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Abstract

:

It seems certain that blended learning will be on the rise in higher education, with in-person meetings increasingly precious time, and online synchronous and asynchronous sessions used to complement them. This paper examines Knowledge Building in two graduate courses conducted during the COVID-19 pandemic. There were no in-person sessions; rather, synchronous Zoom sessions were combined with asynchronous work in a knowledge building environment–Knowledge Forum. Knowledge Forum is designed to make transparent and accessible means by which deep understanding and sustained creative work proceed. Accordingly, for example, rise-above notes and view rearrangement support synthesis and explanatory coherence, epistemic markers support knowledge-advancing discourse, and analytics support self-and group-monitoring of progress as work proceeds. In this report, we focus on these aspects of Knowledge Building, using a subset of analytics to enhance understanding of key concepts and design of principles-based practices to advance education for knowledge creation. Overall, we aimed to have students take collective responsibility for advancing community knowledge, rather than focus exclusively on individual achievement. As we reflect on our experiences and challenges, we attempt to answer the following questions: Do courses that introduce Knowledge Building in higher education need an in-person or synchronous component? In what ways can we leverage in-class time and Knowledge Forum work to engage students in more advanced knowledge creation? We conclude that synchronous and asynchronous Knowledge Building can be combined in powerful new ways to provide students with more design time and deeper engagement with content and peers.
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1. Introduction


Due to the COVID-19 pandemic, in March 2020 higher education institutions in Canada swiftly shifted to emergency remote learning. Typically, online video conferencing replaced face-to-face interactions, with classes meeting at the same time as scheduled originally. As it became known that all courses were to be delivered online in the following Fall and Spring terms, instructors and course designers invested more time analyzing course content, goals, and structure in light of online requirements [1] and the need to engage students without face-to-face interaction.



In this paper, we reflect on our experience designing and delivering two courses to introduce students to Knowledge Building theory, pedagogy, and technology at a large post-secondary institution in Canada. Knowledge Building is an extensively researched innovative pedagogical approach that addresses the need for schools to be restructured as knowledge-creating organizations [2,3]. Two courses are offered to students enrolled in masters and PhD programs to introduce the key principles and concepts of Knowledge Building. Both courses involve students working as a community in design mode [4] to build on each other’s design work and advance community knowledge.



In both courses, individuals come together to tackle problems of understanding related to education for knowledge creation and to consider implications for their areas of expertise. We examine how ideas transform and become integrated across different community views created by students. There was not one stream of information, but different advances based on diverse student interests, complemented by efforts on the part of instructors and students to establish increasingly coherent community knowledge. In this paper, we discuss how ideas are articulated and progressively refined through multiple course components.



Changing course arrangements at a time when many students are experiencing social and emotional stress and turbulence is challenging. Bringing students together as a community to engage in collaborative and progressive design work, with students taking collective responsibility for community knowledge, represents yet another level of difficulty. Not only must knowledge building principles and concepts be integrated into students’ professional and personal learning trajectories, but the community must come together to envision education restructured as a knowledge-creating enterprise.



The goal of this paper is to highlight ideas implemented to engage students in principles-based, idea-centred design to advance a common objective and enable students to take greater responsibility for collective achievements. We reflect on our experience as course designers within the broader context of a Knowledge Building Research International team that looks to improve Knowledge Building courses: Do courses that introduce Knowledge Building require an in-person or synchronous component? In what ways can we leverage synchronous class time and asynchronous Knowledge Forum work to engage students in more advanced knowledge creation? Our collective goal is to establish a global network of research-based courses to advance education for knowledge creation.




2. Knowledge Building


Knowledge Building aims to engage students directly in the means by which knowledge in the world is advanced. It is akin to knowledge creation as practiced in research laboratories and other frontier-advancing organizations, amplified by a concern for educational benefit to the participants and to society. It focuses on the growing need for students to work creatively with ideas and to see themselves as active contributors in advancing community knowledge [5]. The essence of Knowledge Building is the production and continuous improvement of ideas to advance community knowledge [6]. Knowledge building discourse happens in “design-mode” [7,8], where the main concern is with the “usefulness, adequacy, improvability, and developmental potential of ideas” [7] (p. 57). It is facilitated by Knowledge Forum (KF), the technology designed to promote advanced knowledge work. Twelve principles convey the theoretical framework and workings of knowledge-creating communities [9,10]; the principles (indicated in italics throughout the text) are described below.



Knowledge Building is premised on the idea that each student is a legitimate contributor in the creation of authentic, creative knowledge work, and that “the state of knowledge in the classroom is an emergent distributed phenomenon that cannot be found in any one student’s mind” [11] (p. 399). In keeping with Vygotsky’s (1978) [12] theories of social constructivism and sociocultural learning, Knowledge Building accentuates the role of social interaction and collective responsibility. Additionally, it represents a complex systems account of new knowledge [13,14] and knowledge creation as an observable form of cultural practice and progressive enterprise [15]. It is distinguished by its emphasis on “deep constructivism”—on engaging students intentionally in taking collective responsibility for advancing community knowledge and exercising epistemic agency as they take charge of goals, designs, and progress evaluations normally handled exclusively by the teacher [6]. Design and innovation are central to Knowledge Building. As elaborated in knowledge building principles below, collaborative creation and advancement of public community knowledge requires idea improvement, Knowledge Building discourse as collaborative problem solving, and constructive use of authoritative resources to support ever-deepening understanding and emergence of new ideas and artifacts [5]. At the very heart of Knowledge Building is sustained creative work requiring interdisciplinary understanding that goes deep into complex, real-world problems and creates coherence and solutions, as in knowledge-creating organizations. In education contexts there is added emphasis on the well-being of contributors and innovation for public good.



Scardamalia [9,10] articulates 12 knowledge building principles to incorporate in practice:



Real Ideas, Authentic Problems. Authentic knowledge problems arise from efforts to understand the world; students address problems that matter to them, with their ideas real building blocks in knowledge creation.



Improvable Ideas. Ideas are treated as improvable. Community members work continuously to improve the quality, coherence, and utility of ideas.



Idea Diversity. Idea diversity is essential to the development of knowledge advancement. To understand an idea is to understand the ideas that surround it, including those that stand in contrast to it. Idea diversity creates a rich environment for ideas to evolve.



Epistemic Agency. Community members set forth their ideas and negotiate a fit between personal ideas and the ideas of others, using contrasts to spark and sustain knowledge advancement rather than depending on others to chart the course. They set goals and plans, and deal with problems that are normally left to teachers, managers, or other educational designers.



Community Knowledge, Collective Responsibility. Community members share the responsibility for advancing community knowledge. Contributions to shared, top-level goals of the organization are prized and rewarded as much as individual achievements.



Democratizing Knowledge. All members are legitimate contributors to the shared goals of the community. All are empowered to engage in knowledge innovation, and all take pride in knowledge advances achieved by the group.



Symmetric Knowledge Advancement. Knowledge is advanced through cross-team interactions as different community members and communities with different expertise contribute to what is known and to available resources.



Pervasive Knowledge Building. Knowledge Building is not confined to particular occasions or subjects but pervades mental life—in and out of school.



Constructive Uses of Authoritative Sources. To know a discipline is to be in touch with the present state and growing edge of knowledge in the field. This requires respect for and critical analysis of what is known, going beyond given source material to extend understanding through authoritative and other data sources.



Knowledge Building Discourse. Knowledge is advanced through discourse aimed at idea improvement. Discourse results in more than the sharing of knowledge; the knowledge itself is refined and transformed through the discursive practices of the community—practices that have the advancement of knowledge as their explicit goal.



Embedded, Concurrent, and Transformative Assessment. Assessment is embedded in the day-to-day workings of the organization, with the community assessing progress and identifying problems as work proceeds; it is integral to the effort to advance knowledge.



Rise Above. Creative Knowledge Building entails working toward higher-level formulations of problems and solutions. It means working with diversity, complexity, and messiness, to move beyond current best practices to achieve new syntheses and improved outcomes.




3. Literature Review: Knowledge Building in Higher Education


Knowledge Building requires work in design mode, with innovation as a goal and self-organization and emergence as key characteristics [16]. To achieve this transformation, teachers who adopt Knowledge Building engage in design and exploration of new practices, assessing those practices in light of student benefits [17,18,19] They share stories of their own experiences and perspectives, bringing principles-based knowledge building into their practices and engaging in co-design with other professionals so that the “knowledge that is co-created is greater than the sum of each individual member’s knowledge” [20] (p. 85). Assessment is part of the effort to advance knowledge; a knowledge building community needs to engage in its own internal assessment to identify problems as the work proceeds [21]. Previous studies examined implementation of Knowledge Building in graduate courses with prospective teachers and in other higher education contexts with students collectively advancing knowledge as they tackle educational problems, share perspectives, and generate new possibilities. To contextualize our research, we highlight previous studies with the stated goal of engaging graduate students as a knowledge building community.



Prior research has explored technology use, attitudes and perspectives, and pedagogical implementations of Knowledge Building—with results demonstrating its effectiveness as an innovative instructional approach [22]. For example, Gilbert and Driscoll [23] employed a case study methodology to explore how different instructional conditions promote a knowledge building community among 20 graduate students enrolled in one semester-long course at Florida State University. The conditions included (1) a collective and authentic goal (the design of a charter school), (2) students working in cooperative groups to achieve the goal, (3) self-selected readings to promote ownership, and (4) use of Construe, a technology to store and facilitate communication. The results showed that a task presented to students as authentic was not viewed by the students as authentic enough to foster collaborative work; the researchers suggested a shared vision might result in more collaboration. The researchers also determined that it is important to continuously track knowledge building to provide means of more support and feedback. As described in the sections below, in both of our courses we emphasized a shared vision to be refined or revised by students, in keeping with the Real Ideas, Authentic Problems principle, rather than a predetermined problem to be tackled. In addition, Knowledge Forum analytics are designed to enable continuous assessment of individual and community progress, in line with the Embedded, Concurrent, and Transformative Assessment principle. Another pedagogical implementation examined by Cesareni et al. [24] involved university students taking on scripted roles to foster discussions. The study was conducted over 15 weeks in a blended course with 143 students. The authors claimed that scripted roles can foster shared responsibility to advance the collective knowledge of the community. However, Bereiter and Scardamalia [25] raise concerns regarding teacher and researcher designed scripts that may reduce student agency, idea diversity, rise-above, and self-organization informed by embedded, concurrent, and transformative assessment. In the study to be reported, instead of scripted roles, we emphasize student agency in forming teams and responsibility for monitoring and advancing community knowledge to re-align work and team composition as work proceeds.



A case study by Chan and Van Aalst [17] reported on findings from two graduate teacher-education courses in Hong Kong and Canada. The authors examined how teachers engage in collaborative inquiry by focusing on how progressive discourse results in idea improvement, and how members share collective responsibility to advance the knowledge and understanding of the whole community. The first course involved 210 pre-service teachers divided into 11 groups working together to analyze case studies, pose new problems, and synthesize new ideas and understanding. Classes met synchronously once a week and students contributed asynchronously on Knowledge Forum. Analysis of contributions showed a high level of engagement and attempts to connect theory and practice. The second course involved joint work between six students in Hong Kong and six students in Canada, with similar promising results.



Another case study by Sing and Khine [26] looked at online interactions among 11 in-service teachers taking a module titled “Integrating Information Technology into School Curriculum” at a teacher training institute in Singapore. The students spent the first three weeks discussing theoretical issues, and the following four weeks designing IT-based lessons. Half the lessons were conducted in person and half online, with discourse taking place on Knowledge Forum. The results showed that although students formed an active community, there was no evidence of deep or sustained online interaction. The authors suggested finding ways to enable deeper interactions. Chai and Zhu [27] hypothesized that students who adopt knowledge building principles are more successful in forming as a knowledge building community. They analyzed online discourse, design artifacts, and reflections of 39 pre-service teachers and found that depth and breadth of principles-based analysis tended to distinguish high performance groups from groups with lower performance.



Hong et al. [28] examined how 24 teachers enrolled in the course ‘‘Integrating Theory and Practice in Teaching” at a university in Taiwan perceived the Knowledge Building theory and approach. Students used Knowledge Forum to engage in knowledge work about teaching theories and practices. The findings suggested that knowledge building discourse helped participants acquire informed understanding of Knowledge Building and to some extent shaped their views on its feasibility as a teaching approach. An earlier study by Chai and Merry [29] suggested that teachers working as a knowledge building community experienced similar changes in their views. Findings from the case study by Chai and Tan [30] also posited that engaging teachers in Knowledge Building leads to a deeper understanding about the pedagogy and suggested that teacher agency and adequate time are necessary factors for teachers to implement Knowledge Building in their teaching.



A more recent study examined the socio-cognitive dynamics of knowledge building discourse among 61 first-year Dutch Master of Education students in three consecutive courses [31]. The research focused on the concept of openness, which the authors defined in this context as the “cognitive, epistemic, and relational activities of community members as manifested in their discourse” (p. 168). Contributions to Knowledge Forum were analyzed based on (1) the cognitive dimension, which relates to the production and evaluation of knowledge, and (2) the social dimension, which relates to how the community members present themselves and communicate with others. The results showed that cognitive activities were key to advancing discourse, whereas social activities actually hindered discourse. In our courses, we aimed to support social dimensions to foster conceptual advances and to explore the possibility that student use of knowledge building analytics can help sustain thoughtful and intentional collaboration among community members as well as lead to deeper understanding of principles.



The above studies described knowledge building in teacher education courses; other studies examined knowledge building in other contexts of higher education such as in engineering [32] and healthcare [33]. In our study, we describe new approaches and designs developed to facilitate knowledge work among graduate students in an online mode. Cesareni et al. [24] argued that learning models like the Community of Inquiry [34] and Knowledge Building Communities [5,21,35] stress that the main purpose of online courses in higher education “is to build new knowledge” (p. 11) through a deep collaboration amongst community members. Yet, models differ in the way groups are formed and idea improvement is sustained. For example, the social configuration of group members in knowledge creating teams tends to be opportunistic and emergent rather than fixed by the instructor, with advantages as demonstrated by Zhang et al. [36], and sustained knowledge advances are marked by rotating leadership [37] and embedded, concurrent, and transformative assessment, as demonstrated in the present study.




4. Methods and Data Source


Novel designs and knowledge building analytics were used to facilitate productive knowledge work in two online courses. In this report, these courses are treated as case studies to explore opportunities and constraints in establishing knowledge building communities. The case study framework favours in-depth analysis of how and why a phenomenon occurs in a real-life investigation–in this case ways to combine synchronous class time and work on Knowledge Forum to engage students in more sustained knowledge advancement. The data sources for this study consisted of student discourse in the Knowledge Forum database, observations during the synchronous Zoom sessions, as well as students’ self-assessment portfolios. There were two data sets for this study, one from each graduate course.



4.1. Knowledge Building Environment: Knowledge Forum


Knowledge Forum is a technology especially designed to support and sustain advanced knowledge work [10]. Members can contribute ideas in notes that consist of text or multimedia artifacts (e.g., drawings, videos, audio), connect ideas through citations and build-ons, and organize their design spaces—views. Ideas can be revisited, updated, and advanced at any time, with information from different sources integrated and combined to rise above and create better, more coherent designs, theories, and practices. Members also have access to knowledge building analytics to self-assess the state of their work and community knowledge. They can see how the community members and ideas are networked through their discourse within and across groups. In-class or synchronous discussions are sometimes dominated by certain students. We aim through visualizations of classroom dynamics and students self-intentioned efforts to engage all students productively in idea improvement.



4.1.1. Notes


Within Knowledge Forum, community members have the ability to create notes (Figure 1) to represent their ideas, theories, or challenges, and then build on and deepen thinking to generate new understandings and advance community knowledge [38]. The note editor allows for textual or visual elements such as images or video to be embedded in notes. The editor also contains note identification information, including a note title and keywords. One thing that differentiates this note editor from many others is the fact that scaffolds can be inserted (see the “Scaffolds” section below). In addition, notes have tabs that allow editors of the note to make changes, a read tab so that a reader can focus on the content of the note, history tab to convey its evolution, connection tab to indicate who has read, cited, or referenced the note, and other properties.



Community members can create “build-on” notes to each other’s work. Build-ons are represented by arrows to show the connections between notes (Figure 2). Members can also cite other notes by copying the section they want to cite into a new note, which automatically inserts the copied text in the form of a quote. This provides a further link between notes and allows note authors to be recognized. Members can also co-author a note if there is an idea they want to promote jointly to the community.




4.1.2. Views


Views are pages within Knowledge Forum that provide a backdrop for group notes. Views can be customized to reflect the needs of the community, whether that be graphical display, timeline, links to external content, or thematic organization. For example, in the two courses, separate views were created for small design groups to represent their work (Figure 3 and Figure 4). In the first course, a separate view was created for each week to discuss the week’s reading. Views can also be organized by participants, as in the second course where a separate personal journal view was created by each member. All views are accessible by the entire community to add and build on ideas or add additional content, unless the view creator specifies private view.




4.1.3. Scaffolds


Epistemic markers are an important feature in Knowledge Forum as they facilitate forms of discourse underrepresented in school discourse but essential for Knowledge Building/knowledge creation. An example of such discourse is theory building. The theory building scaffold shown in Figure 5 has been used to engage students in theory talk from grade one to tertiary education. Scaffold supports--phrases such as “I need to understand” or “putting our knowledge together”—vary in difficulty. Students select a phrase by clicking on it; it is entered into the note for integration into their discourse. Studies in early elementary school, with the theory building scaffold available for use but not compulsory, led to phrases such as “my theory,” and “I need to understand” in students’ written discourse. By various reports these discourse forms were also found in classroom talk, conversation on the playground and at home. Significant educational advantages have been reported [39]. In addition to embedding powerful discourse moves into student work, scaffolds can be searched and analyzed to view patterns of use, helping students to monitor and adjust contributions as work proceeds and to exercise epistemic agency in advancement of community knowledge [10].



Knowledge Building/knowledge creation is advanced through the public life of ideas—ideas made explicit and available to others who can help advance them. Knowledge Forum is a multimedia environment allowing students to represent ideas in the form of text, audio, images, video, models—many representational forms. It gives ideas a life beyond the mind of the originator and beyond transient conversation. Students were asked to use meaningful titles to facilitate search and review and to engage individually and as a group in the curation of ideas and views so visitors to their view could easily understand their work. Knowledge Forum was used in both courses.





4.2. Context and Participants


4.2.1. Course 1: Introduction to Knowledge Building


This course introduces students to Knowledge Building through engaging them in teamwork to advance a shared, top-level goal: use knowledge building principles to advance practices in their field. Students operate as designers, conveying designs as artifacts in Knowledge Forum, with design iterations to improve practices through reading, discussion, and help of community members. The focus is not on a final product but use of knowledge building principles as design parameters and Knowledge Forum as a design space. There were 23 graduate students enrolled in this course, all new to Knowledge Building and with diverse educational backgrounds and professional practices. They were encouraged to explore knowledge building potential in their areas of interest, contributing notes, designing views, and using analytics to assess their contributions, both as individuals and as a community.



The course included 12 sessions delivered synchronously once a week in the Fall 2020 term. Initially, we designed the course so that four sessions were mandatory whole-group sessions, with the remaining sessions optional to allow for small group design time. But optional sessions that provided a mix of design time and interaction with peers and instructors were attended by all students. In the first session, students were asked to create a biography note on Knowledge Forum to share their educational background and interests and highlight an educational challenge they faced. Students were encouraged to build on each other’s notes to explore diverse interests, find common interests, and form into small design groups. They were not required to join a team. Since contributions are entered into Knowledge Forum’s community space, all work is in an important sense teamwork. Team membership can change at any time, with exchanges facilitated by team views. All students read knowledge building articles and used the "reading-of-the-week" view to explore issues of application related to their professional contexts.



Eventually 9 design groups were formed, each with their own view on Knowledge Forum (Figure 6). Students showcased their progress and designs in the last two synchronous sessions.



Weekly Course Readings


Students read two articles per week. A new Knowledge Forum view was created each week for students to engage in knowledge building discourse around concepts covered in the readings. A “Why Knowledge Building, Why Now?” scaffold was used to encourage students to identify problems of understanding, myths, misconceptions, and new possibilities they uncovered as they read articles.



Although students demonstrated a high level of engagement, as suggested by the number of notes posted in the reading views (Table 1), students commented that discussions in their reading views and design-group views were not tightly connected. We experimented with having students discuss readings within their different design groups. Under both conditions students focussed more on discussion of general educational issues than on implications of what they read to generate design iterations. Generating principles-based design iteration seemed to be an especially difficult challenge.



Although students mostly worked within their own group, they explored the ideas of other groups and at times made connections and contributions. However, especially toward the end of the course, as they prepared for their design-group presentations to the class, they focused on their own ideas and connections to the shared course design goal. Next iterations of the course will need to provide better support for use of readings to inform design iterations and deeper integration of work within and across groups.




Synchronous Meetings


For the first session of the course, we built on the affordances of online learning to invite three panelists to address the question, “Why Knowledge Building, Why Now?” Panelists discussed their experiences with Knowledge Building and the expanded competencies and opportunities it affords in their various contexts. One panelist was an administrator of an Ontario-wide Leading Student Achievement initiative, another introduced Knowledge Building and Knowledge Forum to Inuit communities north of the Arctic Circle, and the third co-authored the Knowledge Building Gallery [40] based on work with teachers new to Knowledge Building. Their diverse experiences resonated well with students who came to the course with varied educational and professional backgrounds. The panelists conveyed their pleasure in starting students on their Knowledge Building journey and agreed to return for the last class. Given different locations of panelists, this rich conversation would not have been possible in a regular classroom setting. Students looked forward to presenting their work at the end of the class to these experienced professionals.



The rest of the synchronous sessions started with a whole-class discussion and time to discuss conceptual, design, or administrative issues, followed by use of the Zoom breakout room function to allow each design group to engage in focused design work. The instructor and two teaching assistants rotated between rooms, engaged as co-designers. After the breakout groups, the whole class came together again to provide updates of their work, learn more about each other’s designs, and find points of intersect across groups.



Synchronous sessions with all students together in the main Zoom room were recorded, and links to the recordings were posted in a Knowledge Forum note on the course home page. Recordings were helpful for students who were not able to join the synchronous session during class time, and they also provide opportunity to re-listen to segments to continue discussion of an idea entered there, although we are not aware of anyone who accessed recordings for that purpose.





4.2.2. Course 2: Digital Media and Practices for a Knowledge Society


The second course did not require that students take the first; however all but one of the 9 students in the second course had taken the first. As in the first course, students worked in small teams to advance a shared top-level goal; in this course, co-design of knowledge practices and technologies to enable a realistic model of students advancing knowledge for public good [8]. Students were guided by seven concepts in the knowledge creation literature.



Thinking Fast and Slow. These are two systems that drive the way we think. System 1 is fast, intuitive, and emotional; System 2 is slower, more deliberative, and more logical [41].



Self-Organization and Emergence. Self-organization is a dynamic process by which system order arises without external control; emergence occurs when something new arises from the interaction between individual parts of a system [42].



Edge of Chaos. This is the transition space between order and disorder where creative thinking and radical innovation can happen [43,44].



Design Thinking. Creative knowledge work requires participation in design activities to produce and develop new ideas [45].



Knowledge Creation. Knowledge is created through the intentional and purposeful generation of ideas. Ideas are artefacts that have a public life and interact with one another; students engaged in design thinking to collaboratively advance their ideas [25].



Beyond the Centralized Mindset. In making sense of complex systems, people often assume centralized causes and controls—where a single leader makes all the decisions [46]. Knowledge Building requires thinking beyond--thinking of students as epistemic agents able to take collective responsibility for knowledge advancement [47].



Explanatory Coherence. Explanatory Coherence assumes that a theory is more coherent if there is sound reasoning and explanation for the theory and its underlying facts and propositions [48,49].



As with the first course, students were asked to enter a biography note to introduce themselves, an educational challenge they faced, and how they believed education can be improved. As many students already knew each other, several students built on each other’s notes with statements like “Nice to see you again” or “Looking forward to work with you again.” Students were also asked to form design groups based on their common interests. As most students were familiar with each other’s work, three groups were formed right after the first class, one of which was a continuation of a design idea advanced in course 1.



This course spanned 13 weeks in the Winter 2021 term, with 11 classes. No classes were held weeks 10 and 11; rather, small groups self-organized meetings and in the last two sessions, groups presented their designs. We followed the same flow for synchronous classes as the first course: full class discussion, followed by Zoom breakout rooms for small-group design work, followed by a full class discussion of designs and issues arising from readings. There was no panel discussion in this course.



Weekly Course Readings


Instead of determining fixed weekly readings for all students in the class, we attached to the syllabus a list of articles and videos that address the seven knowledge creation key concepts. As with the first course, the expectation was for students to review two articles per week and provide commentary on Knowledge Forum on how these articles convey and support conceptual and design advances. Students were asked to use the “Key Concepts” and “Constructive Use of Authoritative Resources” scaffold to explore concepts (Figure 7 and Figure 8).



In addition to design views, students were asked to create personal views to serve as their public journal space. Students were to add citations to the literature and commentaries to convey coverage of readings spanning all concepts. With the help of view rearrangement (description provided below), students were able to find notes that addressed the concept(s) they wished to discuss or learn more about.







5. Results


5.1. Assessment and Existing Analytics


In both courses, students submitted three portfolios—three checkpoints—to assess their contributions to community goals. As discussed below, we encouraged students to use data from idea building, scaffold growth, and key concepts analytics. At each checkpoint students received feedback and suggestions regarding promising directions.



5.1.1. Idea Building


The idea-building analytic (Figure 9) provides a social network view of level of connectedness between community members. Each circle represents a different student. The image in Figure 9 taken toward the end of the course indicates all students were connected at some level. The larger the circle the greater the number of connections, with arrow indicating direction of connection. Students can determine where they need to contribute more; for example, they can intentionally build on a note of someone new, producing an arrow out and enlarging their sphere of connectedness. As members read, reference, and build on other notes, they are better positioned to take collective responsibility for community knowledge. Is it possible to engage everyone? Democratizing knowledge suggests we should try. Qualitative accounts of efforts toward that end are provided by students in their portfolios.



The following is a student’s qualitative account of personal idea-building results submitted as part of the portfolio self-assessment (Figure 10).




“Much of my work since the last portfolio has been done live with my group. Notes for these meetings were made under the authorship of our group (“Sense of Belonging”) to allow the other members to edit as needed. I’m not sure how group-authored notes are reflected in the analytics.



I have admittedly fallen behind keeping up with the other groups’ design projects over the course of the last month of the class. I do see areas in which my work intersects with that of the other two groups. The “Enhanced KB Community Engagement” group’s work on norms of engagement directly relates to my ideas about community norms. Their work is more focused on using KF, but I believe both our theories would be enhanced by sharing ideas. The progress bar group’s work is aimed directly at increasing engagement.”





The student reflected on pattern of contribution within their small group and with other small groups.




5.1.2. Scaffold Growth


The scaffold growth analytic shows epistemic discourse moves based on the frequency of use of Knowledge Forum scaffold supports such as “My Theory,” “I Need to Understand,” etc. Through reviewing patterns of use, students gain a meta-level perspective on their contributions, allowing them to monitor the type of discursive moves that they are—or are not—making at any given time. Informal analysis suggests students tend to avoid difficult scaffolds and concepts. In the second course we ran the scaffold growth for the whole class to determine student engagement with the different key concepts (Figure 11). We found that students were more comfortable discussing and bringing forward ideas related to “Thinking Fast and Slow” and “Design Thinking,” but were less engaged with “Beyond the Centralized Mindset” and “Explanatory Coherence.”



Research indicates that viewing such results leads to productive discussion and more intentional integration of less frequently used concepts and discourse moves [50].



One student reflected on the use of this analytic in their portfolio by comparing the results of two consecutive months:




“I have been endeavoring to advance a shared vision, which could be proved by the growth in the ‘we’ scaffolds. The following bar charts were retrieved from KF on February 1 and March 1 separately. Last month, most of my notes were built around individual work and understanding. For example, scaffolds such as ‘I need to understand’, ‘my theory’, ‘an educational practice I would like to improve’ were most frequently in February, and the words ‘I’ and ‘my’ would be more likely related to isolated, individual work. This month, however, there was an obvious increase in the number of scaffolds with a ‘we’ thinking, such as ‘our design’, ‘here’s an idea we have not considered’, ‘we need to determine if others agree’, and etc. I have also been using the learning analytics embedded in KF to review my notes, scaffold my understanding of KB, and support my design, which can be proved by the total number and type of scaffolds I used in the month. The data indicated my efforts toward integrating design thinking into my research work toward the top goal of the community.”






5.1.3. Key Concepts


In the first course, the key concepts are the 12 Knowledge Building principles, and in the second course they are foundational concepts in the knowledge creation literature. The Key Concepts analytic is customizable to allow focus on concepts in any domain. Once concepts are identified it produces on demand a list of terms or phrases and title of the note(s) that contain these terms for each student (Figure 12). Hovering over the title shows the excerpt of the note that contains the term or phrase, and clicking the title opens the note in full. Thus, it is possible to see how frequently and in what contexts key concepts are in students’ productive vocabulary.





5.2. Metadiscourse


In order to exercise collective responsibility for knowledge advances students need the "big picture" of community knowledge as represented in their local community and authoritative sources. To apply principles, they need to work with them in design mode. To facilitate such work embedded scaffolds and view rearrangement were implemented.



5.2.1. Embedded Scaffolds


Embedded scaffolds allow users to apply multiple supports without need to toggle between scaffolds. Thus, for example, to encourage more principles-based design iterations we yoked the knowledge building principles scaffold with a “design mode” scaffold (see Figure 13). We aim to support demanding conceptual work suggested by design-mode items such as “A new idea that combines other ideas,” “A new understanding,” “A better example,” and “A better design.”




5.2.2. View Rearrangement


View rearrangement allows users to display only those notes that use specific scaffolds/epistemic markers. As shown in Figure 14, the user selected for display all notes containing “Epistemic Agency”; “Real Ideas, Authentic Problems”; and “Knowledge Building Discourse” scaffolds. The title of each note containing these epistemic markers is displayed and users can click on the note icon to read the full note.



In the second course, students who were in the first course and had prior experience using view rearrangement seemed to use it more intentionally. For example, one student noted, after re-arranging her notes to see use of key concepts




“For the next few weeks, I will aim to learn more about knowledge creation, explanatory coherence and edge of chaos. Most of the notes lie in design thinking and beyond the centralized mindset. This could be the evidence that I am engaging in the design mode for the past month. I also consider myself having some sense of thinking fast and slow.”





View rearrangement enables students to focus on contributions with particular scaffolds, reducing cognitive load associated with varied artefacts presented in a view. For example, students can view all notes containing “Putting Our Knowledge Together” or “A Better Design.”






6. Discussion and Reflections


Our reflections on the two questions posed at the beginning of this paper are based on student interactions observed during synchronous Zoom sessions, discussions on Knowledge Forum, and student written portfolios.



Bates’s [51] “law of equal substitution” is based on the assumption that coursework can be taught just as well online or in face-to-face mode. We examined two courses in which in-person meetings were impossible due to COVID-19 restrictions. As course instructors we explored new ways of advancing community knowledge through student engagement within and outside designated classroom time. We provided many and varied opportunities for students to generate and build on ideas and work with each other. For example, students contributed ideas to Knowledge Forum community spaces so that contributions were available for all class members to read and build on; students shared ideas with the entire class at weekly meeting, both before and after small-team breakout sessions; team members organized sessions anytime they wished and used supportive technology such as chat or WhatsApp, with summaries then recorded in Knowledge Forum; instructors recorded synchronous Zoom sessions and made them available for review and ongoing work in Knowledge Forum; and students used Knowledge Forum analytics to inform their work as it proceeded. Additionally, students received feedback from peers and instructors across these various contexts and discussions were not confined to linear, one person after another sharing of ideas or strict in-person defined periods of time; rather, there was anytime, anywhere access to the community knowledge space and analytics. Shy students and those less inclined to share in groups reported that different formats helped them; students also reported that they met in small groups outside of the allotted class time to formulate ideas and use analytics to assist in refining their work and conveying newly formulated ideas.



Question 1: Do courses that introduce Knowledge Building require an in-person or synchronous component?



Knowledge Building is interactive and dynamic by nature. The weekly Zoom sessions allowed students to work collaboratively in real time. Immediate feedback helped students refine their understanding of Knowledge Building and engage in design thinking and idea improvement. Synchronous sessions helped teams learn about designs of other teams, making it easier to gain an overview of work posted in various design spaces in Knowledge Forum. Almost all students had their cameras turned on during Zoom sessions, providing opportunity to see each other and helping to create a sense of community. Social interactions during synchronous whole-group and small-group Zoom sessions were interleaved with design time during asynchronous Knowledge Forum interactions and provided many opportunities for instructors to interact. Most student groups reported meeting synchronously outside class time, accentuating the need for synchronous time for collaborative design. In the first course, one student posted a note on Knowledge Forum with the title “SHOUT OUT TO EVERYONE!!!!,” inviting students to create a WhatsApp group and meet through Zoom to foster more conversation.




“If anyone needs some connecting, let’s make it happen. We can create a what’s app group to check in on each other and meet through zoom if necessary—even just to exchange thoughts and interact in a different, more personal way. I know we’re nearing the end of the course but it’s never too late! You can find me (...) on What’s App and contact me whenever. If not, leave a note in my portfolio and we’ll figure it out”





Question 2: In what ways can we leverage in-class time and Knowledge Forum work to engage students in more advanced knowledge creation?



Synchronous class time enables class-wide discussions, creates a sense of community, and is useful for interchanges across design groups. In future course iterations we plan to provide more time for groups to work together and for breakout groups, combining small-group design teams to facilitate more exchange of ideas.



In an attempt to make a connection across groups, one student noted that their Knowledge Forum interface recommendations connected with ideas of two other groups, one focused on norms of engagement and another on a progress bar to encourage more student engagement. The student noted that integrating all ideas would provide better results.




“We want to tie our interface changes to tie it to the group of sense of belonging—by co-creating norms of engagement would allow for ways of impaction through classroom expectations and to change how the student and teacher relationship allow for goals of the community, and authentic problems to be addressed. Having consequential results. To also add it to another group of transformative assessment they put together the tools created to all for more norms of engagement, but students as now the centre as idea creators—to allow for new ways to intersect, and with cutting edge of their fields. We also used the other group’s creation of a ’progress bar’ to have others try their design idea and other groups attempted to ask how it motivated their ideas.”





In future iterations, we will experiment with different patterns of information flow [19], rotating leadership [37,52], and embedded scaffold/view rearrangement with greater focus on cross-group work (e.g., we will include scaffolds such as “Putting Our Designs Together” or “Your Idea Helps My Design”).



Asynchronous work on Knowledge Forum is especially helpful for establishing objects of discourse that represent the interests of all students and that set the stage for knowledge creation. Ideas need a life beyond the mind of the creator and impermanence of conversation. Modern media make it easy to record conversations, but then who will listen to all those recordings? Knowledge Forum brings the following advantages to course work: intentional efforts to enter ideas into the public domain for sustained improvement, priority given to powerful discourse moves, accessibility of promising ideas, self-and group-assessment as work proceeds, and increased chances of engaging others in building on ideas for public good. Of course, the large number of notes students generate can be overwhelming; accordingly, we introduced embedded scaffolds and view rearrangement to make it easier to bring promising ideas into focus. Accessible, recorded ideas also allowed students to showcase and self-assess their work at critical reflection moments such as writing portfolios, aided by analytics to help them see gaps and inform next steps.




7. Limitations


This study describes efforts to engage students in productive knowledge building in two courses delivered fully online. One limitation is sample size, as both courses were relatively small, and both courses were conducted at the same institution. To ensure a more representative distribution of students and more generalizable results, the course design needs to be tested in different contexts with a larger sample size. Additionally, while we describe studies that explored the implementation of Knowledge Building in other graduate courses, the pandemic context is unique. While a great deal of additional research is needed, the work reported provides a starting point for combining synchronous and asynchronous Knowledge Building and for future work to analyze temporal changes and contributions of community members over extended periods of time.




8. Future Direction


Enhancements of Knowledge Forum reported in this paper allow community members to find ideas at points of intersection of different interests and designs within the community. Additional visualizations are under development so that students are better able to view the evolution of thought in the community. For the next iteration of the course, we aim to extend this work across communities. We will experiment with a public layer of the community space through which ideas are accessible to the Knowledge Building International community. Through sophisticated data mining and analytic techniques, we will experiment with a searchable metaspace to view ideas on various knowledge-for-public-good trajectories. Through such work we anticipate deeper engagement with course content and more sustained knowledge work that extends beyond course limits of time and space.



To further sustain Knowledge Building efforts, we are designing an international Knowledge Building program to engage researchers, practitioners, administrators, engineers in collaborative design and innovation. The goal is to bridge the gap between what happens in the classroom with what happens in the world beyond, to better address the complexity of problems in the global society.
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Figure 1. Knowledge Forum note features. 
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Figure 2. A collection of Knowledge Forum notes illustrating build-on notes. 
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Figure 3. Example of a design group view from course 1. 
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Figure 4. Example of a design group view from course 2. 
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Figure 5. Knowledge Forum note with a “Theory Building” scaffold. 






Figure 5. Knowledge Forum note with a “Theory Building” scaffold.



[image: Education 11 00425 g005]







[image: Education 11 00425 g006 550] 





Figure 6. List of design views in course 1. 
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Figure 7. Key Concepts scaffold. 
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Figure 8. Constructive Uses of Authoritative Sources scaffold. 
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Figure 9. Idea building in course 1. 
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Figure 10. Example of student idea-building portfolio self-assessment in course 2. 
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Figure 11. Key Concepts scaffold growth in course 2. 
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Figure 12. Key Concepts for one student in course 1. 
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Figure 13. Embedded scaffolds: knowledge building principles scaffold yoked to design mode scaffold. 
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Figure 14. View rearrangement showing the subset of notes that used the “Epistemic Agency”; “Real Ideas, Authentic Problems”; and “Knowledge Building Discourse” scaffolds. 
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Table 1. Number of student notes in reading views.
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	View
	Number of Student Notes





	Reading view 1
	87



	Reading view 2
	177



	Reading view 3
	144



	Reading view 4
	116



	Reading view 5
	164



	Reading view 6
	160



	Reading view 7
	122



	Reading view 8
	108



	Reading view 9
	83
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