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Fusion of Observational Tools for STEM Classroom Engagement 
 

Abstract 

This research paper investigates how classroom observation tools can be effectively combined to 

promote engagement in STEM education. Specifically, it explores the integration of the Classroom 

Observation Protocol for Undergraduate STEM (COPUS) and a culturally responsive Classroom 

Observation Instrument (COI) to evaluate and improve teaching practices. COPUS, developed by 

Smith et al. [21], captures instructional dynamics and student-faculty interactions, while the 

Classroom Observation Instrument COI, created by Dr. Jennifer G. Cromley and the University of 

Illinois Urbana-Champaign (UIUC) Developing Equity-Minded Engineering Practitioners 

(DEEP) research team [6], focuses on observing and assessing culturally responsive -related 

instructional practices. At Morgan State University (MSU), a Historically Black University 

(HBCU), coders formally trained by the UIUC DEEP team used both tools to analyze classroom 

recordings of faculty who had undergone professional development in engaging pedagogy. 

Findings indicate measurable improvements and balanced engagement in the classroom. This 

fusion of COPUS and COI tools offers a replicable framework for enhancing inclusive STEM 

instruction and cultivating more equitable learning environments. 

This work will be presented as a traditional lecture at the conference. 

Keywords: STEM education, COPUS, culturally responsive, engaging pedagogy, classroom 

observations 

 

Introduction 

Creating inclusive and equitable learning environments in STEM education is essential to address 

the longstanding underrepresentation of marginalized groups. [1] Tools like the Classroom 

Observation Protocol for Undergraduate STEM (COPUS) have proven valuable in capturing 

teaching practices and student engagement, providing educators with data-driven insights into their 

classroom dynamics. Simultaneously, growing attention to cultural responsiveness in higher 

education has prompted institutions to develop frameworks for assessing inclusive pedagogy and 

student outcomes. 

 



 

One such initiative is being advanced by the Developing Equity-Minded Engineering Practitioners 

(DEEP) Center, which has developed and implemented culturally responsive (CR)  efforts through 

structured faculty development, including workshops and Communities of Practice (CoPs). These 

efforts aim to foster inclusive teaching practices across institutions by providing faculty with the 

tools and support needed to assess and improve classroom engagement. 

 

The approach involves integrating the Classroom Observation Protocol for Undergraduate STEM 

(COPUS) with CR tools. The inclusion of CR tools ensures that classroom practices are assessed 

not only for engagement and interaction but also for their ability to support a diverse range of 

learners. This combined methodology aims to promote equitable engagement in STEM classrooms 

by aligning structured classroom observation techniques (such as COPUS) with inclusive 

pedagogical strategies, specifically designed to address the diverse needs of students from various 

racial, ethnic, and socio-economic backgrounds. The goal is to assess and improve classroom 

practices in a way that ensures all students have equal opportunities for participation, success, and 

engagement. Inclusive pedagogy is also central to this effort, as research highlights the detrimental 

impact of implicit biases and stereotype threats on student performance and participation in STEM 

disciplines [2]. Studies like Implicit Bias and Stereotype Threat in STEM [2] and Culturally 

Responsive Teaching and Faculty Workshops [3] can effectively raise faculty awareness of these 

challenges and motivate the adoption of inclusive practices to improve classroom climates. These 

efforts are critical for creating learning environments where all students, particularly those from 

underrepresented backgrounds, can thrive. 

 

Despite increased awareness, systemic inequities in STEM education remain a significant barrier. 

Interventions like values affirmation, visual-spatial skill development, and racially inclusive 

STEM policies have shown promise in reducing achievement gaps, particularly related to race and 

gender [4][5]. However, their implementation requires sustained efforts from educators, 

policymakers, and institutions to drive meaningful change [6]. By combining the observational 

rigor of COPUS with the equity lens of COI, this study introduces a comprehensive framework 

that supports the transformation of STEM teaching and learning. This approach aligns with broader 

efforts to diversify the STEM pipeline and ensure that all students, especially those from 

historically excluded groups, have equitable opportunities to engage, participate, and succeed. 



 

Research Questions 

To evaluate the effectiveness of integrating COPUS and COI in fostering equitable classroom 

engagement, this study focused on the teaching practices of faculty trained in inclusive pedagogy. 

The professional development was delivered through Communities of Practice (CoPs) facilitated 

by the DEEP Center and designed to support faculty in embedding CR principles into their 

instruction. Classroom observations were conducted before and after the training to assess changes 

in engagement and inclusivity. 

The following research questions guided this study: 

1. What impact does the fusion of COPUS and COI tools have on addressing inequities in 

classroom participation? 

2. In what ways do faculty professional development in experimental and inclusive 

pedagogies influence the effectiveness of COPUS and COI tools in promoting equity-

centered teaching practices? 

3. How can the proposed framework combining COPUS protocols, CR principles, and 

adaptive technologies be implemented to create a replicable model for equitable 

engagement in STEM education? 

These questions shaped both the qualitative and quantitative data collection approaches used in 

this study. By analyzing classroom practices through the dual lenses of engagement and inclusion, 

the research aims to demonstrate how observation tools, when paired with equity - focused 

professional development, can drive meaningful instructional transformation. 

 

Literature Review 

The integration of the COPUS with COI tools represents a novel approach, building on existing 

research that highlights the need for diverse and inclusive educational environments, particularly 

in STEM fields where underrepresentation remains a significant challenge [5]. By combining 

COPUS, which provides a systematic way to observe and analyze classroom interactions, with CR 

strategies, educators can better understand and address the barriers faced by marginalized students. 

This fusion is crucial for fostering an inclusive learning environment that supports all students' 

success in STEM. 



 

The Classroom Observation Protocol for Undergraduate STEM (COPUS)  

It is a structured framework designed to assess teaching practices and student engagement in 

STEM classrooms. COPUS categorizes classroom activities into different types, such as lecture, 

group work, and individual work, allowing educators to evaluate the extent of active learning 

occurring in their classrooms. Using COPUS, educators can gain insights into their teaching 

effectiveness and identify areas for improvement. The benefits of implementing COPUS in STEM 

classrooms include enhanced student engagement, increased collaboration among students, and a 

greater focus on active learning strategies. By fostering an environment that encourages 

participation, COPUS contributes to more equitable STEM education.  

COPUS provides a structured method to observe classroom dynamics, helping educators identify 

and address inequities in student participation and engagement. According to  Ramos et al. [8], 

this tool can be used to assess the effectiveness of CR strategies in real-time classroom settings. 

By using COPUS, educators can gather data on student interactions and adapt their teaching 

methods to ensure equitable participation, thus supporting the goals of CR frameworks  

CR/COPUS Fusion 

Implementing CR-focused strategies in STEM education requires dismantling systemic barriers 

that limit teacher autonomy and agency, Which helps to empower teachers to make decisions based 

on their knowledge and goals for social justice is crucial for creating equity-centered classrooms 

The integration of CR principles into curriculum design, as demonstrated by the use of evidence-

centered design (ECD), ensures that learning opportunities are accessible and relevant to diverse 

students, promoting engagement and success in STEM [9]. 

State of CR in the STEM Classroom 

An effective curriculum and instructional methodology are designed to accommodate all learners 

without conferring undue advantages to any particular demographic group. The STEM Equity 

Framework, like the STEM Equity Pipeline, is designed to improve diversity and inclusion in 

STEM education by addressing systemic barriers and fostering supportive environments for 

underrepresented groups[10]. These frameworks typically advocate for the integration of inclusive 

practices throughout the curriculum, from instructional design to assessment. [11]. Three 

foundational principles, which are Equity in STEM Education, Student Engagement in Scientific 

and Engineering Practices, and Cultural Responsiveness, link student sensemaking within the 



 

STEM classroom to culturally responsive pedagogical approaches aimed at fostering support for 

all learners [12]. Furthermore, this suggests that curricular and instructional strategies prioritizing 

student engagement in scientific and engineering practices possess “the potential to recalibrate 

science education towards more equitable, interactive, and participatory learning experiences for 

all students.” This potential can be actualized if educators and learners are motivated to “challenge 

prescriptive notions of knowledge and practice in science” and are permitted to incorporate their 

diverse cultural backgrounds into their scientific endeavors. High-caliber instruction that 

incorporates cultural responsiveness can be nurtured through professional development 

opportunities, while well-designed curricular frameworks can underpin such educational practices. 

Learners, for instance, should have the opportunity to see their present and prospective identities 

represented within student-facing curricular resources. In the contemporary educational landscape, 

characterized by technological advancements and increasingly heterogeneous classrooms, it is 

progressively feasible for high-quality curricular resources to integrate multimodal/multisensory 

activities, thereby enabling students to engage with STEM along a spectrum of human abilities 

and experiences. Curricular resources that present multiple modalities for instructional delivery 

enable students to forge connections both within and among concepts, thereby enhancing the 

transferability of learning. By incorporating alternatives such as speech-to-text capabilities, 

collage creation, and interview presentations, educators can empower students to demonstrate their 

knowledge in diverse and accessible ways. 

While these strategies offer a robust framework for enhancing equity in STEM education, 

challenges remain in their implementation. The need for sustained commitment from educators, 

policymakers, and communities is critical to overcoming barriers and ensuring that diverse voices 

are heard and valued in STEM fields. Additionally, ongoing research and adaptation of these 

frameworks are necessary to address the evolving needs of diverse student populations. The fusion 

of COPUS and COI tools offers a promising approach to equitable STEM education, while 

emphasizing the need for systemic changes in educational policies and practices. Addressing these 

challenges requires a collaborative effort among educators, policymakers, and stakeholders to 

create an inclusive and supportive learning environment for all students. 

Theoretical Framework 



 

Inclusive teaching practices play a crucial role in addressing the challenges of recruiting and 

retaining underrepresented groups in STEM fields [13]. Evidence indicates that workshops 

focusing on social identities and barriers, such as implicit bias and stereotype threats, can improve 

faculty attitudes and teaching practices [5]. The STEM Equity Model advocates for funding 

policies that support racially based collaborative STEM initiatives, emphasizing culturally 

responsive training for educators to bridge racial disparities in STEM [4]. 

The integration of the Classroom Observation Protocol for Undergraduate STEM (COPUS) 

framework and culturally responsive (CR) practices is anchored in educational theories that stress 

active engagement, inclusivity, and equity [14]. These foundational theories establish the 

intellectual basis for advancing equitable STEM education. 

Active Learning and Social Constructivism are central to the COPUS framework. Active learning 

focuses on student-centered instruction, enabling learners to actively participate through 

discussions, problem-solving, and collaboration [15]. Social constructivism, introduced by 

Vygotsky, underscores the social nature of learning, where interactions with peers and instructors 

shape knowledge construction [16]. COPUS aligns with these theories by systematically 

documenting classroom interactions, allowing educators to refine teaching practices and ensure 

equitable student participation. 

Critical Race Theory 
Critical Race Theory (CRT) provides a vital lens for understanding and addressing systemic 

inequities in STEM education. It emphasizes the role of structural racism in shaping educational 

experiences, identifying how power dynamics, policies, and institutional practices perpetuate 

disparities [17]. By applying CRT, this study acknowledges the systemic barriers that 

underrepresented groups face in STEM classrooms, such as implicit bias and unequal access to 

resources. CRT's emphasis on counter-narratives is particularly relevant, as it centers on the lived 

experiences of marginalized students, highlighting their challenges and achievements as a 

foundation for transformative teaching practices. 

In this study, CRT informs the development of inclusive STEM environments by guiding the 

integration of COI tools that challenge traditional pedagogical norms. For example, it underscores 

the necessity of addressing biases in faculty interactions and curriculum design, promoting equity 



 

by recognizing the diverse cultural contexts of students. This approach aligns with the D-STEM 

Equity Model by providing actionable strategies for creating classrooms that actively dismantle 

inequities, ensuring that all students, regardless of background, can thrive in STEM disciplines. 

Culturally Responsive Teaching 

Culturally Responsive Teaching (CRT), as articulated by Gay, connects pedagogy to students' 

cultural contexts, affirming their identities and enhancing their engagement in STEM learning 

environments [18]. This approach emphasizes the importance of incorporating students’ cultural 

knowledge, experiences, and learning styles into teaching practices, fostering a sense of belonging 

essential for their success. By bridging the gap between students' cultural contexts and STEM 

curricula, culturally responsive teaching empowers educators to create inclusive and engaging 

learning environments that reflect the diversity of their classrooms. 

In the context of this research, culturally responsive teaching serves as a cornerstone for the CR 

framework, equipping educators with the tools to address the unique challenges faced by 

underrepresented groups. For instance, it encourages the inclusion of culturally relevant examples 

in STEM content, which can enhance student motivation and learning outcomes. This approach 

complements the COPUS framework by providing qualitative insights into classroom dynamics, 

ensuring that strategies for promoting engagement are not only evidence-based but also culturally 

attuned. Together, these tools create a feedback loop that refines teaching practices to promote 

equity and inclusivity in STEM education. 

Synergy of COPUS and COI tools 

Integrating COPUS and COI tools strengthens efforts to create equitable STEM learning 

environments. COPUS provides evidence-based insights into classroom interactions, while COI 

tools assess inclusivity by examining faculty awareness of implicit biases and the incorporation of 

culturally relevant content [18]. Together, these tools foster iterative improvement in teaching 

practices through feedback loops, identifying engagement gaps, implementing CR-informed 

interventions, and reassessing outcomes. 

The fusion of these tools also aligns with equity-centered pedagogy, which seeks to dismantle 

systemic barriers in education [19]. COPUS highlights participation inequities, while COI tools 



 

propose culturally responsive strategies to mitigate these challenges, enabling educators to tailor 

instruction to diverse student needs and promote inclusivity [20]. 

Framework for Equitable and Inclusive STEM Engagement 

COPUS for Engagement Assessment: The COPUS framework enables the systematic 

documentation of classroom interactions, tracking engagement patterns, diagnosing barriers, and 

evaluating active learning strategies [21]. This approach enhances evidence-based decision-

making in STEM classrooms. 

CR Principles for Inclusivity: Incorporating CR principles addresses barriers faced by 

marginalized students. This includes culturally responsive teaching, equity-centered practices, and 

implicit bias mitigation, all aimed at fostering a welcoming classroom atmosphere and enhancing 

STEM identity for underrepresented groups [22]. 

Research Methodology  

Research Design 

This study employed a mixed-methods approach to evaluate the integration of the Classroom 

Observation Protocol for Undergraduate STEM (COPUS) and Diversity, Equity, and Inclusion 

(CR) tools in assessing and improving instructional practices in STEM courses at historically 

Black colleges and universities (HBCUs). The research was conducted across three courses - TRSS 

301, CEGR 324, and CEGR 628 - and aimed to identify and address inequities in classroom 

instruction delivery while promoting equity-centered teaching practices. 



 

 

Figure 1: Our Mixed methods approach 

 

Participants and Setting 

This study was conducted across two Universities, one of which is a Historically Black Colleges 

and Universities (HBCUs) participating in the DEEP (Developing Equity-Minded Engineering 

Practitioners) initiative, a multi-institutional project funded by the National Science Foundation 

(NSF). The DEEP initiative aims to build more inclusive engineering education environments by 

equipping faculty with the tools to implement equity-minded teaching practices. 

The participants included eight STEM faculty members from the participating institutions who 

voluntarily enrolled in a professional development program facilitated by the DEEP team for 

Morgan State University (MSU) faculty. These instructors taught undergraduate and graduate-

level courses in engineering and transportation-related fields. They were selected based on their 

willingness to engage in long-term instructional improvement and their roles in courses where 

inclusive teaching practices could be implemented and observed. 

The faculty participated in a Community of Practice (CoP) hosted during the summer of 2024 by 

the DEEP Center. This CoP was part of a broader professional development initiative aimed at 



 

advancing equity in STEM classrooms through collaborative reflection, training, and 

experimentation. The program was structured over two intensive days and featured: 

 

● Interactive workshops on inclusive and culturally responsive pedagogy; 

● Case-based learning to explore real classroom challenges related to diversity and 

engagement; 

● Group discussions to foster peer learning and share strategies for equitable instruction; and  

● Development of individualized action plans, designed by each participant to guide 

implementation of CR strategies in their own classrooms. 

 

Each faculty member participated in a 45–60-minute individual interview, where they reflected on 

their teaching philosophies, challenges with inclusive instruction, and anticipated changes to their 

pedagogical approach. These interviews informed the interpretation of classroom observations and 

offered deeper insight into how faculty internalized and applied what they learned through the 

CoP. 

 

The courses selected for observation were core or advanced STEM courses: CEGR 628 (Bridge 

Engineering), TRSS 301 (Transportation Management), and CEGR 324 (Software for Structural 

Analysis and Design). These courses were chosen due to their diverse enrollment profiles and 

alignment with the instructional roles of the faculty participants. 

It is important to note that while the classroom observation component of the study received IRB 

approval, the DEEP CoP itself was classified as professional development and did not require IRB 

review, as it did not involve human subject research. 

By focusing on instructors actively engaged in reflective teaching and CR-centered training, the 

study aimed to capture both the challenges and potential of implementing inclusive pedagogy 

within the context of STEM education at HBCUs. 

Procedure 

The study was conducted in two phases - pre-training and post-training - to assess the impact of 

inclusive pedagogy training on faculty teaching practices and classroom engagement. 

Observations were carried out in three STEM courses across two institutions: Bridge Engineering 



 

(CEGR 628), Transportation Management (TRSS 301), and Software for Structural Analysis and 

Design (CEGR 324). 

Each course was observed once during the Spring 2024 and again during the Fall 2024 semester, 

allowing for comparative analysis of instructional strategies before and after the DEEP CoP 

training. These classroom sessions were video recorded and systematically analyzed using two 

complementary tools: 

● COPUS was used to quantify classroom engagement by capturing instructor and student 

behaviors, such as lecturing, questioning, and group interactions. 

● -COI was used to qualitatively evaluate classroom inclusivity by identifying positive and 

negative CR-related practices. These included attention to cultural responsiveness, 

equitable participation strategies, discouraging or stereotype-based language, and inclusive 

instructional design. 

The pre-training phase involved baseline observations of classroom practices, which provided a 

snapshot of typical instructional methods prior to participation in the DEEP CoP. This phase was 

essential for identifying initial patterns in faculty-student interaction and the extent of inclusive 

engagement in STEM courses. 

Following the summer 2024 training, the post-training phase captured changes in faculty teaching 

practices and classroom environments. In this phase, the same observational protocols were 

applied to assess whether instructors had implemented inclusive strategies from their CoP action 

plans and how these changes affected student engagement. 

By comparing data across both phases, the study was able to evaluate the effectiveness of the 

training and the combined use of COPUS and COI as tools for identifying shifts in classroom 

equity and participation. Observers used structured coding sheets and reliability checks to ensure 

consistency and minimize bias during analysis. 

Together, the procedure allowed for a comprehensive examination of how professional 

development in inclusive pedagogy can translate into measurable changes in teaching behavior 

and classroom culture. 

Data Collection 

To assess changes in faculty teaching practices and classroom engagement before and after the 

DEEP Community of Practice (CoP) training, a structured data collection process was 



 

implemented across two academic semesters - Spring 2024 and Fall 2024. The data collection 

focused on three engineering-related STEM courses taught by participating faculty: 

● CEGR 628 - Bridge Engineering 

● TRSS 301 - Transportation Management 

● CEGR 324 - Software for Structural Analysis and Design 

Each course was observed once during the spring semester (pre-training) and once during the fall 

semester (post-training), resulting in a total of six recorded classroom sessions. Observations were 

conducted using a dual-instrument approach that captured both quantitative and qualitative 

dimensions of teaching and learning. 

COPUS Instrument (Quantitative Data) 

The Classroom Observation Protocol for Undergraduate STEM (COPUS) was employed to 

document instructional behaviors and student engagement patterns in real time. Using a minute-

by-minute coding scheme, trained observers recorded activities such as lecturing, posing 

questions, group discussions, student presentations, and interactive problem-solving. This allowed 

for a structured, data-driven snapshot of how class time was allocated and how students were 

engaged. 

COI Instrument (Qualitative Data) 

To capture inclusion-related practices and faculty-student interactions through a CR lens, the 

Diversity, Equity, and Inclusion – Classroom Observation Instrument (COI) - developed by Dr. 

Jennifer Cromley and the UIUC DEEP team - was used. Coders trained by the UIUC team used 

this tool to document both positive practices (e.g., culturally responsive instruction, affirming 

student voices, multiple modes of engagement) and negative practices (e.g., use of discouraging 

language, stereotypes, or rigid instructional approaches). 

Each observed session was video recorded and independently coded by trained MSU observers 

who had completed reliability checks using mock sessions provided during their COI training. 

Observers completed structured coding forms aligned with each instrument and compared pre- and 

post-training sessions to track shifts in pedagogical strategies. 

The combination of COPUS metrics and COI observations allowed for a comprehensive, 

triangulated understanding of classroom dynamics, capturing both what was happening in the 

classroom and how it was experienced by diverse learners. 



 

 

 

 

A summary of the six observed course sessions is provided in the table below: 

Table 1:  Overview of Observed Courses with Corresponding Factors 

 

Data Analysis 

Quantitative data from COPUS were analyzed to identify trends in engagement metrics, such as 

the percentage of class time spent on lecturing, student interactions, and questioning. Qualitative 

data from the COI tools were categorized into positive and negative practices, focusing on 

Semester Course Code Course title Number of 

Sessions 

Spring 2024 CEGR 628 Bridge Engineering  1 

Fall 2024 CEGR 628 Bridge Engineering  1 

Spring 2024 TRSS 301 Transportation Management  1 

Fall 2024 TRSS 301 Transportation Management  1 

Spring 2024 CEGR 324 Software for Structural 

analysis and design 

1 

Fall 2024 CEGR 324 Software for Structural 

analysis and design 

1 



 

elements such as cultural relevance and inclusivity. A comparative analysis of pre-and post-

training data was conducted to evaluate changes in teaching practices and their impact on equitable 

classroom engagement. 

Ethical Considerations 

While the classroom observation protocol was approved by the institutional IRB, the DEEP CoP 

training itself did not require IRB submission or approval, as it was conducted as a professional 

development activity. 

Discussion and Results 

The analysis of classroom practices across three courses—CEGR 324(Software for Structural 

Analysis and Design), TRSS 301(Transportation Systems), and CEGR 628(Bridge Engineering)—

revealed significant changes in teaching practices before and after instructors participated in the 

Community of Practice training during the summer of 2024. 

Research Question 1: What impact does the fusion of COPUS and COI tools have, 

quantitatively and qualitatively, on addressing inequities in classroom participation? 

The integration of the COPUS and COI tools provided a comprehensive evaluation of classroom 

dynamics in TRSS 301 and additional insights from CEGR 324 and CEGR 628, showcasing 

patterns in both positive and negative practices. 

Before Training: The results of the COPUS observation shown in Figure 2 revealed that lecturing 

dominated instructional time, accounting for 56.5% in TRSS 301, with minimal student interaction 

- only 4.3% was spent on listening to and answering questions (AnQ). As shown in Figure 4, CR 

analyses across all three courses recorded frequent negative practices, such as reliance on 

stereotypes (5 occurrences in CEGR 628), discouraging language (“this is a weed-out class,” 2 

occurrences in CEGR 324), and rigid problem sets. Positive practices, including culturally 

responsive teaching or emphasizing help availability, were sparse, with no occurrences recorded 

in CEGR 628, as can be seen in Figure 6. 

After Training: COPUS data showed significant increases in interactive teaching practices, with 

posing questions (PQ) rising to 18.2% and listening to/answering questions (AnQ) increasing to 



 

13.6% in the TRSS 301 class. CR observations highlighted significant reductions in negative 

behaviors, such as discouraging language (0 occurrences in CEGR 324), and increases in culturally 

responsive practices, including linking content to underrepresented communities and providing 

multiple assignment formats, all occurring at different times in these classes. 

 

Figure 2: COPUS Observation of TRSS 301 Instructor’s Class Activity before training 

 

Figure 3: COPUS Observation of TRSS 301 Instructor’s Class Activity After training 



 

The results support the effectiveness of COPUS and COI tools in pinpointing classroom 

participation inequities and show that, after targeted training, there is a noticeable improvement in 

inclusive engagement for students from URM groups. 

Research Question 2: In what ways does faculty professional development in experimental 

and inclusive pedagogies influence the effectiveness of COPUS and CR tools in promoting 

equity-centered teaching practices? 

The Community of Practice training played an important role in improving teaching practices 

across all observed courses. 

Shift in Practices: Post-training, faculty demonstrated increased adaptability and inclusivity. 

COPUS data reflected enhanced engagement strategies, with more time devoted to student 

interaction through questions and discussions, as shown in Figure 3. CR findings indicated 

enriched cultural responsiveness, such as using real-world examples relevant to underrepresented 

groups (Figure 7 showing occurrences in CEGR 324 and CEGR 628). 

Reduction in Barriers: Negative practices, including rigid problem sets and discouraging 

communication, were significantly reduced across all classes. CEGR 324, for example, saw a 

marked decrease in stereotypical references and discouraging language, reflecting a shift toward 

inclusivity 



 

 

Figure 4: CR Negative Comments - Before Training 

 

Figure 5: CR Negative Comments - After Training 



 

 

Figure 6: CR Positive Comment - Before Training 

 

Figure 7: CR Positive Comments - After Training 



 

As can be inferred from Figures 4-7, Faculty training enhanced the implementation of COPUS and 

CR tools, demonstrating their combined potential to promote equity-centered teaching practices 

tailored to diverse classroom dynamics. 

Research Question 3: How can the proposed framework combining COPUS protocols, CR 

principles, and adaptive technologies be implemented to create a replicable model for 

equitable engagement in STEM education? 

The findings from TRSS 301, CEGR 324, and CEGR 628 highlight the potential for a scalable and 

replicable framework combining COPUS and CR tools. By using COPUS to measure engagement 

quantitatively and CR tools to qualitatively assess inclusivity, this dual approach creates a holistic 

view of classroom dynamics. Prior studies, such as those by Cromley et al. [6] and Smith et al. 

[21], emphasize the importance of structured observations and inclusivity-driven pedagogies in 

achieving equitable classroom practices. 

Implementation begins with professional development programs designed to bridge theoretical and 

practical applications of COPUS and CR methodologies. These programs should integrate 

adaptive technologies, such as real-time digital observation platforms, to provide immediate 

feedback and data-driven insights for educators. Such tools enable instructors to make iterative 

adjustments to their teaching strategies, fostering continuous improvement in classroom 

engagement. Research by Valdez et al. [7] further supports the use of digital aids in amplifying 

teaching efficacy within diverse classrooms. 

Scalability requires sustained institutional support, with regular evaluation cycles to refine the 

framework’s components. Establishing a culture of feedback and adaptation ensures the 

framework’s relevance across various educational contexts. Drawing parallels with Smith et al. 

[21], the iterative refinement of teaching strategies through structured observation and professional 

development ensures replicability and sustained impact, especially when addressing systemic 

inequities in STEM education. 

Limitations of the Study 

Notably, we had observer bias, despite the use of structured assessment tools, which could have 

affected data interpretation, emphasizing the need for multiple independent raters in future 



 

research. There was a limited sample size, restricted to two institutions, constraining the 

generalizability of the results, necessitating broader institutional representation. Variability in 

instructor participation and the degree of adoption of inclusive teaching strategies may have 

introduced inconsistencies, highlighting the importance of longitudinal studies to assess sustained 

pedagogical changes. Also, the study’s short duration limits insights into the long-term impact of 

COPUS/CR, underscoring the need for extended research to evaluate the enduring effects of 

inclusive teaching practices on student engagement and success. 

Conclusion 

This study investigated the design, implementation, and results of integrating a COPUS and CR-

based framework for assessing responses in STEM courses at significant HBCU institutions. 

Classroom dynamics in TRSS 301, CEGR 324, and CEGR 628 demonstrated marked 

improvements in instructional practices post-training, with increased interactive and culturally 

responsive teaching methods. Participation in the Community of Practice training played a pivotal 

role in equipping instructors with strategies to promote inclusivity and engagement, as evidenced 

by the reduction in negative practices and the enhancement of equitable teaching approaches. 

By demonstrating the significance of infusing CR into course content to foster respectful, inclusive 

classroom environments, this study contributes to the broader discourse on equity in STEM 

education. The current study adhered to ethical guidelines to ensure the integrity of the study 

findings. Future research could focus on expanding this framework across broader contexts and 

integrating adaptive technologies for real-time feedback to enhance its applicability 
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