

[image: image1]
High school mathematics texts construction of statistics practices









 


	
	
TYPE Original Research
PUBLISHED 23 August 2023
DOI 10.3389/feduc.2023.1186522






High school mathematics texts construction of statistics practices

Travis Weiland*


Department of Curriculum and Instruction, University of Houston, Houston, TX, United States

[image: image2]

OPEN ACCESS

EDITED BY
 Adam V. Maltese, Indiana University, United States

REVIEWED BY
 Timothy Fukawa-Connelly, Temple University, United States
 Saskia Schreiter, Heidelberg University of Education, Germany

*CORRESPONDENCE
 Travis Weiland, tweiland@uh.edu 

RECEIVED 14 March 2023
 ACCEPTED 07 August 2023
 PUBLISHED 23 August 2023

CITATION
 Weiland T (2023) High school mathematics texts construction of statistics practices. Front. Educ. 8:1186522. doi: 10.3389/feduc.2023.1186522

COPYRIGHT
 © 2023 Weiland. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
 

Introduction: A robust understanding of statistics has become crucial in our data centric societies. In the school setting the teaching of statistics is situated within the mathematics curriculum in the U.S. However, many mathematics teachers often have little to no past experiences with statistics before teaching it. Given such circumstances, textbooks likely play a strong role influencing the statistics curriculum teachers enact for students. In this study, I investigate how the discourse of two common high school textbook series form what the actions are for doing statistics.

Methods: For this study I used a Foucauldian discourse analysis to inductively analyze the texts for the actions they create.

Results: One of the main results of the study was that the actions are very routinized/algorithmic in nature. Furthermore, most actions were associated with analyzing data. I also contrast the findings of the analysis to the discourse of the field of statistics education, namely through the Guidelines for Assessment and Instruction in Statistics Education, which highlighted some significant absences including statistical questions to drive investigation and discussion of collecting data.

Discussion: The findings have implications for teacher education in terms of topics to focus teachers’ attention on and to help provide them further support with teaching to their students.

KEYWORDS
 statistics education, mathematics curriculum, textbook analysis, Foucauldian discourse analysis, written curriculum


1. Introduction

We live in an information age where data is constantly being collected, analyzed, interpreted, and communicated in an effort to better understand the world, inform others, and to influence people’s views and decisions. The consideration of data now influences almost every facet of our daily lives. Statistics, which is often considered the science of data (Davidian and Louis, 2012), has become a crucial discipline for individuals to have robust experiences with, in order to make sense of and engage in, the increasingly data-centric world we all live. Steen (2001) over two decades ago pointed out that society is “drenched in data.” Since then technological innovations have only accelerated this trend to a point where one might say we are now “drowning in data.” Therefore, an important question for K-12 education stakeholders is, how to prepare future generations to not only make sense of, but to thrive in and transform, such data-centric societies.

In the K-12 setting, the teaching of statistics is generally situated in the mathematics curriculum in the U.S. [National Council of Teachers of Mathematics (NCTM), 2000; National Governors Association Center for Best Practices (NGA Center) and Council of Chief State School Officers (CCSSO), 2010]. This is in contrast to a disciplinary perspective where statistics and mathematics are overlapping, but distinct disciplines. Key disciplinary differences also lead to differences in how statistics is suggested to be taught (Cobb and Moore, 1997; Franklin et al., 2007; Groth, 2017), which I discuss later.

The teaching of statistics in K-12 education is not a new phenomenon in the U.S. However, the push to teach statistics to all students, is recent (Scheaffer and Jacobbe, 2014). The shift to teaching all students concepts of statistics has also come with its challenges. For example, the preparation of mathematics teachers has been slow to pivot to provide experiences for future mathematics teachers to learn statistics or how to teach statistics, and many current mathematics teachers report having limited past experiences learning or using statistics themselves, to draw upon to shape and guide their instruction (Shaughnessy, 2007; Conference Board of the Mathematical Sciences, 2012; Franklin et al., 2015). Given this issue, along with the increased emphasis on statistics at the middle and high school levels by the Common Core State Standards for Mathematics [CCSSM; National Governors Association Center for Best Practices (NGA Center) and Council of Chief State School Officers (CCSSO), 2010], teachers may need to rely heavily upon written curriculum for planning and enacting their instruction of statistics concepts.

Past research has found that the written curriculum that teachers use, influences the instruction they enact, which their students experience directly (Stein et al., 2007; Remillard and Heck, 2014). This means that written curriculum likely influences the types of experiences students have with statistics. To investigate what experiences with statistics are created by written curriculum for students, I investigated what practices of statistics two popular high school mathematics textbook series create opportunities for students to experience. The textbooks were analyzed inductively using a Foucauldian discourse analysis (FDA) to see what opportunities to learn are created by the texts. FDA is not commonly used in mathematics education but has become more common with sociopolitical researchers in the field who seek to uncover and critique discourses (Kollosche, 2016). I use FDA in this way to first see what discourse is created by the texts for students to take up and then I critique those inductive findings by contrasting them to policy recommendations on how statistics should be taught in the widely endorsed Guidelines for Assessment and Instruction in Statistics Education (GAISE II; Bargagliotti et al., 2020). I end by providing discussion of implications of the findings for teacher education and curriculum developers.



2. Background


2.1. Statistics and statistical enquiry

To situate and rationalize this study I begin by discussing the relationship between mathematics and statistics before later delving into statistics position in the mathematics curriculum. Statistics as a discipline only formally came into fruition in the 18th century; forming out of disciplines such as demography, the natural sciences and astronomy (Stigler, 1986; Katz, 2009). It was born out of a need to make sense of and organize large aggregates of measurements such as numbers of people, births, deaths, changes in the location of stars in the night sky, etc. As Cobb and Moore (1997) state, “statistics is a methodological discipline. It exists not for itself but rather to offer other fields of study a coherent set of ideas and tools for dealing with data” (p. 801). In this sense, statistics is very much an empirical discipline.

Wild and Pfannkuch (1999), in their foundational study investigating the thought process of statistical enquiry by statisticians, constructed a four-dimension framework that includes an investigative cycle, types of thinking, an interrogative cycle, and dispositions. The investigative cycle of statisticians, described by Wild and Pfannkuch (1999), includes five aspects: a problem that can be answered by data, planning how to tackle the problems and collect data to investigate it, collecting data and cleaning it, analyzing data to make sense of the problems, and finally conclusions to interpret the analysis findings and communicate such findings. The investigative cycle was later taken up, and modified, in the GAISE framework (Franklin et al., 2007) where it is referred to as the statistical investigative process. The types of thinking are group into two categories: general (strategic, seeking explanations, modeling, applying techniques) and fundamental to statistical thinking (recognition for need of data, transnumeration [“changing representations to engender understanding” (Wild and Pfannkuch, 1999, p. 226)], consideration of variation, reasoning with statistical models, integrating the statistical and contextual). The interrogative cycle includes generate possibilities, seek information and ideas, interpret, criticize, and judge. The use of this cycle in conjunction with the investigative cycle has been used in middle school classroom settings with some success (Cannon, 2020). The dispositions of statisticians in statistical enquiry include skepticism, imagination, curiosity and awareness, openness, a propensity to seek deeper meaning, being logical, engagement, and perseverance. Wild and Pfannkuch (1999) describe that all of these aspects of statistical enquiry occur simultaneously. Of particular interest to this study is the investigative cycle, which describes “the way one acts and what one thinks about during the course of a statistical investigation” (Wild and Pfannkuch, 1999, p. 225), because the actions that students are positioned to take up for the doing of statistics are the specific focus of this study. Furthermore, it is the investigative cycle that has been taken up in GAISE II (Bargagliotti et al., 2020) as part of the core structure of its recommendations for what should be taught as statistics, in K-12 education.

Though both mathematics and statistics are part of the mathematical sciences, statistics is its own distinct discipline not a sub-discipline or branch of mathematics (Cobb and Moore, 1997; Franklin et al., 2007; Gattuso and Ottaviani, 2011; Groth, 2013). As Steen (2001) points out, “although each of these subjects shares with mathematics many foundational tools, each has its own distinctive character, methodologies, standards, and accomplishments” (p. 4). Statistics relies heavily on mathematics, but there are distinct practices and habits of mind in statistics that are non-mathematical (Groth, 2007, 2013). Part of this reliance is through probability, which is necessary for statistical inference, and firmly a part of mathematics (Fienberg, 1992). There is a strong literature base that discusses important differences that should be considered between the discipline of mathematics and statistics in undergraduate and school settings (Cobb and Moore, 1997; Scheaffer, 2006; Franklin et al., 2007, 2015; Groth, 2007, 2015; Gattuso and Ottaviani, 2011; Usiskin, 2014). The most prominently discussed differences include the treatment of context, variability, inductive versus deductive reasoning, and uncertainty. In spite of these differences, many scholars support the location of teaching statistics, in the mathematics curriculum (Scheaffer, 2006; Gattuso and Ottaviani, 2011). However, some scholars point out it should be distributed cross the teaching of all disciplines (Usiskin, 2014).



2.2. Statistics in written mathematics curriculum

It is very difficult to discuss school mathematics curriculum in the U.S. because of the vast array of complex educational contexts and settings that mathematics is taught (Schmidt and McKnight, 2012). This is because of the decentralized nature of education in the U.S. As a result, vast differences occur from state to state, county to county, district to district, school to school, and even classroom to classroom in the opportunities and experiences children are provided to learn mathematics (Schmidt and McKnight, 2012). In mathematics education, textbooks, standards, and policy documents are often grouped together and referred to as written curriculum. Written curriculum have been found to influence the intended curriculum of teachers and in turn the enacted curriculum that students experience (Tarr et al., 2006; Stein et al., 2007; Tarr et al., 2008; Remillard and Heck, 2014). However, it is important to note, each of these types of written curriculum have been found to influence the enacted curriculum in different ways, which Remillard and Heck (2014) describe in their framing of the curriculum enactment process. For example, standards, which are part of the official curriculum, set the bar for the minimum learning expectations for students, which influence instruction materials like textbooks, but do not dictate them. However, past scholarship has found a disconnect between the content of textbooks and the standards they claim to address (Polikoff, 2015; Tran, 2016). For this reason, it is important to investigate all types of written curriculum. In this study, I choose to focus on textbooks as they are the written curriculum students typically engage with most directly in their learning of mathematics. However, before I review the relevant literature around statistics in textbooks, I first review the GAISE II framework, which is the most relevant standards/policy document for teaching statistics in the mathematics curriculum to provide some broader policy context.

The GAISE framework (Franklin et al., 2007) and its’ recent update GAISE II (Bargagliotti et al., 2020) are frameworks that describes how people develop an understanding of statistics concepts, reasoning, and thinking. It does not represent a list of standards to be covered or tested. The GAISE II document comes from the statistics education community, which is deeply rooted in the discipline of statistics, and was written explicitly with the teaching and learning of statistics in school mathematics curriculum in mind. The GAISE II framework has also been endorsed by NCTM, which is the leading professional organization for mathematics educators, making it the most current and influential policy for preK-12 statistics education in the U.S. The GAISE framework is structured hierarchically, with three levels of development (A, B, & C) across the elements of the statistical investigative cycle, which consists of four main elements: formulating questions, collecting data, analyzing data, and interpreting result, building from Wild and Pfannkuch (1999) work. The levels of development are not designed to be grade level specific but are instead based on the level of understanding someone has with statistics, making them potentially relevant for every grade level, and for adults.

The most common form of written curriculum that students experience directly is textbooks. Though textbooks do not dictate the experiences students have with concepts and practices in the enacted curriculum of the classroom, they have been found to influence those experiences (Stein et al., 2007; Schmidt and McKnight, 2012; Fan et al., 2013; Remillard and Heck, 2014). For example, in a survey of classrooms it was reported that 45% (±2.7) of teachers reported using instructional materials for 75% or more of the class time and 74% (±1.5) reported using their text to guide the overall structure and content emphasis of their instructional units (Banilower et al., 2013). This means that classroom texts may largely influence the experiences students might have with statistics in a high school mathematics classroom. In spite of this influence, in an extensive survey of past literature on textbook research in mathematics education, Fan et al. (2013) found that much of the research that has been done on textbooks, has been isolated and patchy.

Up to this point, there has been very little scholarly work specifically focused on investigating the statistics content of school mathematics texts, in the context of the U.S. At the high school level, Tran (2013) and Tran and Tarr (2017) looked at learning trajectories related to bivariate data in a single high school mathematics textbook. Tran (2016) additionally looked at three textbook’s alignment with the CCSSM in terms of the instruction of association, finding disconnects that challenge the claim by the publishers that the texts were standards aligned. Additionally, Weiland (2019) investigated the contexts presented in high school textbooks, finding most were trivial and fictitious.

At the middle school level, Huey and Jackson (2015) investigated informal inferential tasks in middle school mathematics textbooks and created a framework for investigating such tasks. Pickle (2012) investigated the nature, sequence and scope, and cognitive demand of the statistics content of four middle school textbooks in the U. S. She found that statistics only made up 4.6–16% of the content of the texts analyzed, and that it was generally only in a single chapter. Furthermore, the statistical content was predominantly on graph types and measures of central tendency, with much less focus on measures of spread, except for one curriculum series. This is somewhat concerning as variability is at the very heart of statistics (Cobb and Moore, 1997; Wild and Pfannkuch, 1999). Also concerning, was that Pickle (2012) found that the cognitive demand of the tasks was mostly, what she classified as, low demand-procedures without connections, with some classified as high demand-procedures with connections, and almost none were classified as high demand-doing statistics; meaning such tasks where not typically creating opportunities for students to do statistics.

At the elementary level, Jones et al. (2015) investigated the distribution of statistical topics and emphasis on elements of the statistical investigative cycle, of statistics tasks in five elementary mathematics textbook series. They found that the proportion of the texts that presented statistics content varied from 10.8–18.1%. Jones et al. (2015) also found 90% of the statistics tasks were focused on the analyzing data element of the statistical investigative cycle, with almost none on the interpretation of results, and few on posing questions, or collecting data. Bargagliotti’s (2012) review of three elementary reform curriculums, found the presence of tasks focused on every element of the statistical investigative cycle that were consistent with the first level of the GAISE framework (Franklin et al., 2007). Based on this review of the literature, there seems to be a lack of research on the statistics content of mathematics textbooks, especially at the high school level, particularly given statistics prevalence in society today. This dearth of research is also concerning, given that statistics and mathematics are distinct disciplines in spite of statistic’s location within the mathematics curriculum.




3. Theoretical framework

To frame this study, I draw upon the idea of discourse, focusing on the discourse in written textbooks. In Ryve’s (2011) meta-synthesis of literature on discourse in mathematics education, he found only 10 of the 108 articles reviewed focused on analyzing written text. Ryve (2011) in fact points out that the lack of analysis of assessments, curriculum, and textbooks make them ripe areas for current discourse research. In education, the term discourse is frequently linked to talk, language, or other methods of communication (Walshaw, 2007; Ryve, 2011). In this study, I am drawing from Foucault’s perspective of discourse (Foucault, 1971, 1972; Mills, 2003; Walshaw, 2007). More specifically, I am drawing from his use of the term “as a regulated practice that accounts for a certain number of statements” (Foucault, 1972, p. 80). The regulated practice Foucault is referring to is often considered similar to a set of rules, which are generally taken for granted, and also constrain and “specify what is possible to speak, do, and even think, at a particular time” (Walshaw, 2007, p. 19). This makes discourse very powerful, producing what is considered knowledge or truth regimes in particular historical, social, and political spaces (Foucault, 1972; Mills, 2003; Walshaw, 2007). Discourses do not have specific origins or ends; they exist in time and space. As Foucault (1972) describes, “discourse must not be referred to the distant presence of the origin, but treated as and when it occurs” (p. 25). Furthermore, discourses are not continuous, impenetrable, monolithic things. Instead, they are dynamic, constantly changing over time. They are fraught with discontinuities and ruptures. It is in interrogating discourses, uncovering the taken for granted rules, and shining a light on their discontinuities, that individuals can transform them (Butler, 1990).

Discourses are important to study because they influence and shape how we see the world around us, similar to a paradigm. They create structures that shape and frame who we are, who we can be, and how the world is perceived. These structures do not represent objective reality. They are socially created and subjective, and they are shaped through the truths that are produced in various discourses. For example, the achievement gap discourse frames academic success in terms of performance on standardized tests (Boaler and Sengupta-Irving, 2006; Martin, 2009; Gutiérrez and Dixon-Roman, 2011). These tests are not objective arbiters of truth. They are as flawed as the humans that created them with the purpose of measuring certain aspects of mathematics, while choosing to ignore others. They are subjective measures of knowledge that are given great power as gatekeepers to individuals’ future entry into jobs and higher education (Martin et al., 2010).

Related to the focus of this paper, I am investigating how two high school mathematics textbook series, which are from a particular historical, social, and political space, produce what is considered the practices (actions) for the doing of statistics. The focus of this work is also related to the work of Schmidt and McKnight (2012) around opportunities to learn in mathematics education. For example, consider the following statement:


Materials set limits on what can be done in learning activities, or at least what can be done easily. In the absence of other factors, these materials often determine what content a teacher will cover in instruction. If the topic is in the materials, the probability is greater that it will be covered in class. If the topic is not in the materials, the probability is greater that it will not be covered in class. Textbooks and other materials do not determine what a teacher may do, but for busy, overworked teachers, they often serve as de facto curriculum and set strong limits on what is likely to be done and thus on the likely presence or absence of OTLs [opportunities to learn] (Schmidt and McKnight, 2012, p. 18).
 

Schmidt and McKnight discuss both the limiting nature of materials and how they create opportunities to learn. Similarly, Foucault talks about the limiting nature of discourses, which limit what is possible, or considered normal to see, do, or know, while at the same time constructing what counts as truth, similar to opportunities to learn.

There has been very little work done investigating mathematics textbooks using a discursive lens drawing from Foucault. In fact, even though Foucault’s influence is growing in mathematics education (Walshaw, 2007; Martin et al., 2010; Stinson and Bullock, 2012; Gutiérrez, 2013; Stinson, 2013; Kollosche, 2016), the only other work that explicitly focuses on analyzing mathematics textbooks was done by McBride (1989). In her work McBride’s (1989) goal was to, “use the ideas of Foucault to analyze how gender is conceptualized in the teaching of mathematics” (p. 40). To that end she analyzed a number of mathematics texts finding that men were generally positioned as those that created mathematics, with very little mention of women’s contributions to mathematics. In fact, she found the historical pictures provided in texts were almost always of men, and the cartoons were too often of women expressing difficulties understanding the mathematical content. Taking a Foucauldian approach to considering discourse has two advantages in the study of mathematics textbooks. One, is that an inductive approach creates space for new aspects of texts to be studied that have not been studied before. Deductive frameworks come with already created structures, but they may miss emergent patterns in data. Two, is a Foucauldian approach comes from different epistemological and ontological assumptions than other inductive approaches like grounded theory do, which shapes the claims that can be made, and the warrants used to justify them, which I delve into more in the methodology section.



4. Methodology

In this section, I describe my answer to what Guba and Lincoln (1994) refer to as the methodological question, “how can the inquirer (would-be knower) go about finding out whatever he or she believes can be known” (p. 108)? In working toward this end, let me first state explicitly my ontological and epistemological assumptions while conducting this work. I reject the existence of knowable, objective, independent reality that individuals can access (Kendall and Wickham, 1999; Walshaw, 2007; Arribas-Ayllon and Walkerdine, 2008). I believe that objective reality can never truly be known as it is filtered through discourse. As Guba and Lincoln (1994) explain:


A reality is assumed to be apprehendable that was once plastic, but that was, over time, shaped by a congeries of social, political, cultural, economic, ethnic, and gender factors, and then crystallized (reified) into a series of structures that are now (inappropriately) taken as "real, " that is, natural and immutable. For all practical purposes the structures are "real, " a virtual or historical reality (p. 110).
 

It is through the rules and regularities in statements, constituted by various discourses that crystallize or reify such structures, which shape and construct the reality we perceive. Furthermore, I view knowledge or “truth” as socially constituted by discourses. Various “regimes of truth” are created through rules and regularities in statements in discourses that are historical and situated in context. Rooted in ontological and epistemological stances described, I relied upon Foucault’s (1972) methodology of Archeology in an effort to answer the research question I posed.

Because of the inherent subjectivity in research, it is important I lay bare my own subjectivity in relation to this work as suggested by others in the field (Aguirre et al., 2017). I come at this work as a white cisgender male working in academia that comes with many privileges that allow me space to conduct this type of work. I was formerly a high school mathematics classroom teacher who relied heavily on mathematics textbooks for my teaching, particularly my teaching of statistics, which has driven the focus of my work in academic settings. The findings I discuss in this paper come from my reading and immersion in the data and are influenced by my lived experiences. This work was also done as part of my dissertation in the years 2015–2017, which is why the texts selected come from that time period.


4.1. Archeology

There are generally two types of methodologies attributed to Foucault; archeology and genealogy (Kendall and Wickham, 1999; Walshaw, 2007; Arribas-Ayllon and Walkerdine, 2008; Bazzul, 2014). Genealogy is a historical approach focused on investigating the flow of power in creating knowledge and truth that is used to highlight the connections between knowledge and power (Walshaw, 2007; Bazzul, 2014). The knowledge/power connection is beyond the scope of this study. For this study, I drew upon Foucault’s notion of archeology, which is focused on the study of discourse. In archeology, Foucault takes a historical approach to interrogate the “regimes of truth” formed by the rules or regularities of statements in discourse (Walshaw, 2007; Bazzul, 2014). In this way, discourse regulates what is considered possible or considered normal to say, do, or think in different social, cultural, and historical contexts.

In this type of analysis, the unit of analysis is statements, as statements are the building blocks of discourse, just as sentences are the building blocks of texts (Foucault, 1972). The purpose of describing statements is as Foucault (1972) states, “to uncover what might be” (p. 115), which is the goal of this work. More specifically, I considered the actions made available for people to take up in the doing of statistics, formed by the discourse. For example, a statement like “calculate the mean and standard deviation of each data set,” functions to position the actions of calculating mean and standard deviation of data sets as actions for the doing of statistics that students can then take up. Statements also leave things silenced, such as what one might do with calculations of the mean or median. In this example, calculation is advantaged as an action for doing statistics, but interpretation is left silent and not positioned or reenforced as an action of statistics. One statement alone does not create such positions though, it is through regular patterns across many statements that such positions are created.

There are also rules to discourse that function to regulate how statements form and function, similar to grammar in language. In the case of discourse, these rules are discursive practices, as Foucault describes, “these rules define not the dumb existence of a reality, nor the canonical use of a vocabulary, but the ordering of objects” (Foucault, 1972, p. 48). It is the rules, these discursive practices, that operate systematically to form and order objects. Foucault (1972) refers to the ‘things’ formed by discursive practices as discursive formations, which he describes:


Whenever one can describe, between a number of statements, such a system of dispersion, whenever, between objects, types of statement, concepts, or thematic choices, one can define a regularity (an order, correlations, positions and functionings, transformations), we will say, for the sake of convenience, that we are dealing with a discursive formation (p. 38).
 

It is such regularities that form the actions for the doing of statistics.

To carry out an Archeology, Foucault (1972) cautions about interpreting or evaluating statements during analysis. Instead, the goal is to focus specifically on what the texts state, without attempting to delve beneath the surface of the texts to infer the politics at play or the meaning meant to be transferred. Instead, the focus is on looking at what statements are made of, as well as which are repeated. Part of staying on the surface involves not attempting to infer what meanings the authors of the text are trying to convey, focusing instead on what is formed by the discourse.

Rooted in the tradition of the methodology of archeology and through the lens of my own positionality in this study I investigated the specific research question:


How are the actions for the doing of statistics formed by statements from the statistics lessons of two major high school mathematics textbook series?
 

Foucault does not lay out specific tools in the traditional sense for carrying out research in the methodologies he describes (Kendall and Wickham, 1999; Walshaw, 2007; Arribas-Ayllon and Walkerdine, 2008). As such, drawing from the epistemological and ontological underpinnings of his work and its interpretation by others, I created specific tools for investigating the research question I posed.



4.2. Mathematics textbooks selected

There are a number of textbook series available for high school mathematics. To select which textbook series to analyze, I relied on findings from the National Survey of Science and Mathematics Education, which surveyed a nationally representative sample of science and mathematics teachers in schools across the U. S. with 7,752 teachers participating (Banilower et al., 2013). Part of the data gathered in the survey was on the textbook usage of teachers in schools. In high school mathematics classes, 81 percent (SE = 1.0) of the teachers surveyed reported using commercially published textbooks/programs, and more than two-thirds reported covering 75–100% of their text (Banilower et al., 2013). These statistics exemplify the power commercially published texts have in influencing classroom instruction. In looking at the commercial publishers that were used for high school mathematics texts, the top two companies making up the market share were Houghton Mifflin Harcourt with 35% (SE = 1.6) and Pearson with 30% (SE = 2.0) with their traditional Algebra I, Geometry, Algebra II sequence textbook series. Since Houghton Mifflin Harcourt and Pearson combined made up the majority of the market share, I chose to select the main textbook series from each to study.

The National Survey of Science and Mathematics Education I relied on for choosing the texts was conducted in 2012. At the time I conducted this study, Houghton Mifflin Harcourt had recently published a series called Houghton Mifflin Harcourt Algebra 1, Geometry, Algebra 2 curriculum (Kanold et al., 2015) that was selected, and Pearson had published a series referred to as the Pearson Algebra 1, Geometry, Algebra 2 Common Core curriculum (Randall et al., 2015) that was selected. Since the data was selected and analyzed, a more recent version of The National Survey of Science and Mathematics Education was conducted in 2018. In the summary of the findings for high school mathematics, the texts I selected for this study were among the most commonly used texts reported by mathematics teachers who reported using commercial texts in the teaching (61% of teachers surveyed reported using commercial textbooks in their weekly lessons; Hayes, 2019, pp. 27–28).

Each lesson in the Pearson series (Randall et al., 2015) is designed around a 5-step sequence (interactive learning, guided instruction, lesson check, practice, assess and remediate). Of the Algebra 1 student materials, 38 of 792 pages (5%) are focused on statistics. Of the Geometry student materials, none of the 876 pages (0%) are focused on statistics. Of the Algebra 2 student materials, 71 of 964 pages (7%) are focused on statistics. Overall, 4% of Pearson’s Common Core Traditional Pathways curriculum is focused on statistics standards.

The Houghton Mifflin Harcourt (Kanold et al., 2015) series is built around a 5E instructional model including engage, explore, explain, elaborate, and evaluate. The text is organized hierarchically in units, modules, and lessons. Of the Algebra 1 student materials, 168 of 942 pages (18%) are focused on statistics. Of the Geometry student materials, none of the 1,002 pages (0%) are focused on statistics. Of the Algebra 2 student materials, 207 of 896 pages (23%) are focused on statistics. Overall, 13% of Houghton Mifflin Harcourt’s curriculum is focused on statistics standards.



4.3. Lessons selected

To begin an analysis using Archeology, Arribas-Ayllon and Walkerdine (2008) point out, “the analyst must recognize discourse as a ‘corpus of statements’ whose organization is relatively regular and systematic. The first task, then, is selecting the kind of statements appropriate to one’s research question” (p. 100). In the case of this study, I had to choose the statements related to statistics from the corpus of statements that make up the discourse of each textbook series. There are no clear-cut boundaries between what is statistics and what is mathematics. However, for the practical purposes of the analysis for this study, such boundaries had to be drawn. Therefore, I chose to draw from the GAISE framework, and the major differences discussed in the literature between mathematics and statistics, to draw boundaries between what I considered statistics lessons for this analysis, and what was excluded.

Drawing from the GAISE framework (Franklin et al., 2007), I included all lessons that discussed topics from statistics including data exploration, descriptive, and inferential statistics, as well as the key concepts from probability: “to understand probability as a long-run relative frequency; understand the concept of independence; and understand how probability can be used in making decisions and drawing conclusions” (Franklin et al., 2007, p. 85). I also included lessons focused on modeling, if the data being modeled included variability, consistent with the consideration of variability being a major difference between mathematics and statistics (Cobb and Moore, 1997; Franklin et al., 2007; Groth, 2007). Such lessons were identified by reviewing the tables of contents of the texts. Any lesson that was later found to not contain situations with variability, or discussions of the topics identified in the GAISE framework (Franklin et al., 2007), were removed from the analysis.



4.4. Archeological analysis

To investigate the actions made available to students for the doing of statistics, I considered statements on a sentence-by-sentence basis. I looked for regularities in the statements both within and across lessons in each textbook series. In the case the specific data I considered, different actions were often presented in each sentence. In fact, there were a number of sentences that contained multiple actions. I conducted the analysis iteratively through a series of readings of the data, with different aspects of the data as the focus of each reading. In my first reading of the data I identified and recorded all the sentences that indicated actions students are intended to perform. To provide some insight into how I read the texts, I provide a brief example. Figure 1 shows a page taken from the Houghton Mifflin Harcourt Algebra II text (Kanold et al., 2015) that I analyzed.

[image: Figure 1]

FIGURE 1
 Example of text analyzed from Houghton Miflin Harcourt Algebra II (Kanold et al., 2015, p. 802).


In the case of this page, I included all of the sentences in the analysis, except for a single sentence in the middle of the third line of text in part d that states, “the tables give the results of the survey.” This sentence is operating to form an object, in this case the tables provided, but it does not form an action for someone to take up. I then placed selected sentences in an excel spreadsheet for the analysis shown in Table 1.



TABLE 1 Example of analysis carried out for the first two readings of the data for investigating the actions made available to students for the doing of statistics from Pearson Algebra 1 (Randall et al., 2015).
[image: Table1]

The second iteration consisted of me taking the sentences I identified as relevant statements during the first reading and summarizing the actions in each statement. An example of this can be seen in actions column of Table 1. I carried out this process in the excel spreadsheet where the data from the first reading was recorded. The third iteration consisted of me taking all the summarized actions for each statement from the previous iteration and putting them into a word document organized by lesson and then grouping the actions that were similar by lesson. I treated any group that had three or more statements in it as a regularity or action created by the discourse of the text. I considered such regularities as a discursive formation, consistent with what I described earlier in terms of the methodology of Archeology (Foucault, 1972).

For the fourth iteration, I took all the actions that met the threshold I created for being considered a regularity within a lesson and put them into a document. I then placed all the statements that did not make the cutoff for being considered regularities within a lesson into a separate document for each textbook. I then looked for regularities that occurred across the lessons that did not come out from the analysis within the lessons. Any regularity I found across lessons was then added to those I found within lessons in that document.

During the third and fourth rounds of reading, I realized that there were different sizes to the actions that were found regularly in the texts. For example, some actions were very specific, such as find the mean, or find the median; while other actions were quite large, with many possible approaches, such as use models to make estimates and predictions. To help to synthesize and communicate the actions made available by the texts, I performed a fifth round of analysis that consisted of taking all the actions that came out of rounds three and four of the analysis and synthesizing them into groups of actions. I synthesized the actions into groups to make it easier to contrast the findings with literature from statistics education. I chose to group the actions by the element of the statistical investigative process they were associate with (i.e., statistical questions, collect/consider data, analyze data, and interpret results), which is what I report in the findings to help answer the research question.




5. Findings: actions formed

In this section, I report on the findings from the Archeological analysis of the data described in the methodology in order to respond to the research question: how are the actions for the doing of statistics formed by statements from the statistics lessons of two major high school mathematics textbook series? In order to answer the “how” of this question, I begin this section by focusing on the “what” aspect, relative to what actions are formed. I respond to the “how” aspect of the question in two ways. First, I have done so already, to some extent, by operationalizing what I considered a discursive formation relative to my investigation of the actions formed for the doing of statistics. Second, in the findings, I take what actions are formed in the statements of the text and synthesize them into larger discursive formations and explain how and why I have grouped the actions in such ways.

From the analysis described in the methodology, I found over 100 actions to be formed discursively through regularities in the text of each of the textbooks analyzed. For practical purposes, I do not discuss every one of these actions individually. In reviewing the list of actions created through the analysis of the data, I noticed that the actions formed varied in size. For example, the following actions were formed through regularities in the statements from the Pearson texts: find the mean, find the median, find the mode, find the variance of a data set, find the standard deviation of a data set, and find the range of a data set. Each of these actions is relatively small in terms of the time it would take to complete and are very specific in scope and could be grouped into a larger action formation of finding univariate quantitative measures of center and spread of data sets. Some action formations that came out of the analysis were already large and did not seem to fit with other actions to be combined. For example, find and explain the error in other’s thinking, use standards of mathematical practice, or suppose a situation. For practical reasons, to communicate clearly the findings, I present only the actions summarized into large action formations for the textbooks. The action formations for both Pearson textbooks can be found in Table 2 and the action formations for the HMH textbooks can be found in Table 3.



TABLE 2 Action discursive formations from the text of the Pearson Algebra I & II textbooks (Randall et al., 2015).
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TABLE 3 Summarized actions formed by regularities in the text of the HMH Algebra I & II textbooks (Kanold et al., 2015).
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Considering the literature, when I reviewed the action formations in Tables 2, 3, I found that many of these actions could be considered in terms of the elements of the statistical investigative cycle (Franklin et al., 2007), namely asking questions, collecting data, analyzing data, and interpreting data. I used the elements of the statistical investigative cycle to help organize and communicate the findings, which I also considered discursive formations. There were also several action formations that came up repeatedly both within and across the lessons in both textbook series that did not fit in the broad categories/formations of asking questions, collecting, analyzing, or interpreting data. These action formations included suppose a situation, explain your reasoning, and evaluating/correcting the work of others, which I discuss in detail later. Before delving into each of the discursive formations of actions, I discuss a dominant overarching pattern I found in analyzing the data that was prevalent throughout all of the texts analyzed, which is the routinized or algorithmic nature of the actions formed. This pattern also represents a discursive formation of actions.


5.1. Routinized/algorithmic action

The most apparent and overarching pattern/formation found during the analysis of the actions made available to students through the discourse of the texts was that the actions formed were predominantly formed in very routinized or algorithmic manner. This pattern/formation is clearly evidenced in the action formation, carry out procedures and follow algorithms. This formation can also be seen in the prevalence of many very small specific action formations that are part of very specific directives or explanations of actions that students are told to perform. For example, one of the most common actions formed through regularities in the text was finding or calculating measures of central tendency particularly the mean. The action is characterized as using a formula that is presented as finding the sum of the values in a data set and then dividing that sum by the total number of values in the data set. This action is formed as a very algorithmic process and is presented in statements again and again across all of the texts studied.

Many of the actions formed in the texts are done in similar fashion with the text first constructing how to perform specific actions, followed by the text asking students to carry out identical actions in slightly different circumstances. This can be seen in the following statement: “calculate the mean median and range of the data” (Randall et al., 2015, p. 740). In the text, the actions of calculating the mean, median and range of a given set of data are made available in the statement, this is followed by the specific process by which these actions are to be carried out with given data.

Another relevant statement from the same task is “how can you tell from the graph that the mean and median are equal” (Randall et al., 2015, p. 740)? This statement requests students to consider how a given graph shows that the mean and median are equal. This question is immediately followed by the response the text presents, “when the graph is symmetric, the mean and median will be equal” (Randall et al., 2015, p. 740). This type of example problem is at the core of the body of the lessons in both textbook series and is typically followed by a directive for the student to carry out the same action(s) in a similar situation.

Another very common example of the often routinized/algorithmic nature of the actions formed for doing statistics in both textbooks series is the heavy emphasis on the use of tables to organize data and support performing calculations. For example, Figure 2 shows an example of a task that positions students to copy and complete a given table, in this case for the completion of very repetitive calculations. Also, notice the actions formed in the statements are very directive and focused on specific calculations, ending with a comparison of the sum of the squared residuals.
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FIGURE 2
 Example of a task with statements forming routinized/algorithmic action from HMH Algebra I (Kanold et al., 2015, pp. 364–365).


As a note, actions of a more open-ended nature are formed by the texts analyzed. However, they are the exception to the rule. Some examples of such formations include use mathematical practices, which is formed in both Pearson textbooks, and find and explain the error in other’s thinking, which is formed across all the textbooks analyzed from both series. These formations were often only formed when looking across lessons and often just met the thresholds described for being considered a regularity in the statements (i.e., occurring in at least three statements). Whereas the formation of algorithmic and routine actions was found in and across lessons as well as in a significant number of other discursive formations. More examples of the formation of the actions for the use of statistics in an algorithmic or routinized fashion can be found by reviewing the actions outlined in Tables 2, 3.



5.2. Formations of actions related to elements of the statistical investigative cycle

In this section, I discussion of the actions formed through regularities in the discourse of the textbooks grouped by the formations of collecting, analyzing, and interpreting data from the statistical investigative cycle (Franklin et al., 2007). As a note, there are a number of action formations that are in multiple statistical investigative cycle formations as they were created inductively from analyzing the data, not deductively by using these groupings. In connecting back to the literature, the practices of collecting, analyzing, and interpreting data are supposed to be connected and deeply intertwined as part of a larger process of statistical enquiry (Wild and Pfannkuch, 1999; Franklin et al., 2007).


5.2.1. Collect data

Action formations related to the collecting of, or considering the collection of data, can be found in all but one of the textbooks analyzed (e.g., HMH Algebra I). The actions related to this broad practice can be seen in Table 4. There were not many action formations related to this formation and those that are primarily about collecting data through simulation or identifying and evaluating the manner in which given data was collected.



TABLE 4 Large grain sized actions related to the discursive formation of collecting data.
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Simulations as a data collection method are only formed as an action in statements from Pearson’s Algebra II textbook (Randall et al., 2015). The more common way in which collecting data was seen in the action formations found in the analysis, is in the form of identifying and evaluating how someone else collected data. Action formations of this nature can be found in statements in Pearson’s Algebra I textbook (Randall et al., 2015) and HMH’s Algebra II textbook (Kanold et al., 2015). Aside from evaluating sampling methods for collecting data, students are also asked to evaluate the design of studies in terms of whether they are experimental or observational and how data was collected in such studies. As a note, students are never asked to collect data themselves (outside of structured simulations) with any regularity, they are only asked to consider how data has been collected by others.



5.2.2. Analyze data

Action formations related to analyzing data were by far the most prevalent, accounting for the vast majority of the action formations found, show in Table 5. These action formations include graphing data, finding/calculating univariate and bivariate statistics, making informal inferences, testing for significance, modeling data with functions, using models to make estimates/predictions, using probability, and using graphing calculators to support the analysis of data.



TABLE 5 Large grain sized actions related to the discursive formation of analyzing data.
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Creating graphs of data, and using graphs of data that are given, are action formations that are made available to students frequently in statements throughout all four textbooks analyzed. In creating univariate graphs, students are most frequently asked to do so by hand. The use of graphing calculators for creating graphs is also made available to students, but it is far less common than by hand. In terms of creating bivariate graphs, students are positioned most often to use graphing calculators to create scatterplots and often in conjunction with graphing functions that model the data being graphed. The creating of scatterplots by hand is made available initially to students, but quickly shifts over to using the graphing calculator. The types of plots made available for students to create for doing statistics include box and whisker plots, histograms, scatterplots, dot/line plots and residual plots.

Students are also often presented with graphs and asked to use them to carry out various actions. In the case of univariate graphs, actions such as determining the shape of a distribution, analyzing what a graph is showing in terms of the data, estimating the likelihood of an event occurring, and comparing different distributions using graphs are made available for the analysis of data. In the case of bivariate graphs, a number of actions are formed including using them to determine what type of function to use to model bivariate data, to assess the fit of a model, to help create lines of best fit, to help make extrapolations and interpolations, to describe the relationship between two variables, to estimate correlation, and to compare the fit of different models.

What might be considered the computational side of analyzing data is most prevalent in the actions formed by the text, with a heavy emphasis on actions related to finding/calculating univariate and bivariate statistics. For example, see Figure 2. Such computational actions position students to calculate statistics both by hand and with the support of graphing calculators. Related to univariate statistics, actions include determining the minimum, maximum, median, mode, and first and third quartiles of a data set, as well as, calculating the mean, standard deviation, percentile rank, range, and interquartile range. Students are positioned to use the statistics outlined to describe data sets in terms of their center and spread and also to compare data sets. Students are also positioned to determine what measure of central tendency best describes a data set and to find and consider the effects of outliers on data sets.

Calculating bivariate statistics is deeply tied to modeling, which is also prevalent in the textbooks analyzed. For example, students are asked to take such actions as finding regression models (linear, exponential, quadratic, and sinusoidal) and calculating the correlation coefficient (r) and fit (r2) of linear regression models using the graphing calculator. Action formations related to modeling go beyond just calculation, though many involve determining what function best models a situation where students are positioned to consider scatterplots, residual plots, calculations such as first and second difference, and the value of r2. Action formations also include using models to make estimates/interpolations or prediction/extrapolations.

Actions around the use of probability are also relevant to analyzing data in terms of both theoretical probability and experimental probability and how to use such probabilities to make decisions based on data and also to begin to make inferences and test for significance. The use of probability distributions and the normal distribution are also actions made available to students related to making inferences and testing for significance. Finding conditional probabilities is particularly prevalent connected to analyzing categorical data in two-way tables. Such probability-related action formations are also connected to using simulations of situations discussed earlier, related to collecting data. The action formation of making random selections is also heavily emphasized, which also connects back to collecting data in terms of evaluating sampling methods, with random selection positioned as ideal to avoid bias.

The use of tables is also heavily emphasized in relation to analyzing data as they are made available to students to present data to be analyzed, to facilitate the calculation of statistics and probabilities, to facilitate the construction of graphs, to analyze categorical data for trends and associations, and to organize data. The action formation of copying and completing tables provided is prevalent in statements in all the texts analyzed (see Figure 2). Frequency, cumulative frequency, and two-way tables are the most common types of tables students are positioned to create.



5.2.3. Interpret data

The action formations related to the interpreting of data can be seen in terms of interpreting the analysis students have performed themselves on given data sets, as well as, interpreting the analyses and interpretations of others given in the text, shown in Table 6. A number of the action formations involve using graphs to both make interpretations of data and to help communicate such interpretations to others, which is an example of the close connection between the formations of analyzing data and interpreting data. Another overlap is between the action formations that are related to collecting data and those of interpreting data. For example, the action of designing and evaluating surveys to collect data, by designing one’s own study to collect data, and in terms of interpretation by interpreting the results of someone else related to evaluating the design of the survey used to collect data.



TABLE 6 Large grain sized actions that are related to the discursive formation of interpreting data.
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One of the most common actions made available to students is to interpret the interpretations of others by evaluating decisions made by others using probability. There is also the interpretation of the types of data being used in a study as well as using tables to communicate interpretations of data. Interpreting and using models for estimation and prediction are also action formations that are indicative of interpreting data. For example, describing the meaning of correlation coefficients, slope, and y-intercept of lines of best fit.




5.3. General action formations

The action formations I discuss in this section could be considered actions that are general to mathematics as they are not specific to statistics or working with data like the action formations previously discussed.


5.3.1. Suppose a situation

The action formation of supposing a situation appears frequently in statements throughout lessons in all of the textbooks analyzed. Statements indicative of this action formation typically begin with “suppose …” and go on to describe some sort of fictional situation that students were being given to consider. A typical example of such statements is, “suppose you want to find out how many hours of exercise the students at your school get each week” (Randall et al., 2015, p. 752). This action is not specific to dealing with data as this action can be used in any case where students are asked to consider a fictional situation or to take information for granted that is given.



5.3.2. Explain your reasoning

Statements found in all four textbooks also formed the action of explaining one’s reasoning as an action for the doing of statistics, which could also be considered an action for doing mathematics in general. For example, consider the statement from the Pearson Algebra I textbook: “Are an event and its complement mutually exclusive or overlapping? Use an example to explain” (Randall et al., 2015, p. 780). This is typical of the types of statements that formed this action. Often the text would just make the statement “explain” following a question. The statements were often quite narrow in the scope of what students were asked to explain.



5.3.3. Evaluating/correcting the work of others and evaluating true/false statements

The action of evaluating or correcting the work of others was also found to be prevalent in statements across lessons in all four textbooks analyzed as was the evaluation of true/false statements. This action was formed in relation to evaluating issues such as minor computational errors as well as in evaluating the reasoning of others and correcting their mistakes.



5.3.4. Use mathematical practices

The action formation of using mathematical practices could be considered an action general to mathematics like the previous three discussed. However, unlike the previous action formations discussed, this action was only made available to students in the statements in textbooks from the Pearson series (Randall et al., 2015). This action was formed as a direct connection to the mathematical practices outlined in the CCSSM [National Governors Association Center for Best Practices (NGA Center) and Council of Chief State School Officers (CCSSO), 2010]. For example, consider the following statements:

As you complete the task, you’ll apply several Standards for Mathematical Practice.

• You’ll analyze the task and relate its solution to the information shown in the diagram (MP 1).

• You’ reason abstractly and quantitatively using the compliment of an event and conditional probability (MP 2).

• You’ll use a simulation to find experimental probabilities (MP 4) (Randall et al., 2015, p. 673).

Statements like these made direct connections between the actions student would carry out in tasks and the mathematical practice standards outlined in the CCSSM.





6. Findings: through a disciplinary lens

To put the inductive findings from the Archeological analysis into perspective, I discuss them through a disciplinary lens drawing from the earlier discussion of the discipline of statistics. This is an important step as school curriculum which can become increasingly divorced from the discipline it is meant to come from and create warped perspectives of what is important or counts. For example, in the school mathematics curriculum teachers often talk about imperfect fractions, which is the term used for fractions whose numerator is great than its denominator. However, this term is not one from the discipline of mathematics, it is one born from the arbitrary cuts created in what mathematics is taught at various grade levels, which can lead to misconceptions of mathematics.

The notion of disciplines is also connected to that of discourse, as Arribas-Ayllon and Walkerdine (2008) discuss:


Discourse approximates the concept of ‘discipline’ in at least two ways: it specifies the kind of institutional partitioning of knowledge such as medicine, science, psychiatry, biology, economics, etc. But it also refers to the practices through which certain objects, concepts and strategies are formed (p. 99, emphasis in original).
 

Discourses and disciplines are not synonymous, it is better to think of disciplines as a type of discourse (Foucault, 1971). The focus of my discussion here then is to compare the actions formed for the doing of statistics by the discourse of the textbooks analyzed to the discourse of the discipline of statistics.

In the previous section I already began to align the actions formed for the doing of statistics related to the discipline of statistics in terms of the elements from a statistical enquiry namely, collecting, analyzing and interpreting data. Here I use the elements of the statistical investigative cycle (statistical question, collect data, analyze data, interpret data), which make up one dimension of the GAISE framework (Franklin et al., 2007; Bargagliotti et al., 2020) and are aligned with empirical work on statistical enquiry of members of the discipline of statistics (e.g., Wild and Pfannkuch, 1999) as a basis for contrasting the findings from the discourse of the texts to the discipline of statistics.


6.1. Statistical questions

There is a glaring absence when considering the findings through a disciplinary lens, which is the absence of actions related to students asking statistical questions, or really any questions for that matter. This connects back to the very routinized or algorithmic nature dominant in the actions formed. The actions formed related to questioning generally come from the text, in the form of asking students to carry out procedures or algorithms. In other words, the text asks the questions. Students are not positioned to ask questions of their own or to answer statistical questions that require exploration or completing a statistical investigation.



6.2. Collecting data

Related to the practice of collecting data, the Pearson textbooks (Randall et al., 2015) include actions for the use and evaluation of methods of sampling, as well as designing and evaluating surveys to collect data in the Algebra I textbook. The Algebra II textbook formed actions for considering how to create simulations to model situations, and for using simulations to collect data and find experimental probabilities. As a note, the data to be collected in simulations was data based on models of random phenomena such as flipping a coin or rolling a die. In the HMH textbooks (Kanold et al., 2015), no actions related to collecting data were formed in the Algebra I textbook. In the Algebra II textbook, the actions of rolling dice, spinning spinners and randomly selecting items for collecting data were formed, as well as obtaining samples and identifying sampling methods. Obtaining samples was focused on the notion of resampling from a given sample. All of these action formations can be found summarized in Table 4.

Unfortunately, neither textbook series included consideration of evaluating the source of data or the collection of data, relative to issues of bias such as socially desirable answers, both of which are important issues of statistical literacy for citizenship (Wallman, 1993; Utts, 2003). Much of what the texts do focus on is the collection of data in terms of the design of a study (i.e., observational vs. experimental), biased wording of questions, and sampling methods that are not representative. These are important to statistics, but there is much more to this practice that is not included.



6.3. Analyzing data

The practice of analyzing data is by far the most thoroughly attended to in the actions that are formed by the textbooks analyzed, which are summarized in Table 5. In the textbook series, actions are formed around analyzing data both numerically using univariate and bivariate descriptive statistics, and graphically using plots such as histograms and box and whisker plots. Initial connections to actions associated with inferential statistics are formed as well; generally, around repeated sampling to develop sampling distributions. Connections are also made to important actions related to probability, which are necessary for inferential statistics.

Since I have already discussed the specific actions formed related to the practice of analyzing data in detail in the previous section, I will not repeat such discussion here. There are however a couple of notable absences to discuss. First, there is a general absence of actions related to the open exploration of data centered around exploratory data analysis, as described by Tukey (1977), which has been considered the basis for the statistics standards in the PSSM [National Council of Teachers of Mathematics (NCTM), 2000] and is still an influential school of thought in the discipline of statistics. What I mean by this is that there is an absence of overarching principles to guide the actions of analyzing data, the most notable being the open exploration of a data set, which is instead done in bite size chunks, in a very specified and directed manner in the textbooks. As Tukey (1977) pointed out, “restricting one’s self to the planned analysis—Failing to accompany it with exploration—loses sight of the most interesting results too frequently to be comfortable” (p. 3).

Another issue is the relatively limited use of technology for creating tables and graphs or calculating descriptive statistics. There is certainly some importance in learning how to create these things “by hand.” However, at a certain point it just becomes busy work and takes away from conceptual goals of learning statistics, like making sense of what the measures tell you about the data and the thing you are investigating. Beyond the issue of limited technology use, there is also an absence of the use of technology other than the graphing calculator. Though not explicitly discussed earlier, the use of technology is prolific in the discipline of statistics today and should have a significant role in the teaching and learning of statistics (Gould, 2010; Pratt et al., 2011; Ridgeway, 2016). The use of technology supports both visualizing data, and finding and calculating descriptive and inferential statistics. Furthermore, the absence of the use of technology outside of graphing calculators is at odds with the mathematical practice of using tools appropriately in the CCSSM [National Governors Association Center for Best Practices (NGA Center) and Council of Chief State School Officers (CCSSO), 2010], for which these texts are said to be aligned. For example, using computer software such as spreadsheets to offload the work of creating plots, and calculating statistics such as standard deviation that are made up of tedious and repetitive calculations, so that instruction can be focused on reasoning and sense making are encouraged for the development of statistical reasoning (Franklin et al., 2007; Lehrer et al., 2007; Kader and Jacobbe, 2013; Peck et al., 2013). Though graphing calculators can perform some of these tasks moderately well, there are a number of significantly more powerful tools for learning statistics, such as TinkerPlots (Konold and Miller, 2005) or CODAP (Common Online Data Analysis Platform, 2014), which were specifically developed based on research on learning statistics concepts and practices. For example, TinkerPlots allows students to create their own measures of center and spread, which is an epistemological practice of statistics and has been shown to be developmentally powerful for building conceptual understanding (Lehrer and English, 2018). Furthermore, the use of dynamic data visualization software has been described by others as helping to support transnumeration (Shaughnessy, 2007; Lee et al., 2014), which Wild and Pfannkuch (1999) found to be a type of thinking common in statisticians and specific to the discipline of statistics. Another significant limitation of graphing calculators is that they are limited in the size of the datasets they can consider, and they do not allow for multivariate data analysis, which limits their usefulness in incorporating real data about issue of consequence in the classroom and means they fall short of supporting the learning of statistics describe in the GAISE II Framework (Bargagliotti et al., 2020).



6.4. Interpreting data

The practice of interpreting data also has a number of actions that are formed by the textbooks associated with it, which are summarized in Table 6. Interpreting plots of data is an action formed in both the Pearson and HMH textbook series that is relevant to this practice. Another common and relevant practice that is formed, is that of making and evaluating decisions based on fairness, which is generally formed in terms of using probability and notions of equal likelihood. There are also a number of absences. For example, the interpretation of data is discussed in the GAISE framework (Bargagliotti et al., 2020) as centered of discussing how the analysis of the data answers the statistical questions posed. However, related to earlier discussions, there is a general absence of the consideration of statistical questions that makes it impossible to then interpret the results related to a guiding statistical question.

The actions related to interpretation in the texts are instead focused on interpreting aspects of the analysis of data related to very specific and directed questions. For example, consider the problem in Figure 3. There is an analysis of the data done graphically in terms of constructing a scatterplot. The interpretation of that analysis involves describing what type of relationship is shown. What is missing is any guiding statistical question, which leads the interpretation to be somewhat meaningless and algorithmic, because students are only positioned to find a relationship between variables when told to, and interpret it algorithmically in terms of what one variable does as the other increases. However, to state it bluntly, why do we care? There is no question we are trying to answer relative to the context of airplanes and altitudes, the focus is instead on doing only what one is told to do directly.
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FIGURE 3
 Recreation of task: from Pearson Algebra I (Randall et al., 2015, p. 337).





7. Discussion

In investigating the actions formed for doing statistics in the discourse of the two textbooks series analyzed, the predominant formation of actions was as routine and algorithmic. Actions for open exploration and sense making were not often formed, if at all, by the texts. Instead, the actions formed were generally very specific and directive, such as, find the mean of a data set, create a histogram, or copy and complete a given table. These findings are similar to what Pickle (2012) found in her study of middle school mathematics texts that most of the tasks only had students doing procedures and mostly of a low cognitive demand. This is very much in conflict with those practices generally considered part of the discipline of statistics. It is unfortunate that the actions formed are so routinized and algorithmic as many of the standards-based reform curriculums created in the nineties were meant to push back against such focus in curriculum and emphasize reasoning, problem solving, and sense making (Senk and Thompson, 2003). Yet, as the results of the National Survey of Science and Mathematics Education show, less than 1 % of classroom high school mathematics teachers use such reform-based mathematics curriculum (Banilower et al., 2013). Furthermore, it seems that such reform curriculums and the PSSM [National Council of Teachers of Mathematics (NCTM), 2000] for which they were based upon, have not had significant effect on the predominant written textbook curriculums present in high school mathematics classrooms today, as evidenced by the findings.

Another major finding relative to the actions formed, was that they predominantly fit into the practice of analyzing data, with only some focusing on interpreting data, and little to none related to collecting data or asking statistical questions. This means that these texts are forming a distorted image of the actions for the doing of statistics, relative to the discipline, which values actions related to all aspects of statistical enquiry (Wild and Pfannkuch, 1999; Franklin et al., 2007). Unfortunately, such findings have been found previously by Jones et al. (2015) in their study of elementary mathematics textbooks where they found 90% of the tasks to be focused on analyzing data.

As Jones and Tarr (2010) point out, key elements such as formulating questions and collecting data should be incorporated throughout the curriculum, not just put in a single grade. The image of statistics that is being created by the textbook series analyzed, is primarily of statistics as an analytical method, made up of a number of calculations and algorithms, that can be interpreted in specific ways. Furthermore, it would seem from these results that the GAISE framework (Franklin et al., 2007) from statistics education does not seem to have had much influence on the mathematics curriculums analyzed due to the absences discussed. This implies the field of statistics education needs to consider possibly applying new strategies to influence the mathematics curriculum to improve the statistical education of students in high school.

Investigating written curriculum is important, but a more impactful future direction is for curriculum developers, mathematics educators and statistics educators to consider these findings when they create curriculum, so as to learn from the issues exposed in other curriculums. Most notably, curriculum should provide more opportunities for students to engage in authentic practices of statistics, particularly given what we know about student learning from sociocultural theories of learning (Vygotsky, 1930; Lave and Wenger, 1991; Lerman, 2000). It is also important that student are given opportunities to use technology that is commonly available and conducive to the learning of statistics. The texts focused almost strictly on TI-84 graphing calculators that are, at this point in time, an ancient technology that is well outdated. Furthermore, this is an equity issue as TI-84 s still typically cost around $100 new and are not commonly used in any context outside of a mathematics or perhaps science classroom. On the other hand, most students have smartphones that have far more powerful tools. It is also important that students have opportunities to engage in all the aspects of a statistical investigation holistically and coherently to engage in authentic practice. Students should also have opportunities to have agency over what issues they explore, and also in meaningful and relevant issues, not just positioned to suppose fictitious issues and situations to explore.

The results of this work also have important implications for teacher education. Textbooks are a resource teachers can use to help support their instruction. However, teachers can choose to supplement the lessons in textbooks, or to ignore them completely and choose other instructional resources. This means teacher educators need to consider how they are preparing and supporting teachers to teach statistics in going beyond textbooks in using instructional materials. Also, the absences uncovered in this study are important actions for teacher educators to focus on supporting teachers in incorporating into their lessons. Though it is ideal that teachers would have autonomy over the decision of what instructional materials to use, to best support their students, there are more and more teachers reporting being mandated to use specific instructional materials to increasing levels of fidelity (Hayes, 2019), disregarding their expertise in both the curriculum and their students. In such unfortunate cases, the content of textbooks is extremely important, as it becomes closer and closer to what students experience as the enacted curriculum.

With the prevalence of data and data-based arguments in every facet of people’s everyday lives, it is crucial that students have robust experiences with concepts and practices from statistics. To do so, it is important that teachers and students have access to a mathematics curriculum, which includes teaching statistics in a meaningful way based on the discipline of statistics, such that students are empowered to make sense of the world around them through both mathematics and statistics.
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opportunity to conduct a survey about the cafeteria.

a) Identify the population to be surveyed.

b) Write one or more questions. For each question, state whether it will generate
numerical data or categorical data.

) Assuming that you aren’t able to conduct a census of the population, describe how you
could obtain a representative sample of the population.

d) Suppose you asked a random sample of 25 students in your school whether they were
satisfied with cafeteria lunches and how often in a typical week they brought their own
Iunches. The tables give the results of the survey. If the school has 600 students, use
the results to predict the number of students who are satisfied with cafeteria lunches
and the number of lunches brought to school in a typical week.
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Response | Number Response | Number
Yes 18 S times 2
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2 times 2
1 time 4
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Analyzing Squared Residuals
When different people fit lines to the same data set, they are likely to choose slightly different
lines. Another way to compare the quality of a line of fit is by squaring residuals. In this model,
the closer the sum of the squared residuals is to 0, the better the fits the data.

In the previous section, a line of data was fit for the median age of females over time. After
performing this task, two students came up with slightly different results. Student A came up
with the equation y=0.25x+29.0 while student B came up with the equation y=0.25x+28.8, where
x s the time in years since 1970 and y is the median age of females in both cases.

A) Copy and complete each table below.

~0.25x+29.0
x| V(Actual) | y(Predicted) | Residual | Square of Residual
0 292
10 313
20 340
30 365
40 382
v=0.25x+28.8
x| (Actual) | y(Predicted) | Residual | Squarc of Residual
0 292
10 313
20 34.0
30 365
40 382
B) Find the sum of squared C) Which line has the
residuals for cach line of smaller sum of squared
fit. residuals?
y=0.25x+29.0:

=0.25x+28.8:






