
Paper ID #53079

Work-In-Progress: Exploring Student Growth in Engagement, Belonging,
and Engineering Identity in a Large-Enrollment Statics Course

Atulonio Nil Basu, University of Wisconsin - Madison

Atulonio Nil Basu is a Master’s student in Mechanical Engineering at the University of Wisconsin–Madison,
where he conducts research on student engagement, belonging, and engineering identity in undergraduate
engineering courses. In addition to engineering education research, Nil has strong interest in thermal-fluid
sciences, with a focus on heat transfer, combustion, and energy system applications. He is interested
in bridging technical engineering practice with educational research to improve student experiences in
engineering classrooms.

Dr. Jennifer Detlor, University of Wisconsin - Madison

Jennifer Detlor is an Assistant Teaching Professor at the University of Wisconsin – Madison. She earned a
B.S in Mathematics, Chemistry, and English, a M.S. in Engineering Mechanics and a Ph.D. in Mechanical
Engineering from the University of Wisconsin – Madison. She teaches core, large-enrollment courses
at the first- through fourth-year level in the Department of Mechanical Engineering, such as statics,
mechanics of materials, fluids, and heat transfer. Her research includes engineering education focused
on interactive tools for the classroom and recruitment and retention of underserved students.

©American Society for Engineering Education, 2026



Work-in-Progress: Exploring Student Growth in Engagement,  

Belonging, and Engineering Identity in a  
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Abstract 

 

This methods/theory work-in-progress mixed-methods study examines students’ 

engagement, sense of belonging, and developing engineering identity within a transformed 

foundational course (Statics) over a semester. While these constructs have been studied in early 

engineering courses, less is known about how they evolve in large-enrollment, interactive 

settings, such as courses where students attend lectures of up to 275 peers and discussion 

sections of up to 140 students, collaborating in small groups on whiteboards and using 

engineering software. The study examines how features of the redesign relate to students’ 

engagement, belonging, and engineering identity over time and how these experiences are 

associated with academic outcomes such as performance and persistence. A mixed-methods 

approach integrates pre-, mid-, and post-course surveys, a structured reflection activity, and 

course performance data to examine both patterns across students and contextualized accounts of 

experience. As a work-in-progress, this paper presents the study’s conceptual framing and 

research design.  

 

Introduction 

 

Foundational engineering courses such as Statics serve as pivotal experiences that shape 

students’ early engagement with engineering practices, collaboration, and professional identity 

[1] - [3]. Students’ initial experiences with problem-solving, instructional support, and 

engineering modeling software can influence their sense of belonging, confidence, and 

persistence in engineering pathways [4] - [7]. However, large-enrollment engineering courses 

often struggle to support these dimensions due to limited opportunities for interaction and 

individualized support [3], [8], [9]. To support student learning at scale, the redesigned Statics 

course integrates collaborative problem-solving, engineering modeling software, and structured 

reflection activities. The course currently serves up to 770 students with multiple lecture sections 

of up to 275 students and discussion sections of up to 140 students. In discussion, students work 

in groups of three on whiteboards before building an engineering model in a software program. 

This work employs a mixed‑methods approach to examine how students experience the 

redesigned course with respect to engagement, belonging, and engineering identity. Findings will 

be interpreted through a multidimensional theoretical lens drawing on self-determination, 

belongingness, and identity frameworks [5], [10] - [12].  

 

Research Questions 

 

The study will address the following research questions:  

1. How do specific aspects of the redesigned course relate to students’ engagement, sense of 

belonging, and engineering identity in a large‑enrollment, early engineering course? 

2. How do students’ engagement, sense of belonging, and engineering identity evolve over 

the course of the semester within this large‑enrollment, collaborative learning environment? 



3. How are these constructs related to academic outcomes such as performance and 

persistence? 

 

Theoretical Background 

 

Examining growth in engagement, belonging, 

and engineering identity within a large‑enrollment, 

early engineering course calls for multiple, 

intersecting frameworks. Accordingly, this study 

integrates Deci and Ryan’s Self‑Determination 

Theory, belongingness theory adapted from 

Strayhorn, and sociocultural identity theory 

articulated into concrete dimensions by Carlone and 

Johnson to support a holistic interpretation [5], [10] - 

[12].  

 

Engagement is understood as a 

multidimensional construct encompassing behavioral, cognitive, and emotional participation in 

learning, supported by instructional practices that promote active involvement and metacognitive 

reflection [10], [11], [13], [14]. Self-Determination Theory emphasizes that engagement is 

shaped by the extent to which learning environments support students’ basic psychological needs 

for autonomy, competence, and relatedness [10], [11]. From this perspective, instructional 

structures that provide meaningful choice, opportunities for mastery, and social connection are 

more likely to foster sustained engagement. Drawing on Self‑Determination Theory, the study 

uses survey responses and a structured reflection activity to examine how course structures and 

collaborative practices relate to students’ engagement across the semester. 

 

Sense of belonging reflects students’ perceived inclusion, connection, and fit within an 

academic learning environment and has been strongly linked to persistence and motivation in 

STEM contexts [4] - [6], [15], [16]. Belongingness theory emphasizes the role of social 

relationships, perceptions of institutional support, and broader campus context in shaping 

students’ sense of inclusion within academic settings [5]. The theory complements self-

determination theory as it posits that students’ perceptions of belonging are closely tied to their 

engagement, motivation, and persistence. Informed by belongingness theory, the study examines 

how students’ survey responses and reflections illuminate the role of social interaction and 

perceived institutional support in shaping students’ sense of belonging. 

 

Engineering identity refers to how students perceive themselves in relation to the 

engineering profession, including feelings of competence, recognition, and interest [7], [12], 

[17]. Drawing on sociocultural identity theory, Carlone and Johnson propose an analytic 

framework in which identity develops through opportunities to demonstrate competence, engage 

in disciplinary practices, and be recognized by others [12]. From this perspective, identity is 

constructed through participation rather than possessed as a fixed trait. Guided by this 

framework, the present study examines how collaborative problem solving and engineering 

modeling assignments provide contexts in which students can enact engineering practices and 

begin to see themselves as engineers. 
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Figure 1. Multidimensional approach 

involving three frameworks. 



 

Rather than treating these constructs as independent outcomes, this work conceptualizes 

identity, belonging, and engagement as mutually reinforcing processes shaped through social 

interaction and participation in authentic engineering practices. Together, this approach will 

allow the research to explore the intersections of these frameworks, providing deeper insights 

into how pedagogical structures relate to students’ developing sense of themselves as engineers. 

 

Research Design  

 

 The study proceeds through a coordinated, semester‑long sequence of surveys, a 

structured reflection activity, and course performance outcomes, enabling examination of student 

experiences across time. Figure 2 summarizes the coordinated survey and reflection instruments 

used in the study and the types of questions or activities included at each data collection point. 

 

Administered at the beginning of the semester, The Blueprint of You survey is designed 

as a baseline instrument that captures students’ backgrounds, interests, learning strategies, and 

orientations toward engineering. Survey items draw on established measures of sense of 

belonging and perceived group membership [4], [15], [18], engineering identity [7], [12], [17], 

and learning‑related constructs such as perceived knowledge transferability and problem‑solving 

confidence [13], with adaptations to maintain relevance to the Statics course context. This 

approach supports interpretability and construct validity while remaining closely connected to 

students’ lived experiences. 

 

At mid-semester, students complete a brief Growth Snapshot survey centered on 

self‑reported engagement and learning practices and an in‑discussion Engineering Growth Map 

activity to capture experiences to date. The Engineering Growth Map is a structured, 

in‑discussion reflection activity in which students record moments of challenge and support on 

sticky notes and place them along a shared timeline to represent their learning trajectory and how 

collaboration and course components shape their engagement, belonging, and engineering 

identity. Together, these instruments provide broader quantitative data on students’ engagement 

Figure 2. Overview of coordinated survey and reflection instruments 



and learning practices through the survey, while also offering complementary qualitative insight 

into students’ interpretations of challenge, support, and collaboration through the Engineering 

Growth Map activity.  

 

The Engineering Milestone survey, administered at the end of the course, is designed as a 

complementary end‑of‑semester instrument that mirrors the structure and constructs of the 

Blueprint of You survey, supporting pre–post comparison of engagement, belonging, and 

engineering identity across the semester. When examined alongside course performance data, 

these measures will enable exploratory analysis of how students’ self-reported experiences align 

with course performance outcomes. To account for known limitations of pre–post designs (e.g., 

response shift and sensitization), the study incorporates multiple data sources to support 

triangulation. Initial implementation of the data collection instruments during the spring and fall 

2025 course offerings demonstrated practical implementation of the coordinated surveys and 

structured reflection activity and informed instrument refinement and planned expansion to 

larger cohorts of students.   

 

Expected Significance 

 

This work is expected to have broader impact by providing research‑informed approaches 

and tools for understanding students’ engagement, sense of belonging, and engineering identity 

within large‑enrollment foundational engineering courses. Over time, insights from this research 

will support more informed interpretation of students’ social and motivational experiences in 

courses where scale often limits visibility into how students experience participation and 

learning. By examining these constructs together in the context of a collaboratively structured 

Statics course, the study offers a lens for considering how engagement, belonging, and identity 

develop through interaction with peers, instructional structures, and engineering practices. The 

coordinated instruments introduced in this work offer a practical, scalable infrastructure that can 

be adapted across courses and institutions to support continued research. 

 

Conclusions & Future Work 

 

This work‑in‑progress presents a mixed‑methods design for examining student 

engagement, sense of belonging, and engineering identity within a redesigned, large‑enrollment 

Statics course. By integrating a coordinated sequence of surveys, a reflection activity, and course 

performance data, this study establishes a methodological foundation for capturing both patterns 

across students and contextualized insight into student experiences. Expansion to larger cohorts 

of students will support larger‑scale quantitative analyses, examination of internal consistency, 

and further refinement of the data collection instruments. This ongoing work aims to strengthen 

understanding of how to support student engagement, belonging, and engineering identity 

growth in large-enrollment, early engineering courses. 
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