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Subject/Problem 

Introductory biology courses serve as an important gateway for students pursuing a 

variety of STEM careers. Fewer than 40 percent of students who intend to pursue STEM majors 

ultimately complete STEM degrees, and women and Persons Excluded due to their Ethnicity or 

Race (PEERs; Asai, 2020) are disproportionately underrepresented among STEM graduates 

(PCAST, 2012) and more likely to report low feelings of belonging in STEM courses (Gonzales 

et al., 2002; Stewart, 2013). This low sense of belonging may ultimately contribute to 

underserved students’ attrition in the field (Perez et al., 2014). Therefore, interventions that 

support students’ sense of belonging are critical to improve outcomes for undergraduate students 

in biology, particularly for supporting the success of students most at risk for leaving the major.  

The importance of belonging in education has become increasingly apparent during the 

COVID-19 pandemic, as students and educators transitioned to fully virtual learning settings. 

Increased use of online learning combined with a lack of in-person connections has led to an 

increased sense of isolation among students (Son et al., 2020), amplifying the experiences of 

many students—particularly PEERs—before the pandemic (Dortch & Patel, 2017). In contrast, a 

sense of belonging in an academic context contributes to student success and motivation 

(Freeman et al., 2007; Strayhorn, 2012). When students feel like they belong in the classroom, 

they experience greater academic achievement, feelings of cognitive competence, academic 

motivation, and commitment to school. Belonging in academic settings is defined not only as a 

sense of inclusion, positive relations, and involvement, but also feeling like one’s skills and 

interests are valued or even integral to the system (St-Amand et al., 2017).  

Diversity and inclusion are increasingly prioritized at universities but enrolling a larger 

number of PEERs and women does not translate into more STEM degrees and careers for 

underrepresented students (White et al., 2006). Addressing students’ feelings of belonging in 

STEM courses could be one pathway to achieve greater diversity in STEM disciplines. A sense 

of belonging is particularly important for students at heightened risk of experiencing stereotype 

or identity threat in academic contexts (Rainey et al., 2018), and interventions aimed at 

improving belonging have resulted in improved achievement and retention for them (Cook et al., 

2012).  

The field of biology education research has explored collaborative processes as a means 

of supporting learning outcomes. In response to several national agencies calling for change in 

undergraduate STEM education (AAAS, 2015), many college biology professors have embraced 

the call to action by incorporating active learning in their courses (Weir et al., 2019). Among 

active learning techniques, collaborative learning has shown learning gains in introductory 

biology courses (Armstrong et al. 2007). Although there is a large body of research on 

collaborative learning, less is known about the impact of collaboration on student affect, 

especially in undergraduate biology courses (Trujillo & Tanner, 2014). One previous study found 

that introducing a variety of active learning strategies, including collaboration, supported 

students’ feelings of belonging (Ballen et al., 2017), but prior research that empirically tested the 
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effects of collaboration, specifically, on students’ sense of belonging in college STEM courses is 

limited. We hypothesize that collaborative learning fosters experiences that are conducive to 

belonging; specifically, working with classmates on academic content can help students make 

connections, find common ground, and feel recognized and valued by their peers. We strive to 

contribute to the literature by studying the impact of collaboration on students’ sense of 

belonging in addition to their learning in large-enrollment introductory biology courses. 

In this research, we aimed to empirically compare the effects of completing targeted 

course activities collaboratively versus individually on students’ sense of belonging in the course 

and academic performance. We asked the following research questions: 

1. Does collaboration affect students’ sense of belonging in an introductory-level biology 

course relative to students who complete the same work individually? 

2. Does collaboration affect student learning in an introductory-level biology course relative to 

students who complete the same work individually? 

Design/Procedure 

During Fall 2020, we conducted an experiment testing the social and cognitive impact of 

collaboration on student learning in online asynchronous introductory biology courses at two 

institutions (Datasets 1 & 2). At the beginning of the semester, the instructors used 

randomization methods to divide the classes such that half the students in the course worked in 

teams and the other half worked individually. We followed a between-subjects crossover design 

and switched students to the other condition partway through the semester so that all students 

could gain the same experiences in the same course; since effects of collaboration in the first half 

of the semester could carry over for students who completed the second half of the course 

individually, we focused our analyses on data collected during the first half of course (i.e., before 

and after completing the first pair of activities as teams or individuals). A total of 581 students 

consented to participate in the study. 

 Students completed four activities working individually or in teams assigned by the 

instructor based on responses to a background survey completed during the first week to gather 

information about demographics, sense of belonging, self-efficacy, mastery achievement goals, 

and prior team experiences. These data served as our pre-semester baseline for the respective 

constructs. Students also completed a content knowledge pre-assessment to establish a baseline 

for learning concepts covered in course activities. They completed two activities either 

individually or in a team and two more after switching conditions. After students completed both 

activities in their assigned condition, we measured changes in each construct through a post-

activity survey. For students assigned to the team condition, we also asked about team 

experiences while engaging in course activities. Our analyses focused on the first group of 

students assigned to teams, which allows for comparison to a group of students that had 

completed all work up to that point as individuals.   

In Spring 2021, we repeated the experiment in the online asynchronous introductory 

biology course at one institution. To better understand the effects of semester-long collaboration, 

we used a quasi-experimental design with all students in one section working in assigned teams 

(n = 100) while all students in a second section worked individually (n = 50) for the entire 

duration of the semester (Dataset 3). 

To understand the impact of team experience, we conducted a median split based on the 

team experience measure to create “negative experience” and “positive experience” groups. We 

compared students who worked individually, those who worked in teams and reported a negative 
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experience, and those who worked in teams and reported a positive experience. We assessed 

post-collaboration measures while controlling for the respective baseline measures. 

Analysis and Findings 

Finding 1: Across all three datasets, students who reported positive team experiences tended to 

show higher levels of belonging than students who worked individually or those who reported 

negative team experiences. Results were marginally significant in Dataset 1, F(2, 114) = 2.62, p 

= .077, and significant in Dataset 3, F(2, 115) = 16.33, p < .001 (Figure 1). The effect was not 

significant in Dataset 2, F(2, 365) = 0.25, p = .78. 

 

Finding 2: Students who reported negative team experiences performed significantly better on 

the test following their collaborative experiences on the first set of activities (Datasets 1 and 2) in 

Dataset 1, F(2, 131) = 4.17, p = .018, and Dataset 2, F(2, 378) = 6.69, p = .001. In Dataset 3, 

students in both team conditions performed significantly better on the last test before the final 

exam than students working individually, F(2,116) = 6.69, p = .002 (Figure 2). 

 
Figures 1 and 2: Team experience and belonging (left) and team experiences and test 

performance (right). * indicates p < .05 and † indicates p < .10. 

 

Consistent with our predictions, a positive team experience generally led to greater 

feelings of belonging. The impact appeared to grow over longer team experiences, as the effect 

only reached significance in Dataset 3. Unexpectedly, a negative team experience had a 

significant, positive effect on exam performance in Datasets 1 and 2, while working in a team 

had a positive effect regardless of experience in Dataset 3. It may be that productive teamwork 

takes time to develop, and that those reporting initially negative experiences were actually 

engaged in more productive conflict and sense-making. In a preliminary effort to understand 

team experiences, we include example student comments: 
 

Positive team experience example: “This semester my experience with teamwork has been fairly 

positive. I find it very helpful to be able to discuss answers to questions in the quizzes as well as 

the activities because it often helps me to correct erroneous areas of thinking on my part but also 

to confirm that I am on the right track in other areas. Especially during a semester where most 

of the material is learned remotely, I enjoy being able to work in teams so as to feel more like I 

am a part of the class.” 

 

Negative team experience example: “So far, I feel that it can be a hit-or-miss experience. 

Sometimes, it is a little bit frustrating when some teammates are not participating at all. 

* * † * * 
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Additionally, sometimes it can slow the process of learning because we must stop and explain 

concepts to those who don't understand them. However, obviously the flip side is that when I don't 

understand topics, I have classmates who can help me. Thus, I understand the benefits of team 

work, but overall I feel that learning alone is more effective for me.” 

 

Our future directions include qualitatively analyzing students’ short-answer responses 

about their team experiences and the activities they completed as teams or individuals to better 

understand differences in student perceptions about team dynamic and how they learned. 

Contribution 

Our research provides promising initial evidence that collaboration can improve students’ 

sense of belonging, which is an important predictor of learning and retention in STEM (Freeman 

et al., 2007; Strayhorn, 2012). Although prior research has emphasized the types of collaboration 

that improve learning, we tested these principles in a new way by systematically examining 

belonging through collaborative learning in large-enrollment introductory biology courses. 

Understanding how collaboration impacts sense of belonging, a factor that disproportionately 

affects women and PEERs in STEM, is a critical step toward supporting a diverse and equitable 

STEM workforce. While roughly half of our participating students identified as women, 

relatively few students identified as PEERs (less than 15% across samples). Given that a sense of 

belonging can be a particularly powerful predictor of learning outcomes among PEERs, our 

future efforts will include recruitment at universities with larger PEER enrollment.  

Many students value collaboration as a means of learning how to work with others and 

developing relationships with classmates (Burdett & Hastie, 2009). Engaging in collaborative 

learning activities can increase students’ comfort with collaborative skills (Yazici, 2004) and 

their positive feelings toward group work (Payne & Monk-Turner, 2006). Collaboration in 

distance learning courses can also increase satisfaction and perceptions of social presence in the 

course (So & Brush, 2007). 

General Interest 

Our research examines collaboration and sense of belonging in introductory biology, 

which is one of the earliest college experiences for many undergraduate students and can thus 

have a large impact on students’ trajectories in STEM disciplines. Our work identifies a 

relatively simple instructional intervention to increase students’ experiences of belonging while 

achieving better course learning outcomes. If collaboration bolsters belonging, it could serve as 

an important instructional tool for supporting achievement and increasing retention of PEERs, 

women, and first-generation college students in the sciences. 
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