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Abstract
Structured collaborative peer teams are widely recognized as a high-impact pedagogy that supports learning outcomes for diverse learners but it can be difficult to implement this pedagogy in an online environment. This communication describes a structure to use collaborative teams to develop and sustain a community of inquiry in an asynchronous online environment. Courses were designed to support the individual learner by developing strong peer-to-peer learning in teams. We describe how asynchronous teams were structured and what specific activities (cognitive and instructor-based) helped teams work effectively through the term. This practice was applied in two different environments—a first-year course at a two-year community college and a first-year lab sequence at a four-year university. At both institutions, student reflections described how teams supported learning and allowed development of process skills. Our results suggest that structured teams can support student learning in asynchronous classes at a wide range of institutions. 
Graphical Abstract
	
Keywords
First-Year Undergraduate/ General, Second-Year Undergraduate, Upper-Division Undergraduate, High School/ Introductory Chemistry, Continuing Education, Laboratory Instruction, Distance Learning / Self- Instruction, Inquiry-Based Learning, Collaborative /Cooperative Learning, Student-Centered Learning

COVID-19 forced campus closures in Spring 2020, interrupting face-to-face (F2F) instruction and causing instructors to pivot entire courses into an online or remote modality. Given differences in access and opportunity, we chose to use an asynchronous model in which students interacted with course components individually without requiring real-time contact with the instructor or peers. Asynchronous models provide greater flexibility for student learning but often result in learners feeling isolated and disconnected as they navigate course content.1 Additionally, the lack of real-time contact makes it difficult to use collaborative inquiry and team learning, two key components of peer instruction.2–4 To address the tension between collaboration and opportunity, we describe how we used highly structured teams to create cognitive and social presences in asynchronous environments.
Extensive research into student learning suggests that social interactions are important for learning; learning is most effective when students are provided an opportunity to construct new knowledge through social discourse and active negotiation.2,5,6 Vygotsky’s sociocultural theory posits that social interactions increase a student’s ability to learn through the zone of proximal development, the difference between what learners can do on their own and what they can do with assistance from capable others.7 While ‘capable others’ implies an instructor with content expertise, measurable learning outcomes have been observed when students socialize with peers of equal knowledge.8,9 
Social interactions are also important to develop a community of inquiry (COI); using social, cognitive, and teaching presences to create a safe learning environment.10 Cognitive presence, the extent to which participants are able to construct meaning through sustained communication, can be obtained through inquiry: triggering event, exploration, integration, and resolution. Teaching presence, facilitated through teacher-student or student-student interactions, provides the structure and process for meaningful learning. Social presence supports the cognitive and affective objectives of learning, creating a sense of belonging that facilitates critical discourse and reflection.11 
In several communities of practice (PLTL, POGIL, and complex instruction), social presence is developed through structured teams to build consensus and reflect on learning.2,12 Well-structured teams produce learning gains2,9 while specifically addressing equity gaps for systemically nondominant students8 at a variety of institutions.4 Teams are most effective when students contribute equally to knowledge development, fostered through the use of specific roles (e.g. Manager, Recorder, and Reflector) and group-worthy tasks.13 Structured teams promote a sense of belonging,3,8 increase persistence (lower attrition),14,15 facilitate collaboration,11,13,16 and process skill development.12,17,18
In the asynchronous environment, while cognitive presence can be developed through course components (quizzes, worksheets, and videos, etc.), social and teaching presence requires the effective use of interactive elements to create a virtual classroom space that engages learners without real-time interactions.19,20 Effective teaching and social presence are strong determinants of self-efficacy in online environment.12 Instructors must provide a structure which supports independent work, promotes reflection, and provides mechanisms for meaningful feedback from peers and instructor without real-time interactions.20 Care must be taken to provide meaningful experiences that contribute to learning without overburdening students or requiring extensive use of new technologies. Opportunities for consensus building must be intentionally structured within a safe, dependable space.11 
This communication describes how structured teams were used to develop communities of inquiry in asynchronous courses at two different colleges; a lab course at a public regional four-year institution, and a lecture/lab course at a public two-year college. Both authors used structured teams in F2F which they wanted to replicate online. The online courses (1) supported an asynchronous modality to address access and equity, (2) had just-in-time teaching (JITT) feedback from both peers and the instructor layered throughout the course,21 (3) had access to multiple streams of content tools embedded in the course structure that addressed learners’ needs and preferences and (4) used team roles to support peer-to-peer learning in groups. Courses varied only in the tools and timing of activities to develop cognitive presence.
Course Descriptions
Descriptions of each course are provided in the following paragraphs. Table 1 provides a comparison of each course in terms of COI. 
GOB1- Pre-health Professions Chemistry (2YC)
GOB1- Pre-health Professions Chemistry is a five-credit lab science course spanning general chemistry topics for Nursing and Dental Hygiene majors, and satisfied the natural science transfer requirements to four-year programs. The course historically has high attrition due to the number of first-time college students. Three sections of 20 students are offered each term, taught by one instructor. Pre-COVID, students could choose hybrid (F2F) or online but students registering for the course in Spring 2020 were restricted to online only. Cognitive presence was developed individually through POGIL ChemActivities, used successfully by this instructor in traditional lecture and hybrid modalities.22  Students also used a textbook, online homework, and at-home lab activities (eScience Labs) for content acquisition; quizlets for formative assessment; and midterms/ final exams for summative assessment (see Table 1).23 
LAB3 – General Chemistry Laboratory (4Y)
LAB3 - General Chemistry Laboratory III (4Y) is the final 10-week F2F laboratory in the 3-quarter general chemistry sequence for students majoring in chemistry and STEM professions at a four-year regional public university. The lab course was adapted from a F2F to online due to COVID using the process developed by the GOB instructor.23 Students enroll in the lab course concurrent with or after completing the lecture course. In Spring 2020, the course enrolled 60 students in three lab sections taught by two instructors in one online course. Student groups were assigned by sections, but all students accessed the same course materials and could see data generated by groups across all three sections, including class report-outs (discussed in Course Design). Cognitive presence was developed individually through interactive video labs24 and instructor recorded videos.


	Table 1. Course Design in context of community of Inquiry

	Presence
	GOB1
	LAB 3

	Cognitive
	· POGIL ChemActivities 
· Textbook
· Online homework (Sapling Learning)
· At-home lab activities (eScience)
· Chapter-based objective quizzes
· PHET activities
· YouTube videos (student curated)
· Quizlets (formative)
· Three mid-terms and a final
	· Safety information sheets
· Chem Collective labs
· Pivot Interactives video tools
· Shared Class report sheets
· Post-lab quizzes and lab reports

	Teacher
	· Weekly Overview page for each module with instructor made introduction to content
· Frequent monitoring of all discussion areas to provide presence, feedback, and JITT support
· Weekly announcements addressing muddiest points from student surveys
	· Weekly overview page for each module
· Instructor content review video
· Daily responses on discussion boards
· Weekly announcements.
· JITT videos about muddiest points (no synchronous videos
· Zoom office hours (synchronous)

	Social
	· Discussion (Group and class) discussion areas on Canvas
· META assignments
	· Group Discussion boards on Canvas, 
· Shared reporting to a class spreadsheet or class discussion board



Group DESIGN as part of Course Design
Designing and Managing Groups
Critical in the online design for both courses was the need to foster a community space that paralleled F2F. Students were assigned to groups of 3-4 at the start of the term, with attention to group attributes that supported conducive dynamics for learning.13,14,25 Changes to groups were made as needed in the first 1-2 weeks (the add/drop period) to ensure all groups maintained sufficient numbers. Students remained in their groups for the entirety of the term. 
To provide group self-direction, each student was assigned a role of Manager, Recorder, Reflector, or Encourager. These roles, described in Figure 1, were assigned by the instructor the first week and rotated with each module. The Manager started the conversation and tracked group progress; the Recorder served as backup to the Manager, recording consensus responses from team members and often referencing textbook information for the team; the Reflector and Encourager supported group progress and group process, respectively. Students were held accountable to roles through specific prompts (e.g. discussion board prompts like “Reflector – Respond to this prompt in the discussion board” or “Recorder- post team response to this board”) and questions about their role on weekly quizzes or reflections.

Figure 1: Image showing roles and tasks associated with each role. Roles are modeled on POGIL Team Roles2 and rotated each module. A more detailed description of each role is provided in Supporting Information. 

Both instructors used the Canvas learning management system (LMS) to set up and organize the course. Canvas provides (1) the capability to organize content within weekly modules, giving a consistent overview of the expectations for each module; (2) built in support for teams through discussion boards and workspaces unique to each group (each group was assigned one discussion board per module and modules remained active for 7-10 days); and (3) seamless integration with collaborative online tools like Google Docs which were used extensively in class-wide report outs in LAB3. 
In both courses, group discussions were the primary mode for instructors to monitor student progress and provide formative feedback. Students were required to post and reply several times on all assigned content activities over several days during the active module. It was emphasized to students that posts needed to document and support the learning process for all members of the team: collaboration involved more than just posting correct answers. A rubric with point assignments was provided, covering quality and frequency of posts, as well as formatting and supporting group roles. (A sample rubric is provided in Supporting Information.) We note that teams needed daily monitoring and support early in the term but once established, teams were self-sufficient and required less management by the instructor.
Course and module structure to support teams
With a team structure in place, course design needed to support a COI. Salmon’s five-stage model for online learning, described in Table 2, is a useful framework to describe the structure of activities.10  Activities early in the quarter focused on access and motivation, socialization, and information exchange. After two weeks, students moved through stages 1-3 quickly and activities focused on knowledge construction, and development/reflection.

	Table 2: Course Processes in Context of Salmon’s Five-Stage for Model to Develop Communities of Inquiry in Online Learning

	Salmon Stage
	Course Processes to Support Stage

	(1) Access and Motivation: Ensuring students have access to the system and providing an overview of the process and reassurance to students of the availability of necessary support structures
	· Introduction to Online Learning
· Team Roles Document
· Practice Discussion Board
· Overview of page materials

	(2) Socialization: Encouraging the student to engage in online interactions and allowing time to become familiar with the use of the technology within a communication process.
	· Introductions and Team Commonalities 
· Team Norms (GOB1)
· Team name and mascot (LAB3)

	(3) Information Exchange: Learner beginning to engage with information relating to learning outcomes.
	· Identify information (ChemActivity or Lab)
· Share and report with team
· Distributed task among team roles

	(4) Knowledge Construction: Learner becoming more focused on the content matter, and taking more responsibility for their own learning, including openly collaborating with others.
	· Use team and class discussion to share and compare ideas.
· Class report sheet to compare data (LAB3)
· Identify muddiest points (Survey in GOB1, Discussion prompt in LAB3)

	(5) Development/Reflection: Reflecting on the learning process including identification of process skills developed as well as content knowledge.
	· Post-lab quiz and reports (LAB3)
· META (GOB1)
· End of term reflection



To support learning, both instructors used a similar module structure. Each module started with an overview page containing resources for the content goals of the module, and entry into structured team discussions.  Activities in the first two weeks demonstrated that working within the group structure, and relying on the course materials, were fundamental to student learning, and for receiving points in the course. In the first week of the term, students were asked to navigate an orientation module which described course structure and expectations for posting as individuals and groups. Instructions emphasized that participation points in discussion were awarded based on demonstration for the process of learning, not on correctness.26,27 The first discussion board focused on socialization through introductions and development of group norms.16 Additional activities like jigsaw approaches to solving problems were practiced in week 2 to support interdependence.28
In GOB1, team discussions focused solely on the POGIL ChemActivities (CA) assigned to each module. Students did not submit completed CA. Instead, students posted only when they sought clarification on a specific question. Content level discussions in teams were further supported by a warm-up video similar to ones described by Poon,29 affording an alternative conceptual entry point. Additional student-curated supports of quizlets and online videos were available to complement learning (Table 1).  A second discussion area was set up in each module for all students to individually provide and receive feedback on all other parts of the course. All module attributes were open for ten days (M-W the following week). A short reflection survey was given every Monday asking students to describe two main concepts, two muddiest points, and group process. Muddiest points were digested as a weekly Q&A announcement before the module closed. Reflections (META) were posted at critical points during the term for student reflection on habits of learning.25
LAB 3 used a similar structure with JITT through instructor videos and team consensus building through class report-outs. Figure 2 shows a schematic of the learning progress in the LAB3 course. A weekly overview page listed all assignments and contained a short instructor video describing the main concepts of the week’s activities.24 Students individually generated observations and statistics from video labs24 or from old data sets. In each discussion board, students described (1) observations made in the activity (2) muddiest points and (3) questions to explore further. Students were asked to compare results as a team and had the opportunity to rework the lab activity until coming to a consensus.27,30 The recorder posted the team consensus values to a class report, either on a discussion board or in a collaborative spreadsheet visible to the class. Class spreadsheets provided quick identification of errors before  completing summative post-lab assessments. After 75% of groups had posted a class report, the instructor recorded a short JITT video correcting any misconceptions and clarifying muddiest points. This video was posted directly into the post-lab assignment, ensuring that students saw the video before completing the post-lab assessment. Lab and team discussions were completed over 3.5 days (M-Th), while the post-lab quiz/report was open for four days (Th-M). Lab activities and team discussions were graded on completion, while post-lab reports were graded as summative assessments with emphasis placed on correctness. 
Complete learning task
Report results to team discussion board
Determine consensus
Report results to class spreadsheet or discussion
Complete individual assessment
Individual work
Team
work
Movement through learning module
Instructor feedback
Instructor feedback

Figure 2: Image showing general work progression between individual learners and teams. Instructor feedback was targeted at teams in two specific places. More detail about specific prompts provided in Supporting Information.  

REflecting on how Course Structure Supported Learning
Student responses from reflective assignments suggests that course structure and group activities contributed directly to learning. Comments from evaluations describe how structure provided a safe space for learning, motivation and accountability, and ability to process consensus. Example student reflections are provided in Table 3 and described for each course in the following paragraphs.


	Table 3: Student Reflections and Comments on Learning 

	Category
	GOB1 META student reflections on Growth Mindset Related to Course Attributes.
	LAB3 Student Reflections on Resources that supported their learning

	Safe space for learning
	“I think group activities have helped me move away from a fixed mindset. Group activities helped us work as a team and has helped me realize that we are ALL learning something new. Not everyone just understands new concepts right away, it takes practice and a desire to learn.”
	“The discussion board ‘required posts’ pushed me to learn more because I was forced to reflect on the material (especially for the "muddiest points" section) and present a thoughtful response that could be helpful for myself or my peers. Furthermore, reading the responses that my teammates struggled with made me feel less alone because it helped me understand that the people working towards the same degree as myself also struggle with some of these topics.”

	Motivation and accountability
	“Though this course was taught online, there was a “classroom” feel to the course. Everyone communicated very well throughout the quarter and were encouraging to one another. I felt comfortable asking questions without judgement.”
	 “My team is really helping me learn a lot because we talk about the lab together, so I get to learn so much more than if I was on my own with these assignments”

	Group consensus develops thinking process
	“The challenges, but especially the sharing of insights and processes through the discussions and posts helped me focus more not on the answers themselves but on the process on how to solve the problems.”
	“I like that the group dynamics were less about the division of work (which is usually the case) and more about comparing results and clearing up any confusing aspects of the labs.”



In GOB1, students used META reflections to describe course attributes that contributed to their success. Reflections stated that teams led to deeper learning and motivation to stay engaged in the course, the pace and structure of the course meaningfully changed academic habits and mindsets, and navigating the course developed grit and placed effort over innate ability. Students described the progression of their learning through articulating questions and reflecting on questions with a close peer group and celebrating their collective successes as a team. Students also reported improved time on task (25%) and increased self-confidence (45%). The instructor observed content learning gains in topics like intermolecular forces, stoichiometry, and acids/bases/pH. These gains, observed through average and median scores on exams, were similar to ones seen in the (f2f) version of the same course
In LAB 3, students developed communities with teams and seemed to understand the lab concepts at the same level or higher than F2F quarters. In university administered course evaluations four weeks into the term, in response to the question “What is helping your learning in this course?” 50% of the comments specifically mentioned teams or group learning. In the final course reflection, when asked to describe if teams helped or hindered their learning, more than 90% of the comments indicated teams helped learning. Of the six negative-leaning comments, three referred to late posts by team members, while three students felt discussion board posts were redundant. Two of these students mentioned team discussions on other apps (Discord or Zoom) and a preference to submit a screenshot rather than separate discussion posts. In terms of content assessment, the only assignments consistent between the F2F and online course were two lab reports. Student scores on lab reports were graded on similar rubrics and were consistent to F2F scores despite having fewer days to write the reports (4 days online versus 6 days F2F).
Key Practices to Encourage Effectice Social Presence
As COVID-19 forces instructors to switch to remote instruction, structured teams can be an effective way to develop social presence and develop communities of inquiry. GOB1 course had been taught online for one year, the LAB3 course adapted this model quickly (within 1 week). Overall, a few practices seemed to be key to developing an effective social presence.
Clear Structure for Posts: In an asynchronous environment, team members need to post regularly using topic posts that are threaded by topic, searchable, and directly address conceptual barriers. Instructors need to provide examples of good posts and assess on this standard. Both instructors used rubrics embedded in the Canvas Discussion assignments so student could readily remember posting guidelines. However, some students found Canvas discussion boards to be clunky and suggested platforms like Discord or Slack (which may not be FERPA compliant).
Teams Process Individual Learning: Posts should focus on processing rather than regurgitating answers. Teams work together as a team to address muddy points and develop group consensus.12,28 While consensus building was loosely enforced, students quickly recognized the importance working together to access robust knowledge construction. A LAB3 student said “My team is really helping me learn a lot because we talk about the lab together, so I get to learn so much more than if I was on my own with these assignments.”
Teams Foster Motivation:  Shea and Bidjerano propose that “learning presence” leads to greater self-regulation and self-efficacy.12,20 Our observations support this: students were motivated to participate in team discussion boards because team members relied on them. As one student in LAB3 said, “Online lab isn't very motivating. I'm only invested because I can't let other people down.” 
Team Roles Increase Equitable Participation:  Without structure, online learners devote time to dividing up tasks, managing time, and setting goals.20 These activities are important for self-regulation but could increase the barrier to participation in online courses. When assigned role-specific tasks, students can spend more time processing cognitive tasks rather than management tasks.11 Literature on cooperative groups support a group structure of 3-5; teams must be large enough to support robust dialogue but small enough to require participation from all.2,13 Both courses found that a four-person structure provided enough discussion to support student learning, although five-person teams have been tested with success in GOB1. Small teams require trust, which can be fostered by developing shared identity through common goals, and norms, and holding teams accountable through team evaluations. Prior research on groups suggests that groups may perform better if women and underrepresented students are grouped together, which could also inform group design as warranted.8,14  
Instructors Support Teams: Students established, supported, and maintained a vibrant learning community, allowing the instructor to directly support learning as it occurred. The instructor intentionally posted to class or team discussion boards in order to encourage team collaboration. At the start of the term. instructors posted daily to encourage students (‘Great post!’), correct misconceptions, or contact non-responders. After about three weeks, student teams became more independent and the instructor provided JITT through class-wide interventions informed from class or team discussions. In LAB3, these interventions came as instructor videos and in GOB1 as class announcements posted directly into class discussion boards or overview pages. Student perception of available support can be more effective than actual physical presence in the course20 so focusing on teams affords more efficient student/instructor interactions
Conclusions
This communication shows that structured collaborative peer teams can be used to develop both a social presence and COI in an asynchronous online environment. This practice was applied in two different environments, a first-year course at a two-year community college and a first-year sequence at a four- year university. Positive responses to both suggest that this pedagogical structure can be applied with success at a wide range of institutions. 
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