MSEScount
Black 1.00 (.01) 0.27 0.40 (.01) 0.52
Hispanic 1.80 (.01) 0.10 0.20 (.01) 0.68
Asian -0.09 (.01) 0.92 0.70 (.01) 0.61

Native American 0.20 (.02) 0.92 -0.60 (.01) 0.50
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Table 3. Growth Curve Models for the Highest SES Quartile and the Lowest SES Quartile (continued)

Ist Grade Slope
Coefficient
Intercept 0.05
Teacher Quality
Experience -0.10
New Teacher 40.53
Less than BA 0.05
More than BA <0.003
High certification 0.78
No certification 0.30
Emergency certification 0.30
Alternative certification 0.30
Professional development -0.03
Number of math courses 0.04
Instruction
Minutes of math 0.003
Basic Procedural 0.004
Advanced Procedural 0.0006
Conceptual 0.02
Controls
% private -0.20
% free lunch 0.001
Class > 27 0.20
10% or less LEP -0.62
% min. in class -0.40
Black .40
Hispanic -0.20
Asian .40
Native American 40.40
SES (sescont) .42
Absent <0.01
Variance Component
Level 1 Variance 16.68
Level 2 Variance 36.62
df 1680.00
Chi-Square 14622.66
Level 3 Variance 3.17
df 1017.00
Chi-Square 1244.18
Deviance 55808.75
df 127.00

Model 4 - High SES

S.E.
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.01)
(.00)
(.00)

P-value
0.00

0.11
0.02
0.90
0.99
0.00
0.32
0.21
0.50
0.77
0.52

0.65
0.84
0.98
0.20

0.22
0.77
0.19
0.00
0.13
0.14
0.62
0.13
0.45
0.02
0.14

Coefficient
0.04

0.10
<0.10
1.60
<0.10
0.20
0.20
-0.03
0.86
-0.09
-0.06

0.02
0.01
0.02
0.01

-0.30
0.00
-0.30
0.20
0.20
0.41
0.30
-0.40
-0.50
0.20
0.01

16.80
32.52
1494.00
12968.97
3.49
1264.00
1631.78

55926.40
127.00

Note: coefficients for kindergarten, summer and first-grade slopes were multiplied by 100

S.E.
(.00)

(.00)
(.00)
(.01)
(.00)
(.00)
(.01)
(.00)
(.01)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)

(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)
(.00)

Model 5 - Low SES

P-value
0.00

0.13
0.68
0.06
0.47
0.59
0.79
0.89
0.06
0.42
0.38

0.01
0.63
0.49
0.45

0.26
0.10
0.29
0.38
0.43
0.07
0.14
0.34
0.13
0.17
0.23
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TEACHING QUALITY

As we explained earlier, we used two categories of instruction: (1) time
spent on instruction, proxied by whether a student attended full-day
kindergarten and minutes spent on mathematics instruction, and (2)
type of instruction, measured by a typology reflecting the research on
alternative approaches to mathematics—basic or lower level procedural,
advanced procedural, and conceptual.

Time spent on instruction. Full-day kindergarten was not associated with
achievement growth in any of the models. Minutes spent on mathemat-
ics instruction was associated with achievement growth for first graders in
the full sample (b =.07*), the Black-only sample (b =.02%), and the low-
SES sample (b=.02%%).

Type of instruction. Advanced procedural instruction was associated with
achievement growth in kindergarten in the full sample (b = .03**) and
the White-only sample (b = .04%*) (it was marginally significant at the p
< .10 level for the low-SES sample, b =.04+). For first graders, advanced
procedural instruction was associated with mathematics achievement
growth for the full sample (b = .03*) only. Basic procedural and concep-
tual instruction were only significantly related to achievement growth for
kindergartners in the high-SES sample. Here, basic instruction was asso-
ciated with an acceleration of achievement growth (b = .04*), whereas
conceptual instruction was associated with a decrease in achievement
growth (b = -0.04%). Still, the overall trend of high-SES students having
faster achievement growth still holds.

MAGNITUDE OF EFFECTS

Does teacher or teaching quality help close the achievement gap? How
much would it take to make a substantial contribution to narrowing the
gap in the early grades? Here we translate one of our key findings—that
time spent on instruction is significantly related to achievement growth
for Black students and students from low-SES families—into the context
of the achievement gap.

Figure 2 shows the achievement gap at five key time points measured
on the ECLS: the start of kindergarten, spring of kindergarten, the sum-
mer before first grade, fall of first grade, and spring of first grade. The
Black—-White math achievement gap, controlling for teacher characteris-
tics, instruction, and classroom differences, is 1.42 points at the begin-
ning of kindergarten and increases by 104% to 2.9 at the end of
kindergarten. The gap at the beginning of first grade is 2.7 points, and
by the end of first grade, the gap increases by 35%, to 3.64 points. To put
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this in perspective, the overall achievement gain from the beginning of
kindergarten until the end of kindergarten is 27.5 points for all
racial/ethnic groups. White students experience a gain of 27.8, which is
101% of the total gain in achievement versus Black students, who gain
25.7, 93% of the average gain in achievement between the beginning of
kindergarten and the end of first grade.

Figure 2. Growth Curve of Math Achievement by Race and Ethnicity

45

&

8

Math Achievement

0 100 200 300 400 500 600
Days Since the Start of Kindergarten

[——AlI —=—white Black_—#— Hispanic_—#—Asian —— American Indian |

Based on these findings about minutes of instruction and the predicted
growth in achievement from increasing minutes of math instruction (see
Appendix C), an increase in 100 minutes of math instruction for Black
students per day during kindergarten and first grade would decrease the
Black—-White gap by 10% by the end of first grade. An increase in 3 hours
of instruction would decrease the gap by about 20%. This means that an
additional 3 hours of instruction a day for 2 years would increase achieve-
ment for Black students from 25.7 points over 2 years to 26.4 points of
math achievement growth, a 3% increase in achievement. This means
that an increase of 29.3 points of math achievement, or a 14% increase
in achievement over kindergarten and first grade, is needed to close the
Black—White achievement gap.

Compared with increasing the number of minutes spent on mathemat-
ics instruction, additional advanced math instruction would lead to
larger gains in achievement (see Appendix C, Panel D). An increase of 4
days per month of advanced math instruction for Black students during
kindergarten and first grade would, by the end of first grade, decrease
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the Black—White gap by 20%. An increase in 10 days of advanced instruc-
tion per month would decrease the gap by about 55%. This means that
an additional four days of advanced instruction per month for 2 years
would increase achievement from 25.7 points over 2 years to 27.2 points
of math achievement growth, a 6% increase in achievement. This is still
less than the 29.3 points in math achievement growth needed to close the
Black—White achievement gap.

These predictions assume that the effects of instruction are the same
for Black and White students and examine what would be the impact of
a treatment if the means of measured teacher characteristics, types of
instruction, SES, and classroom traits were the same for Black and White
students. However, in making policy recommendations, it is worth exam-
ining what the effects of instruction would be if the means and effects var-
ied by subgroup. Table 2, Model 2 shows the results of the growth curve
analysis of the Black subsample. In Appendix D and Figure 3, we exam-
ine the predicted growth curve for Black students if both the means and
effects are allowed to vary. This leads to an increase of 24.6 points in
achievement from the beginning of kindergarten until the end of first
grade. An addition of 10 days of advanced instruction per month would
lead to an increase in achievement of 25.2 points, a 2% increase in
achievement, and an increase of 3 hours of math instruction would
increase overall achievement to 25.6, or an increase of 4%.

Figure 3. The Effect of Advanced Teaching and Minutes of Math Instruction on the Growth Curve in
Math Achievement for Blacks vs. Whites
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Figure 4 shows the SES achievement gap at the same five key time
points as Figure 2: the start of kindergarten, the spring of kindergarten,
the summer before first grade, the fall of first grade, and the spring of
first grade for different SES percentiles. The gap between the top 75th
SES percentile and the bottom 25th SES percentile, controlling for
teacher characteristics, instructional differences, and classroom differ-
ences, is 2.61 points at the beginning of kindergarten and increases by
18% to 3.08 at the end of kindergarten. The gap at the beginning of first
grade is 3.27 points, but by the end of first grade, the gap decreases by
14%, to 2.83 points. To put this in perspective, the overall achievement
gain from the beginning of kindergarten until the end of kindergarten is
27.5 points for all SES groups. The top 75th percentile have a gain of
27.6, which is 100.3% of the total gain in achievement for the full sample
versus the bottom 25th percentile, which gained 27.4 points, or 99.6% of
the average gain in achievement between the beginning of kindergarten
and the end of first grade for the full sample. It is worth noting that in
contrast to the Black—White gap, the major differences in the high- and
low-SES gap occur before entering kindergarten and remain much more
constant during kindergarten and first grade.

Figure 4. Growth Curve of Math Achievement by SES Percentile
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Based on these findings about minutes of instruction and the predicted
growth in achievement from increasing minutes of math instruction (see
Appendix C, Panel C), an increase in 100 minutes of math instruction
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per day for students in the 25th percentile during kindergarten and first
grade would, by the end of first grade, decrease the 25th/75th percentile
SES gap by 13%. An increase in 3 hours of instruction would decrease the
gap by about 23%. This means that an additional 3 hours of instruction
a day for 2 years would increase achievement from 27.4 points over 2
years to 28.1 points of math achievement growth, a 2% increase in
achievement.

Based on these findings, additional advanced math instruction would
lead to larger gains in achievement than an increase in minutes of math
instruction per day (see Appendix C, Panel D). An increase of 4 days of
advanced math instruction per month for students in the 25th percentile
during kindergarten and first grade would, by the end of first grade,
decrease the SES gap by 22%. An increase in 10 days of advanced instruc-
tion per month would decrease the SES gap by about 55%. This means
that an additional 10 days of advanced instruction per month for 2 years
would increase achievement from 27.4 points over 2 years to 28.2 points
of math achievement growth, a 3% increase in achievement.

These predictions assume that the effects of instruction are the same
for high- and low-SES groups, and they examine treatment impact if the
means of teacher characteristics, types of instruction, SES, and classroom
traits are the same for all SES groups. Table 3, Model 5 shows the results
of the growth curve analysis of the lowest SES quartile. In Appendix D
and Figure b, we examine the predicted growth curve for the lowest SES

Figure 5. The Effect of Advanced Teaching and Minutes of Math Instruction on the Growth Curve in
Math Achievement for the Highest and Lowest SES quartiles
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quartile if both the means and effects are allowed to vary. This leads to
an increase in 25.4 points in achievement from the beginning of kinder-
garten until the end of first grade. An addition of 10 days of advanced
instruction per month would lead to an increase in achievement of 27.1
points, a 6% increase in achievement, and an increase in 3 hours of math
instruction would increase overall achievement to 26.94, or an increase
in 5%.

DISCUSSION

We designed our study to investigate hypotheses about the extent to
which key teacher and teaching quality variables influence overall
achievement growth and the achievement gap in the early grades. In
working toward these goals, our study has both strengths and weaknesses
that should be considered in the interpretation of results.

FACTORS TO CONSIDER IN INTERPRETATION

Because neither teachers nor students are randomly assigned to class-
rooms, attributing teacher and teaching quality to student achievement
gains is not straightforward. We account for some of this by examining
initial allocation patterns and controlling for them and then measuring
growth. Still, unobserved (omitted) variables are always a problem in
nonexperimental designs, and results should be interpreted accordingly.

Our measures of teacher quality and instruction rely on teacher self-
reports, which are often called into question. A careful look at the litera-
ture here, however, shows that survey measures of teaching, especially
composite measures like the ones that we used in this study, are effective
in describing and distinguishing among different types of teaching prac-
tices (Mayer, 1999). These survey measures are not, however, as useful for
measuring dimensions of teaching such as teacher—student interaction,
teacher engagement, and quality of enactment. Several studies have
shown that teacher self-reports on their teaching on anonymous surveys
are highly correlated with classroom observations and teacher logs and
that one-time surveys that ask teachers questions about the content and
strategies that they emphasize in the classroom are quite valid and reli-
able in measuring teachers’ instruction (Mullens, 1995; Mullens &
Gayler, 1999; Mullens & Kasprzyk, 1996, 1999; Schmidt et al., 1997;
Shavelson, Webb, & Burstein, 1986; Smithson & Porter, 1994).

Another issue is our within-group analyses. The subgroup analysis of
White, Black, low-SES, and high-SES students allows us to examine how
teacher and teaching variables operate for particular groups of students.
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We are careful not to compare across groups, though, which would
require mean tests of betas for each set of models. Our focus is address-
ing the achievement gap, so within-group comparisons are useful.
However, these analyses should not be used to compare findings across
different racial/ethnic or income groups.

The strengths of our study include our separation of summer growth to
focus on academic-year growth, which arguably has the most potential to
be influenced by teacher and teaching quality variables, though lagged
effects are, of course, possible. In addition, we focus on both teacher and
teaching quality in a national longitudinal sample that allows measure-
ment of growth, not just cross-sectional correlations or gains, as is more
common.

RESEARCH QUESTION 1: WHAT IS THE DISTRIBUTION OF TEACHER
AND TEACHING QUALITY DURING THE FIRST YEAR OF
KINDERGARTEN?

We found evidence that lower achieving students are initially assigned to
new teachers and to teachers who use more basic procedural approaches
to instruction; in contrast, higher achieving students are initially assigned
to teachers who tend to use more advanced procedural (multistep algo-
rithms, especially advanced for kindergartners) and conceptual
approaches to mathematics.

These findings occur in the context of a growth modeling analysis that
found no effects on student growth of being a new teacher. The only con-
sistent finding for type of instruction was that advanced procedural
approaches were related to achievement growth. This suggests that these
aspects of teacher and teaching quality may operate as sorting variables,
which may explain a part of the findings of past cross-sectional and gain
studies that would likely interpret correlations between teachers and
teaching as part of the effect of instruction.

RESEARCH QUESTION 2: TO WHAT EXTENT DO TEACHER QUALITY,
TIME SPENT ON INSTRUCTION, AND TYPE OF INSTRUCTION
PREDICT GROWTH IN STUDENT ACHIEVEMENT IN KINDERGARTEN
AND FIRST GRADE?

Teacher Quality. We did not find consistent or strong relationships
between teacher quality and achievement growth in either kindergarten
or first grade. These findings are generally consistent with Guarino et
al.’s (2006) kindergarten ECLS study. Our mixed findings for certifica-
tion are consistent with earlier studies (Darling-Hammond et al., 2001;
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Goldhaber & Brewer, 2000; Smith et al., 2005). Alternative certification
overall had a positive effect on achievement growth but a negative effect
for high-SES students, and having a teacher with no certification was pos-
itively related to growth for students with low SES. Keeping post-hoc
explanations to a minimum, these findings might be due to the fact that
requirements for certification and paths for alternative certification vary
across states and districts. For example, alternative certification in a high-
need district might be a proxy for teachers with higher mathematics con-
tent knowledge than the regular workforce, whereas in a wealthy
suburban district, which on average has qualified, certified mathematics
teachers, alternative certification is more likely to be a proxy for having
less content knowledge than the average teacher. That is, alternative cer-
tification may be bringing teachers with content-area expertise into high-
need schools, which serves as an advantage for what we know is generally
an underqualified population of teachers, especially in mathematics
(Ingersoll, 1999). We did find that high certification, where it was signif-
icant, was always positive. High certification is measured here by the fol-
lowing question: “What type of teaching certification do you have: The
highest certification available (permanent or long term)?” This, too,
might vary across states in its meaning.

Having a teacher without a bachelor’s degree in mathematics slowed
growth in first grade mathematics but not in kindergarten. We expected
that proxies for content knowledge, such as having a BA in mathematics,
would affect achievement growth, and the results supported this hypoth-
esis. It is unusual for teachers of the early grades to have a strong back-
ground in mathematics (NCES, 2002a). Further, teachers of the early
grades sometimes argue that basic knowledge of mathematics is enough
and question why deeper knowledge of mathematics is useful when
teaching basic addition and subtraction (Berger, Desimone, Herman,
Garet, & Margolin, 2002; Miller, Herman, Garet, Desimone, & Zhang,
2002). Previous research explains the dynamics of how a deeper under-
standing of elementary math and how students learn mathematics can be
a powerful mechanism to enable a teacher to better diagnose and
respond to student mistakes and shape activities that are productive for a
range of learners (Ball, 1990; Ma, 1999). Here our findings show support
for the idea that such content knowledge (at least our crude proxy) sup-
ports growth over time in first graders. Previous work in kindergarten
may suggest why type of teaching would not be as influential; several stud-
ies have shown that other areas are more crucial to early cognitive devel-
opment, such as parent involvement in learning (Barnett & Escobar,
1987; Booth & Dunn, 1996).

Other teacher quality measures in our analysis—professional develop-
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ment in mathematics, courses taken in mathematics, and teacher’s years
of experience—were, for the most part, not related to achievement
growth. Absent a direct measure of teachers’ content and pedagogical
content knowledge (Hill, Schilling, & Ball, 2004), these can all be consid-
ered proxies for teacher knowledge and skill. The extent to which any
one of them is related to achievement growth might be considered an
indication of how close they are to measuring the knowledge and skills
related to effective teaching. We found that teacher certification and hav-
ing a BA in mathematics were significant predictors, whereas the other
measures were not. It should be noted that the more local measures,
dependent on district context and offerings, such as experience and pro-
fessional development, did not factor into growth, whereas more cali-
brated measures, such as certification and having a degree, did so. In
addition, the two measures of teacher quality that were significant repre-
sent a combination or series of educational experiences (e.g., a BA in
mathematics represents passing several courses in mathematics), whereas
the other measures represent piecemeal incremental experiences (e.g.,
one math course, a certain number of hours in professional develop-
ment). A different configuration of the incremental variables—for exam-
ple, a measure of over 40 hours of professional development, or several
mathematics courses—may have made a difference. Previous research
suggests that there is a threshold above which teacher learning experi-
ences must go before they are effective in changing practice (Desimone,
Porter, Garet, Yoon, & Birman, 2002; Garet, Porter, Desimone, Birman,
& Yoon, 2001). Further, we had no measure of the quality of the profes-
sional development that teachers experienced, which obviously limits its
predictive ability.

Time spent teaching and type of instruction. There are opposing views con-
cerning the benefits to students of teachers’ relative emphasis on proce-
dural and conceptual mathematics instruction (Loveless, 2001). Several
small-scale cross-sectional and longitudinal studies have shown positive
results for conceptual approaches to mathematics (e.g., Carpenter et al.,
1989; Newman & Associates, 1996). Based on these findings, we expected
students exposed to conceptual instruction to grow at a faster rate than
students exposed predominantly to basic procedural or advanced proce-
dural instruction. We found that of the three types of instruction, the
only consistent finding across groups was that kindergarten and first
grade students whose teachers emphasized advanced procedural instruc-
tion, here measured by a focus on multistep addition and subtraction,
grew at a more accelerated pace than their peers. Teachers were not
asked how they taught multistep algorithms (e.g., what cognitive demands
they used in their teaching, such as memorize or estimate), so this
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finding might be interpreted to mean that focusing on particular top-
ics—here double-digit addition, subtraction, and division—fostered stu-
dent achievement growth in mathematics. In the early grades, topic
coverage is especially important because many students are dependent
on only one or two teachers to give them exposure to particular content.

More powerful than distinguishing between types of teaching, we
found that the number of minutes spent on mathematics instruction in
first grade was associated with achievement for traditionally disadvan-
taged populations—Black and low-SES students. This is consistent with
the idea that disadvantaged students do not have the exposure to learn-
ing opportunities at home, especially in mathematics, and so are more
dependent on the school to provide these mathematics experiences.

Other studies have found stronger effects for different types of instruc-
tion (e.g., Carpenter et al., 1989; see Loveless, 2001). Usually, however,
these are smaller scale longitudinal studies that use curriculum-based
tests. It is not uncommon to find no effects on a standardized measure of
achievement, so it is noteworthy that we did find effects on sorting and
for advanced procedural and time spent on mathematics.

RESEARCH QUESTION 3: TO WHAT EXTENT DO TEACHER QUALITY,
TIME SPENT ON INSTRUCTION, AND TYPE OF INSTRUCTION
NARROW THE ACHIEVEMENT GAP FOR BLACK STUDENTS AND
STUDENTS FROM LOW-INCOME FAMILIES?

Our calculations show that it would take 100 minutes of increased math
instruction per day to close the Black-White achievement gap by 10%,
and 100 minutes to narrow the SES achievement gap between the 25th
and the 75th percentiles by 13%. These findings are reminiscent of the
opportunity-to-learn literature of several decades ago, which emphasized
the importance of increasing exposure to academic content, not neces-
sarily details about how the content was covered. These findings are sim-
ilar to Guarino et al.’s (2006) ECLS kindergarten study, which found that
full-day kindergarten and minutes spent on mathematics instruction
made more of a difference for student gains than did types of instruction.
We did not find effects for full-day kindergarten, but this might be
because the way we created our minutes spent on mathematics measure
captures most of the “full day” variation.

CONCLUSION

Students spend considerably more time out of school than in school
(Hofferth & Sandberg, 2001), and the achievement gaps exists before
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children start school, so it is unlikely that it could be fully closed by the
schools. However, school is often revered as the “great equalizer,” or at
least a social institution with the potential for an equalizing function, so
time and effort spent exploring how schools might address inequality
continues to be compelling. Here we examine particular aspects of
schooling that might explain the recent finding that schools do narrow
the achievement gap (Downey et al., 2004).

The findings here do not provide overwhelming support for a particu-
lar type of mathematics instruction, but rather for what has been coined
“opportunity to learn”—the time spent on mathematics content. We
found weak or no effects for teacher quality and type of instruction,
which lends support to the hypothesis that initial allocation of students
to teachers explains at least some of the correlation between teacher and
teaching quality found in cross-sectional and gains studies. With a
national sample and a standardized test, though, we would not expect
our analyses to be especially sensitive to distinctions in types of teaching.
Our most powerful finding was that for low-income students and Black
students, minutes spent on instruction made a difference for achieve-
ment growth in kindergarten and first grade, though these effects are
small.

Here we are encouraged that something happening in the classroom
can make a difference for the achievement gap. Our intercept analysis
showed that low achievers tend to get worse teachers. This is an old prob-
lem of the most disadvantaged students getting the weakest teachers. If
time on instruction matters, and disadvantaged students are more likely
to get the weakest teachers who spend less time on instruction, then we
can identify an area where schooling may be exacerbating the achieve-
ment gap but has the potential to ameliorate it.

Notes

1. The Asian, Hispanic, Native American, and mixed race subgroups were not large
enough to allow separate subgroup analysis.

2. To create the class-size dummy, we regressed dummies for class size from 15 to 35
on achievement and found that a cutoff of 27 explained the most variance. Similarly, to cre-
ate the LEP dummy variable, we regressed dummy variables for each decile of LEP, such as
0%, 10%, and 20%- 100%, and found that the 10% cutoff explained the most variance.

3. In separate sets of analyses, we used multiple imputation and found that results
were very close to mean imputation. For ease of interpretation, we present results for mean
imputation here.

4. Asexplained in our Discussion section, though we use subgroup analyses, we do not
compare directly across models, which would require mean tests of betas for each set of
models.
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Appendix C. Predicted Growth Curves for Different Racial Groups, SES Percentiles, Minutes of Math
Instruction, and Amounts of Advanced Math Instruction

Panel A: Math Achievement by Race

Days since
K. Began
All
1 16.88
275 28.95
365 31.05
639 44.4

White
17.38
29.7
31.72
45.27

Black
15.96

26.8
29.01
41.63

Panel B: Math Achievement by Socio-Economic Status

Days since
K. Began
bottom 1%
1 12.87
275 24.22
365 26.03
639 40.04

25th
percentile
15.54
27.36
29.37
42.94

Race

Hispanic
15.52
27.29
29.62
43.36

Socio-Economic Status

50th
percentile
16.67

28.7

30.79
44.17

75th
percentile
18.15
30.44
32.64
45.77

Panel C: Math Achievement by Minutes of Math Instruction

Days since
K. Began
Average
Minutes
1 16.88
275 28.95
365 31.05
639 44.4

Minutes of Math Instruction per Day

Zero
Minutes
16.92
28.73
30.83
43.6

Avg. Minus
100 Minutes
16.9

28.83

30.93

44.03

Avg. Min. +
100 Minutes
16.86
29.07
31.17
44.76

Panel D: Math Achievement by Days of Advanced Procedural Instruction

Days since
K. Began

Avg. Days
1 16.88
275 28.95
365 31.05
639 44.4

Zero Days
16.52
28.19
30.29
43.09

Avg. Minus
Four Days
16.56

28.28

30.38

43.45

Avg. Plus
Four Days
17.21
29.62
31.72
45.35

Asian
18.04
30.55
45.25

top 1%
22.09
35.08
37.56
50.04

Avg. Min. +
Three Hours
16.85

29.17

31.27

45.06

Days of Advanced Procedural Instruction per Month

Avg. Plus
Ten Days
17.69
30.62
32.72
46.77

American
Indian
14.91
27.71
29.05

42
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