A Conceptual Framework for Student Learning Engagement Tracking via xAPI Verbs in Higher Education

Introduction
Background & Context
Student engagement is a crucial factor in higher education that influences academic success, retention rates, and overall student satisfaction. Engaged students are more likely to develop critical thinking skills, foster meaningful relationships with peers and faculty, and achieve better learning outcomes.(Trowler, 2010). (Kahu, 2011) highlighted that student engagement positively correlates with academic performance and persistence in higher education. Moreover, Engagement encourages active learning, where students are not passive recipients of knowledge but are actively involved in problem-solving and critical thinking (Blumenfeld & Paris, 2004).Furthermore, Higher student engagement benefits institutions by improving their teaching effectiveness and institutional reputation. Universities that prioritize engagement through interactive teaching methods and student support services have higher levels of student satisfaction and institutional loyalty (Zepke & Leach, 2010).
Learning analytics and xAPI provide data-driven solutions by enabling the collection, analysis, and interpretation of learner data from various sources to measure student engagement and facilitate informed decision-making in educational contexts. The Experience API (xAPI) addresses the challenge of scalable derivation of user interaction data from multiple technologies, allowing educators to embrace a growing number of social and content-related technologies (Bakharia et al., 2016). It enables data extraction from social media and is imported into a Learning Record Store (LRS), providing a consistent method for storing and analyzing verb/object/activity statements across different online environments  (Kitto et al., 2015). This standardization supports the learning community in collecting both formal and informal distributed learning activities (Kevan & Ryan, 2016). Interestingly, although xAPI offers significant potential, there are subtle considerations when implementing it in Learning Analytics. Early decisions about vocabularies and structural relationships between statements can either facilitate or handicap analytics solutions (Bakharia et al., 2016). . In short, learning analytics and xAPI provide a powerful framework for data-driven decision-making in education. By capturing a wide array of learning experiences and standardizing data collection, educators can make informed choices to improve students’ learning outcomes. However, careful implementation and consideration of data quality are crucial to maximize the benefits of these tools in educational settings.
There is limited research on standardizing xAPI verb taxonomies specifically designed for higher-education learning contexts. (Corbi & Burgos, 2014)highlighted that "despite the flexibility of xAPI, the lack of standardized vocabularies limits cross-platform analysis capabilities in educational settings." Their work demonstrates the need for domain-specific verb standardization. While engagement frameworks exist, research linking specific xAPI verb patterns to established engagement metrics is underdeveloped. According to (Brown et al., 2022), "Current xAPI implementations track actions but rarely connect verb sequences to theoretical models of engagement or learning design." This suggests an opportunity to map xAPI data onto engagement theories. Furthermore, Most current approaches focus on retrospective analysis rather than real-time intervention opportunities through xAPI data streams as(Martinez-Maldonado et al., 2021) noted that "educational analytics often focuses on post-hoc analysis, missing opportunities for timely interventions that could improve student outcomes." Ethical frameworks specific to xAPI verb tracking in higher education are underdeveloped (Prinsloo & Slade, 2017) argue that "as learning analytics becomes more granular, ethical frameworks have not kept pace with technological capabilities, particularly regarding student consent and data ownership." 

Existing Conceptual Frameworks for Student Online Learning and Engagement
A significant body of research has focused on developing conceptual frameworks for understanding and enhancing students’ online learning and engagement in higher education. One notable framework, presented by (Brown et al., 2022), was developed through a rigorous constant comparison method in the existing literature with the aim of identifying recurring themes and indicators of online engagement. This framework posits five key elements of online engagement: social, cognitive, behavioral, collaborative, and emotional. This underscores the importance of students' beliefs, attitudes, and behaviors as foundational to their engagement in the online learning environment.   
Another conceptual framework developed by (Brown et al., 2022) was developed by a 12-month research project and drew on the theoretical perspectives of communication and critical literacies. This framework prioritizes expectation management and engagement principles for both students and academics, with a specific focus on improving engagement for students who are low or non-engaged through the strategic use of course learning analytics (CLA) and nudging strategies. The authors emphasized the need for clear communication and the alignment of expectations between instructors and students to foster a more engaging online learning experience.   
Furthermore, a conceptual framework for multimodal engagement in online higher education has been proposed operating at the implementation level to consider the critical elements inherent in the construct of engagement. This framework encompasses eight categories: Teaching presence, diversity and inclusivity, working relationships, facilitation practices, learner autonomy and empowerment, sense of community, access to technology, and trust and transparency. Each category was accompanied by reflective questions designed to encourage faculty to critically examine their teaching practices and identify areas for improvement.   
The variety of these conceptual frameworks, each with its own unique focus and theoretical underpinnings, suggests that the field is still in the process of understanding the complexities of online learning engagement. Different perspectives emphasize various aspects, such as student characteristics, instructor actions, course design, and a broader learning environment. This diversity indicates that a single, universally applicable framework may be challenging to achieve, and that the most effective approach might depend on the specific context and goals of the educational setting.
The authors of these frameworks themselves acknowledge the need for further research and refinement. Brown et al. (2018) identified several research gaps, including the necessity for the statistical validation of their proposed Online Engagement Framework for Higher Education. They also highlighted the importance of applying the framework in practical settings by the research team and other academics, understanding students’ perspectives on its utility, and exploring its validity across different disciplines and institutions. Furthermore, the authors encourage future research to utilize the framework to investigate various types and levels of online engagement and to challenge the existing understanding of this concept.   
The 2022 study by Brown et al. also points to several opportunities for future research. These include exploring why students in one particular course showed less positive responses to nudging strategies than students in other courses, suggesting a need to understand the nuances of student populations' perceptions of such interventions. The authors also proposed the creation of a readily accessible bank of nudging samples, supported by clear principles and indicators, to guide academics in their effective implementation. Additionally, the study suggests exploring the potential of real-time data analytics and adaptive learning systems to provide personalized support for students at risk of academic underachievement. The importance of considering diverse student perspectives on engagement and success as well as the psychological impact of nudging to avoid increasing anxiety was also highlighted as an area for future investigation.   
Despite variations in these conceptual frameworks, several recurring themes and key components have emerged. Cognitive, behavioral, and emotional engagement are consistently recognized as crucial dimensions that influence students' attitudes and motivations in online learning. Social and collaborative aspects of learning are also frequently emphasized as important elements of online engagement. Moreover, the foundational role of students' beliefs, attitudes, and behaviors in shaping their engagement is a common thread across these frameworks. More recent frameworks have also highlighted the increasing significance of expectation management and proactive strategies, such as the use of course learning analytics and nudging, in fostering student engagement in online environments. The multimodal engagement framework broadens the scope by including factors related to teaching presence and institutional support, acknowledging the broader context that influences student engagement (Bloomberg, 2023). These recurring themes suggest that while specific approaches and theoretical underpinnings may differ, there is a growing consensus on the core elements that constitute engagement in online higher education.   
	Framework Name (if explicitly given)
	Authors (Year)
	Key Components/Categories of Engagement
	Theoretical Perspective(s)

	Online Engagement Framework
	(Brown et al., 2022)
	Social, Cognitive, Behavioral, Collaborative, Emotional
	Social Constructionist

	Expectation Management & Engagement Framework
	(Brown et al., 2022)
	Expectation Management, Engagement Principles (for students & academics)
	Communication Theory, Critical Literacies

	Multimodal Engagement Framework
	(Bloomberg, 2023)
	Teaching Presence, Diversity & Inclusivity, Working Relationships, Facilitation Practices, Learner Autonomy, Sense of Community, Access to Technology, Trust & Transparency
	(Not explicitly stated)



Problem Statement
Much work has been done to track and monitor student performance for many reasons, such as dropout predictions, improving course design, early interventions, and supporting the students in their learning, to meet the goals. There are many techniques and tools to monitor student performance, such as computer vision techniques, eye-tracking, detection, and many more for live physical classes, and there exist methods for online tracking, such as click stream data. Clickstream data contain only numbers that cannot provide meaningful insights; thus, meaningful insights into the context and label of each activity are required. However, there is very little research in this area to have a set of activities that can be used to measure certain performance and provide the best insights to understand student behavior towards the course. Xapi facilities for this issue to have structures of objects, verbs, and actors. This clearly defines the object on which action will be performed, such as a slide, video, or quiz, and the verb refers to the type of action that was performed, such as accessed(document) or viewed(videos). An actor refers to the doer of action, which is usually a student. The challenge is to select verbs from the Xapi dictionary to achieve specific goals or to obtain insights. Few studies support this. Like(Manso Vázquez et al., 2018) which gives recipes for the use of verbs for a certain goal, but their work only focused on the management side, and,(Amrieh et al., 2015; Heinemann et al., 2022) declared the use of xapi verbs but not justified and revealed the verbs that were used to track student behaviors. There is a need for a framework that can provide instructors with direction to use certain verbs for correspondence use cases.  
Research Objectives
· Develop a conceptual framework to track student behavioral engagement
· Map xAPI verbs to engagement indicators
· Integrate theoretical foundations to establish a robust understanding of engagement. 
· Develop and recommend practical strategies for fostering engagement. 
· Validate the framework through a pilot study, ensuring its applicability and effectiveness. 
Research Questions (RQs)
· What key behaviors indicate student engagement in online learning?
· How can xAPI effectively track these behaviors?
· Which theoretical foundations support engagement tracking?
· What practical strategies can be implemented?
Table: Research Objectives and Corresponding Research Questions
	Research Objective
	Corresponding Research Question (RQ)

	Develop a conceptual framework to track student behavioral engagement
	What key behaviors indicate student engagement in online learning?

	Map xAPI verbs to engagement indicators
	How can xAPI effectively track these behaviors?

	Integrate theoretical foundations to establish a robust understanding of engagement
	Which theoretical foundations support engagement tracking?

	Develop and recommend practical strategies for fostering engagement
	What practical strategies can be implemented?

	Validate the framework through a pilot study, ensuring its applicability and effectiveness
	How effective and applicable is the proposed framework in a real-world context?



Literature Review
Methodology
Research Approach
This study adopts a Design Science Research (DSR) approach to develop a prescriptive framework that maps xAPI verbs to measurable engagement behaviors in digital learning environments. The framework aims to bridge the gap in current literature by offering a structured way to interpret learner activity using both technical standards (xAPI) and pedagogical theories.
The process began with a comprehensive literature review focusing on two core domains: (1) student behavioral engagement in online learning, and (2) xAPI (Experience API) as a learning analytics standard. Search queries included terms such as “student engagement behaviors,” “learning analytics,” “xAPI in education,” and “engagement theory.” A total of 10–15 scholarly papers were reviewed to identify existing gaps, leading to the observation that no comprehensive model currently integrates xAPI verbs with educational theory to monitor student engagement systematically.
Consequently, a conceptual framework was developed through a literature-driven mapping methodology, in which relevant xAPI verbs were aligned with use-case-specific student behaviors and pedagogical theories. The process was iterative, involving expert consultation, theoretical validation, and justification based on empirical and conceptual evidence.

Selection of xAPIs Verbs
Step 1: Reviewing xAPI Documentation
The first step involved a detailed exploration of the xAPI verb registry, a publicly maintained repository of standardized action verbs used for tracking digital learning experiences. Supplementary guidance was taken from community blogs, technical documentation, and case studies related to xAPI implementation in education. Verbs such as accessed, viewed, attempted, and completed were shortlisted for their relevance to observable engagement behaviors.
Step 2: Mapping Verbs to Engagement Behaviors
The initial mapping of verbs to student engagement use-cases was guided by design intuition and expert input from academic mentors. Each xAPI verb was examined for its semantic alignment with specific behavioral indicators commonly observed in LMS and MOOC platforms. For example, the verbs logged-in and logged-out were linked to temporal engagement metrics, while attempted and scored were associated with assessment-related activities.
Step 3: Theoretical Validation of Selected Verbs
Once the verbs were provisionally mapped to use-cases, a validation step was introduced through a manual review of relevant behavioral and learning theories. For each use-case, the underlying behavioral construct was identified, and relevant theories were matched to ensure educational validity. For instance, quiz participation verbs (attempted, scored) were grounded in Behaviorism and Social Learning Theory, which emphasize reinforcement and social modeling. This step ensured that the framework is not only technically consistent but also pedagogically grounded.
📊 Table 3: List of Selected xAPI Verbs with Definitions (as per the shared table above)
📈 Figure 3: Data Flow of xAPI Engagement Tracking

Theoretical Mapping Process
To ensure the academic rigor of the framework, a structured theoretical mapping process was employed to align each xAPI verb and engagement behavior with relevant learning theories. This process was designed to add interpretive depth to otherwise raw digital activity data by embedding it within recognized pedagogical models. Eight major theories were identified through an extensive literature review and selected for their foundational status in educational psychology, their relevance to digital learning environments, and their demonstrated applicability in previous engagement analytics research. These theories include Self-Determination Theory (SDT), Social Cognitive Theory (SCT), Cognitive Load Theory (CLT), Behaviorism, Constructivism, Multimedia Learning Theory, Social Learning Theory, and Connectivism.
The mapping procedure focused on ensuring conceptual coherence between the observed engagement behavior, the semantics of the associated xAPI verb, and the mechanisms explained by the selected learning theory. For instance, the behavior of logging in and out—captured through verbs like logged-in and logged-out—was associated with SDT due to its emphasis on learner autonomy and intrinsic motivation. Similarly, content engagement behaviors tracked using verbs like accessed, viewed, and interacted were grounded in Social Cognitive Theory and Engagement Theory, which emphasize self-regulation and interactive learning. The theoretical alignment was further supported by prior empirical studies validating the use of these theories in digital contexts. Thus, each engagement dimension was matched with one or more theories based on their psychological constructs, observable behavior fit, learning environment relevance, and documented pedagogical implications. This mapping lends interpretive robustness to the framework and ensures that tracked behaviors are not only technically valid but pedagogically meaningful.
 Criteria for Mapping Theories to Use-Cases:
	Criterion
	Explanation
	Mapping

	Psychological Construct Match
	Matching theory mechanisms (motivation, cognition) to the engagement behavior
	SDT was linked to login behavior for its focus on autonomy

	Observable Behavior Alignment
	Theories focusing on measurable behavior were matched to quantifiable actions
	Behaviorism aligned with quiz attempts and feedback loops

	Learning Environment Fit
	The theory's relevance to digital or hybrid environments
	Connectivism mapped to external resource use

	Pedagogical Implications
	The theory supports interpretation and instructional design
	CLT applied to navigation behaviors to reduce cognitive overload


📊 Table 4: Mapping of Theoretical Foundations to Engagement Behaviors

Framework Development Process
The final framework was developed by synthesizing three core elements: observed learner behaviors in digital platforms, corresponding xAPI verbs that technically capture these actions, and theoretical models that provide pedagogical context. This process began by identifying distinct behavioral engagement patterns such as activity timing, content interaction, quiz participation, navigation flow, time spent, revisiting behavior, and use of external resources. Each of these behaviors was then matched with appropriate xAPI verbs based on their semantic fidelity and frequency of use in xAPI-compliant systems. For example, verbs like attempted, completed, and scored were mapped to quiz participation, while verbs like accessed, viewed, and interacted were assigned to content engagement.
The critical layer of validation came through the theoretical lens applied to each use-case. Rather than treating xAPI data as raw interaction logs, the framework interprets these behaviors through established theories that explain learning motivation, cognition, and behavior. For instance, quiz participation was grounded in Behaviorism and Social Learning Theory, emphasizing the role of reinforcement and modeling in learner engagement. Navigation and flow behaviors, captured through navigated and accessed, were interpreted using Cognitive Load Theory, which addresses the mental effort involved in content sequencing. External resource utilization was linked to Connectivism, highlighting the networked nature of modern knowledge consumption.
The resulting model is both prescriptive and diagnostic. It enables educational stakeholders to not only observe and quantify engagement but also interpret these actions meaningfully to inform instructional design, learner support, and system-level intervention strategies. By uniting technical tracking with pedagogical theory, the framework offers a scalable, flexible, and theoretically grounded approach to understanding behavioral engagement in online learning environments. It provides a structured pathway from behavior to verb to theory to insight, positioning itself as a valuable tool in the evolving landscape of learning analytics and educational data science.
📈 Figure 4: Proposed Conceptual Framework for Engagement Tracking
 Summary of Model Components
	Component
	Role

	Engagement Behavior
	Observed student activity

	xAPI Verb
	Digitally captured action descriptor

	Learning Theory
	Justification and pedagogical significance

	Outcome
	Interpretable insights for educators and learning system designers
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