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The current study develops theories about why the system of mathematics education in the United
States is struggling to meet many of its beyond-the-classroom aims by exploring to what extent and
how aims permeate curriculum planning and enactment systems and the role that aims play in the
decision making of teachers in these systems. It examines the written, planned, and enacted
curriculum of three high school algebra lessons. It finds that aims influence the decision making of
all three teachers, but permeate the lessons differently in ways that are potentially explained by
teacher aims, the topic taught, the types of evident aims, the number of years the teacher has been
teaching, and how long they have been using their textbook.
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Secondary mathematics students often lament “Why do I have to learn this stuff?”” There is good
reason to take this question seriously. There are a number of broader goals that school mathematics is
intended to support and the system of mathematics education in the United States is struggling to
meet many of these aims. For example, US schools have had limited success developing students’
ability to use quantitative information to make day-to-day decisions (Kastberg et al.,, 2016),
participate in the labor market (Carnevale & Desrochers, 2003; Deloitte, 2015) and succeed in
college STEM majors (Ganter & Barker, 2004).

I refer to the rationales for teaching and learning school mathematics, such as developing students’
abilities to use mathematics to make day-to-day decisions or preparing students for the labor market,
as aims for school mathematics. These are the beyond-the-classroom benefits that are attributed to
the teaching and learning of mathematics in K-12 schools. The system’s failure to achieve many of
these aims raises an important question: Are aims considered in the curricular work of mathematics
education decision makers and if so, how?

The current exploratory study adds to what is known about curricular decision-making systems by
examining the curricular stages and changes that occur in three different high school algebra lessons
as the teachers transform them from written textbook lessons to plans to an enacted lesson perceived
by students. This examination is guided by the following research questions: 1) To what extent and
how do aims for school mathematics permeate these curriculum planning and enactment systems? 2)
What role do aims for school mathematics play in the decision making of these teachers in these
lessons?

Theoretical Framework

I describe any desired ends of school mathematics as curricular intentions. 1 refer to classroom-
based curricular intentions that are oriented toward improving students’ mathematical proficiency
(National Research Council, 2001) as mathematical goals and beyond-the-classroom benefits that
mathematical proficiency provides as aims for school mathematics.

In order to understand the role that aims play in curricular decision making, different aims need to
be identified and categorized because it is likely that the role of aims will differ depending on the
type of aim invoked. I have compiled and categorized a list of aims mentioned in a variety of policy
and research literatures and categorized them based on common characteristics (e.g., Geiger et al.,
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2015; Gonzalez & Herbst, 2006; Gutiérrez, 2017; NCTM, 2000; Sinclair, 2001; Steen, 2001; Usiskin,
1980; Williams, 2012) (see Figure 1).
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Figure 1: A Conceptual Framework for Aims for School Mathematics

Curricular decision making takes place within curriculum policy, design, and enactment systems.
These systems include three stages: 1) the curriculum formulated before instruction (intended) which
includes system-level expectations for student learning, textbooks, and teacher plans; 2) the
curriculum that emerges as students and teachers interact (enacted), and 3) the curriculum learned by
students (student learning) (Remillard & Heck, 2014).

In planning and enacting curriculum, teachers vary widely in the extent to which they modify
written materials (Remillard, 2005; Sherin & Drake, 2009). This variation can be described as a
continuum in which some offload their design decisions to text, some adapt the text, and other
improvise (Brown, 2009). Teachers’ skill in making these decisions in order to achieve their
intentions can be described as their pedagogical design capacity (Brown, 2009). One important
element of this capacity is a teacher’s developing knowledge of how their curriculum materials
function in their particular context, their curriculum context knowledge (Choppin, 2009).

A key issue in investigating the role of aims in curriculum decision making is the extent to which
aims permeate the system. At one extreme is the low permeation model whereby a particular set of
mathematical goals, both process and content (e.g., NCTM, 2000; NGACBP/CCSSO, 2010), are
established as supportive of the range of aims set for the system and teachers focus on mathematical
goals without explicitly considering aims. At the other extreme is the high permeation model adopted
by teachers who place aims at the center of their day-to-day decision making.

In investigating aims permeation, it is important to determine the types of curricular activities (what
I will call curricular structures) in which aims are evident. This study investigates three kinds of
structures, fasks, discussions, and connectors. 1 define tasks as anything students do that involves
more than conversation. I define discussions as the verbal substance of the lesson. Connectors are
verbal or written exposition that come before a task or discussion to frame it, after a task or
discussion to summarize it, or between lesson elements as a transition. Tasks can be further
categorized by their contextuality as not contextual (mathematical), containing all of the complexity
of a real-life problem (authentic contextual) somewhat simplified but still might reasonably occur
outside of the classroom (practical contextual), or contextual but unrealistic (prototypical) (Csikos &
Verschaffel, 2011; Palm, 2009; 2018).
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Methods

The current study examines the curricular systems of three high school algebra teachers in
economically and racially diverse high schools. Tobin' is in her seventh year of teaching, Megan in
her fourth, and Rose in her third. Tobin and Megan are in their second full year using their text while
Rose is in her first full year using hers (although she previously used elements of it).

For each lesson, data was collected from teacher interviews, classroom observations, student
interviews, and textbooks. General interviews were conducted with teachers to learn their perspective
on aims for school mathematics, the outside forces that impact their decisions, and how they use the
written curriculum provided to them. Teachers were also interviewed before observed lessons, and
teachers and up to four students per classroom were interviewed after each lesson. All interviews
were audio recorded and transcribed. Lessons were observed and audio recorded. Additionally, Tobin
and Megan’s first days of school were observed and audio recorded and Rose described her first day
of school in an interview. Introductory textbook materials were collected along with observed
textbook lessons, relevant teacher-created materials, and pictures were taken of the classroom
environment during the lesson.

Textbook overviews and general interviews for each teacher were analyzed for evident aims. A
thematic analysis (Braun & Clarke, 2006) was conducted, using the previously described conceptual
framework as initial codes, to create a coherent description of the textbook or teacher’s perspective
on aims for school mathematics. The lesson-based data was first analyzed to determine the structure
of the lesson. Then the written, planned, and enacted stages were coded for stated intentions of the
lesson, any other evident aims and contextual intentions, and any other mathematical goals that were
connected to aims or the stated intentions of the lesson. Furthermore, any curricular decision
described by the teacher was coded for any intentions cited by the teacher as justification for that
decision.

Findings

The practical aim of effective financial decision making is evident in all curricular stages of Tobin’s
lesson as well as in her decision making. The stated intention of Tobin’s textbook lesson is to use
what students know about linear and exponential functions to help them understand the difference
between simple and compound interest. In the lesson itself, there is considerable attention paid to
developing a continuous model for calculating compounding interest. In her planning and enactment,
Tobin makes significant adaptations that she describes as focusing the lesson on the value of interest
in general and the power of compounding. This shift focuses the lesson more explicitly on financial
decision making and less on the underlying mathematics.

In the textbook lesson, the aim of financial decision making is evident in an opening discussion, an
opening written passage, and four practical contextual tasks. There is also a practical contextual task
and a lesson summary in which the aim is not evident. Tobin’s adaptations in her planning all relate
to the aim. They include changing the framing and summaries of tasks, adding an authentic
contextual task, a prototypical contextual task, and some teacher exposition, modifying tasks, and
eliminating tasks. In enactment, Tobin makes further aims-related changes. She adds task framings
and summaries, more teacher exposition, two personal asides, and gets four unplanned student-
initiated conversations. The two students interviewed from Tobin’s class cite financial decision
making as evident in the lesson.

Aims are evident in all curricular stages of Rose’s lesson as well as in her decision making but less
so than in Tobin’s lesson. Furthermore, Rose’s perspective on aims differs from her text book so her
adaptations change the nature of evident aims. The stated intention of Rose’s textbook lesson is

! All names are psudonyms.
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solving real world problems using systems of linear equations. In the written lesson, this practical
aim is evident in two suggested class discussions and four practical contextual tasks, three of which
are in a business context. Rose, however, is more focused on her students’ general problem solving
skills and in having them collaborate so they will enjoy the lesson and thus be more likely to consider
STEM careers. As a result, her adaptations from planning to enactment end up eliminating the
practical tasks. She uses prototypical tasks and modifies them to incorporate more problem solving
and collaboration. Interestingly, despite these adaptations, two of the four students interviewed after
this lesson identified the practical use of systems of equations as an aim for the lesson.

Unlike Tobin and Rose’s lessons, aims are not evident in Megan’s lesson, yet the aim of
communication drives some of Megan’s decisions and multiple aims are perceived by students. The
stated intention of Megan’s written lesson is for students to be able to add and subtract rational
expressions. Megan’s aim-related adaptation is to ask all of the groups to present their solutions to
the first task in the lesson, a change that she explicitly ties to the aim in interviews, but not in the
class. Despite this lack of evident aims in the written and enacted lesson, two the four students
interviewed identify the aim of communication as evident in the lesson and one of four identifies
collaboration and problem-solving. This is consistent with passages in the textbook introduction and
teacher exposition on the first days of school that link mathematical goals such as communication,
collaboration and problem-solving to broader aims.

Conclusions and Discussion

Thus, there are a variety of curricular structures in which aims can be evident, including a range of
tasks, discussions, and connecting activities. Most notably, Rose and Tobin’s textbook lessons and
planning demonstrate how authentic contextual tasks can make practical aims evident in a lesson.
Tobin’s enactment suggests that aims-related personal asides and summaries may make aims evident
in ways that register with students as they seem to inspire both student-initiated conversation and
student-perceived aims. In contrast, Rose’s enactment suggests that a lack of these structures may
lessen the impact of evident aims. It also demonstrates the power of the teacher to eliminate aims to
which she is not attending. Megan’s lesson shows that intending to support mental discipline aims is
not the same as making them evident in the lesson. However, it also suggests that explicit connection
of mathematical practices to mental discipline aims in overview materials and general teacher
exposition may have an impact on student perception of aims in later lessons even if the aims are not
explicitly evident in the lessons themselves.

The differences in evident aims between these three lessons may be due, in part, to the topics. It is
unsurprising that lessons on exponential functions and systems of equations would be more clearly
connected to practical aims than one on simplifying rational functions. However, the finding that
Tobin more effectively adapts her lessons suggests that more experience with her curriculum may
have helped her develop more curriculum context knowledge (Choppin, 2009) and more years in the
classroom may have allowed her to develop more pedagogical design capacity (Brown, 2009).
Megan’s use of overviews to link goals to aims may suggest another element of curriculum context
knowledge and pedagogical design capacity.

Overall, this analysis suggests that aims can, indeed, permeate curricular processes, and provides
some initial ideas for how this permeation may be indicative of teacher skill in using curriculum and
how it might influence the achievement of aims. It lays the groundwork for future research to explore
whether and how this kind of curricular work can, in fact, support the achievement of aims for school
mathematics.
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