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Conceptually- and Procedurally-Oriented Mathematics Instruction,
Achievement, and Equity: Results from the High School Longitudinal
Study (HSLS:2009)

Abstract

In this paper I explore factors of teachers’ latent conceptually and procedurally-oriented
instructional emphasis received by 9" grade students included in the High School
Longitudinal Study of 2009 (HSLS:2009), along with the association between these
factors and student achievement, and differences in these factors across diverse student
family background characteristics. I use Confirmatory Factor Analysis to identify
separate measures of conceptually- and procedurally-oriented instruction from teacher
survey items, then use Structural Equation Modeling to predict a linear relationship
between these factors and student achievement, measured using a standardized algebra
assessment used in the original study, all controlled for standard covariates. Finally, I use
SEM again to predict linear relationships between student family and teacher background
characteristics and conceptually- and procedurally-oriented instructional factors. The
results suggest that these instructional factors are separable in current mathematics
classroom practice where reform and traditional practices are integrated. Further, I find
evidence of a relationship between these factors and student math achievement such that
reported conceptually-oriented instructional practices positively predict achievement,
while reported procedurally-oriented practices negatively predict achievement. Finally, I
find that in general, white students receive significantly more conceptually-oriented
instruction than their peers, though I find no differences between male and female

students, or association with socioeconomic status.



Conceptually- and Procedurally-Oriented Mathematics Instruction,
Achievement, and Equity: Results from the High School Longitudinal
Study (HSLS:2009)

Introduction

Education policy, teacher professional development, and curriculum literature and
workshops commonly communicate a divide between multiple facets of mathematics,
most notably between so-called “reform,” or conceptually-oriented and “traditional,” or
procedurally-oriented mathematics (Kline, 2007). While these facets were treated as
opposed and incompatible within the same classroom in much early research and policy-
making, recent policy guidance has urged teachers to balance across these elements. As
of 2016, the Common Core State Standards Initiative explicitly delineates these distinct
facets, stating “Mathematical understanding and procedural skill are equally important”
(Common Core State Standards Initiative, 2015). It also cites the influential policy report
Adding It Up released by the National Research Council, which similarly identifies the
categories of “conceptual understanding, procedural fluency, and productive disposition”
(Mathematics Learning Study Committee, 2001). This language is also promoted by the
National Council of Teachers of Mathematics, which encourages teachers to “build
procedural fluency from conceptual understanding” (National Council of Teachers of

Mathematics, 2014).

Early research demonstrated that reform and traditional instruction were empirically

separable factors in teacher surveys (e.g. Hamilton, et al., 2003; McCaffrey, at al., 2001)



and that reform instruction showed small relationships to student outcomes versus no
explicit reform practices in well-controlled studies (e.g. e.g. Carpenter, et al., 1989;
Fennema, et al., 1993; Griffin, Case, & Siegler, 1994; Hiebert & Carpenter, 1992; Knapp,
et al., 1993). However, in the face of these policy recommendations and presumed
changes in classroom practice, it is reasonable to investigate whether reform and
traditional instruction are still separately measurable factors. This paper addresses this
issue. This paper also extends work on the relationship between instructional practices
and student outcomes, which has mostly occurred in the elementary and middle grades, to
high school by using data from the recently released High School Longitudinal Study of

2009 (HSLS:2009) survey.

I begin with a look at prior research on these two facets of instruction and their
relationship with student achievement. Then I apply Confirmatory Factor Analysis (CFA)
to HSLS teacher questionnaire items to create a model capturing the latent emphasis on
procedurally- and conceptually- oriented instruction that students receive. I then use
Structural Equation Modeling (SEM) to probe the associations between these factors and
student mathematics achievement. Finally, following prior evidence (Diamond, 2007,
others), I examine whether students with differing family background characteristics

receive inconsistent levels of these instructional factors.

Conceptually- and Procedurally-Oriented Instruction



The terms “conceptual” and “procedural” are commonly used constructs in research on
mathematics knowledge and instructional practice. While other terms have previously
been used for these facets of mathematical facts and principles, including “meaningful”
(or not) arithmetic (Brownell, 1945), relational and instrumental understanding (Skemp,
1976), and adaptive and routine expertise (Hatano & Inagaki, 1986), the dichotomy of
conceptual/procedural knowledge has been heavily favored by researchers since its
popularization in the early reform era (Hiebert, 1986), perhaps due the terms’ seemingly
pragmatic, straightforward nature and clear original definitions. Under Hiebert and
Lefevre’s (1986) original formulation, procedural knowledge is defined as the “formal
language, or symbol representation system, of mathematics” and the “rules, algorithms,
or procedures used to solve mathematical tasks”. Other researchers have extended the
definition to include the “ability to execute action sequences to solve problems” (Rittle-
Johnson, Siegler, & Alibali, 2001). Conceptual knowledge is defined as “knowledge that
is rich in relationships” (Hiebert & Lefevre, 1986) and an “implicit or explicit
understanding of the principles that govern a domain and of the interrelations between

units of knowledge in a domain” (Rittle-Johnson, Siegler, & Alibali, 2001).

However, it is important to enter this inquiry acknowledging that the terms “conceptual”
and “procedural” are somewhat problematic to a number of researchers and theorists.
Some critics argue that these terms are too simplistic, formulating knowledge as a binary
state (either one knows a concept or procedure, or does not), rather than attending to the
quality and depth of that knowledge, (De Jong & Fergeson-Hessler, 1996; Star, 2005 &

2007; Star & Stylianides, 2013), or positing that no clear consensus exists on their exact



meaning despite Hiebert and Lefevre’s definitions (Baroody, et al., 2007). Also,
empirical work has demonstrated robust bidirectional relationships between conceptual
and procedural knowledge, and stable predictive relationships between both and
procedural flexibility (Schneider, Rittle-Johnson, & Star, 2011), raising questions about
the separability and independent validity of these constructs. However, despite this
research and ongoing debate over these terms, there exists other evidence that such forms
of knowledge exist as separate but interdependent factors, regardless of their label (e.g.
Fuson, 1988; Rittle- Johnson & Alibali, 1999; Rittle-Johnson & Siegler, 1998; Rittle-

Johnson, Siegler, & Alibali, 2001; Schneider & Stern, 2005).

These knowledge constructs are tightly related to instructional practices. “Conceptually-
oriented instruction” refers to instructional practice intended to promote conceptual
knowledge acquisition and use of concepts in mathematical practice (e.g. Jackson &
Neel, 2006; Kahle, 2008; Siegler, 2003; Thompson & Lambdin, 1994). This construct
has also been referred to as “reform instruction,” as promoting conceptual knowledge
was a core aim of modern mathematics reform movements in California (Cohen & Ball,
1990; California State Department of Education, 1992) and nationwide (e.g. National
Council of Teachers of Mathematics [NCTM], 1989, 1991; National Research Council,
1989, 1990). Similarly, “Procedurally-oriented instruction” refers to instruction indented
to promote procedural skills and fluency (e.g. Belenky, et al., 2014; Kahle, 2008; Madsen
& Lanier, 1992; Siegler, 2003; Son & Sinclair, 2010). Other researchers have called this
construct “traditional instruction,” as a foil to conceptually-oriented reform instruction

(e.g. (Cohen & Ball, 1990; Mathematics Learning Study Committee, 2001).



While researchers use these terms interchangeably when referring to instructional
constructs (e.g. Madsen & Lanier, 1992; Saxe & Gearhart, 2001), I have chosen for this
paper to use “conceptual” and “procedural,” as I believe they are more immediately
denotative descriptors of what such instruction entails than “reform” and “traditional,”
which connotatively describe instruction and rely on historical context to emphasize their
nature. However, researchers interested in making use of the definitions, frameworks, and
results in this report may treat them as synonymous. This choice does not constitute an
endorsement of these terms, as both options have benefits and drawbacks. I echo the
cautions put forth by both sides of the debate: procedural knowledge does not simply
mean knowledge stored and practiced by rote memorization, nor does conceptual
knowledge somehow have innate primacy over procedural knowledge — both may exist
on spectra of quality and depth, and both exist concurrently and interdependently in both
knowledge and instructional practice. Indeed, my methodological choice to use Structural
Equation Modeling reflects these cautions — this method estimates quantitative
associations simultaneously as part of a sophisticated system of shared variance, rather
than held separately as quarantined, controlled predictors. Bearing this in mind, I turn to a
review of prior work examining relationships between these factors, student achievement,

and family background characteristics.

Instructional Practices and Student Achievement



Numerous studies have sought to uncover the relationship between specific classroom
instructional practices and student test scores (e.g., Brophy, Coulter, Crawford, Evertson,
& King, 1975; Cooley & Leinhardt, 1980; Palardy & Rumberger, 2008; Tyler, et al.,
2010). In the last 25 years, this has taken the form of comparing conceptually-oriented
and procedurally-oriented mathematics instructional practices to student outcomes.
Scholars have consistently found small but positive effects of reform instructional
practices in the elementary grades (e.g. Carpenter, et al., 1989; Fennema, et al., 1993;
Griffin, Case, & Siegler, 1994; Hiebert & Carpenter, 1992; Knapp, et al., 1993) but no
direct effects of traditional instructional practices. Stein & Lane (1996) found that these
effects also appear when examining instructional tasks (defined as activities which serve
as a bridge between instructional practices and student learning) in middle schools. These
studies all use classroom observations to measure instructional practices, and also
formulate their comparison of reform and traditional classrooms at the teacher level,
overlooking the possibility that teachers may combine elements of both reform and
traditional practices in their instruction. Thus, rather than theorizing that instructional
practices fall on continua of conceptual and procedural orientations, they treat these

factors as opposed and mutually exclusive.

Later research used survey methodologies, which allowed teachers to report a mix of both
conceptually- and procedurally-oriented practices, measured independently of one
another but still occurring within the same classroom. This allowed researchers to
examine the factor structure of these practices and thus understand how teachers interpret

messages about reform and shape their instruction. Some authors reported relatively
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simple factor structures representing reform and traditional instruction. For instance,
Hamilton, et al. (2003) conducted a study among both elementary and middle school
students whose teachers used reform instructional practices as part of the National
Science Foundation's Systemic Initiatives (SI). Using teacher survey data, the authors
identified two distinct instructional factors representing reform and traditional practices
via an Exploratory Factor Analysis, and found small but positive effects of a reform
practice factor on student achievement. These findings echoed a similar study by
McCaffrey, et al. (2001), who also found two factors using surveys and demonstrated
similar small effects of reform practices among students in 10™ grade integrated math
classes (but no effects among 10™ grade students in Algebra or Geometry) in a single

urban school district.

Other authors found more complex factor structures, or used more limited metrics to
represent mathematics instruction. Using NAEP instructional data, which included
twenty items describing classroom activities performed by the teacher or assigned to
students, Wenglinsky (2002) conducted a factor analysis and found multiple practice
factors including hands-on learning, lower-order instruction, higher-order instruction,
traditional assessment, and authentic assessment. In general, he found that teachers’
instructional practices contribute to student achievement in mathematics as much as
student background characteristics, and that some instructional factors consonant with
reform practices (higher-order and hands-on learning) positively predicted student
achievement. Schwerdt & Wuppermann (2011) found that lecture-style (traditional)

instructional practices positively predicted 4™ and 8" grade student achievement using the
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TIMSS study, but the study lacked any richer measures of classroom practice beyond
“lecture” or “not lecture.”

Thus although scholars have shown considerable interest in measuring conceptually- and
procedurally-oriented instructional practices, prior research has not returned a consistent
factor structure, with only two studies (which use the same teacher instrument) finding
two factors, and others finding either very simple or more complex factor structures.
Together with more recent policy messages that advocate balancing these goals within
instruction, there is an immediate need to revisit such analysis to determine if
conceptually-oriented reform and procedurally-oriented traditional instruction are

separately measureable factors.

Instructional Practices and Equity

Another concern of this research literature has been equity, and specifically disparities in
the instructional practices received by students of differing family background
characteristics. Anyon’s landmark qualitative study of several economically
homogeneous middle schools (1981) found that reform-oriented emphases on
mathematical logic, rational structure, reasoning skills, and understanding of and
depiction of mathematical relationships were more prevalent in high-SES as compared to
low-SES “working-class” schools, which emphasized traditional practices such as
memorization, single-solution correctness, procedural solution methods. Strutchens and
Silver (2000) continued this analysis quantitatively using NAEP data and determined a

number of differences in instructional practices between black and white students,
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including that single-solution problems and emphasis on memorization of math facts are
more prevalent among non-white students, while technology use and reasoning emphasis
are more prevalent among white students. Lubienski (2002) confirmed these findings
with a broader analytic sample of NAEP data and while controlling for SES, finding that
black students generally received instruction that promoted one correct solution for all
problems, fact memorization, limited calculator use, and multiple-choice assessment,
regardless of SES. Davis and Martin (2008) conducted a comprehensive review of
literature from the 1990s and early 2000s and echoed these findings, specifically
determining that African-American students generally experience more traditionally-

oriented instruction, often spurred by schools’ response to high-stakes testing programs.

There is then consistent evidence in the research literature on math instruction equity that
in decades prior to 2008, students with differing family background characteristics
routinely experienced different instructional practices, with reform-oriented practices
more prevalent among white, affluent populations and traditionally-oriented practices the
norm among non-white students (particularly African Americans). These studies focused
on differences in individual instructional practices between groups of students; none
made explicit attempts to measure overall factors of conceptually or procedurally
oriented instructional practices, which could provide insight into how reform policies are
implemented differentially for students of diverse family background characteristics.
Data collection for these studies also predate tremendous effort on the part of both the
National Science Foundation and Institute for Educational Studies, through their Math-

Science Partnerships and other programs, to transform instruction in urban settings.
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Thus, while literature has consistently identified associations between reform
instructional practices and student achievement, in a small number of cases identified
separable factors of conceptually- and procedurally-oriented instruction from teacher
surveys, and determined differential application of specific instructional practices among
students with differing family background characteristics, it is necessary to update this
literature in light of recent policy guidance and reform initiatives, improve measurement
of these factors, extend the analysis to high school populations, and investigate
associations using nationally-collected data. The High School Longitudinal Study of
2009 (HSLS:2009) provides an opportunity to conduct such a study at the high school
level with nationally representative data. Specifically, I will use student outcome
measures and teacher practice survey information from this data set to answer the
following research questions: 1) Do teacher self-reports of classroom instructional
practices indicate latent procedurally and conceptually oriented instructional emphasis?
2) What is the relationship between teachers’ latent procedurally and conceptually
oriented instructional emphasis and student math achievement? And 3) Do teachers’
latent procedurally and conceptually-oriented instructional emphases differ according to
students’ prior achievement, math class tracking, and family background characteristics

(such as race, sex, and socioeconomic status)?

Data
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Data for this study comes from the recently released public version of the 2009 High

School Longitudinal Study (HSLS:2009). This study, conducted by the U.S. Department
of Education’s National Center for Education Statistics (NCES), is an ongoing, national,
longitudinal study of 25,206 students who enrolled in 944 different high schools in 2009.
Approximately 25 randomly chosen students from each school completed a survey
covering their academic experiences, career goals, attitudes and dispositions towards
math and science subjects, and these results were supplemented with records including
family background information. Students’ parents and guardians were given a survey that
also captured family background characteristics, and their math teachers were also given
surveys probing for features of their practice and demographics, as well as perceptions
about their students’ school. Response rates for the study were 85.1% for students, 67.5%
for parents, and 71.9% for teachers. The first round of data collection occurred in the fall
2009, at which point students also completed a standardized mathematics assessment
focused on algebra skills, reasoning, and problem-solving. Items from the teacher
questionnaire and features of the student assessment will be discussed in the measures

section of this report

Sample

This study makes use of all students whose math teachers completed at least one item on
an instructional emphasis portion of the questionnaire and who had a recorded score on
the mathematics assessment. Of the original 25,206 students in the HSLS:2009, 12,196

students meet these criteria. This is a significant decrement in sample size, but the loss of
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all information on the primary predictors and outcome for those deleted case, coupled
with a lack of potentially correlated covariates makes missing data management
techniques such as multiple imputation infeasible. Despite this, covariance coverage for
the analytic sample is sufficient to proceed with factor analysis and structural equation
modeling (greater than 98% in all cells). Further, as Table 1 demonstrates, there are few
large differences in background characteristics between the full HSLS:2009 study and the
final sample used in this analysis — the sample contains a slightly larger percentage of
white students (3.65 percentage points more) and the school types include a slightly
larger portion of private schools (2.59 percentage points more). Thus, although the full
study is nationally representative by design, the results of this analysis are thus not
generalizable to the full population of US high school students enrolled in public or
private schools — they are only relevant to populations that feature the same background
characteristics as the analytic sample, presented in Table 1. That said, I do not expect that
answers to the above research questions will be strongly affected by the non-
representative nature of the sample as my analysis is interested in the existence of
associations between variables and effect sizes rather than any attempt to estimate
population means of specific variables. Table 2 presents prior student achievement and

course enrollment.

Given that the version of the data used for this study is the public, rather than the
restricted dataset, no information is available on student - school linkages or clustering

within teacher (the public data set does not contain teacher ID variables), and therefore
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grouping cannot be accounted for by using hierarchical models'. All inferences in this
paper are made at the student level only, concerning effects of instruction received by

students, rather than effects of instruction produced by teachers.

! See Threats to Validity for revised analyses to be conducted with the restricted data, when available.



Table 1. Student and Teacher background characteristics for the full HSLS:2009 study and the limited sample used in this analysis (Sample N = 12,169).
Characteristics that differ by more than 2 percentage points are shown in boldface.

17

Student Sample Full Teacher Sample  Full
Sex (Npun = 23,409) Sex (Vg = 17,070)
Female 49.68 49.08 Male 39.74 39.44
Male 50.32  50.92 Female 60.26  60.56
Race (Vg = 22,409) Race (Vg =17,024)
White" 57.53 53.89 White" 89.24 88.72
Hispanic, race specified 1487 15.02 Hispanic, race specified 3.15 3.44
More than one race” 8.84 8.66 More than one race” 1.47  1.40
Black/A frican-American” 9.24 1091 Black/A frican-American” 329 347
Asian’ 739 852 Asian’ 2.35 240
Amer. Indian/Alaska Native’ 0.67 0.74 Hispanic, no race specified 0.34 035
Native Hawaiian/Pacific Islander” 0.48 0.49 Other” 0.17 0.22
Hispanic, no race specified 0.98 1.77 Highest Degree Earned (Ng,; =17,067)
Parents' Highest Level of Education (Vp,, = 16,782) Bachelor's degree 4922 4948
Less than high school 5.63 6.02 Master's degree 4735 47.04
High school diploma or GED 3440 3521 Educational Specialist diploma 2.08 220
Associate's degree 15.77  15.19 Ph.D./M.D./law degree/other degree .36 1.28
Bachelor's degree 25.09 2444 Certification Type (Vg = 17,001)
Master's degree 12.75 12.61 Regular; includes high school 78.49 78.71
Ph.D/M.D/Law/other high level degree 6.37 6.53 Emergency/temporary/waiver 8.03 8.08
School Type (Npuy = 23,415) No math certification 741  7.67
Public 79.37 81.96 Probationary; elem through high school 487 451
Catholic or other Private 20.63 18.04 Regular; elementary or middle school 1.20 1.04
Mean SD Min Max Mean SD Min  Max
Family SES (Sample) 0.07 0.77 -1.93 2.88 Self-Efficacy (Sample N=11,632) 0.09 095 -3.26  3.01
Family SES (Full, N =21,444) 0.05 0.78 -1.93 2.88 Self-Efficacy (Full NV=15,941) 0.08 0.95 -3.26  3.01
Years Experience (Sample N=12,143) 1034 8.63 1 31
Years Experience (Full N=17,020) 10.14  8.49 1 31

* . .
Non-Hispanic
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Table 2. Students’ 8" grade math course, final letter grade in that course, and 9" grade math course in the

fall of 2009 (N=12,169).

Most advanced math class taken in 8th grade N %
Math 8 2,448 20.12
Advanced or Honors Math 8 260 2.14
Pre-algebra 4,387 36.05
Algebra I including 1A and IB 3,805 31.27
Algebra II or Trigonometry 136 1.12
Geometry 439 3.61
Integrated Math 185 1.52
Other math course 509 4.18

Final grade in 8th grade math class
A 4,572 37.57
B 4,512 37.08
C 2,187 17.97
D 579 4.76
Below D 319 2.62
Class was not graded 4,572 37.57

2009 Math course
Pre-Algebra 506 4.16
Review or Remedial Math 192 1.58
Algebra I, part 1 or part 2 1,626 13.36
Algebra I 5,465 4491
Algebra II 778 6.39
Geometry 2,609 21.44
Analytic Geometry 89 0.73
Other Advanced math, e.g. Pre-calc or Calc 65 0.53
Integrated Math I 540 4.44
Integrated Math II or above 118 0.97
Other math 181 1.49

Measures

The primary measures for this study are ten items on the teacher questionnaire describing

potential emphases in math instruction. Teachers were prompted to think about their

current (2009) math course and report on a variety of instructional practices. Table 3

provides a list of the items and their frequencies across the 4-point Likert scale.
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Table 3. Teacher objective emphasis item frequencies, with relative frequencies in parentheses.

Math teacher's emphasis on: None  Minimal Moderate  Heavy
Teaching math concepts (M1CONCEPTS) 51 1,766 10,279
(0.42) (14.60) (84.98)

Teaching math algorithms/procedures (M1ALGORITHM) 107 772 4,796 6,439
(0.88) (6.37) (39.59) (53.15)

Developing computational skills (M1COMPSKILLS) 104 1,535 4,872 5,597
(0.86) (12.68) (40.24) (46.23)

Developing problem solving skills (M1PROBLEM) 283 3,636 8,193
(2.34) (30.02) (67.64)

Reasoning mathematically (M1REASON) 361 3,732 8,023
(2.98) (30.80) (66.22)

Connecting math ideas (M1IDEAS) 571 4,469 7,068
(4.72) (36.91) (58.37)

Logical structure of mathematics (M1LOGIC) 63 1,365 5,347 5,259
(0.52) (11.34) (44.43) (43.70)

Effectively explaining math ideas (M1EXPLAIN) 66 1,291 5,807 4,927
(0.55) (10.68) (48.03) (40.75)

Speedy/accurate computations (M1ICOMPUTE) 242 2,708 5,709 3,436
(2.00) (22.39) (47.20) (28.41)

Standardized test preparation (M1TEST) 175 1,759 5,296 4,871

(145)  (14.54)  (43.76)  (40.25)

These items can be categorized into conceptually-oriented and procedurally-oriented
practices, using prior scales of such factors as guideposts. “Teaching Math Concepts”
can be self-evidently included as a conceptually-oriented practice. “Developing Problem
Solving Skills” captures the same conceptually-oriented practice as similar items “Work
on solving a real-world problem,” and “Write a description of a plan, procedure, or
problem-solving process,” (McCaffrey et al., 2001; Hamilton et al., 2003), as well as
other items related to problem-solving from Cohen & Hill’s (2000) “Framework™ scale
and Swanson & Stevenson’s (2002) “Standards-Based Classroom Instructional Practices”
scale, both based on practices from California’s reform movement. “Reasoning

Mathematically” is a conceptually oriented practice given its similarity to Cohen &
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Hill’s Reform items “Make conjectures and explore possible methods to solve a
mathematical problem” and “Developing reasoning and analytic ability to solve unique
problems”, and “How often do you ask students to explain the reasoning behind an idea”
from Spillane and Zeuli’s (1999) study on reform practices. “Connecting Math Ideas”
is here categorized as a conceptually-oriented practice just as “Share ideas or solve
problems with each other in small groups” is a reform practice in McCaffrey et al. and
Hamilton et al. and “connections with other content disciplines and/or real world
phenomena were explored and valued” is a “propositional” (defined as concordant with
reform initiatives) practice in Sawada, et al. (2002). “Logical Structure of
Mathematics” is less commonly used in other scales, the closest match being Sawada’s
et al. propositional practice “Elements of abstraction (i.e., symbolic representations,
theory building) were encouraged when it was important to do so,” but does closely
match Heibert and Lefevre’s (1986) definition of conceptual knowledge as “knowledge
that is rich in relationships” and Rittle-Johnson, Siegler, an Alibali’s (2001) extension to
an “implicit or explicit understanding of the principles that govern a domain and of the
interrelations between units of knowledge in a domain,” thus it, too is a conceptually-
oriented practice. Finally, “Effectively Explaining Math Ideas” is a near perfect match
to “Require students to explain their reasoning when giving an answer” and “Take tests
requiring open-ended responses (e.g., descriptions, justifications of solutions)” from
McCaffrey et al. and Hamilton et al., and even more perfectly “Explain the reasoning
behind an idea” from Spillane and Zeuli and “I teach students how to explain their

mathematical ideas” from Ross’s et al. (2003) reform scale, thus is also a conceptually-
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oriented practice. Thus, these six items may all be treated as indicators of conceptually-

oriented instructional emphasis.

This same equating can be extended to procedurally-oriented practices among these
survey items. “Teaching Math Algorithms/Procedures” is self-evidently a
procedurally-oriented practice though it is included as a traditional practice in McCaffrey
et al. (2001) and Hamilton et al. (2003) as “Memorize mathematics facts, rules, or
formulas”. “Developing Computational Skills” and “Speedy and Accurate
Computations” are procedurally-oriented practices as computational skill and accuracy
are explicitly included on Cohen & Hill’s (2000) Traditional practices scale as “practice
or take tests on computational skills,” McCaffrey’s et al. and Hamilton’s et al. item
“Practice computational skills” from their traditional scale, and implicitly included as
negative items on Ross’s et al. (2003) reform scale (wherein reform and traditional
practices are opposed constructs) as “When students are working on math problems, I put
more emphasis on getting the correct answer than on the process followed” and “If
students use calculators they won't master the basic math skills they need to know.”
Lastly, “Standardized Test Preparation” is a procedurally-oriented practice here as in
McCaffrey et al. and Hamilton et al., whose item “Take short-answer tests (e.g., multiple-
choice, true/false, fill-in-the-blank)” is categorized as a traditional practice, and Diamond
(2007) discusses test preparation practices like “drilling certain content and using practice
tests (provided by the test manufacturers and containing similar content)” as a more

“didactic” practice (which is equated with traditional math practices). Therefore, these
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four items may all be treated as indicators of procedurally-oriented instructional

emphasis.

The student outcome of interest is a measure of math ability. The instrument used was an
assessment of algebraic reasoning developed by staff at the American Institutes of
Research, and reviewed by John Dossey, emeritus professor of mathematics at Illinois
State University, (Ingels, et al., 2011). The items were then reviewed, validated, and
approved by an advisory panel including three professors of mathematics, a retired high
school teacher, and a math education consultant. In total, the assessment was designed to
measure student ability in the following domains: the language of algebra; proportional
relationships and change; linear equations, inequalities, and functions; nonlinear
equations, inequalities, and functions; systems of equations; sequences and recursive
relationships; demonstrating algebraic skills; using representations of algebraic ideas;

performing algebraic reasoning; and solving algebraic problems.

Students completed the assessment via computer in two stages™: a 15-question router test
to determine general math ability, then a 25-question test with questions selected based
on their performance on the first 15 questions. An Item Response Theory model was
used to calculate a Theta score as a measure of student ability. For those students who did
not complete the assessment or whose responses were excluded due to insufficient
responses or evidence of collaboration, Theta scores were estimated using multiple

imputation on a variety of student, parent, and school background covariates. While theta

? The test was administered so that the stages were not identifiably separated — students encountered an
unbroken string of items.
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scores are scaled to have a mean of 0 and standard deviation of 1 (u = 0.03, 0% = 0.97
in the full sample), students scores in the analytic sample (N=12,169) have a mean of

0.05 and a standard deviation of 0.96.

A number of standard control variables were used in the analysis. Student family
background controls included sex, race, and family socioeconomic status (SES),
operationalized in the original data set as a continuous, composite measure of parent
educational attainment, occupational attainment, and family income, all as reported by
the parent or included on the student’s permanent record. Teacher background controls
included sex, race, certification type, years of experience as a math teacher, highest
college degree, and self-efficacy, a composite scale incorporating teachers’ responses to
seven survey items concerning their perceived ability to perform reliably well on various
teaching tasks. I controlled for prior student achievement by creating a standard 4-point
GPA score from each student’s 8" grade end-of-year letter grade. Finally, I considered
ways to capture the effect of tracking on student outcomes within the dataset. By 2013,
close to half of eighth grade students in the united states were taking algebra or geometry,
compared to 16% in 1990 (Loveless, 2015). This comes as the result of two decades of
Algebra-For-All policy initiatives and curriculum reforms designed to combat tracking
systems which favored white, high-SES, majority male students and promote higher
levels of college enrollment (Loveless, 2008). As Table 2 illustrates, students in the
HSLS sample were enrolled in courses consistent with Algebra-For-All policy initiatives
— the large majority (87.24%) of students were in Algebra I, Geometry, or Algebra II in

their 9" grade year. The remainder were in either remedial or Algebra preparatory
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classes, integrated math, or a more advanced math class. As the research literature
strongly suggests that students received different instructional emphases according to
their track, and because those emphases may correlate with students’ underlying
propensity to improve their mathematics scores, I controlled for 8" grade math course as

a way to conservatively capture tracking effects.

Methods

The first step in this analysis was the development of a measurement model to estimate
factor scores of procedural and conceptual instructional emphasis from the 10 teacher
questionnaire items. [ used a Confirmatory Factor Analysis (CFA) approach with unit
loadings. Using the groupings determined a priori (see Measures above), I specified the
predicted factor structure illustrated in Figure 1, and estimated loadings using a
maximum likelihood estimation method with robust standard errors. I then examined
large modification indices and considered additional paths to free for estimation based on

theoretically plausible relationships (MacCallum, 1995).
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Figure 1. Path diagram of hypothesized factor model, with latent emphasis on procedural or conceptual
math instruction indicated by the 10 teacher survey items in the HSLS:2009 Data set.

Next, to evaluate the effect of latent procedural and conceptual instructional emphasis on
student outcomes, I used a Structural Equation Modeling approach, to run a regression
with the factors as predictors and assuming a linear relationship with student ability, as

follows (illustrated in Figure 2):
m
Y=y, + Zkaik + B.(PROCEDURAL); + B,(CONCEPTUAL); + ¢; (1)
k=+

where Y is a student outcome (student math ability, in this analysis), X is a vector of

m student, teacher, and school control variables, PROCEDURAL and CONCEPTUAL are
latent factors of instructional emphasis received by each student, and ¢ is a student-level
residual. The coefficients ; and S, are then the relevant parameters for analysis in
addressing the second research question. Control variables include all background
characteristics as reported in Table 1, as well as prior achievement and tracking measures

(8" grade math grade as GPA, and 8" grade math course, respectively) as reported in
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Table 2. I determined coefficients to be statistically significant at an & = 0.05 level. Any

observations with missing predictor values were deleted listwise (546 cases).
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Figure 2. Path diagram of Structural Equation Model in Equation (1), with latent emphasis on procedural or
conceptual math instruction indicated by the 10 teacher survey items in the HSLS:2009 Data set predicting
student achievement, and including control covariates.

I then built my final model according to the following procedure: The first model

included only the factors as predictors and student ability as the outcome, with no control

predictors. Second, I added 8" grade math GPA to control for prior achievement. Next, I

included 8" grade math class categories to assess possible confounding and control for

tracking effects. Finally, in turns, I incorporated student, then teacher, and finally school

controls. All controls remained in the model regardless of significance.
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Finally, to probe effects of prior achievement, tracking, and family background

characteristics on received instruction, I again used a Structural Equation Modeling
approach, specifying multivariate regressions with the latent factors as outcomes,
predicted by the control covariates in Table 1, and assuming only linear relationships, as

follows (illustrated in Figure 3):

m
PROCEDURAL; = B¢ + Z Bi Xy + &l
k=1
2)

CONCEPTUAL; = B¢ + ) BEXy + €

m
k=1

Where PROCEDURAL and CONCEPTUAL are latent factors of instructional emphasis
received by students, X is a vector of m student, teacher, and school control variables,
and ¢ is a student-level residual. The coefficients Br and Bs are then the relevant
parameters for analysis in addressing the third research question. Again, I determined

coefficients to be statistically significant at an @ = 0.05 level. Any observations with

missing predictor values were deleted listwise (546 cases).
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Figure 3. Path diagram of Structural Equation Model in Equation (2), with student family background and
teacher covariates predicting latent emphasis on procedural or conceptual math instruction indicated by the
10 teacher survey items in the HSLS:2009 Data set.

Data preparation was conducted in Stata 14 (StataCorp, 2015) and analyses were

conducted in MPlus version 7 (Muthén & Muthén, 1998-2012).
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Results

Latent Instructional Emphasis Factors

I first discuss the initial research question, whether the conceptually- and procedurally-
oriented HSLS items indicate two relatively independent latent factors representing
teachers’ instructional practice. Before conducting this analysis, I examined the survey
items and determined a plausible factor structure based on theoretical associations
between items, as discussed in this reports’ background section (the correlation matrix for
these items is presented in Appendix 1). Table 4 reports this model, showing factor
loadings for the procedurally- and conceptually- oriented instructional emphasis
indicators as estimated by the final CFA model. This model demonstrates good fit to the
sample data. To determine goodness-of-fit, I examined Comparative Fit Index (CFI;
Bentler, 1990), Tucker-Lewis Index (TLI; Tucker & Lewis, 1973), Root Mean Square
Error of Approximation (RMSEA; Steiger & Lind, 1980; Browne & Cudeck, 1993) the
RMSEA 90% Confidence interval (Steiger, 1990), and the Standardized Root Mean
Square Residual (SRMR; Joreskog & Sorbom, 1988). These indices are: CFI = 0.924,
TLI=0.899, RMSEA = 0.044 (90% C.1. [0.041, 0.046]), and SRMR = 0.047. These all
exceed recommended thresholds (Hu & Bentler, 1999). The Chi-squared test for model
fit is statistically significant (y? = 828.87,df = 34,p < .001), however this is almost

always true for large sample sizes, and is not an indicator of poor fit.
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Table 4. Factor loadings for PROCEDURAL and CONCEPTUAL under CFA estimation (N=12,169).

PROCEDURAL CONCEPTUAL
1 se StdiA R? 1  se s A R?
MI1ALGORITH 1.000 - 0.419 0.176
M1COMPSKILLS 1.861 0.093 0.726 0.527
M1COMPUTE 1.920 0.135 0.708 0.502
MITEST 0.797 0.077 0.311 0.096
M1CONCEPTS 1.000 - 0476 0.227
M1PROBLEM 2.059 0.096 0.729 0.531
MI1REASON 2.230 0.111 0.767 0.588
MI1IDEAS 2.114 0.104 0.669 0.448
MI1LOGIC 2.367 0.103 0.632 0.400
MI1EXPLAIN 2.345 0.108 0.639 0.408

All estimated loadings are significant at the @ = 0.001 [eyel.

The correlation between the procedural emphasis and conceptual emphasis factors is
moderate (p = 0.508,p < .001) but not high enough to suggest a lack of discriminant
validity, and all factor loadings are statistically significant (p < 0.001 for all indicators),
though the loading patterns are more consistent for conceptual emphasis than for
procedural. Factor determinacy scores are high (0.855 for Procedural and 0.916 for
Conceptual). I additionally conducted sensitivity analyses by splitting the data into two
cohorts first randomly and secondly with a cut exactly halfway into the original order,
and loading patterns did not change significantly between cohorts. As such, there is good
evidence of construct validity, supporting the assertion that latent procedurally-oriented
and conceptually-oriented instructional emphasis are separately indicated by these 10
survey items using the hypothesized measurement model. Given this, the latent factors of
procedurally-oriented and conceptually-oriented instructional emphasis may be used for

additional analysis.
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Student Math Achievement

I now report on the second research question, examining the relationship between
teachers’ latent procedurally- and conceptually- oriented instructional emphasis and
student math achievement. I used an SEM framework to estimate procedurally-oriented
and conceptually-oriented instructional emphasis factors as they predict student math
ability (Theta scores), including all control variables as covariates. The first model (M1)
includes no controls, and shows significant effects of instructional emphasis on 9™ grade
math ability. The second model (M2) includes 8" grade GPA, and shows notable but
expected attenuation in effects. The third model (M3) includes gt grade math course as a
control, and shows a slight attenuation in effects, evidence of mediation — potentially
explained by conceptually-oriented instruction being more prevalent in higher-track
classes. The fourth (M4), fifth (M5), and sixth (M6) models include student background
controls, teacher controls, and school controls respectively, with minor differences in
effects of instructional emphasis, decreasing standard error, and expected improvement in
model R°. All models were estimated using a robust maximum likelihood estimation
which uses a sandwich estimator to calculate Huber-White standard errors. A taxonomy

of these models in presented in Table 4.
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Table 4. Taxonomy of fitted regression paths in SEM models of predictor latent factors PROCEDURAL
and CONCEPTUAL instructional emphases on outcome gt grade student math Theta score, incorporating
different sets of control variables (N = 11,623). Standardized and unstandardized coefficients shown.

Model B s.e. p-value Std. B
M1 — No controls (R* = 0.086)

PROCEDURAL -0.783 0.079 <0.001 -0.232

CONCEPTUAL 1.666 0.117 <0.001 0.332
M2 - Prior achievement controls (R2 =0.202)

PROCEDURAL -0.616 0.073 <0.001 -0.184

CONCEPTUAL 1.230 0.103 <0.001 0.248
M3 — Prior achievement and 8™ grade course controls (R*=10.325)

PROCEDURAL -0.373 0.064 <0.001 -0.112

CONCEPTUAL 0.800 0.092 <0.001 0.162
M4 - Prior achievement, 8" grade course, and student controls (R*=0.396)

PROCEDURAL -0.278 0.056 <0.001 -0.084

CONCEPTUAL 0.622 0.084 <0.001 0.125
MS5 — Prior achievement, 8" grade course, student, and teacher controls (R*=0.408)

PROCEDURAL -0.264 0.057 <0.001 -0.079

CONCEPTUAL 0.606 0.085 <0.001 0.123
M6 — Prior achievement, 8™ grade course, student, teacher, and school controls (R*=0.408)

PROCEDURAL -0.264 0.057 <0.001 -0.079

CONCEPTUAL -0.607 0.085 <0.001 0.123

All coefficients are significant at the o. = .001 level. Control variables are retained between models.

The final model is illustrated in Figure 4, and estimates for the latent factors and all
covariates are presented in Table 5. There is a significant effect of latent teacher
instructional emphasis on student ability in the 9™ grade, regardless of 8" grade math
course, family background, school type, teacher preparation and background, and prior
student achievement. A one standard deviation positive difference in latent conceptually-
oriented instructional emphasis is associated with a 0.123 standard deviation difference in
9 grade student math ability, and a one standard deviation positive difference in latent
procedurally-oriented instructional emphasis is associated with a -0.079 standard
deviation difference in 9™ grade student math ability, on average, for high school math

students.
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Table 5. Final model (M6), complete multiple regression of predictor latent factors PROCEDURAL and
CONCEPTUAL instructional emphases on outcome 9™ grade student math Theta score, incorporating all
control variables (N = 11,623). Standardized and unstandardized coefficients shown.

B s.e. p-value Std. B

Factors
Latent instructional emphasis

Procedural -0.264 0.057 <0.001 -0.079

Conceptual 0.607 0.085 <0.001 0.123
Controls
Continuous student measures

8TH Grade GPA 0.247 0.012 <0.001 0.262

SES 0.294 0.015 <0.001 0.232
8th grade math course (reference category: Math 8)

Advanced/Honors Math 8 0.497 0.064 <0.001 0.068

Prealgebra 0.028 0.027 0.302 0.014

Algebra 1 0.574 0.028 <0.001 0.281

Algebra 2 0.907 0.112 <0.001 0.092

Geometry 0.991 0.074 <0.001 0.194

Integrated Math 0.258 0.074 0.001 0.034

Other -0.175 0.053 0.001 -0.039
Sex (reference category: Male)

Female -0.014 0.02 <0.001 -0.007
Race (reference category: White)

American Indian -0.364 0.136 0.007 -0.034

Asian 0.24 0.049 <0.001 0.044

Black -0.259 0.038 <0.001 -0.087

Hispanic (not black) -0.017 0.137 0.900 -0.002

Hispanic (not black) -0.047 0.033 0.155 -0.02

Multiracial -0.013 0.043 0.766 -0.004

Pacific Islander -0.214 0.136 0.115 -0.013
School type (reference category: Public)

Private 0.058 0.036 0.102 0.016
Continuous teacher measures

Self-Reported Efficacy -0.006 0.011 0.627 -0.006

Years of Experience 0.005 0.001 <0.001 0.040
Teacher's sex (reference category: Male)

Female 0.060 0.021 0.005 0.031
Teacher's race (reference category: White)

Asian 0.008 0.068 0.903 0.002

Black -0.097 0.07 0.164 -0.02

Hispanic (not black) 0.139 0.111 0.210 0.011

Hispanic (not black) -0.100 0.06 0.095 -0.022

Multiracial -0.251 0.07 <0.001 -0.035

Other -0.192 0.116 0.097 -0.009
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Continued
I s.e. p-value Std. B
Teacher's certification type (reference category: High School)
None -0.195 0.077 0.011 -0.043
Elementary or Middle -0.070 0.097 0.474 -0.008
Provisional 0.026 0.047 0.585 0.006
Emergency -0.126 0.044 0.004 -0.039
Teacher's highest college degree (reference category: Bachelor's)
Master's -0.005 0.021 0.817 -0.003
Education Specialist -0.037 0.069 0.587 -0.005
PhD 0.125 0.094 0.182 0.012

Prior Achievement, Tracking, Family Background and Instructional Emphasis

I turn now to the third research question, whether and how teachers’ latent procedurally
and conceptually-oriented instructional emphases differ according to students’ prior
achievement, tracking, and family background characteristics. While table 5 shows
statistically significant and notable effects of race, sex, and socioeconomic status on
student math ability, given the controlled association between instructional emphasis and
achievement, it bears investigation into whether there is an association between family
background characteristics and instructional emphasis. To examine this, [ again used an
SEM framework to build simultaneous regressions with prior student achievement and
math course, and student, family, and teacher background characteristics as predictors of
latent procedurally and conceptually-oriented instruction (using the same measurement

model specified in figure 1). The results of this analysis are presented in Table 6.
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Table 6. Results of structural equation model of latent procedurally and conceptually-oriented instructional
emphasis predicted by prior student achievement and student, family, and teacher background
characteristics (N = 11,623). Standardized and unstandardized coefficients shown.

Procedural Conceptual
4 s.e. p-value Std. B g s.e. p-value Std. B

Continuous student measures

8TH Grade GPA 0.002 0.005 0.660 0.008 0.019 0.004 <0.001 0.098

SES -0.011 0.007 0.120 -0.029 0.007 0.005 0.145 0.026
8th grade math course (reference category: Math 8)

Advanced/Honors Math 8 -0.065 0.038 0.086 -0.030 0.027 0.021 0.201 0.018

Prealgebra -0.020 0.013 0.127 -0.034 -0.032 0.008 <0.001 -0.078

Algebra 1 -0.041 0.013 0.001 -0.066 0.021 0.008 0.008 0.051

Algebra 2 -0.191 0.049 <0.001 -0.064 0.028 0.022 0.206 0.014

Geometry -0.064 0.029 0.026 -0.041 0.040 0.015 0.009 0.038

Integrated Math -0.011 0.034 0.754 -0.005 0.005 0.024 0.823  0.004

Other 0.011 0.021 0.594 0.008 -0.012 0.017 0.468 -0.013
Sex (reference category: Male)

Female -0.002 0.010 0.859 -0.003 0.002 0.006 0.760 0.005
Race (reference category: White)

American Indian -0.019 0.047 0.684 -0.006 -0.113 0.036 0.002 -0.052

Asian -0.078 0.023  0.001 -0.047 -0.022 0.013 0.096 -0.019

Black -0.019 0.018 0.279 -0.021 -0.044 0.015 0.003 -0.072

Hispanic (no race specified) -0.036 0.043 0.409 -0.016 -0.082 0.039 0.036 -0.054

Hispanic -0.010 0.016 0.555 -0.013 -0.001 0.009 0.938 -0.001

Multiracial -0.033 0.025 0.178 -0.031 -0.012 0.014 0.367 -0.017

Pacific Islander -0.001 0.066 0.990 0.000 0.031 0.041 0.445 0.009
School type (reference category: Public)

Private 0.008 0.014 0.570  0.007 -0.001 0.008 0.886 -0.002
Continuous teacher measures

Self-Reported Efficacy 0.018 0.007 0.008 0.065 0.039 0.005 <0.001 0.205

Years of Experience 0.002 0.001 0.013  0.047 0.002 <0.001 <0.001 0.084
Teacher's sex (reference category: Male)

Female 0.006 0.010 0.566 0.010 0.027 0.006 <0.001 0.070
Teacher's race (reference category: White)

Asian 0.064 0.033 0.052 0.044 0.027 0.020 0.179 0.028

Black 0.085 0.033 0.010 0.059 0.042 0.017 0.014 0.043

Hispanic (no race specified) -0.050 0.050 0.323 -0.013 -0.060 0.053 0.253 -0.024

Hispanic 0.072  0.025 0.005 0.053 0.052 0.018 0.003 0.057

Multiracial 0.176 0.032 <0.001 0.082 -0.032 0.023 0.157 -0.022

Other 0.127 0.050 0.011  0.021 0.096 0.050 0.052 0.023
Teacher's certification type (reference category: High School)

None -0.047 0.024 0.052 -0.034 0.004 0.015 0.784 0.004

Elementary or Middle 0.119 0.050 0.019 0.044 0.032 0.016 0.051 0.018

Provisional 0.071 0.018 <0.001 0.059 -0.008 0.012 0.523 -0.010

Emergency -0.049 0.020 0.014 -0.050 -0.009 0.012 0.448 -0.013
Teacher's highest college degree (reference category: Bachelor's)

Master's -0.016 0.011 0.118 -0.029 0.004 0.006 0.521 0.011

Education Specialist -0.084 0.038 0.028 -0.040 0.010 0.016 0.516 0.007

PhD -0.020 0.038 0.605 -0.006 0.021 0.035 0.547 0.010
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There are a number of notable associations in this model. First, while there is no evidence
of association between prior achievement and reported procedurally-oriented instruction,
students with higher prior achievement receive, on average, more reported conceptually-
oriented instruction (Standardized b = 0.098,p < .001). Second, students who were
enrolled in Algebra I, Geometry, or Algebra II in 8" grade all received less reported
procedurally-oriented instruction on average than their peers who were in Math 8

(

bAlgebraI = _0-000'19 < -Oop; bGeometry = _0-04prp <.0G bAlgebra u= _0-0041p =
.00p

), and students previously enrolled in Algebra I or Geometry received more reported
conceptually-oriented instruction on average

(bargevrar = 0.00p,p < .0D; bgeometry = 0.03y,p < .0p), while students previously

enrolled in Pre-Algebra received less on average (Ppreaigenra = —P-078,p < .ppl).

Family background characteristics also show some notable results. First, there is no
evidence of association between family socioeconomic status or student sex and reported
procedurally or conceptually-oriented instruction received by students. Asian students
receive less reported procedurally-oriented instruction on average then their white peers
(bpsian = —0047,p < 901), while American Indian, Black, and non-specific Hispanic
students all receive less reported conceptually-oriented instruction than their white peers
(Bamerican maian = —0.052dp < .01; bgiqcx = —0.0720p < .001;

byispanic no = —0.054,p < .05), with Black students experiencing the largest average

decrement in reported conceptually-oriented instruction received. There was no evidence
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of an association between student’s school type (public or private) and either latent factor
of instructional emphasis.

Where associations are significant, nearly all teacher background characteristics
positively predict one or both factors of instructional emphasis relative to the reference
category. Students whose teachers have higher self-reported self-efficacy or more years
of experience receive both more reported procedurally and more reported conceptually-
oriented instruction on average, students with non-white (except for non-specific
Hispanic) teachers receive more reported procedurally-oriented instruction on average
than those with white teachers, students with Black and Hispanic teachers receive more
reported conceptually-oriented instruction on average than those with white teachers, and
students whose teachers have elementary or provisional teaching certificates receive more
reported procedurally-oriented instruction. Students whose teachers have either
emergency teaching certificates, or whose highest level of education is an education
specialist’s degree receive less reported procedurally-oriented instruction than their peers
whose teachers have high school certificates or bachelor’s degrees. Full statistics for all

associations are presented in Table 6.

Threats to Validity

Confirmatory Factor Analysis (CFA) and, for understanding relationships with student
outcomes, Structural Equation Modeling (SEM) both require an a priori definition of the
meaning and relationship between the questionnaire items answered by teachers, thus

they are still sensitive to researcher selection. Evidence of a “correct” model is entirely
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dependent on model fit, inter-item correlations, and consistent loadings, but there is no
way to verify that the specified structure is the only possible arrangement. As such, the
results of this analysis may be analyzed only using the theoretical framework outlined

99 <6

within, and not using other definitions of “reform,” “traditional,” “conceptual,” and
“theoretical.” This framework should be considered when attempting inference and

generalization to the population.

The primary threat to internal validity of these results is the lack of accounting for
students clustered in schools and classrooms. As mentioned in the Data section of this
report, this is due to restrictions in the data set. Given that there may be groups of as
many as 25 students who share a common teacher and thus possible large groups who
share a common school with associated differences in instruction emphasis norms and in
overall average student math ability, this analysis may indeed be capturing those

differences, rather than any direct link between teacher emphasis and student ability.

Second, subtle differences exist between the analytic sample and the original study’s
nationally representative design. Attention must be paid to those differences as presented

in Table 1 when making generalizations to broader populations.

Another threat to internal validity, particularly if this work is to be extended to make
causal claims, is that the timing of both the student instrument and the student math
assessment is vague at best in the original data documentation. It is unclear whether the

assessment occurred after the students had sufficient exposure to their 9" grade math
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teacher to validate either observational or causal claims about the effects of instructional

emphasis. Thus, at best, this study can estimate only the relationship between a student’s
9™ grade teacher’s reported instructional emphasis and students’ contemporary math
abilities — not the effect, generally, of math teacher instructional emphasis on future or

immediately adjacent student ability.

Finally, a threat may exist with the nature of the assessment used to measure mathematics
ability. It is, by construction, a test of algebraic ability. Thus it may simply be a
confirmation bias effect of the assessment that “conceptual” instruction favoring the
abstract carries a positive association with ability and “procedural” instruction carries a
negative. It may indeed be no surprise that students whose teachers favor abstract
algebraic techniques perform better on an algebra test. Perhaps if the test were an

arithmetic assessment these results would be reversed.

It is with these threats in mind that I turn to discussing the results of this analysis.

Discussion

Before discussing these results, it bears mention once again that while these models
estimate separate effects and emphases of conceptually- and procedurally-oriented
instruction, it does not serve as evidence that the terms “conceptual” and “procedural” to
describe instructional orientations or types of knowledge are valid and empirically

provable (see above for a discussion of these terms). Nor do these results constitute
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evidence that conceptually- and procedurally-oriented instruction are mutually exclusive
processes, or that higher levels of either factor imply deeper or higher-quality instruction
on these facets of mathematics. A teacher may report heavy conceptual (or procedural)
emphasis while still providing only very superficial instruction on such content, which
this study is not capable of investigating. None of the results here indicate whether
teachers are successful in their procedurally- or conceptually-oriented instruction, nor that
successful instruction of either orientation is predictive of student achievement. As they
are based on teacher self-report of frequency, all associations are only about greater use

of each orientation.

As such, all prior cautions regarding these terms stand — readers should take care to avoid
interpreting these associations as implying that conceptually-oriented instruction is better
in any form, or that procedurally-oriented instruction involves only superficial rote

memorization and recall and is thus inferior. These remain interdependent processes, both
critical parts of a comprehensive course of mathematics education. With these cautions in

place, I now discuss my findings.

Regarding the first research question, this model provides evidence that conceptually-
and procedurally-oriented instruction are separable latent factors in instructional practice
and may be measured using teaching self-reports. Consistent indicator loadings, a low
correlation between the two factors, and good model fit statistics without the need for
model modification all contribute to evidence of theoretical validity for this measurement

model. Beyond the good model fit exhibited in the factor structure, these items have
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nearly as good as or better internal consistency statistics than prior factor analyses
(Cronbach’s alpha is 0.60 for procedurally-oriented survey items and 0.80 for
conceptually-oriented items, as compared with McCaffrey’s (2001) 0.30 and 0.90,
respectively, for example). Thus, using the HSLS:2009 data set, these factors are
individually measureable within classrooms with good reliability and can be used in

future analyses.

Patterns of instructional emphasis among students whose teachers have differing
background characteristics can inform our understanding of how reformers’ messages are
enacted by teachers. It is perhaps unsurprising that teacher self-efficacy and years of
experience positively predict both instructional factors — presumably as teachers become
more effective (or believe they are more effective, as this item measures self-reported
efficacy) and gain more years of experience, they will engage in (or report engaging in)

all classroom practices more strongly, on average. This study supports that notion.

With only two exceptions, all other effects of teacher background characteristics are
positive. Female teachers exhibit higher levels of reported conceptually-oriented
instruction than their male peers, a finding worth noting for researchers interested in
gender effects. Further, non-white teachers exhibit either the same level of or more
reported instructional emphasis, both procedural and conceptual, than their white peers.
This may mean either that non-white teachers are indeed engaging in all instructional
practices as frequently or more frequently than their white peers, or that they are over-

reporting their emphasis.
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A similar pattern exists for elementary- or middle school-certified teachers, who both
exhibit higher levels of reported procedural focus than their high school-certified peers,
though middle school-certified teachers also exhibit higher reported conceptual focus,
again begging the question: are teachers practicing at a level outside their certification
actually engaging in higher levels of instructional practices, or are they simply over-
reporting? The two exceptions to this pattern occur for emergency certified teachers and
teachers with an education specialist’s degree, both of whom exhibit weaker reported
procedural focus than their reference groups. In both cases, these teachers may have
received less formal preparation than their peers, and as such may not be as familiar with
the teaching methods for procedural instruction, thus emphasizing (or reporting

emphasizing) them less often.

In examining the second research question, the finding that reported conceptually-
oriented instructional emphasis is positively associated with student achievement and
reported procedurally-oriented instructional emphasis is negatively associated with
student achievement contributes to evidence promoting reform methods as best practice,
corroborating recommendations from mathematics instruction researchers and curriculum
developers such as the National Council for Teachers of Mathematics and the Common
Core Consortium. Generally speaking, a course of high school math whose teachers
report practicing instruction that heavily promotes conceptual understanding, with
instructional practices like teaching math concepts, developing problem solving skills,

reasoning mathematically, connecting ideas, discussing the logical structure of math, and
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promoting effective explanation of math ideas is associated with higher student
mathematics achievement. Concurrently, a course of instruction whose teachers report
heavily prioritizing procedural facility, with instructional practices like developing
computational skill, promoting computational speed and accuracy, teaching algorithms
and procedures and engaging in standardized test preparation is associated with lower

student mathematics achievement.

The magnitude of the effect sizes for conceptually- and procedurally-oriented
instructional emphasis are also of note. While both effects (0.123 for conceptually-
oriented instruction and -0.079 for procedurally-oriented instruction) are small according
to Cohen’s (1988) rules of thumb, they are both larger than the effect size measuring the
well-documented gender gap in math achievement, reported as 0.04 favoring males for
8™ grade mean NAEP scores (Hill, 2008). They are also about half the size of the average
annual gain in effect size from nationally normed math tests (0.22, + 0.10) between

grades 8 and 9.

These results might also have alternate interpretations in light of the cautions presented at
the top of this section. It may be the case that the associations between procedurally- and
conceptually-oriented instruction and student math achievement are complicated by
implementation. Students who receive more conceptually-oriented instruction may have
teachers who do a better job of implementing practices which lead to conceptual
knowledge, and similarly students who receive more procedurally-oriented instruction

may have teachers who are less successful at teaching for procedural knowledge. Overall,



45

since prior research has consistently demonstrated that mathematics achievement requires
both conceptual and procedural knowledge within students, these findings could instead
plausibly indicate that conceptually-oriented instruction is more successfully implemented
than procedurally-oriented instruction, rather than indicating any fundamental primacy in
these factors of instruction. If indeed this is the case, it may reflect on the success of
reformers in promoting conceptually-oriented instruction over the last two decades, but
also highlight a concurrent deficit in good guidance for effective procedurally-oriented

teaching practices.

Finally, findings from the third research question contribute to our understanding of
equity issues and instructional practices. First, it is notable that this study finds no
evidence that student SES predicts reported procedurally- or conceptually-oriented
instruction, seemingly contradicting earlier research demonstrating that it is predictive of
specific practices which may be categorized as reform or traditional practices. However,
it is possible for these findings to coexist — students at a particular SES level may indeed
receive less of one instructional practice (single-solution problems, for example), but still
in general receive the same overall instructional emphasis as their peers at other levels.
Second, there is no evidence of any difference in reported instructional emphasis received
by students of different sexes, which suggests that differences in achievement between
male and female students are likely caused by factors other than teachers’ differential
reported emphasis on procedurally- or conceptually-oriented instruction. Finally,
differences in the reported instruction received by students of diverse races does suggest

racial inequities. Generally, non-white students receive equally as much or less reported
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conceptually-oriented instruction than their white peers, consistent with earlier findings.
Students of color still do not enjoy the same reported instructional practices as their
peers, receiving less consistent reform-driven classroom experiences despite large-scale
interventions to even the playing field. Curiously, only Asian students receive a different
level of reported procedurally-oriented instruction than white students (less, on average),
with no evidence of any other difference between races. This may be a sign of positive
progress — equity in procedurally-oriented instruction may be merely the first step to

equity in conceptually-oriented instruction.

One final null finding of note — there is no evidence of differences in either reported
instructional emphasis between public and private schools. This may indicate that reform

practices are being implemented at the same pace regardless of school type.

Conclusion and Future Directions

In this examination of the High School Longitudinal Study of 2009 data set, I have
demonstrated a model which reliably measures 9" grade teachers’ latent procedurally-
and conceptually-oriented instructional emphases, found significant effects of these
reported emphases on student math ability, and located differences in the reported
emphases received by students of differing family backgrounds. In general, reported
conceptually-oriented instruction, specifically that which aligns to reform practices
favoring abstract concepts and reasoning is associated with higher student ability, on

average, while reported procedurally-oriented instruction emphasizing concrete
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calculation and test preparation is associated with lower student ability, on average.
Moreover, this difference persists when controlling for student, family, school, and

teacher background characteristics, prior student achievement, and math course tracking.

As has been the case for at least three decades now, white students continue to receive
more reported conceptually-oriented instruction, though there are few associations
between race and reported procedurally-oriented instruction. The effects of
socioeconomic status appear to have lessened (especially as compared to findings in the
1980s), with this study finding no evidence of an SES effect on reported instructional

practices.

Given that the larger study is ongoing, with the students having graduated in 2013 and the
attendant follow-up data released very near to the conclusion of this analysis, the future
persistence of these effects may be measured over the full corpus of the high school

experience and on into postsecondary education and adulthood in subsequent analyses.

This study is observational. These associations may only suggest possible exploitable
relationships between reported instruction and student ability. Tuning and improvement
of the methodology used in this study is ongoing, however the extent to which it is
possible to establish evidence of causal effects of instruction is limited by the scope and
design of the broader High School Longitudinal Study of 2009. Future research on this

topic would ideally include randomized control trials (RCTs) contrasting teachers with
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varying instructional styles to unequivocally demonstrate the effects of instructional
emphasis.
References

Anyon, J. (1981). Social Class and School Knowledge. Curriculum Inquiry, 11(1), 3-42.
http://doi.org/10.2307/1179509

Baroody, A. J., Feil, Y., & Johnson, A. R. (2007). An alternative reconceptualization of
procedural and conceptual knowledge. Journal for Research in Mathematics
Education, 38, 115-131.

Belenky, D., Ringenberg, M., Olsen, J., Aleven, V., & Rummel, N. (2014). Using Dual
Eye-Tracking to Evaluate Students’ Collaboration with an Intelligent Tutoring
System for Elementary-Level Fractions. In Proceedings of COGSCI (pp. 176-181).

Bentler, P. M. (1990). Comparative fit indexes in structural models. Psychological
Bulletin, 107, 238-246.

Brophy, J. E., Coulter, C. L., Crawford, W. J., Evertson, C. M., & King, C. E. (1975).
Classroom observation scales: Stability across time and context and relationships

with student learning gains. Journal of Educational Psychology, 67(6), 873—-881.
doi:10.1037/0022-0663.67.6.873

Browne, M. W., & Cudeck, R. (1993). Alternative ways of assessing model fit. In K. A.
Bollen & J. S. Long (Eds.), Testing structural equation models (pp. 136-162).
Newbury Park, CA: Sage.

Brownell, W. A. (1945). When is arithmetic meaningful?. The Journal of Educational
Research, 38(7), 481-498.

Carpenter, T., Fennema, E., Peterson, P. L., Chiang, C, & Loef, M. (1989). Using
knowledge of children's mathematics thinking in classroom teaching: An
experimental study. American Educational Research Journal, 26, 499-532.

Cohen, D. K., & Ball, D. L. (1990). Policy and practice: An overview. Educational
evaluation and policy analysis, 12(3), 233-239.

Cohen, D. K., & Hill, H. C. (2000). Instructional policy and classroom performance: The
mathematics reform in California. Teachers College Record, 102, 294-343.

Committee on Science, Engineering, and Public Policy, National Academy of Science.
(2007). Rising above the gathering storm: Energizing and employing America for a
brighter economic future. Washington, DC: National Academies Press.



49

Common Core State Standards Initiative (2015). Mathematics Standards. Retrieved May
15, 2015, from http://www.corestandards.org/Math/

Cooley, W. W., & Leinhardt, G. (1980). The instructional Dimensions Study.
Educational Evaluation and Policy Analysis, 2(1), 7-25.
http://doi.org/10.3102/01623737002001007

Davis, J., & Martin, D. (2008). Racism, assessment, and instructional practices:
Implications for mathematics teachers of African American students. Journal of
Urban Mathematics Education, 1, 10-34. Retrieved from http://ed-
osprey.gsu.edu/ojs/index.php/JUME/index

De Jong, T., & Ferguson-Hessler, M. (1996). Types and qualities of knowledge.
Educational Psychologist, 31, 105-113.

Diamond, J. B. (2007). Where the Rubber Meets the Road: Rethinking the Connection
Between High-Stakes Testing Policy and Classroom Instruction. Sociology of
Education, 80 (4), 285-313. http://doi.org/10.1177/003804070708000401

Fennema, E., Franke, M.L., Carpenter, T.P., & Carey, D.A. (1993). Using children's
mathematical knowledge in instruction. American Educational Research Journal,
30, 555 - 583.

Fennema, E., Sherman, J. (1978). Sex-Related Difference in mathematics Achievement
and Related Factors: A Further Study. Journal for Research in Mathematics
Education, 9(3), 189-203.

Fuson, K. (1988). Children’s counting and concepts of number. New York: Springer-
Verlag.

Gamoran, A. & Hannigan, E. (2000). Algebra for Everyone? Benefits of College
Preparatory Mathematics for Students with Diverse Abilities in Early Secondary
School. Educational Evaluation and Policy Analysis, 22, 241-254.

Gamoran, A., Porter, C., Smithson, J., White, P. (1997). Upgrading High School
Mathematics Instruction: Improving Learning Opportunities for Low-Achieving,
Low-Income Youth. Educational Evaluation and Policy Anlysis, 19(4), 325-338).

Griffin, S.A., Case, R., & Siegler, R.S. (1994). Rightstart: Providing the central
conceptual prerequisites for first formal learning of arithmetic to students at risk for
school failure. In K. McGilly (Ed.), Classroom lessons: Integrating cognitive theory
and classroom practice (pp. 25 - 49). Cambridge: MIT Press.

Hamilton, L. S., McCaffrey, D. F., Stecher, B. M., Klein, S. P., Robyn, a., & Bugliari, D.
(2003). Studying Large-Scale Reforms of Instructional Practice: An Example from



50

Mathematics and Science. Educational Evaluation and Policy Analysis, 25(1), 1-29.
http://doi.org/10.3102/01623737025001001

Hatano, G., & Inagaki, K. (1986). Two courses of expertise. In H. Stevenson, H. Azuma,
& K. Hakuta (Eds.), Child development and education in Japan (pp. 262—-272). New
York, NY: W.H. Freeman and Company.

Hiebert, J. (Ed.). (1986). Conceptual and procedural knowledge: The case of
mathematics. Hillsdale, NJ: Lawrence Erlbaum.

Hiebert, J., & Carpenter, T.P. (1992) Learning and teaching with understanding. In D.A.
Grouws (Ed.), Handbook of research on mathematics teaching and learning (pp. 65-
97). New York: Macmillan.

Hiebert, J., & Lefevre, P. (1986). Conceptual and procedural knowledge in mathematics:
An introductory analysis. In J. Hiebert (Ed.), Conceptual and procedural
knowledge: The case of mathematics (pp. 1-27). Hillsdale, NJ: Erlbaum.

Hill, C. J., Bloom, H. S., Black, A. R. and Lipsey, M. W. (2008), Empirical Benchmarks
for Interpreting Effect Sizes in Research. Child Development Perspectives, 2: 172—
177. doi: 10.1111/5.1750-8606.2008.00061.x

Hu, L.-T., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Structural Equation
Modeling, 6, 1-55.

Ingels, S.J., Pratt, D.J., Herget, D.R., Bryan, M., Fritch, L. B., Ottem, R., Rogers, J.,
Wilson, D., and Christopher, E.M., (2015). High School Longitudinal Study of 2009
(HSLS:09) 2013 Update and High School Transcript Data File Documentation. U.S.
Department of Education. Washington, DC: National Center for Education
Statistics. Retrieved February 20, 2016 from http://nces.ed.gov/pubsearch.

Ingels, S.J., Pratt, D.J., Herget, D.R., Burns, L.J., Dever, J.A., Ottem, R., Rogers, J.E.,
Jin, Y., and Leinwand, S. (2011). High School Longitudinal Study of 2009
(HSLS:09). Base-Year Data File Documentation (NCES 2011-328). U.S.
Department of Education. Washington, DC: National Center for Education
Statistics. Retrieved February 14, 2014 from http://nces.ed.gov/pubsearch.

Jackson, H. G., & Neel, R. S. (2006). Observing mathematics: do students with EBD
have access to standards-based mathematics instruction?. Education and Treatment
of Children, 593-614.

Jitendra, A., DiPipi, C. M., & Perron-Jones, N. (2002). An exploratory study of schema-
based word problem-solving instruction for middle school students with learning

disabilities: An emphasis on conceptual and procedural understanding. Journal of
Special Education, 36(1), 23-39.



51

Joreskog, K.G. & Sorbom, D. (1988). LISREL 7 - A guide to the program and
applications (2nd ed.). Chicago: SPSS.

Kahle, D. K. B. (2008). How elementary school teachers’ mathematical self-efficacy and
mathematics teaching self-efficacy relate to conceptually and procedurally oriented
teaching practices (Doctoral dissertation, The Ohio State University).

Ketterlin-Geller, L., Chard, D., & Fien, H. (2008). Making connections in mathematics:

Conceptual mathematics intervention for low-performing students. Remedial and
Special Education, 29(1), 33—45. DOI: 10.1177/0741932507309711

Klein, D. (2007). A quarter century of US “math wars” and political partisanship.
BSHM Bulletin: Journal of the British Society for the History of Mathematics,
22(1), 22-33. http://doi.org/10.1080/17498430601148762

Knapp, M.S., Adelman, N.E., Marder, C, McCollum, H., Needels, M.C., Shields, P.M.,
Turnbull, B.J., & Zucker, A.A. (1993). Academic challenge for the children of
poverty. Volume 1: findings and conclusions. Washington DC: U.S. Department of
Education, Office of Policy and Planning.

Loveless, T. (2008). “The Misplaced Math Student”. 2008 Brown Center Report on
American Education. Washington, D.C.: Brookings.

Loveless, T. (2015). “High Achievers, Tracking, and the Common Core”. The Brown
Center Chalkboard Series Archive, 96. Washington, D.C.: Brookings.

Lubienski, S. T. (2002). A Closer Look at Black-White Mathematics Gaps: Intersections
of Race and SES in NAEP Achievement and Instructional Practices Data. Journal of
Negro Education, 71(4), 269-287. http://doi.org/10.2307/3211180

Ma, L. (1999). Knowing and teaching elementary mathematics: Teachers’ understanding
of fundamental mathematics in China and the United States. Mahwah, NJ: Lawrence
Erlbaum.

MacCallum, R. C. (1995). Model specification: Procedures, strategies, and related issues.
In R. H. Hoyle (Ed.), Structural equation modeling: Concepts, issues, and
applications. Thou- sand Oaks, CA: Sage.

Madsen, A. L., & Lanier, P. E. (1992). Improving Mathematics Instruction through the
Role of the Support Teacher. Research Series No. 213.

Mathematics Learning Study Committee. (2001). Adding It Up: Helping Children Learn
Mathematics. National Academies Press.

Mccaffrey, D. F., Hamilton, L. S., Stecher, B. M., Klein, S. P., Bugliari, D., & Robyn, A.
(2001). Interactions among instructional practices, curriculum, and student



52

achievement: The case of standards-based high school mathematics. Journal for
Research in Mathematics Education, 32(5), 493-517. http://doi.org/10.2307/749803

McCaffrey, L., Stecher, B., Klein, S., Bulgari, D., Robyn, A. (2001). Interactions among
instructional Practices, Curriculum, and Student Achievement: The case of

standards-based high school mathematics. Journal for Research in Mathematics
Education, 32(5), 493-517.

Muthén, L.K. and Muthén, B.O. (1998-2012). Mplus User’s Guide. Seventh Edition. Los
Angeles, CA: Muthén & Muthén

National Council of Teachers of Mathematics (2014). Principles to Actions Executive
Summary. Retrieved May 15, 2015, from
http://www.nctm.org/uploadedFiles/Standards_and Positions/PtAExecutiveSummar
y.pdf

National Mathematics Advisory Panel. (2008). Foundations for success: The final report
of the National Mathematics Advisory Panel. Washington, DC: U.S. Department of
Education. Retrieved from
http://www2.ed.gov/about/bdscomm/list/mathpanel/index.html

Palardy, G. J., & Rumberger, R. W. (2008). Teacher Effectiveness in First Grade: The
Importance of Background Qualifications, Attitudes, and Instructional Practices for
Student Learning. Educational Evaluation and Policy Analysis, 30(2), 111-140.
http://doi.org/10.3102/0162373708317680

Rittle-Johnson, B., & Alibali, M. W. (1999). Conceptual and procedural knowledge:
Does one lead to the other? Journal of Educational Psychology, 91, 1-16.

Rittle-Johnson, B., & Siegler, R. S. (1998). The relation between conceptual and
procedural knowledge in learning mathematics: A review. In C. Donlan (Ed.), The
development of mathematical skills (pp. 75-110). East Sussex, UK: Psychology
Press.

Rittle-Johnson, B., Siegler, R. S., & Alibali, M. W. (2001). Developing conceptual
understanding and procedural skill in mathematics: An iterative process. Journal of
Educational Psychology, 93, 346-362.

Ross, J. A., McDougall, D., Hogaboam-Gray, A., & LeSage, A. (2003). A survey
measuring elementary teachers' implementation of standards-based mathematics
teaching. Journal for Research in Mathematics Education, 344-363.

Sawada, D., Piburn, M. D., Judson, E., Turley, J., Falconer, K., Benford, R., & Bloom, I.
(2002). Measuring reform practices in science and mathematics classrooms: The

reformed teaching observation protocol. School Science and Mathematics, 102(6),
245-253.



53

Saxe, G. B., & Gearhart, M. (2001). Enhancing students' understanding of mathematics:
A study of three contrasting approaches to professional support. Journal of
Mathematics Teacher Education, 4(1), 55-79.

Schneider, M., & Stern, E. (2005, July). Conceptual and procedural knowledge of a
mathematics problem: Their measurement and their causal interrelations. In B. G.
Bara, L. Barsalou, & M. Bucciarelli (Eds.), Proceedings of the 27th Annual Meeting
of the Cognitive Science Society.

Schneider, M., Rittle-Johnson, B., & Star, J. R. (2011). Relations among conceptual
knowledge, procedural knowledge, and procedural flexibility in two samples
differing in prior knowledge. Developmental psychology, 47(6), 1525.

Schwerdt, G., & Wuppermann, A. C. (2011). Is traditional teaching really all that bad? A
within-student between-subject approach. Economics of Education Review, 30(2),
365-379. http://doi.org/10.1016/j.econedurev.2010.11.005

Siegler, R. S. (2003). Implications of cognitive science research for mathematics
education. 4 research companion to principles and standards for school
mathematics, 219-233.

Skemp, R. R. (1976). Relational understanding and instrumental understanding.
Mathematics Teaching, 77, 20-26.

Smith, J. (1996). Does an Extra Year Make Any Difference? The Impact of Early Access
to Algebra on Longterm Gains in Mathematics Achievement. Educational
Evaluation and Policy Analysis, 18, 141-153.

Son, J. W., & Sinclair, N. (2010). How preservice teachers interpret and respond to
student geometric errors. School Science and Mathematics, 110(1), 31-46.

Spielhagen, F. (2006). Closing the Achievement Gap in Math: The Long-Term Effects of
Eighth-Grade Algebra. Journal of Advanced Academics, 18, 34-59.

Spillane, J. P., & Zeuli, J. S. (1999). Reform and teaching: Exploring patterns of practice
in the context of national and state mathematics reforms. Educational Evaluation
and Policy Analysis, 21(1), 1-27.

Star, J. R. (2005). Reconceptualizing procedural knowledge. Journal for research in
mathematics education, 404-411.

Star, J. R. (2007). Foregrounding procedural knowledge. Journal for Research in
Mathematics Education, 38(2), 132—135.



54

Star, J. R., & Stylianides, G. J. (2013). Procedural and conceptual knowledge: exploring
the gap between knowledge type and knowledge quality. Canadian Journal of
Science, Mathematics and Technology Education, 13(2), 169-181.

StataCorp. 2015. Stata Statistical Software: Release 14. College Station, TX: StataCorp
LP.

Steiger, J. H., & Lind, J. M. (1980, June). Statistically based tests for the number of
common factors. Paper presented at the annual meeting of the Psychometric Society,
Iowa City, IA.

Steiger, J.H. (1990). Structural model evaluation and modification: An interval estimation
approach. Multivariate Behavioral Research, 25, 173-180.

Stein, M. K., & Lane, S. (1996). Instructional tasks and the development of student
capacity to think and reason: An analysis of the relationship between teaching and

learning in a reform mathematics project. Educational Research and Evaluation,
2(1), 50-80. http://doi.org/10.1080/1380361960020103

Stevenson, D. Schiller, K., & Schneider, B. (1994). Sequences of Opportunities for
Learning. Sociology of Education, 67, 184-198.

Strutchens, M. E., & Silver, E. A. (2000). NAEP findings regarding race/ethnicity:
Students’ performance, school experiences, and attitudes and beliefs. In E. A. Silver
& P. A. Kenney (Eds.), Results from the seventh mathematics assessment of the
National Assessment of Educational Progress (pp. 45-72). Reston, VA: National
Council of Teachers of Mathematics.

Swanson, C. B., & Stevenson, D. L. (2002). Standards-based reform in practice:
Evidence on state policy and classroom instruction from the NAEP state
assessments. Educational evaluation and policy analysis, 24(1), 1-27.

Thompson, A.G. (1984). The relationship of Teachers’ conceptions of mathematics and
mathematics teaching to instructional practice. Educational Studies in Mathematics,
15, 105-127.

Thompson, A.G. (1984). The relationship of Teaches’ conceptions of mathematics and
mathematics teaching to instructional practice. Educational Studies in Mathematics,
15, 105-127.

Thompson, P. W., & Lambdin, D. (1994). Concrete materials and teaching for
mathematical understanding. Arithmetic teacher, 41, 556-556.

Tucker, L. R., & Lewis, C. (1973). A reliability coefficient for maximum likelihood
factor analysis. Psychometrika, 38, 1-10.



55

Tyler, J. H., Taylor, E. S., Kane, T. J., Wooten, A. L. (2010). Using Student Performance
Data to Identify Effective Classroom Practices. The American Economic Review,
100(2), 256-260.

Wenglinsky, H. (2002). How schools matter: The link between teacher classroom
practices and student’s academic performance. Education Policy Analysis Archives,
10(12), 1-30. http://doi.org/10.14507/epaa.v10n12.2002



56
Appendix

Appendix 1. Correlation matrix for indicators of instructional emphasis

M1CONCEP MIALGORI MICOMPSK MI1PROBLE MI1REASON MI1IDEAS MI1LOGIC MIEXPLAI M1COMPUT MITEST

M1CONCEP 1.000

MI1ALGORI 0.309 1.000

M1COMPSK 0.208 0.318 1.000

MI1PROBLE 0.346 0.200 0.262 1.000

MI1REASON 0.354 0.230 0.184 0.625 1.000

MI1IDEAS 0.331 0.218 0.207 0.463 0.496 1.000

MI1LOGIC 0.314 0.291 0.211 0.393 0.468 0.478 1.000

MI1EXPLAI 0.279 0.240 0.257 0.446 0.471 0.438 0.436 1.000

M1COMPUT 0.169 0.221 0.534 0.254 0.216 0.222 0.298 0.302 1.000

MITEST 0.087 0.169 0.192 0.099 0.085 0.109 0.126 0.104 0.245 1.000
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