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We seek to map real-time viewing data of dynamic textbooks with student utilization schemes of questioning devices, an interactive feature that collects student responses to questions that promote reflection. An instrumental approach (Rabardel, 2021) suggests that knowledge of students' utilization schemes can provide useful information to textbook designers and authors (Quiroz et al., 2021). This information supports instructors' reflection on how students utilize textbook features designed to engage them with the content, so that they can adapt instruction. However, identifying utilization schemes requires intensive qualitative analysis of data collected via observations, interviews, or students' self-reports. As these analyses are time consuming, finding alternative ways of reliably identifying utilization schemes in a short period of time when many students are using a particular feature is beneficial. We present exploratory work that uses real-time viewing data of features in dynamic textbooks to identify viewing patterns that could be reliably mapped to student utilization schemes, possibly automatically. The textbooks we study are written in PreTeXt (https://pretextbook.org/) a markup language that precisely identifies every element in a textbook; when opened in a browser, it is possible to collect student responses to questioning devices and information about when individual users view specific textbook elements and for how long. These textbooks allowed us to gather large amounts of data from many students (over 400) who used the same textbooks across many states. The textbooks are used in calculus, linear algebra, or abstract algebra courses.

We provide here only a brief description of how we used knowledge graphs [START_REF] Hamilton | Representation learning on graphs: Methods and applications[END_REF] with tracking data (date and time of viewing, the sections that were viewed, and the total time in minutes spent viewing the section) to map viewing patterns of questioning devices to their utilization schemes using about 4,000 viewings of questioning devices collected over five semesters from 492 consenting students from 27 teachers in the U.S. Knowledge graphs are graphical representations of information that capture interactions between individuals and entities. The viewing data are represented in a network of nodes and edges to establish the occurrence of consistent and repetitive viewing behavior across the same student or several unique students. Each node contains the name of the section viewed and the amount of time spent in minutes viewing that section. Directed edges denote a jump to the next section, undirected edges denote possible concurrent viewing sections within a minute of viewing during the viewing period. Each knowledge graph is unique to each day of viewing for a particular student. An algorithm created to automate this process generates combinations of nodes and edges to create unique knowledge graphs facilitating the identification of common patterns that occur while viewing the textbook. The evidence needed to support our study is hypothesized to be of three types (1) Knowledge graphs for different students following the same utilization scheme should be consistent; (2) Knowledge graphs for the same student following the same utilization scheme should be consistent; and (3) Each utilization scheme should lead to a network of knowledge graphs representative of a community of unique students with similar viewing patterns. We used the three utilization schemes identified by [START_REF] Quiroz | Student utilization schemes of questioning devices in undergraduate mathematics dynamic textbooks[END_REF]: Familiarizing with Content Before Class (US1), Studying by Practicing and Doing Homework (US2), and Self-Evaluating and Understanding of Content (US3). With this technique we were able to identify three types of knowledge graphs with unique features that map them to each utilization scheme. We show a case, the first network of knowledge graphs represented in Figure 1, which always follows a linear viewing trajectory. The student views the sections in the textbook in the order they appear. This type of knowledge graph was mapped to the first utilization scheme, familiarizing with content. The other two networks of knowledge graphs were mapped to the other two utilization schemes (not shown for space reasons). The accuracy of the algorithm is high, 91%,86%, and 89% for US1, US2 and US3 respectively. We will study the nature of the networks for the 18% of unmapped viewings, to see what they reveal about use of questioning devices. This problem mostly occurs when students view the textbook multiple times on the same day, deploying different utilization schemes each time, and thus the algorithm has difficulty making the classification.
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 1 Figure 1: Representative knowledge graphs for viewing data mapped to US1: Calculus student 50 (Teacher 35); 29% of students, 91% accuracy
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