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 I. Introduction

How can one investigate the effectiveness of interventions designed to improve learning and achievement in mathematics? Many options are available to researchers, with longitudinal studies of the scale-up of promising interventions an obvious choice. Yet an alternate approach shows particular advantages if there is natural variation in the population to be studied. Epidemiological methods use very large samples and detect many effects, while controlling for background variables that often overwhelm studies with smaller sample sizes.
 Since educational experiments rarely have full control over variables or the ability to choose or assign subjects randomly, epidemiological methods offer the advantage of simultaneously testing the strengths of a many existing hypotheses for which empirical trials could not be adequately performed. We propose to use an epidemiological methodology to study a large number of popular, often competing, approaches to the pre-college teaching of mathematics with the intent of modeling the degree of persistence and success of students later in college math courses. 

While national organizations and state education departments have invested much effort in developing standards and creating novel curricula, it is the pre-college math teacher who has the most influence over the topics, pedagogy, and materials used in the classroom. They are the ones who assign homework, generate and correct tests, and provide the structure to the math courses they teach. How do they make their decisions about pedagogy and materials? Math teachers hold many theories about how best to prepare high school students for later success in college math courses. Effective or not, based in fact or in faith, these beliefs play out daily in our nation’s classrooms. Certainly professional meetings are abuzz with innovation. Many teachers construct their own curricula, eschewing textbooks. Others swear by materials developed with NSF support or by methods they have learned through professional development. Some are guided by educational research: employing calculators or computers, assigning group projects, and using writing projects. All who teach reach back into their personal histories and draw upon specific activities and pedagogies that were memorable in their own learning. Yet, in spite of the wide variation in math teaching methods and materials used in U.S. schools, “… students are not learning the mathematics they need or are expected to learn (NCTM 2000, p. 5).” Moreover, there is little in the way of large-scale, rigorous study of promising implementations of educational practices and technologies to support the notion that ideas that work on a small scale will be effective when scaled up nationally. IERI encourages such efforts with the intent of building a “substantial corpus” of educational practice.

Existing longitudinal studies (NELS, High School and Beyond) have revealed little about how the decisions made by classroom teachers impact the “transition to increasingly complex science and mathematics learning (IERI RFP)” that students face in college. Why? These studies are not based upon teacher beliefs. They do not seek the critical evidence to support or refute teacher beliefs concerning “what works.” While many research studies have shown large and statistically significant effects of interventions or innovations, they are most often of small, homogeneous populations such as single schools or several classrooms and are typically carried out under the auspices of the original development project. Teachers are generally not familiar with the literature in which such studies are reported. Instead, they are more swayed by whether new approaches or materials appear consistent with their own beliefs. Without compelling evidence on the effectiveness of new (or traditional) ways of teaching mathematics or data to falsify beliefs, the “math wars” will continue without resolution (Schoenfeld 2004). 


We propose the first large-scale (24,000 students at 40 colleges), retrospective cohort study of variables that predict performance and persistence in the major introductory college math courses (from remedial math through calculus). This represents a scale-up of our earlier study of high school physics (Sadler & Tai 2001) and also replicates an ongoing IERI study, FICSS (Factors Influencing College Science Success). We plan to characterize the differing preparatory experiences of college math students, particularly those believed critical by math education researchers and practicing high school math teachers. Such hypotheses include:

· teacher and departmental decisions (e.g. choice of textbook, including NSF-sponsored curricula; use of graphing calculators; amount of homework, NCTM standards emphasis), 

· student decisions (e.g. homework completed, course-taking background, seeking tutoring), 

· and co-variates that control for demographic and schooling differences (e.g. gender, race, parents’ education, school size, course offerings, community affluence). 

A key goal of this study is to aid high school math teachers and their departments in reflecting upon the efficacy of courses that they teach for college-bound students. Preparation for college is certainly not the only reason to persist and do well in high school math. Many teachers voice a desire to promote mathematical literacy, to help students think analytically, or to have students understand the impact of math on the world. Yet most teachers express a strong desire to optimize the success of their students in college math courses through their decisions of which text to use, what content areas to emphasize, and the mathematical level on which to draw (Hoffer, Quin & Suter 1996). Many teachers use non-traditional techniques (e.g. having students write their own texts, studying fewer topics in great depth, engaging in project work that applies math concepts to the world of the student) that they feel are particularly effective. Often they must defend their decisions to skeptical parents and administrators, in spite of alignment with the standards of the National Council of Teachers of Mathematics (NCTM 2000). The National Academy of Science and American Association for the Advancement of Science also promote inquiry and application in their standards and benchmarks that deal with mathematical literacy (NRC 1996; Project 2061 1993). Our proposed study will also hold lessons for college professors who want to build upon their students’ preparation in math or emulate the most effective high school practice in their college courses. In addition, students (and their parents) have a role in deciding how far they persist in high school math, and how much time and effort they should invest in their math classes. This study seeks to identify the possible effects of decisions that students and their teachers make.

The proposed project will benefit from lessons learned in our earlier efforts. Literature reviews, web surveys, and a teacher interview program will generate viable, testable hypotheses. College and university math departments and professors will be recruited based on a stratified random sample (for school size, type, and geographic distribution) with those that traditionally serve students underrepresented in STEM fields (traditionally Black colleges, women’s colleges, areas with high Hispanic and Native American populations) over-sampled to gain statistical power in examining differential effects. We have had great success with professors having students fill out surveys in class early each semester, guaranteeing nearly 100% participation. We have pioneered the use of the web for follow-up investigations, since students willingly add their email addresses and the names and schools of their high school teachers. Emailing students after the semester ends allows us to gather information that students prefer their math professor not to see or that needs reflection. Adding to this student information, we will sample these students’ high school teachers (e.g. for college major, experience, professional development — especially through federally-funded programs—and certification). The results will aid in developing a comprehensive model of factors associated with student success in introductory college math courses. This model will be illustrated by qualitative data from students that can be generalized to inform practitioners and policy makers of the strategies that have had greatest payoff. We will focus particular attention on the issues of achievement of members of underrepresented groups, given that their disproportionate failure in college mathematics courses often shuts the door on careers in science, medicine, computer science, and engineering.

II. Background

The debate over the impact of high school math preparation on college performance has long simmered and high school math teachers make much of preparing their students for success in college courses. Those students who plan to pursue college science, engineering and math careers are encouraged to prepare well with high school courses in math.
 High schools compete to offer both math electives (such as Probability and Statistics, Discrete Math, Logic, History of Mathematics) and Advanced Placement (AP) calculus and statistics. Yet college math professors are less sanguine about the preparation that high school courses provide. Many are dismayed by the difficulty that students have in their introductory college courses despite their preparation. Drop-out and failure rates are high in these “gate-keeping” courses (such as calculus, and probability and statistics). While success in introductory college math and science courses opens the door to careers in STEM fields, failure in these courses closes those options, negating years of preparation and aspiration (Gainen 1995; Seymour & Hewitt 1997).

There is a wide gulf between the views of high school teachers and college professors. Math teachers view their high school math courses as valuable preparation for introductory college math and science, yet many college professors have expressed doubts about their worth, with only 15% feeling college students are well prepared for college study (Mooney 1994). Some even advocate eliminating high school calculus, arguing that first exposure should be in college. Who is right? The recent Standards for Success Study (S4S) conducted an item-by-item analysis of the alignment between state standardized tests in math and the knowledge needed to succeed in introductory college courses as determined by college faculty, finding each test examined to be insufficiently aligned with college needs to inform high school students on college readiness. Most tests missed whole areas, such as trigonometry and statistics (Conley 2003). If state tests do not properly guide students and their teachers, one can expect poor alignment of high school math with college needs.

What does predict who succeeds in college math? Researchers have investigated standardized test scores, high school grades, and course-taking choices (Kaufman 1990). SAT quantitative scores do not test beyond introductory algebra and geometry and do a poor job, while SAT-M (precursor to the SAT-II in Mathematics) was found to be the best predictor of success in college-level Finite Mathematics, followed by high school rank, with high school math grades trailing behind (Troutman 1978). Bridgeman and Wendler (1989) found that high school GPA accounted for more variance than SAT Math scores in college math grades. Good study skills and aptitude in all subjects appears to trump math achievement as preparation for college math. In Betebenner’s study (2001), data from the Longitudinal Study of American Youth (LSAY) showed that students are well prepared only for repeating their last high school course anew in college. Doing well in high school algebra is adequate preparation only for college algebra. Many students who must take calculus can do so only after several remedial courses. Some have found that advanced high school courses predict better performance in college (NCES 1991, NCES 1995, Nordstrom 1990, Troutman 1978). These studies find relationships between test scores or GPAs, but they give little useful advice to high school teachers other than helping students to prepare for standardized exams. 

[image: image1..pict]Offering higher-level courses in high school and requiring more math credits for graduation are an approach to improving math knowledge. As the graph (Figure 1) shows (Wirt et al. 2002, p. 175), calculus and pre-calculus course enrollments in high school have nearly doubled since 1982, with “non academic math enrollments shrinking (e.g. business math, consumer math). Yet math professors have begun to complain that students enter college calculus with prior exposure to elementary calculus but meager training in algebra.

[image: image2..pict]Moreover, an increase in the level of courses taken in high school has not translated in better math comprehension or higher skill levels. The National Assessment of Educational Progress conducts a geographically randomized test of math, which includes many kinds of questions that gauge the degree to which students meet the NCTM standards (Braswell et al. 2001). Achievement increases have been small over the last decade, especially among 12th graders, dipping in 2000. This does not match the increase in math enrollment data. In addition, the difference in performance between 8th grade and 12th grade scores was 31 points in 1990 and 1992, 7.8 points/year of high school. Progress between 1990 and 2000 (Figure 2) advanced 12 points or approximately 1.5 years of math achievement for 8th graders. Twelfth grade students have not seen similar increases; the gain from 8th to 12th grades shrank from 31 points to 26 points in this decade. Progress for high school students is stalled while for 8th graders it appears to be robust.

The effect of increased enrollments in higher-level high school math courses on college level math enrollments is not evident from recent data (Lutzer et al. 2002). From 1980 to 2000, enrollments in college math courses changed little (Figure 3). The lack of improvement in NAEP scores seems a better predictor than the increase in level of high school math courses for the lack of change in college math enrollments. Many students enter college with meager preparation for [image: image3..pict]college math. At the college level, 72% of institutions offer such courses (in 1995) and 24% of all freshman enrolled in remedial math (NCES 1996).

Enrollment in remedial math diminishes but does not disappear in sophomore, junior and senior years (Ignash 1997, Betebenner 2001). Two-year colleges have increasingly offered such courses, along with introductory calculus, since many state universities are mandated not to offer such courses. While institutional credit (for financial aid, housing, student status, etc.) is given for these courses, they do not count toward degree completion (Committee on Higher and Professional Education 1999). Surprisingly, a faculty member rarely teaches a remedial course: 98% are taught by graduate research assistants, as are 73% of the pre-calculus courses (Conference Board 1995). Of all college math enrollments, 96% of students take courses that are also taught in the nation’s high schools (NRC 1991). Higher level math courses (e.g. number theory, topology, differential equations, multivariate calculus) are taken by only a tiny fraction of the college population. College mathematics departments primarily teach courses that are offered in high schools.

It is difficult to be optimistic about the efficacy of pre-college math courses. While many students do come to college prepared for college-level math, many others appear to have learned less than they should in high school. While it is tempting to attribute this difference to natural math ability, this is mostly a Western cultural belief. Asian societies generally attribute math achievement to hard work, not inherent talent (Stevenson & Stigler 1994). Certainly competing with the theory of the “math gene” is the way in which math is taught in high school. 

Could student attitudes towards math be to blame? The literature is rife with articles on the impact of attitudes on math performance. Much of this research attributes math success or lack of it to psychological constructs such as math anxiety (Aiken 1970, Greene et al. 1999, Olsen & House 1997, Thorndike-Christ 1991), “effectance motivation” (Bretscher et al. 1989), and student perception of teacher expectations (Mandeville & Kennedy 1993, Thomson & DeLeonibus 1978). Our view is that while such constructs are useful in formulating theories of why some students do better than others in college mathematics, they offer little in the way of specific changes that schools and teachers can implement in high school to change these views. We assume that such attitudes are the result of specific exposures to curricula and pedagogies, mitigated by a student’s social environment or home life. Teachers and schools can do little to change a student’s SES, gender, parental education, or income (Hagdorn et al. 1999). Research that connects the results of teacher decisions with authentic measures of performance is needed.

Prior research has examined this issue, attempting to measure the impact of high school courses on success in college math and science, particularly calculus. Betebenner’s work (2001) found that the most important factor in college math success is the amount of math coursework taken in high school. Taking Algebra I in 8th grade marks the start of a progression that results in taking advanced math courses in high school and is related to the education and involvement of parents (Horn & Bobbitt 2000, Moses & Cobb 2001). Students appear to rely on their mother’s and teachers’ advice for when to start algebra and how long to persevere in math (Lutzer et al. 2002). Sadler and Tai (2001) found that high school math course-taking had an effect beyond college math; calculus had much more impact than taking high school physics on college physics grades; our more recent findings support this is true in college chemistry and biology. 

In preparation for this proposal, we searched and reviewed the literature and found several dozen studies relevant to the preparation for success in college math. These include two National Academy publications Adding It Up (Kilpatrick et al. 2001) and How People Learn (Bransford et al. 1999), and the TIMMS results (Schmidt et al. 1997). These studies helped us formulate our hypotheses based on the views of teachers and findings of researchers concerning success and persistence in college math (citations are not included in this section):

· Specific high school courses as preparation for college course: perseverance in high school math from algebra I to calculus, math electives, computer programming and science courses.

· Specific curricula and content: Connected Geometry, University of Chicago School Mathematics Project, Interactive Mathematics Program, Mathematics Modeling Our World, Core-Plus, SIMMS Integrated Mathematics, teacher-developed courses, federally-funded curricula, popular publisher-developed curricula.

· Instructional techniques: 

· Technology based: more frequent lab use of computers, interactive simulations (as a substitute for classroom lessons), CAI, video, graphing calculators, use of spreadsheets.

· Subject-specific: use of proofs, emphasis on functions, graphing, probability demos.

· Faithfulness to NCTM standards: cover fewer topics, less emphasis on complex manipulative skills, thinking and reasoning mathematically, modeling and problem solving, promote experimenting and conjecturing.

· Textbook related: writing a textbook, lower readability-level textbook, less reliance on textbook, number of text problems assigned, reading per class session.

· Assessment: more, or more frequently graded, homework; performance assessment; portfolios; qualitative problems on tests; text role; more projects or a project-based classroom; more frequent classroom testing.

· Student orientation: more frequent or extensive use of student discussions, “advance organizer” prior to instruction, use of concept-mapping, teacher-student talk ratio, explicit teaching for conceptual change.

· Other techniques: better classroom management, use of models or other visual enhancements, analogy-based instruction, more extensive use of examples, individualized instruction, inquiry-oriented classroom, cooperative learning, explaining problems in several ways, post-presentation discussion, frequency of qualitative or quantitative problems, checking homework, practicing skills, memorizing, lesson review.

· High school variables: size, AP math courses offered, private or parochial, community affluence, tutoring available or encouraged, block schedule, class size, emphasis on academics, % of various minorities, % free lunch, stability of the student population.

· Student variables: SAT or ACT scores, HS GPA, grades in HS mathematics, race, gender, college year taking the course, SES, gender of instructor, parents’ education, age.

· Student affective measures: expectations or attitudes, goals or reasons for taking courses, prior knowledge in mathematics, effort or drive to achieve, engagement, participation in math clubs, problem solving strategies, study skills, confidence. 

· Teacher background: major or minor in math, additional coursework, age, experience, professional development, exposure to federally funded programs or curricula, gender.

· College variables: interaction between high school and college in similarity of pedagogy (use of reform curricula, computer or graphing calculator use) or teaching materials (textbook).

· Outcomes other than college math grades: time studying or being tutored, dropping out, perceived value of high school courses, college placement exam scores and course placement.
III. Results Of Prior Research at the Harvard-Smithsonian Center for Astrophysics

Since 1985, the Science Education Department (SED) at the Harvard College Observatory—which along with the Smithsonian Astrophysical Observatory forms the Harvard-Smithsonian Center for Astrophysics (CfA)—has earnestly contributed to the reform of science and math teaching in the nation’s schools. Drawing on its resources as the world’s largest astronomical research center, the CfA has become a particularly fertile incubator for education projects. Our department brings together over 50 academics and teachers, along with educational researchers and graduate students to work at the juncture of technology and learning. Our development activities include computer simulation, curriculum development, microcomputer-based instrumentation, and teacher institutes. These development efforts have been highly dependent upon carrying out our own educational research as well as utilizing the work of others. Our studies are increasingly characterized as examining dichotomies between systematically gathered data and educational beliefs of learners and teachers.

Our initial efforts produced Project STAR (Science Teaching through its Astronomical Roots, MDR-8550297, -88504424), the first high school curriculum based on students’ science preconceptions. STAR uses astronomical principles to teach physical science and quantitative reasoning. Several successful products resulted from our research, including the Project STAR text
, STAR lab activities,
 and a microcomputer-based spectrophotometer to help students analyze light to aid in understanding basic physics and astronomy concepts.
,
 These materials have become a popular part of high school courses: over 2,000 educational institutions use STAR materials. Project STAR gave rise to other curriculum projects also based on conceptual change teaching: Project ARIES (MDR-9154113, ESI-9553845), an upper elementary physical science curriculum based on astronomical themes;
 Project Spectroscopy (ESI-9553846), a series of interdisciplinary projects for middle- and high-school students utilizing light and color;
 and DESIGNS (ESI-9452767, ESI-9730469), with its publication of the “Challenges in Physical Science”
set of engineering-based middle school physical science activities. All SED curricula require application of mathematical principles to build models of physical systems.

Each curriculum is rigorously assessed and shows statistically significant and large gains on instruments designed to measure conceptual gains, science process skills and quantitative reasoning. Articles have appeared in the peer-reviewed literature (Sadler 1991; Lightman & Sadler 1993; Sadler 1995; Sadler, Coyle & Schwartz 2000), and presented at research and teacher conferences. Winning the Journal of Research in Science Teaching Award for 1999 for the year’s most outstanding research contribution was the paper Psychometric Models of Student Conceptions in Science: Reconciling Qualitative Studies and Distractor-Driven Assessment Instruments (Sadler 1998). This research develops the tools necessary to combine the vast literature of clinical interviews of students’ understanding of concepts into written tests useful for researchers and classroom teachers. The work presents a method for ascertaining which concepts are most appropriate for teaching at different grade levels. This information is useful for states designing curriculum frameworks based on the national standards. 

A key component of the success of our work was developing qualitative interviewing techniques for secondary school students to reveal their preconceptions. This process became the foundation for developing effective curriculum materials that have shown success in transforming students’ conceptions and in documenting effective strategies for conceptual change. We created A Private Universe (Schneps & Sadler 1988),
 the first widely used documentary on student preconceptions and the problems faced by teachers trying to change them. The video won several awards
 and is currently used by teacher preparation and enhancement programs nationwide. The NSF and the Annenberg/CPB Foundation have funded our ongoing efforts to find ways to bring research on children’s conceptions to practitioners and parents by producing the three Minds Of Our Own one-hour documentaries (PBS 1998) and associated teleconferences for teachers (ESI-9155229).
 Our teleconferences and teaching programs reach over 20,000 schools nationally,
 broadcast by the Annenberg/CPB Channel. 

Our latest production is the Private Universe Series in Mathematics, a series of six K-12 teacher workshops directed by Matthew Schneps and Alex Griswold of our group. The series demonstrates and honors the power and sophistication of ideas that students formulate and explores how math teaching can be structured to resonate with children's increasingly sophisticated thinking. The materials and activities presented in the sessions were developed in long-term research programs about mathematical thinking that share certain presuppositions about learning and teaching. Key to this perspective is that knowledge and competence develop most effectively in situations where students, frequently working with others, work on challenging problems, discuss various strategies, argue about conflicting ideas, and regularly present justifications for their solutions to each other and to the entire class. The role of the teacher includes selecting and posing the problems, then questioning, listening, and facilitating classroom discourse, usually without direct procedural instruction (from www.learner.com). The mathematicians who contributed to this series include Carolyn Maher and many of her colleagues from the Robert Davis Institute for Learning at Rutgers University, and Robert Spiser and Charles Walters of Brigham Young University. 

The CfA has run 20 summer institutes for more than 500 teachers, engaging them in creating and testing activities for ARIES, SPICA (K–12 astronomy activities, ESI-8855571, -9155400), InSIGHT (simulation software for teaching graphical calculus,
 REC-8850688, -9155708), and MicroObservatory (a network of five, web-accessible, student-controlled, automated remote telescopes, REC-885561, -9155723, -9454767, ESI-9730351).
 Institute participants lead workshops in their local areas to help improve science and math teaching at the K–14 level and have become a valuable resource nationally. To date, participants have run workshops for more than 12,000 teachers nationally. Many teachers have gone on to be leaders in their districts and regions, professionalizing teaching organizations. Our curriculum and teacher enhancement efforts are influenced by the views and experiences of classroom teachers, especially those concerning their selection of curricula and pedagogy.

The most relevant research for this proposal began in 1985 with Prof. Alan Lightman of MIT as a collaborator. As the research scope expanded, NSF funded a study of the extent to which a high school physics course prepared introductory college physics students for college physics success (NSF REC-9616773). In this study, demographic and schooling factors accounted for a large fraction of the variation in college physics grades at 18 colleges and universities (with 19 courses) nationwide (Sadler and Tai 1997). When controlling for student backgrounds, taking a high school physics course has only a modestly positive relationship with the grade earned in introductory college physics. Further analysis of the dataset examining the variation between high school physics courses found that rigorous preparation (including calculus and two years of high school physics) predicts higher grades (Sadler and Tai 2001). In addition, significant gender bias was found when analyzing college level courses based on level of rigor (Tai and Sadler 2001). Women outperformed men in algebra-based college physics courses, while performing less well in calculus-based courses. This research has resulted in articles, two keynote addresses at regional physics teacher meetings, several invited papers, and a plenary session at the joint American Association of Physics Teachers–American Astronomical Society National Meeting in January 2001. Currently we are funded by IERI for a 4-year epidemiological study, FICSS (Factors Influencing College Science Success (REC-0115649). Our proposed project will permit an expansion of these efforts to college level math.

IV. Project Design and Implementation

The project’s planned methods may be somewhat unfamiliar to most mathematicians and math educators. The use of epidemiological methods relies on the natural variation in the experiences, background, and decisions of a sample of college students rather than explicit comparison of treatment and control groups (Tiwari & Terasaki 1985). Epidemiological studies have the power to test simultaneously the strength of many hypotheses for which empirical trials would be difficult to perform, as in the famed Framingham Heart Study. Controlled follow-up studies can then establish with increasing certainty the apparent causal connections revealed by the epidemiological surveys. We understand that epidemiological research cannot prove causal connections between variables and outcomes, but in accounting for plausible alternative hypotheses, a much stronger case can be made for causal relationships. For this reason, such results must be viewed cautiously. Yet small or negative correlations can be considered evidence for a lack of causality and hence provide support for abandoning certain practices or materials. Epidemiological studies can show that relationships do not exist. Such work can also identify key relationships that are worthy of controlled studies. 

The proposed study will progress through several stages to provide a complete and comprehensive analysis and implementation. We will begin by identifying hypotheses and coding them into survey instruments following a strict pilot-testing procedure. Students will be surveyed in their college math classes and followed up in web-based surveys. College English classes will be surveyed to gather comparable persistence data. Students’ high school math teachers will be queried for data that students cannot provide. Predictive surveys will be used to gauge the beliefs of high school teachers and college professors as to the relative effectiveness of various preparatory strategies and methods. Results will be disseminated using a variety of methods to reach multiple stakeholders. The stages of the project follow:

A. Methods

Key to the epidemiological study process is hypothesis identification. We will use two major sources: the literature and stakeholder interviews. We will use qualitative and quantitative methods to identify hypotheses. First, we will review and categorize relevant studies in the research literature. Work is partially completed in this area through use of ERIC and Dissertation Abstracts. We have reviewed math education journals for the last ten years and will delve deeper into earlier works. Much as meta-analyses proceed to identify studies (Debaz 1994), we have examined demographic and independent variables that are reported to affect performance in high school or college math.

The next step is a program of widely sampled, in-person and telephone interviews of college students, math teachers, and college professors, asking them to identify variables they think have the greatest impact on student performance in college math. These interviews will be carried out with attention to identifying a wide range of students and faculty. We plan to use three primary geographic areas for this work—Boston, Texas, and Virginia—where we have collaborators with whom we wish to work. In the past, we have found that teachers generate additional hypotheses not found in the literature; one topic that surfaced repeatedly was “coverage.” Many teachers characterized the classroom as a place where students became familiar with every topic in math, so there would be no surprise topics in their college courses. Others felt that depth was more important and chose to concentrate only on mastery of a narrow range of topics. We plan to interview several high school students on video with the hope of following them as they take college math. While making the entire study longitudinal is beyond our scope, capturing students’ compelling stories and ways of thinking can provide material for professional development and a possible future public television documentary on our findings (as we did for science). This sequence is based on our earlier work on children’s science conceptions. While formal results were useful to researchers and some teachers, we reached many more with our professional development “Private Universe Project in Mathematics” video series. Most powerful was the documentation of the shifts (or lack of them) in student thinking as a result of instruction. Our Science Media Group will carry out the video work. 

Our primary gauge of success in introductory college math courses is the grade assigned by professors. This choice is a key decision. We could choose to rely on the grades awarded by professors or to develop our own measures. While academic grades are the most obvious choice—one that sets a professor’s view as the best measure of student understanding—many in the educational community dispute that grades assess “true understanding” and use their own measures in preparation studies. Also, enrollment in college mathematics courses often depends on performance on math placement tests (e.g. ACT, SAT-II, or institution-generated exams; Morgan 1989). While these tests may not reflect high school teachers’ principles, success in college courses is gauged by tests that require problem solving and the ability to apply mathematical principles to novel situations. 

We chose not to hold ourselves “above” college teachers, but to accept their evaluation of their students at face value. It is the professor that gives feedback in the form of grades to his or her students as to whether they understand the math taught and whether they should pursue further study. For any students who under-perform in their math classes, it is the grade earned that often determines whether they continue or switch fields. We recognize that academic grades in introductory college courses are not the only standard for measuring the fruition of pre-college preparation, but grades are an accessible and universally measured variable. We seek not to interpret our findings to represent the amount of math a student has learned. Rather, our analysis will predict how well a student performs in comparison to others in their own college math course. We wish to measure the significant differences between college math students who earn high grades compared to those with low grades. 

We see great value in exploring performance measures beyond college grades. Krajcik & Yager (1987, 1988b) found that previous coursework in chemistry did not affect student grades in a summer school AP chemistry course, but the amount of tutoring sought was four times higher for students without a prior chemistry course. This finding implies that taking high school math may serve to reduce the time and effort needed to perform satisfactorily in college courses. We will ask students to report on their level of effort (e.g. time spent studying and doing homework; class, section, and study group attendance) in our email follow-up survey. Persistence in math course taking is also a desired outcome from quality high school instruction. We will measure persistence by students’ enrollment or intention to enroll in higher-level courses (particularly in completing a second semester if enrolled in first semester courses). Using our follow-up survey, we will ascertain actual course taking in later email surveys. Our correspondence survey in college English courses will capture persistence data from students not currently enrolled in college math. We will examine the opinions of college math students concerning how well they felt that their high school math preparation aided them in college.

B. The Survey Sample

We wish to sample the full variety of college math courses and of students in these courses. Students in introductory college math courses come from many different high schools. They do not have identical math backgrounds. Likewise, high school math teachers usually do not know where their students will go to college or the courses they could take there. 

We will use a random sample of colleges and universities, as in our prior work. We selected 40 colleges and universities nationwide in our FICSS sample and worked to enlist the science professors in these schools. By drawing upon this group, we will capitalize on their random selection, our prior work in satisfying their Human Subjects Review Boards, and the fact that we have well-characterized the student body in our prior work. We also have the potential of comparing results of this study with our science study side-by-side. We will compare the influence of taking high school science and high school math on college achievement in these two domains. In this way we can relate the relative impact of high school courses in math and science. We also will add several randomly selected, two-year colleges since they play an increasingly important role in the study of math, preparing students for the workplace or for transfer to four-year institutions.

Our previous randomized method enlisted colleges that resulted in a variety of affiliations: state, private, and a national military academy. Since we wish to analyze preparation by underrepresented minority groups, we plan to “over-sample” by choosing a greater proportion of historically Black colleges and those with large numbers of Hispanic students. Our prior study was able to identify variables (out of 57 possible) with a standardized coefficient of 0.05 SD at a p≤0.05 level of significance and a standardized coefficient of 0.11 SD at a P≤0.01 level of significance. These parameters represent an ability to resolve small effect sizes from our sample of 1,933 students. Resolving such effects for subsets of the population (e.g. Black students) requires over-sampling of certain institutions and an increase of the total number of students. At about 100 students per classroom (past results) we wish to expand to six courses in college math with the largest enrollments (> 100,000/year, Lutzer 2002): High School Intermediate Algebra (remedial); College Algebra; Elementary Functions, Analytic Geometry, and Pre-Calculus; Calculus (mainstream); Calculus (non-mainstream); and Elementary Statistics. Statistical power calculations estimate a 12X increase in our sample size to roughly 24,000 students, requiring 240 classes and 40 institutions.

C. The Instruments

Based on our literature review and teacher interviews, we will first make student pilot instruments to test wording and format. We will administer this pilot set to a sample of local college students. Harvard has been useful for this, with undergraduate, summer, and extension school students available for survey trials, along with several other local universities. (Harvard was not in our group of randomly selected colleges.) The results will be used to modify the survey instrument and adjust numerical and qualitative scales to help distribute student responses more evenly so as to increase the variance in future data. Confusing or unanswered questions will be eliminated or reworded. A small set of students will be interviewed and their verbal and written responses compared as an aid to further survey item clarification.

Our prior work has shown that it is possible to construct a survey that contains no more than 80 questions and takes almost all students only 20 minutes to complete during class. Recruiting individual professors has required extensive recruitment by letter, phone, and email. Often we must clear the survey with department chairs or internal review boards. Yet we have found that most professors can be convinced that such a study will, in the long term, serve to better prepare students for their college courses. Some have been so enthusiastic that they have helped in recruiting additional professors on their campus. Key to effective recruitment is follow-up to contact busy faculty and our ability to answer their questions and address their concerns. The fact that our institutional affiliations are well regarded (Harvard University and the Smithsonian Institution) and our research is generally well respected has worked to our advantage.
 Professors willingly distribute the survey to all students to complete during class early in the term, guaranteeing almost 100% participation among their students. Professors then hold the surveys until the end of the term, recording the student’s grade on the form and removing the cover sheet that includes the student’s name and identification number. This technique has worked well for us in the past. Students have not balked at recording their names on the survey forms knowing their grades will go to another institution as long as confidentiality is assured. All returned forms are examined for completeness before being scanned and coded. 

Students will be asked to identify relevant high school courses and provide their teachers’ names (about 50% appear willing to do this in our trials). In this way, we will be able to sample a subset of high school teachers tied to student responses. A follow-up survey will be used to request teacher data that will allow us to analyze student forms for agreement on items where it is to be expected, while preserving the confidentiality of student responses. In particular, aspects of courses taught will be examined and new data on teacher background (major, years teaching, attendance at NSF institutes and other professional development) and identification of resources (e.g. textbooks, computer software, NSF curricula) will be sought for further analysis. We have found that students have great difficulty recognizing their high school textbooks titles and are certainly unaware of the teacher’s professional development experience, college major, or even age.

D. Data and Analysis

Our past work analyzing large-scale surveys has reinforced the desirability of employing a series of successively more sophisticated methods of analysis, beginning with descriptive statistics (counts, frequencies, means, standard deviations) to help characterize the sample. Both contingency tables and correlation matrices are to be constructed to search for patterns in the data. Ultimately, all variables will be mapped to metrics, some by the use of dummy variables (e.g. use of a textbook, no use of a textbook) so that multiple linear regression (and its variants, logistic regression for dichotomous outcomes like dropping out of the course, or hierarchical linear modeling to ascertain significant differences between institutions) will be used as the primary analysis tools. 

We will be guided initially by Pearson correlations and factor analysis in combining related variables into an index that reflects an underlying construct (Bohrnstedt & Knoke 1994). For example, we found that high school grade point average (GPA) can be estimated accurately by averaging the last grade reported in high school math (other than physics), mathematics, and English courses, rather than asking the student for a GPA directly. 

We know that studies using survey instruments must carefully assess how well subjects can recall past experiences. The medical and psychological communities regularly use such self-reporting for collecting data. Horan, Westcott, Vetovich, & Swisher (1974) found that subjects’ veracity can be affected by many factors, including risk involved in accurate reporting. Yet self-report surveys (even concerning such touchy subjects as drug usage) can be reasonably reliable (Oetting & Beauvais 1990). Our survey will prompt for recall of event frequencies broken down into specific categories. These more easily interpretable quantitative scales are preferred over subjective choices (e.g. asking students to estimate how long they studied mechanics rather than judge its relative importance compared to other topics; we used these estimates to establish the comparative scales). Such a strategy increases the accuracy of self-reports by decreasing the cognitive effort required (Menon & Yorkston 2000). The “forgetting curve” for such data is very nearly linear for recall of information similar to that which we collected (high school teacher names) and is remarkably low, decreasing at a rate of only 3% annually in a 12-year study. Bradburn (2000) explains that recall of this information encoded in an organized fashion can be quite reliable, especially if contextual cues are included in the survey instrument. 

In our earlier work, we found that students vary in the amount of time since they had high school science from less than one year (as freshmen) to seven years (biology as high school freshmen and again as college seniors). We expect this to be less of a problem in introductory college math, since many students take high school math all the way to their senior year and again early in college. Yet, there will be students who wait until their senior year of college to take their math requirements. To examine the accuracy of recall, we will compare the distribution of variables with which the students have current knowledge (parents’ education) and those that they experienced in high school (e.g. rigor of classes, amount of homework). In our prior work, comparing currently available knowledge with recalled knowledge, we found mean ratings by year in college are remarkably stable. The standard deviations of each distribution also change little, lending support to the view that the accuracy in recalling the information in which we have an interest does not diminish significantly over several years. 

We will employ several statistical methods. We always start with the simplest and progress to methods nearer the cutting edge of social science statistical research. Key issues are:

I. Grading. Professors grade their students using several schemes. Many schools restrict their grades to whole letters (A, B, C, D, F) without plus and minus (e.g. B+, B-); others include them. Some schools grade on a 100-point scale. We will normalize each scale to 100 points (A = 95, A- = 92, B+ = 88, etc.). 

II. Rigor. Students’ high schools offer math courses at differing levels of rigor. It is important to take into account if students did not have a choice in taking a high school math course (e.g. AP calculus or statistics) because it was not offered. Colleges also offer courses at differing levels of rigor. Professors will identify the level of their course so that this information can be accounted for in our analysis. The mean standardized test scores (ACT or SAT) in math for a particular surveyed college class can also be used to help set the level of rigor of a course.

III. Mathematical Models. Various hypotheses suggested by the literature, students, professors, and teachers will be compared using multiple linear regression models to find one with the maximum adjusted variance. We plan that the final model will contain only variables that meet a level of significance at the p ≤ 0.01 level. The models will account for college grade, effort expended (study time, class attendance, etc), dropping out of courses, and the degree to which students thought that high school math helped in college courses. Hierarchical Linear Modeling (HLM) will be used for some models to ascertain the effort of particular colleges or professors (in successive years). Structural Equation Modeling (SEM) will be employed to build models that take into account causal or time related variables. LISREL and path models help to visually represent the relationships between variables and build upon the known temporal relationships (high school before college, SAT and ACT scores before college, gender and SES prior to high school) in our sample (Lee 1983; Linn & Hyde 1989; Maple 1991; Sandler 1992; Reynolds & Wahlberg 1992; Nasser 1999).
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� This is the method by which neural tube defects (anencephaly, encephalocele, and spina bifida) in newborns were found to be related to insufficient dietary intake of folic acid after epidemiological studies found correlations with SES, month of birth, and multi-vitamin consumption. Folic acid is now a required supplement during pregnancy and the incidence of this birth defect has been reduced dramatically (Elwood, Little, and Elwood 1992).


� Many teachers we have interviewed tell of students returning to tell of the usefulness of their high school preparation. Apparently, few return to tell that the preparation was not helpful, a serious example of sample bias.
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� In recruiting professors, some exhibit less than stellar feelings about either Harvard or the Smithsonian. Yet, to our relief, no professor has disliked both institutions simultaneously. 


� The average college freshman appears unable to estimate the age of the over-thirty adult to within ±10 years.
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