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We describe how students utilize questioning devices, an interactive feature designed into university textbooks to invite them to read the textbook before the class in which the content will be discussed. This feature has been added to three open-source and open-access dynamic textbooks intended for calculus, linear algebra, and abstract algebra. Using self-reports from 392 students in 23 courses and an instrumental approach, we identified three classes of situations in which the feature was used and three corresponding utilization schemes: Familiarizing with Content Before Class, Studying by Practicing and Doing Homework, and Self-Evaluating Understanding of Content. We suggest further areas of inquiry.

Mathematics digital textbooks offer opportunities for students to engage with mathematics in ways that go beyond the mere act of reading the textbook. In this paper, we focus on what we refer to as dynamic textbooks-a special type of digital textbooks that are open-source and open-access and have embedded interactive features. Because textbook features shape students' opportunities to engage with mathematics, how they are designed to engage students matters (e.g., level of interactivity, presentation, and order of features). In writing these textbooks, authors need to make many design decisions with students in mind as the main textbook users; as such they may not fully anticipate all the ways in which students will use textbooks features or the conditions that motivate their use. In the absence of this understanding, author-designers may add features that in the end might not be as useful for the students. In this study, we contribute by investigating student use of questioning devices that were added to three undergraduate dynamic mathematics textbooks in linear algebra, abstract algebra, and calculus. Specifically, we answer the following research question: What are the students' utilization schemes of these questioning devices?

We build on prior work [START_REF] Mesa | University instructors' use of questioning devices in mathematics textbooks: an instrumental approach[END_REF] in which we defined questioning devices as a form of questioning embedded in textbooks that seek to engage students in thinking about the content on their own before class. Differently from questions used in classrooms or asked in exercises, this other form of questioning in textbooks seeks to establish a personal relationship between the reader, the author, and the mathematics [START_REF] Weinberg | Understanding mathematics textbooks through reader-oriented theory[END_REF]. In the textbooks used in this study readers can type responses to those questions directly into their textbooks, immediately sharing their thoughts with their teacher prior to a lesson. Teachers then become aware of how students might be thinking about the material and adjust their lessons accordingly. In [START_REF] Mesa | University instructors' use of questioning devices in mathematics textbooks: an instrumental approach[END_REF], we found instructors' utilization schemes of these questioning devices. Because instructors' schemes can be related to students' utilization schemes, in this paper we complement our investigation by turning our attention to students. Because we have reviewed the literature on questioning devices in detail in [START_REF] Mesa | University instructors' use of questioning devices in mathematics textbooks: an instrumental approach[END_REF], in this paper we provide an overview of the literature that focuses on students' use of digital and interactive textbooks.

Literature Review

Instructors indicate that reading the textbook is a very important skill relevant not only for mathematics majors [START_REF] Mesa | Textbook mediation of teaching: An example from tertiary mathematics instructors[END_REF] but for all students because it supports mathematics learning. Judging from the extant research on student reading practices in university mathematics (e.g., [START_REF] Wiesner | The roles of textual features, background knowledge, and disciplinary expertise in reading a calculus textbook[END_REF], knowing whether and how students read their textbooks is a key question for teachers and researchers. Research on university student use of digital textbooks are typically case studies at single universities or classrooms and describe use of interactive components (e.g., [START_REF] Johnston | University students' engagement with textbooks in print and ebook formats[END_REF]; relation between student grades and time spent reading (e.g., [START_REF] Allred | Interactive electronic textbook use in higher education: grades, engagement, and student perceptions[END_REF]; skills, emotion, and participation and interaction (e.g., [START_REF] Bikowski | Interactive digital textbooks and engagement: A learning strategies framework[END_REF]; differences in student motivation and perceptions of learning when using interactive textbooks [START_REF] Kondratieva | An interactive text in Precalculus: students' response[END_REF]; or use of digital resources in connection to rules of didactical contract [START_REF] Gueudet | Didactic contract at the beginning of university: A focus on resources and their use[END_REF]. These researchers indicate that undergraduate students see digital textbooks as resources that motivate and facilitate learning and have documented different levels of reading, different uses of features, and different expectations regarding the utility of interactive features. The differences seem to be related to students' prior knowledge and to personal goals regarding their courses (e.g., passing a course). While these studies suggest that students might not use their textbooks as intended, they do not indicate how students interact with specific interactive features.

Theoretical Framing

In Rabardel's instrumental approach [START_REF] Rabardel | People and technology: a cognitive approach to contemporary instruments[END_REF] an instrument is "a whole incorporating an artifact (a human-made or a physical object) and one or more utilization schemes" (p. 65). A utilization scheme encompasses stable and structured manners that a user has for operating an artifact that includes observable behaviors and non-observable goals and rationales. Following Vergnaud (1998) we define schemes as the "invariant organization of behavior for a certain class of situations" (p. 229). This organization includes goals and expectations; rules of action (which can be seen as the "generative part of the schemes"); operational invariants (propositions that are held to be true by the subject when they act, that are used "to infer, from the available and relevant information, appropriate goals and rules); and possibilities of inferences (p. 229). Vergnaud views "situations and schemes [as] essential in the development of knowledge" (p. 237). Instrumental genesis s the process through which a user transforms an artifact into an instrument by creating utilization schemes associated with that artifact. Because pre-existing artifacts are instrumentalized by a user, different subjects can produce different instruments for the same artifact. Instrument production, carried out by the subject, encompasses two subprocesses, instrumentalization (the "emergence and evolution" of the artifact component of the instrument) and instrumentation ("the emergence and evolution of utilization schemes and instrument-mediated action: their constitution, their functioning, their evolution by adaptation, combination coordination, inclusion and reciprocal assimilation, the assimilation of new artifacts to already constituted schemes, etc." Rabardel, 2002, p. 103). The notion of utilization schemes is central to instrumentation. To document student instrumentation of an artifact-questioning devices in dynamic textbooks-we identified the utilization schemes students reported when using questioning devices available in three textbooks designed to increase their interaction with the content.

Methods

This research is part of a larger mixed-method study that seeks to understand how teachers and students in undergraduate levels utilize three open-access open-source dynamic textbooks: Active Calculus (hereafter AC, [START_REF] Boelkins | Active Calculus[END_REF], First Course in Linear Algebra (hereafter FCLA, [START_REF] Beezer | First course in linear algebra[END_REF], and Abstract Algebra: Theory and Applications (hereafter AATA, [START_REF] Judson | Abstract algebra: Theory and applications[END_REF]. The three textbooks are written in PreTeXt (https://pretextbook.org/), a markup language that allows the textbooks to be rendered in various formats (e.g., HTML, PDF, Braille, bounded). With PreTeXt, authors can infuse the textbook with interactive features, such as live computation cells with Python (Sage cells), immediate solution feedback, and collection of student responses to questioning devices for instructor use. The three textbooks were chosen to represent different student audiences. In the United States, calculus is a course that is taken by most students seeking an undergraduate degree in science, technology, engineering, mathematics, business, economics, and health. Linear algebra is a gateway course for mathematics and computing related majors, and in some cases for biology. Abstract algebra is a course usually taken only by mathematics majors (which include future secondary teachers). The questioning devices are called Preview Activities in the calculus textbook and Reading Questions in the linear algebra and abstract algebra textbooks. For this study, we analyzed data from 392 consenting students from 23 teachers across the United States who participated for a semester from Spring 2019 to Spring 2021 (187 used AC, 145 used FCLA, and 60 used AATA). Students (147 female, 142 male, 3 non-binary or trans, 100 no information) had an average age of 20 years, an average GPA of 3.43, and obtained an average grade of 82.58 in their respective courses.

We used data from five student logs (biweekly surveys with 8 to 19 closed-and open-ended questions about student textbook use). We used responses to two questions (see Table 1) intended to identify why and how students used the questioning devices (Q9, and Q5 are open-ended)1 . 

Analysis

We used a constant comparative analysis with the answers to the two open-ended questions (Q9 and Q5) to identify classes of situations, goals, and rules of actions. The analysis proceeded in four steps.

First, we identified three classes of situations in which students reported using questioning devices: Before Class Preparation, Study, and Self-Evaluation. Before Class Preparation included situations in which students expressed, they used questioning devices to get ready for an incoming class. Study included situations in which the students expressed using questioning devices for practicing, doing homework, and studying for exams. Self-Evaluation included situations in which students said they used the questioning devices for testing their own understanding of the content. Using these categories, we classified each of the 559 responses (316, Log 1 Q9 + 243, Log 2 Q5) under one of these situations or as "No Class" if the response did not convey enough information to identify a situation (e.g., "yes"). In the second step, we inspected responses within each class to identify goals. We identified and coded eight goals that students associated with the classes of situations: three related to Before Class Preparation, four with Study, and one with Self-Evaluation. In the third step, with the responses organized by class of situation, we identified 10 rules of action. In the fourth step, the first and second author identified the operational invariants, looking for explanations for why students were using the questioning devices. The most frequent reason was that students used the questioning devices because they were required by their teacher (61 out of 511). Other operational invariants appeared but were less frequent.

The first authors coded all the responses; the other two authors independently coded classes of situations, goals, and rules of actions for 10% of the responses. The average Cohen's Kappa for coding for situation, goals, and actions were 0.78, 0.71, and 0.63. These three values are within the range of [0.61 -0.80], which correspond with a substantial agreement.

Findings: Students' Instrumentation of Questioning Devices

We identified three utilization schemes of the questioning devices, one per class of situations, Familiarizing with Content Before Class, Studying by Practicing and Doing Homework, and Self-Evaluating Understanding of Content (see Figure 1). While we characterized the utilization schemes separately to make sense of students' use of the questions devices, students often mentioned multiple goals, rules of actions, and operational invariants. Moreover, although we identified all three utilization schemes across students using the three textbooks in calculus, abstract algebra, and linear algebra, not all goals were mentioned across these groups of students.

In the first utilization scheme, familiarizing with content before class, students said they use questioning devices to get acquainted with the upcoming material in the course:

They have been assigned to us before classes. I look over (rule of action: skimming) the preview questions [questioning device], try to solve the activity (rule of action: answering) and it gives me an idea of what we will be working on in class that day (goal). (30.07, Spring19, AC)2 

In this excerpt, a clear goal is stated: to get "an idea" of what will be taught in class. We identified two more goals under this class of situations in the corpus: to better prepare for class and to connect previous material with new content. To accomplish these goals, four actions were mentioned: skimming and answering the questioning devices, reading the chapter associated with the questioning devices, and writing down questions they could ask in class. To justify these actions, students collectively offered four reasons: the questioning devices were assigned (e.g., "My professor has it mandatory to answer the reading questions for each section," 36.20, Fall20, FCLA), the questioning devices addressed important content (e.g., "I usually remember the material in a reading question as what is most important for me to know," 46.05, Spring21, FCLA), the questioning devices helped them with understanding the new material (e.g., "These are very helpful in introducing the concepts of the section," 35.70, Fall20, AC), or because their instructors used the questioning devices to teach in class (e.g., "We have used these in our class to give our initial answers to the reading, and then our professor gives us feedback on our responses," 23.20, Fall20, AATA). This student indicates using the questioning devices as "extra practice" when doing homework because doing so will help gain a "better understanding" of the material. We identified four goals associated with this scheme: to practice (when questioning devices are not assigned as homework), to do homework (when questioning devices are assigned as homework), to prepare for assessments (e.g., "Used them as reference to how class questions on exams and quizzes will look like," 45.53, Spring21, FCLA), and to find out what is important to study in the chapter or section associated with the questioning devices (e.g., "If these are not assigned as homework, I use these questions as reinforcement of the main/big ideas from the chapter," 33.13, Spring20, AATA). We identified four student actions: skimming and answering questioning devices, checking answers to the questioning devices, and taking notes on the questioning devices and their solutions. We identified four operational invariants that students reported as justifying these actions: Students were required by their instructors to work on the questioning devices during class or at home (e.g., "We use them in class and as homework," 30.23, Spring20, AC); using the questioning devices benefited their own learning of the material (e.g., "I take advantage of this completely in order to be successful. i [sic] enjoy how you can reflect and absorb the material this way," 44.03, Spring21, FCLA), problems on their examinations were similar to those in the questioning devices (e.g., "I complete the preview activities for a grade but I think that they help a lot in the initial learning process because it lets students know what questions on a test might look like," 35.57, Fall20, AC), and ideas showcased in the questioning devices were important ideas in the chapter or section (e.g., "I find them [reading questions] helpful because they make sure I understand important parts of the section," 44.06, Spring21, FCLA).

In the third utilization scheme students said they use the questioning devices for self-evaluation of their understanding of the material:

I mostly use this to check for my understanding of the chapter. If i [sic] get to the reading questions and do not understand them I know I have to reread the chapter again. (37.08,Fall19,FCLA) This quote represents the essence of the scheme, that students take the questioning devices as a kind of arbiter of the content of the chapter; not knowing the answers triggers a process of reading other parts of the textbook. Three rules of action were associated with this scheme: attempting the questioning devices to evaluate their understanding before reading a chapter (e.g., "Do them to see where my baseline is for this chapter," 35.65, Fall20, AC); attempting the questioning devices after reading the chapter to check ability to answer them; when unable, students re-read the chapter; and compare their answers to the questioning devices to other resources, such as the solutions provided by their textbook, their classmates, or their instructors (e.g., "Do them and then go over them with classmates," 35.81, Fall20, AC). The operational invariant is inferred as the need to know that their knowledge is correct; this is done either by contrasting responses with the content of the reading questions or with external resources, such as peers or the instructor.

Discussion and Conclusion

These findings are important for textbook designers, as well as instructors using the textbooks, because they confirm that the questioning devices are being used for their intended purpose and more.

The three utilization schemes help us understand what motivates students to use questioning devices and how they use them. For two schemes, (Familiarizing with Content Before Class, Studying by Practicing and Doing Homework) one main motivator was that teachers assigned the questioning devices to the students. This highlights the important role that teachers have in influencing student use of textbooks, supporting prior findings that indicate that when asked, students will use the textbooks as teachers suggest [START_REF] Mali | Instructors' and students' uses of dynamic textbooks: What is new? Joint meeting of the Mathematical Association of America and the American Mathematical Society[END_REF]. However, that was not the only motivator for students to use the questioning devices; students, by motu proprio used the questioning devices for familiarizing themselves with the content, studying by practicing, and more interestingly for evaluating their own understanding of the material. Because the third scheme does not seem to be motivated by the teacher assigning the questioning devices, we wonder whether this particular scheme would emerge without exposure to the questioning devices initiated by the teachers.

The findings show that although designer-authors and instructors may have specific ideas of how a feature should be used, students find ways to exert their agency and decide how to use them. In the case of questioning devices, these features were designed to be completed before a lesson; therefore, they may not be the best fit for students when it comes to studying and self-assessment. Although we encourage students to use their textbooks for their needs, we believe that by learning about the intended purposes and embedded opportunities of textbooks' features students can make better use of their textbooks tailored for specific situations. For example, the WeBWorK exercises embedded within the AC textbook provide immediate feedback to students while questioning devices do not; thus, we expect that these features are better suited for self-assessment than questioning devices.

This study was done to complement our prior work on teacher utilization schemes of questioning devices identified in [START_REF] Mesa | University instructors' use of questioning devices in mathematics textbooks: an instrumental approach[END_REF], namely (1) Instructors complete the questioning devices for lesson pre-planning, (2) Instructors require students to do the questioning devices for the purpose of lesson planning, (3) Instructors use the questioning devices for the purpose of instruction, and (4) Instructors require students to complete the questioning devices for the purpose of assessment. We anticipate that the four teacher utilization schemes are related to the student utilization schemes of the questioning devices we found here. As a next phase in our work, we will determine the connection between these utilization schemes and investigate differences by textbook.
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 1 Figure 1: Students' utilization schemes of questioning devices

Table 1 : Log questions used in this study and number of responses by textbook
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	Question	FCLA AATA AC	Total
	Log 1 Q9: Your textbooks include Reading Questions/Preview Activities in some sections. How have you used these?	130	41	145	316
	Log 2 Q5: What are your priorities (objectives, goals) while using Preview Activities/Reading Questions? Explain how you use them.	86	32	125	243

Across all the textbooks less than 10% of the students stated that they never used these features, indicating high use across the sample.

We identify quotes of a student using the convention "XX.YY, term, textbook" where XX refers to the instructor and YY to the student of that instructor.
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