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The courses we offer students in middle and high school, along with the ways in which we determine who has access to which courses, frames the learning opportunities that students have. Our course structures and offerings have important consequences for the ways in which secondary mathematics prepares Indiana students for college and career opportunities. Secondary mathematics must provide a strong base of mathematics content and process learning for all students. Additionally, secondary mathematics should give students opportunities to learn the mathematics that aligns best with their aspirations, interests, and needs. In this white paper, we summarize research and best practices related to secondary mathematics programming. Specifically, we focus here on the role of a first credit-bearing course in high school mathematics (typically called Algebra I) and the role of calculus, historically viewed as the pinnacle of high school mathematical study.
[bookmark: _2m0ytpimjapw]The Content and Role of Algebra I
Algebra I (or its equivalent) is typically the first credit-bearing course for students in high school mathematics. Over the past several years, there has been a significant premium placed on providing students with access to Algebra I. Civil rights leader and mathematics education reform advocate Robert Moses noted that access to Algebra I is a civil rights issue (Moses & Cobb 2001). This has included offering Algebra I in the middle grades, an historic practice that needs to be carefully examined in the current era. 
With the development of the Indiana Mathematics Standards and accompanying instructional materials, the past two decades have seen an important shift in the content of Algebra I (e.g., Steele et al. 2016). Additionally, the over-acceleration of students into an Algebra I course has exacerbated, rather than alleviated, inequities (Galanti, Frank, & Baker 2021; Loveless 2008, 2013). Some key points about contemporary Algebra I: 
· Much of the content that was included in Algebra I prior to 2010 is now located in the Indiana Mathematics Standards for grades 6-8.
· Contemporary approaches to Algebra I include the use of multiple mathematical representations, real-world context, and sense-making.
· Many Algebra I rely on a symbol-precedence view in which solving equations is prioritized before real-world contextual problems, which learning science research shows is ineffective for student learning (Koedinger & Nathan 2004; Sherman, Walkington, & Howell 2016).
· A contemporary Algebra I course should include significant study of and connections to statistics, computational thinking, and data science.
· Skipping or compressing middle grades mathematics content puts students at risk of struggling with Algebra I.

Actions to take: 
· Provide all students with a meaningful foundation for Algebra I by addressing in full the Indiana Mathematics Standards for grades 6-8.
· Ensure that middle grades programming does not allow students to skip important middle school mathematics content through acceleration; this is best achieved through a common set of middle grades courses (Math 6, Math 7, Math 8). 
· Be judicious about middle grades compression strategies that may limit students’ exposure to deep and important concepts.
· Examine Algebra I instructional materials to ensure that rich, meaningful problem solving tasks are included as compared to a symbol-precedence approach (Sherman, Walkington, & Howell 2016).
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Historically, districts have provided students with early access to Algebra I in an effort to make high school Calculus available. With the content of middle grades mathematics subsuming much that was traditionally taught in Algebra I, along with the advent of multiple mathematical pathways in high school, districts should take a judicious approach to providing students with access to Algebra I prior to high school. In addition, the research related to the importance of calculus in high school (see next page) calls into question whether taking high school calculus should be an aspiration for the majority of students.
· Students who take Algebra I in 8th grade or earlier often miss important middle grades content that is critical for future mathematics success.
· High school course schedules such as a 4x4 semester block schedule can allow for students to access calculus or other advanced mathematics course options without acceleration (see examples below). 
· The course content of Geometry and Algebra II afford opportunities for students to double up on mathematics coursework if needed.
· Districts should ensure that students who are provided with early access to Algebra I have demonstrated mastery of the content standards in grades 6-8 as well as the process standards.

Actions to take: 
· Create high school course schedules that afford students access to multiple advanced mathematics course options that don’t rely exclusively on middle grades acceleration or compression.
· Support staff, administration, and communities in understanding the changes to middle grades mathematics content and the importance of studying and mastering that content for each and every student.
· Focus on depth of knowledge and understanding as compared to speed.
· Develop robust screening procedures for early access to Algebra I that assess the extent to which students have mastered content and process standards for grades 6-8.

4x4 semester course model
Students take four courses per semester in 80-90 minute block periods each day
This schedule affords students the opportunity to elect to take two mathematics courses per year

Alternating-day block schedule
Students take 8 courses per year, with four each on alternating days of the week in 80-90 minute blocks
Students can take either Algebra I and Geometry or Geometry and Algebra II concurrently; alternating day schedule helps to ensure that significant content gaps are not present

Eliminating Precalculus
Using a model similar to the one proposed in Milou & Leinwand (2021), streamline Algebra II and Precalculus content into a single year-long course by eliminating content not consistent with the Indiana Mathematics Standards. 
[bookmark: _bpubsbb18e0x]Research on AP Calculus in High School
Many schools, parents, and students push for more students to complete Algebra I at 8th grade or earlier as a means to provide more students the opportunity to take calculus in high school. While this move is well-meaning in supporting students, research related to calculus has shown the following (ACT 2019; Bressoud 2015, 2020; Sonnert & Sadler, 2014):
· Accelerating secondary math course content is counterproductive to building foundational STEM career knowledge, as acceleration tends to produce students with strong procedural skills but weaker problem-solving skills.
· The study of calculus is most relevant for students who intend to pursue STEM-related careers, yet more than half of students who take AP Calculus do not intend to pursue a STEM career (Bressoud 2015).
· Roughly half of students who take high school calculus will repeat the course in college (see figure below from Bressoud 2017):
· About one third of students taking high school calculus will repeat Calculus I in college
· About one fifth of students taking high school calculus will take precalculus, college algebra, or lower as their first college course
· Most non-STEM majors do not require students to study calculus in college
· In a study of engineering majors, students who enter college taking Calculus II or beyond are not necessarily more likely to complete an engineering major than those whose first course in college is Calculus I (Wilkins, Bowen, & Mullins 2021). That is to say, entering college with AP Calculus credit does not provide a material advantage.

A joint position statement by the National Council of Teachers of Mathematics (NCTM) and the Mathematical Association of America notes that, “the ultimate goal of the K–12 mathematics curriculum should not be to get students into and through a course in calculus by twelfth grade but to have established the mathematical foundation that will enable students to pursue whatever course of study interests them when they get to college” (NCTM & MAA, 2012).

Actions to take: 
· Communicate with students, parents, and the community about the importance of a robust mathematical preparation in high school as compared to the goal of taking AP Calculus.
· Ensure that guidance and administration understand the role of calculus as one part, but not the singular goal, of a robust math program that prepares students for college and career. 
· Provide multiple AP mathematics options for students beyond calculus, including AP Statistics and the forthcoming AP Precalculus course.
· Share research findings that suggest that even for STEM-intending majors like engineering, taking AP Calculus in high school does not necessarily provide an advantage.
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The traditional high school course pathway - Algebra I, Geometry, Algebra II, Precalculus, and Calculus - was built with the goal of assessing student readiness for calculus and has not changed in over a century (Milou & Leinwand, 2021). Rethinking the role of Algebra I and AP Calculus, as described earlier, also requires us to think about other ways to modernize high school mathematics course options. In particular, the demands of 21st century careers for competencies related to statistics, mathematical modeling, and data science provide us with an opportunity to productively rethink high school mathematics offerings.
· Algebra II has historically been focused on filtering students who may not be successful in precalculus and should serve a more modernized purpose
· The historical course sequence of Algebra I, Geometry, and Algebra II rarely provides students with significant statistics and probability content
· Many topics traditionally taught in Algebra II and Precalculus can be streamlined and modernized with the use of contemporary instructional methods and technologies	Comment by Mike Steele: I want to walk a fine line here and not say that our standards or instructional materials are out of date (wrong message), but to still note that a good deal of what is taught in these courses is archaic and in need of an update. Let me know if you think this does the trick.
· A modernized Algebra II course with significant content in statistics, data science, and mathematical modeling can open up a wider range of mathematics course pathways for a fourth course in high school mathematics.

Actions to take: 
· Modernize the Algebra II course to include significant content related to statistics, data science, and mathematical modeling to accommodate each and every learner
· Offer multiple fourth courses in high school mathematics that support preparation for a wider array of future careers, such as Mathematical Modeling, Quantitative Reasoning, Data Science, Precalculus, and Statistics (including AP Statistics)
· Consider an integrated mathematics sequence (Math 1, Math 2, and Math 3) that includes a more balanced treatment of algebra, function, number, geometry, and statistics and probability across students’ high school experience
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Figure 3. Approsimate distibution of the firs college mathematics cours taken by those who corpl
while in high school, measured in thousands. For sources of these approximations, see the endnote.




