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Abstract

:

This study examines the problem of the fragmentation of asynchronous online discourse by using the Knowledge Connection Analyzer (KCA) framework and tools and explores how students could use the KCA data in classroom reflections to deepen their knowledge building (KB) inquiry. We applied the KCA to nine Knowledge Forum® (KF) databases to examine the framework, identify issues with online discourse that may inform further development, and provide data on how the tools work. Our comparisons of the KCA data showed that the databases with more sophisticated teacher–researcher co-design had higher KCA indices than those with regular KF use, validating the framework. Analysis of KF discourse using the KCA helped identify several issues including limited collaboration among peers, underdeveloped practices of synthesizing and rising above of collective ideas, less analysis of conceptual development of discussion threads, and limited collaborative reflection on individual contribution and promising inquiry direction. These issues that open opportunities for further development cannot be identified by other present analytics tools. The exploratory use of the KCA in real classroom revealed that the KCA can support students’ productive reflective assessment and KB. This study discusses the implications for examining and scaffolding online discussions using the KCA assessment framework, with a focus on collective perspectives regarding community knowledge, synthesis, idea improvement, and contribution to community understanding.
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1. Introduction


Asynchronous online discussions are popular in educational settings that emphasize inquiry and collaborative knowledge construction. The goals of using discussion forums include the elicitation of a wide range of views, critical thinking, problem solving, and inquiry [1,2,3], and are theoretically undergirded by social constructivist perspectives on learning. However, despite high participation rates, online discussions often end prematurely [4], and different discussions in a course are unconnected. This leads to a fragmented and incoherent whole, in which many discussions are incomplete and there is little synthesis of advances across the discussion space. Coherence is especially important in approaches in which online discussion is intended to be a major and continuous mode of knowledge construction, such as the knowledge-building model of Scardamalia and Bereiter [5,6]. In knowledge building (KB), students use the Knowledge Forum® (KF) online environment to collaboratively improve their class’s ideas over weeks or months. To address these issues in online discussions and for developing sustained KB, students need evidence of how their online discussions as a whole are developing, to monitor and reflect on collective advances, and to regularly formulate deeper levels of conceptualization for collective problem solving and ideation.



Learning analytics has grown rapidly over the last decade. The field of learning analytics is interested in the use of the data that are stored in digital learning environments such as discussion forums to discover patterns in interaction that contribute to learning [7,8,9]. It aims to “harness unprecedented amounts of data collected by the extensive use of technology in education” [10] to provide useful insights to enhance teaching, learning, and educational management [11]. Considerable progress has been made in learning analytics as a support for learning [12]. However, learning analytics generally focuses on researcher and teacher use for formative assessment and feedback, rather than student agency and higher-level pedagogical purposes [13,14]. Further, relatively few learning analytics are designed to provide data/evidence to facilitate students’ reflection on and assessment of collective learning, and to cultivate students’ higher-order thinking skills (e.g., regulation and metacognition) for knowledge creation [13,14]. Moreover, relatively few studies ground the design and practices of learning analytics in educational theories and pedagogical practices, although many researchers have call for attention to this [10,15,16]. Therefore, a framework and tools that are grounded in learning sciences theories and pedagogical practices are needed to help students focus on collective features of online collaborative inquiry, scaffold their ongoing monitoring and reflection on collective advances in their online discourse, and build their “big picture” understanding of a domain.



The study was to use the Knowledge Connections Analyzer (KCA) framework and tools to examine the problem of the fragmentation of online discussions, in the context of sustained inquiry and collective knowledge work in computer-supported collaborative learning (CSCL), and explore how students could use the KCA data in classroom reflections to deepen their KB inquiry. The Knowledge Connections Analyzer (KCA) framework and tools are grounded in the influential pedagogical model of KB and help students investigate, reflect on, and direct their online collective KB discourse from four angles: (a) collective and democratic knowledge; (b) links between multiple contributions, syntheses, and rise-above insights; (c) idea improvement; and (d) promisingness judgments and individual contributions to the community. While the KB approach and KF have been used widely, there are issues with online discourse that may not be detected by embedded KF tools or other analytical tools but are nevertheless critical for supporting productive online discussion in terms of contributing notes, attending to peers’ notes, developing discourse coherence, and building knowledge. Here, CSCL is defined as “a field centrally concerned with meaning and practices of meaning-making in the context of joint activity and the ways in which these practices are mediated through designed artifacts” [17]; it deals with three constituents—collaborative learning as meaning making, approaches to mediation through designed artifacts, and methodologies for studying of the two facets of CSCL [18].




2. Literature Review


2.1. Problems with Asynchronous Online Discussions


The literature has identified a range of problems with participation, interactivity, inquiry, and knowledge construction during asynchronous online discussions [1,4,19,20]. Hewitt’s [4] investigation of why discussion threads “die prematurely” suggests students rarely return to a note after reading it, nor to a mostly read discussion thread. Peters and Hewitt [21] found students often attend to others’ notes very briefly. Wise et al. [20] further showed students attend to peers’ posts in diverse patterns, such as minimal attention to others’ posts, viewing many notes superficially, and paying extended attention to selected notes ignoring others. Primarily, paying minimal attention to the notes of others leads to shallow and disjointed discussions [22], which Wise et al. [19] characterized as “a series of parallel monologues rather than a true discussion.”



Even with acceptable note-writing productivity, notes are frequently fact-oriented and lack the conjectures necessary for sustained inquiry [23]. Interactions may also be socially rather than cognitively oriented. Although such an orientation maintains the social relations enabling collaboration [24], it can overshadow more cognitive contributions. Thus, discussions frequently remain at the knowledge-sharing level, accumulating ideas without reaching agreement or solving problems, with little collaborative knowledge construction or synthesis. These problems become prominent when note-writing productivity is high, with many good ideas being lost in a large volume of notes [25]; students sometimes find lack of response to their ideas discouraging. Teachers often assess online discussions on the basis of the quantity and quality of individual students’ notes, and not on the merit of what is achieved together (i.e., at a group or class level). The resulting lack of apparent conceptual progress and synthesis can suggest that the online work is not educationally valuable.



As such, we propose that, besides online discourse in which students attempt to solve problems at hand for domain knowledge, they need to examine evidence of how the overall discourse is developing for their reflection and future action. The discourse by which students consider this evidence is called metadiscourse, because it is not solely about domain problems, but also the nature of the discourse itself [5]. The KCA framework and the tools premised on KB model are designed to provide students and teachers this evidence for reflection and improvement.




2.2. Knowledge Building (KB) and Knowledge Forum (KF)


KB is an educational model that attempts to refashion education to “initiate students into a knowledge creation culture” [5]. The main ideas of KB are expressed by 12 principles [26] that emphasize that KB is an open-ended journey of idea improvement, is the accomplishment of a community, and that student agency and metacognition are central. At the heart of KB is online discourse, most typically in KF (Figure 1). Whereas most discussion forums provide affordances for writing, revising, and responding to notes, KF is designed to help students focus on theory building in their note writing/reading, and provides tools for working with ideas. Many descriptions of KB, with details of its underlying principles and recent research findings, are available in the learning sciences literature [3,5,6,27].



In the last 30 years, KB has been implemented in K-12 classrooms in many countries, and in a broad range of subjects including science, mathematics, and social studies; in medical education; and in teacher education. While KB research using KF has shown substantial progress in classroom design and discourse analysis [3,12,23,28,29], the problems of fragmented notes, in some ways similar to those in online discussion, continue to persist. With the emphasis placed on developing sustained inquiry and higher-level conceptualization, helping students to work on coherence and sustained inquiry and improving their discourse continue to be a key issue in KB research. There have been different efforts in using visualization tools [30,31] or varied classroom designs (e.g., portfolios [32]), but the development of a reflective assessment framework based on key KB ideas and accompanying analytical tools to be used by students are still lacking. This paper proposes using the KCA framework and analytical tools to support students to reflect on their own KB to address these problems.




2.3. Learning Analytics in KF


Learning analytics is commonly defined as “the measurement, collection, analysis and reporting of data about learners and their contexts, for purposes of understanding and optimising learning and the environments in which it occurs’’ [33]. The primary purpose of learning analytics is to support students’ agency and development of higher-order skills and therefore enhance students’ learning [13,14]. Aligning with this purpose, a suite of analytical tools that are grounded in KB pedagogical theory and practices have been developed in the KB field. These analytics tools that are integrated in KF include the previously developed Analytic Toolkit (ATK) using log data [34] and the applets on vocabulary and social network analysis (SNA) developed later. These tools generate sociograms that visualize reading and build-on activities and calculate the corresponding network densities [31]. Zhang et al. [35] used network density for reading to measure awareness of contribution of peers and used network density for build-on or reference networks to measure connectedness to peers.



Recently, some new analytical tools have been embedded in KF, namely, the Promising Ideas Tool (PIT) [36], the Idea Thread Mapper (ITM) [27], and the Knowledge-Building Discourse Explorer (KBDex) [30]. The PIT helps students select promising ideas from their online discourses and supports them in collectively deciding on the most promising directions for subsequent work. The tool does this by aggregating and displaying their selections [36]. The KBDex analyzes the dynamics of collective knowledge development and individual contributions by focusing on conceptual ideas and keyword densities [30]. The ITM, which is a time-based collective discourse mapping tool, captures collective structures and unfolding strands of knowledge practices in long-term online discourse. This analysis tool helps students make purposeful contributions and connect their efforts [27].



The development of these tools indicates a growing trend toward examining the collective aspects of assessment. However, the KBDex is primarily a research tool and is not designed for student use. The PIT and the ITM are more commonly used for decision-making than for reflection and are often applied for the specific KB tasks that help students choose promising ideas and develop deeper discourse. By considering the fundamental role of reflection in learning (i.e., How People Learn [37]), we propose a need for tools that support students’ reflective assessment and enable them to achieve community goals. Students need tools that can serve as scaffolds to help them engage in collective monitoring and reflection on their online discourses. They need tools that can produce deeper levels of conceptualization, rather than fragmented discussions. The KCA was developed to address these needs. Reflective assessment is a type of assessment in which learners, as active agents, collectively reflect on data regarding learning processes and outcomes to regulate and improve their ongoing learning [3,26,29,38].




2.4. The Knowledge Connections Analyzer (KCA)


We developed the KCA informed by KB theory and practices, which emphasizes collective responsibility for knowledge advancement in a community [5,6]. The KCA framework comprises four inquiry questions and a set of designed tools to help students assess, reflect on, and further deepen their KB; the KCA tools comprise web-based software that retrieves data relevant to these questions from a KF database and presents them in formats designed for students’ collective reflection on and improvement of their online work. Table 1 and Figure 2 shows the KCA questions, their purposes, and the corresponding KB principles and perspectives, and the output for each KCA question, respectively. For a full description of the four questions and output for the four inquiry questions [39]. The framework and tools were designed to bring collective features of KB into focus, engage students and teachers in metadiscourse, and further scaffold students’ collective monitoring of and reflection on their discourse. “Metadiscourse” here refers to discourse about the nature of the discourse by means of which students develop domain knowledge [5].




2.5. Research Goals and Questions


This study was part of a larger project investigating the design, process, and effects of reflective assessment with the KCA. The focus of this study was to examine the KCA framework and tools. The research goals included (a) examining and validating the KCA framework and tools by analyzing various databases, (b) identifying issues that arise in online KB discourse as a step toward exploring further possibilities for conceptual development, and (c) examining students’ uses of the KCA to support their processes of reflective assessment. The research questions were as follows:




	
How does the KCA assess the various facets of KB that inform collaboration, synthesis, conceptual progress, and individual influence on community in online KF discourse, and how do the KCA indices differ when comparing databases of more or less sophisticated design?



	
How does the KCA reveal the progress and development issues in online KB discourse through its comparisons of various databases?



	
How do students interpret the KCA output in their classrooms and use the KCA-generated data to support their reflections?










3. Methods


3.1. Research Contexts


The data for our KCA analysis were drawn from 9 KF databases, which were selected from a teacher professional development project that involved 50 teachers in Hong Kong. This project examined how KB pedagogical models could be implemented and scaled up in Asian classrooms, and involved seconding experienced KB teachers who collaborated with both researchers and novice KB teachers. The project activities included curriculum design meetings between the seconded teachers and researchers, subject area and school-based meetings for new teachers, and network-wide university-based workshops.



The participating teachers used a four-phase pedagogy model, which emerged through a teacher–researcher design that embedded KB principles in classroom practice. The phases in this model were (1) creating a collaborative classroom culture for KB, (2) engaging students in problem-centered collective KB, (3) deepening inquiry on KF, and (4) advancing KB discourse through embedded and transformative assessment involving reflective and portfolio tasks. All nine KF databases were selected from classrooms with KB teachers who used this general pedagogical method. However, the teachers had various ways of implementing KB designs, and only some of them used portfolio assessment tasks (see Table 2).




3.2. Data Sources


3.2.1. Data from KF Databases and Their Selection


The nine databases were selected to show maximum variety in terms of achievement, academic level, academic subject, in their methods of principle-based portfolio assessment and co-design in KB, and in their quantity and quality of online contributions. This variation was necessary for the sake of comparison and validation. From each database, one or more views were selected, which represented a unit of study. The views we considered most promising for analysis were selected on the basis of log data statistics on usage, visual inspection of interaction patterns in the views, and SNA.



From the nine KF databases, a total of 353 students and 4476 computer notes were included. Table 2 summarizes the nine databases, in terms of the school’s academic achievement level, curriculum and class size, number of days on KF, total number of notes created, and whether reflective portfolio assessment was used. In Hong Kong, secondary schools are divided into three bands on the basis of their performance in examinations in Grade 6: Band 1 (best performing) through to Band 3 (worst). The sample thus included databases ranging from schools of all bandings. The teachers all had at least several years of experience with KB, but all students were new to it. As Table 2 shows, the duration of their work on KF varied considerably; DB5, for example, shows only 18 KF days, yet students were nevertheless quite active, writing 370 notes.



These databases were selected to show variation, comparison, and validation of the KCA results. Some databases were selected because they had been studied before in other published studies and could provide points of reference for interpreting the KCA results. Many teachers were assigned self-assessment KF tasks, but these tasks ranged in complexity from simple reflection notes in KF (DB4 and DB5) to sophisticated principle-based portfolio designs that analyzed discourses using KB principles (DB8 and DB9). Some databases assessed in other studies involved greater collaboration in pedagogical design between teachers and researchers (DB1, DB7). In general, four databases (DB1, DB7, DB8, and DB9) involved a stronger design focus and were expected to show different KCA results from the others. The KCA was applied to the nine databases, and we examined the results concerning each of the four key questions—which concerned collaboration, synthesis, idea improvement, and individual influence on the community. Comparisons across these databases were made to validate the KCA data and help identify or reveal the patterns and problems of online discussion.




3.2.2. Data on Student Reflection on the KCA Output and Analysis


The data on student reflections were drawn from a Grade 11 class that consisted of 20 low-achieving students. These students performed at or below the 10th percentile in their public examination results in Hong Kong. They were weak in communication, collaboration, critical thinking, motivation, and metacognition. They were taking a course on Visual Arts and made inquiries on the topic of “art and art evaluation” whenever appropriate during the course, which lasted five months with one lesson each week. Art and art evaluation was one of the core topics of the visual arts curriculum. The students’ work involved small-group collaborations, whole-class discussions, individual and collaborative note writing (offline and online), and individual and collaborative reflection. The students were facilitated by an experienced teacher who had used KB for eight years to teach visual art.



The teacher used a three-phase KB pedagogical model to help the students engage in productive KB. These three phases were (1) helping students build the capabilities of inquiry, collaboration, and metacognition necessary for productive KB; (2) involving students in deepening their problem-centered inquiries in KF; and (3) encouraging students to make KB inquiries and develop a deep domain-relevant understanding through reflective assessment with the KCA [38]. To use the KCA, the students were provided with prompt sheets that gave both content-related and metacognitive prompts for the following KCA inquiry questions: “What have I done with the KCA and what are the results?”; “Why did I do this analysis?”; “What problems have I discovered, and what have I found out from the analyses?”; “What are my questions, and what do I not quite understand?”; and “What can I do to improve my current work on KF?” The KCA prompt sheets were distributed to the students in each lesson and were collected a week later. Some students completed their reflection journals and prompt sheets in class, whereas others completed them later.



The data for our study were drawn from the researcher-designed student prompt sheets, which combined the reflective journals and the KCA prompt sheets. The KCA prompt sheets were used to record the students’ multiple sets of KCA results, their interpretations and reflections on the data, and their action planning. When analyzing the prompt sheets, we first identified the productive and unproductive uses of the KCA data. Next, we selected a limited number of events related to KB goals, such as synthesis/rise-above and idea improvement. We also analyzed the potential of the students’ reflections on the KCA data for enhancing their progress toward key KB goals.






4. Results


4.1. Examining the State and Issues of the Online Discourse as Revealed by the KCA


KCA-1: Are we a community that collaborates? To investigate the state of collaboration practice in the databases selected, we used the data provided by the KCA to create a quantitative overview. The results were presented in pie charts by the KCA but are aggregated in bar graphs here to facilitate comparison between databases (Figure 3).



Comparison across databases show that those with more sophisticated designs, that is, principle-based portfolio designs (DB8, DB9) and strong researcher-teacher co-design (DB1, DB7) had higher KCA indices (80–100%). On the other hand, the databases with less specific designs (DB4, DB5, and DB6) did not meet the criterion. For example, for DB4, the percentage was slightly more than 40%, and therefore more than half of the students in the class did not have at least five students who had read at least three of their notes. We consider the requirement we tested to be modest, since most classes had around 40 students. KB may require familiarity with the work of more students, and more interaction is needed. The comparison of the KCA data across the different databases validated what we had found in our earlier studies [41].



In relation to development issues in the present setting, one may wonder how much reading effort would be needed to reach 100%. As Table 2 shows, students were generally reading enough, but more effort needed to target the writing of more students. While reading the writing of more students would improve familiarity with the ideas in the database, focused reading, which typically involves a relatively small group of students, is necessary for knowledge-constructing dialogs; Zhang et al. [35] found an average clique size of 5.74 students when students were free to form collaboration groups, but students participated in many such groups. Thus, a combination of reading the work of many students and engaging in dialogs in smaller groups was necessary; however, this did not require a very large amount of reading.



The data for build-on notes in Figure 3 paints a similar picture to the reading data. Findings from DB7, DB8, and DB9 show that principle-based portfolio design and co-redesign between teachers and researchers could facilitate students engaging in productive collaboration, and comparison of these different databases illustrates similar patterns validating the use of the KCA. Databases with more sophisticated pedagogy or assessment designs showed higher connectivity in both reading and build-on patterns and KCA indices compared to those with less intensive designs, in which students used KF in more general ways.



KCA-2: Are we putting our knowledge together? Figure 4 reports the percentage of notes that contained reference links, or that were used as references in other notes. Here too, there were variations among different databases—the databases using more intensive designs showed higher KCA indices. In DB8 and DB9, students created a reasonable number of reference notes, with 10% to 15% of notes having reference links, and 35–40% of notes being used as references. Most reference notes were portfolio notes, as evidenced by phrases such as: “Summary—The set of notes begins…” and “as I go through all the comments…” that link the note to the referenced material. This was expected, because these databases were constructed in studies investigating principle-based portfolio notes [32,41]. However, the KCA, by including note content in addition to quantitative indices, helped us detect there were few other uses of references; there were few KF notes with reference notes in DB2 through DB7.



While the use of portfolios increased the use of reference notes in some databases (DB1, DB8, DB9), the KCA also helped identify areas that can be improved. For example, students in DB1 created seven group portfolio notes with reference links; however, the number of notes to which reference was made was rather high, suggesting the students were not very discriminating in selecting material to discuss in their portfolio.



KCA-3: How does the community’s knowledge develop? For question KCA-3, the KCA first asks the user to enter the desired extent to which the notes must have been read to be included in the analysis; it then generates a list of keywords, ordered by the number of notes in which they were used that met the reading criterion. The user can then analyze the notes in which a specific keyword is used, in order to gauge whether they suggest evidence of domain learning by the community over time. To illustrate the main idea of the analysis intended for this inquiry question in the KCA, we report the results for several views on mechanics in DB7.



The views contained 266 notes, of which 85 were read by at least 10 students (roughly one-quarter of the class). These notes had 18 distinct keywords that were used in more than one note, with gravitational force being used most frequently. The transcript in Figure 5, generated from the KCA output, shows four notes containing the keyword “gravitational force” and one additional note that built onto one of these notes. All keywords in the transcript are shown in boldface.



Note 1 provided the phenomenological explanation that gravitational force continued to act when the bead moved through the liquid (correct), but that an additional force occurred due to the friction from the liquid (only partly correct; there also is a buoyancy force). Note 3 made some conceptual progress and provided a causal explanation that applied Newton’s First and Second Laws to the problem. This was a significant improvement on the explanation in Note 1, as a causal mechanism is an important aspect of explanation in science. Note 4 dealt with how high heavy and light persons could jump on the moon; it applied Newton’s Second Law correctly to a different physical situation involving the force of gravity. Note 5 made an incorrect assertion about the force of gravity in the context of a bathroom scale reading; it is the normal force from the floor that determines the reading.



Integrating knowledge across different inquiries in a domain involves a high degree of synthesis but is necessary for achieving “big picture” coherence in a whole course of study. The foregoing does not constitute the analysis of integration of knowledge across different inquires, but rather the analysis of one concept. For a more complete picture, different efforts along these lines must be combined. For example, further analyses of the friction and density concepts could begin to elaborate the relations among all three concepts.



KCA-4: What is happening to my own contributions? For KCA-4, the KCA asks the user (the student who logs in) to enter the interaction type (e.g., build-on) and the extent of interaction and impact on community (e.g., at least three members involved); it then generates a ranked list of notes that have been built on by at least three members for the particular student (Figure 6). The student then can see how their notes have led to responses from others in the community, and whether these responses have been fruitful. This is similar to the notion of citation in scholarly community where one’s work is cited by others as knowledge develops. To illustrate the main idea of the analysis intended for this inquiry question in the KCA, we report (in in Figure 6b) the results for one note (titled my opinion) in DB8, generated by one student (Radford) to a moderate audience, that lead to four responses, retrieved in chronological order by the KCA.



These five notes focused on the reasons why China is rich or poor. The note titled my opinion (Note 1) provided an explanation of why China is poor now and will be rich in the future. The note titled null (Note 2) stated that policy and education may be factors leading to poverty in China and was a necessary and important advancement on Note 1. The note titled I agree with u too (Note 3) further elaborated that China’s position contributed its richness, which enriched the factors due to which China was rich in Note 1. The note titled I agree with you! (Note 4) provided an elaborated explanation of why China is poor now (low gross national product (GNP) of per capita and less advanced technology) and why China has the potential to become rich (having some cities that are rich and having advanced in technology), which took up on the explanations offered in Note 1. The note titled agree (Note 5) provided an elaborated explanation on reasons why China would become powerful in the future (joining the World Trade Organization (WTO) and rapid economic growth). This showed uptake of ideas responding to the initial idea in Note 1. In sum, Note 1 led to a fruitful discussion in the community, and KCA data shows what is happening to the initial idea and how it has brought about others ideas—the five notes together explained well the factors contributing to China’s present poverty and future power.




4.2. Examining Student Uses of the KCA for Reflective Assessment in Classrooms


The following sections show some examples from the students’ writing on the prompt and/or reflection sheets, which illustrate how they interpreted the KCA output and how using the KCA guided their reflections.



4.2.1. Fostering Synthesis and Rise-Above as Collective Efforts through Reflective Assessment with the KCA


The following excerpt from a KCA prompt sheet demonstrates how a student was enabled to generate synthesis and rise-above ideas in a collective way through reflective assessment of the KCA data. This excerpt was written in response to the question “Are we putting our knowledge together?”



I did this analysis because I wanted to know whether we were good at advancing and deepening our inquiry and drawing conclusions by referring to others’ notes. I found that 96% of our notes did not contain references… 95% of our notes were not used as references… I found that we seldom referred to others’ knowledge to rise above our own notes, which makes me think that most students only focused on their own opinions rather than incorporating others’ knowledge in creating notes. I will improve my own notes. I will read more notes written by others, and integrate them into my notes in order to enrich my explanations. (from the KCA prompt sheet of student18)



In this excerpt, the student reflected on the KCA data with the aim of learning “whether we are good at advancing and deepening our inquiry and drawing conclusions by referring to others’ notes.” She identified related problems (“seldom refer to others’ knowledge to rise above our own notes” and “most students only focus on their own opinion rather than incorporate others’ knowledge”). These statements show that she had gained useful insight. This student sensed that improving ideas by integrating and referring to others’ notes was important. In her analysis, the student appeared to reflect on the quality of reference notes, made a plan (“improve notes”), and took action to bridge the gaps she perceived (“will read more notes written by others and integrate them in my notes”). In other words, the student generated important KB goals for improving her ideas through collaborative efforts (referring to others’ notes) and idea development. This example suggests that KCA-enhanced reflective assessment helped this student connect her learning orientation to the KB goal of idea improvement as a collective responsibility.




4.2.2. Fostering Idea Improvement through KCA-Aided Reflective Assessment


The following example from a KCA reflection journal suggests how KCA-assisted reflective assessment helped students focus on the KB principle of idea improvement.



I am wondering whether my notes are good. I find that my notes have been read and built on a lot; 90% of the notes have been followed by others. So, my notes may be not bad and have attracted a lot of attention… Of course, they have much room to be improved. I can use some examples and others’ notes to elaborate my ideas and enrich my explanations. (from the KCA reflection journal of student11)



This excerpt shows that this student analyzed the KCA data and assessed the quality of her notes (“my notes may be not bad and have attracted a lot of attention,” “they have much room to be improved”). These observations indicate useful insights, as the student sensed that progressively improving her ideas was important. On the basis of her analysis, she appeared to reflect on the quality of her notes, and more importantly, she identified problems and generated plans to address them (“use some examples and others’ notes to elaborate my ideas and enrich my explanations”). In other words, this student generated useful KB ideas, including the idea of making more references to others’ ideas.






5. Discussion and Conclusions


This study addresses the problems of asynchronous online discussion and proposes a new approach that is premised on knowledge-building (KB) theory and emphasizes collective inquiry. We pioneered the development of the KCA (which is a reflective assessment framework of inquiries pertaining to KB) and analytical tools to investigate participant responses. In this section, we discuss the key emerging themes and explain the theoretical, methodological, and design-related implications of our findings for KB and CSCL.



5.1. The KCA Framework for KB and CSCL


Although there are many ways to assess KB and online learning, this study contributes to the literature by examining the KCA reflective assessment framework and its related tools. The KCA framework proposes an approach that involves four key questions. These questions allow us to look at KB (and online discussion) from four angles: (a) collective and democratic knowledge; (b) links between multiple contributions, syntheses, and rise-above insights; (c) idea improvement; and (d) promisingness judgments and individual contributions to the community. This framework addresses important aspects of KB. It helps us rethink the nature and facilitation of online discussion and CSCL.



A key contribution of this study is that it applied the KCA framework not just to the context of KB, but also to the different contexts of asynchronous discussion (online discussion) and CSCL platforms. This application provides a conceptual map to assess and facilitate collective inquiry and improve the quality of discourse. The KCA framework and related tools are premised on KB, but their principles and questions can be used for purposes beyond analyzing KF databases. The KCA has wide applicability for examining and addressing the issues of online discussion and CSCL settings.




5.2. KCA Analysis as a Way to Identify Issues for CSCL and KB Development


The theory-driven KCA framework is supported by a range of KCA tools, which provide new methods of analysis and offer scaffolds for collective KB and for identifying areas where improvements are needed. In line with the current emphasis on learning analytics, KCA tools provide evidence relevant to the four key inquiry questions regarding student work in an online environment. This study included empirical analyses focused on comparing the KCA indices by using multiple databases drawn from KB classrooms.



We applied both sets of tools in the analysis of nine KF databases to validate them by using the empirical data they contain, as well as to investigate the current state of online KF discourse, thereby revealing areas for further development. Comparative analyses using the KCA indicated that the databases with more sophisticated pedagogy had higher KCA indices than the other databases. The KCA tools were found to be applicable to different databases, and variations in the designs of these classrooms helped validate the KCA framework and tools. The findings pointed to several kinds of potential issues. The KCA framework and tools were shown to provide new methods and to help enrich the possibilities for assessing KB for collective progress.



This study provides new perspectives and identifies the need for greater attention to both the nature of online discussion and pedagogical designs for community knowledge, synthesis and rise-above, idea improvement, and individual contributions to the community and to promisingness judgments. These four challenges are important not only for KB, but also for enriching CSCL and online discussion. Note that the issues we identified may not be salient for regular online analysis.



First, the use of the KCA tools proved important in assessing the nature of online discussion beyond examining levels of productivity and interaction. These tools enabled the participants to identify areas for improvement, such as using more rise-above responses and syntheses (KCA-2). Second, the students generally needed to read/build on the writing of more students (KCA-1). From a KB perspective, a distributed effort may be more effective. Third, the KCA analysis of the databases showed that students need more guidance on how to direct their efforts to collectively synthesize and rise above collective knowledge (as shown in the responses to KCA-2). The students tended to respond to individual notes, but did not build a coherent body of knowledge, as reported by other studies [19,42]. Furthermore, much more effort should be devoted to helping students focus on idea improvement, by analyzing conceptual progress in strings of notes (KCA-3) and by helping students identify promising ideas. Students need to inquire into the effects of their ideas on the wider community and to consider the output of multiple students together, thereby identifying patterns and combining insights (KCA-4).



This study also provides examples that illustrate how students use the KCA and how the accompanying reflection prompts them to engage in reflective assessment. Our study contributes to the literature by proposing various ways in which KB practices can be evaluated and improved through an assessment framework supported by analytics tools. CSCL tools such as the KCA, when used in conjunction with student reflection, can help support extra effort, thereby making the process more attractive and salient to students. Although the KCA is generally used in the KB context, it represents an important step forward in providing tools and methods for students to make their own inquiries into their discourses, thereby making complex analysis more accessible.




5.3. Implications of the KCA Framework for Pedagogy


In the KCA framework, theory, technology, and pedagogy are integrated. The KCA includes design and pedagogical implications that can support enriched CSCL and classroom practice. The KCA provides a general framework for productive discourse that emphasizes key aspects of KB. These aspects are based on explicit KB principles [26], but they are often neglected in classroom practice. The KCA targets some key areas that can be easily overlooked. These areas include the following:




	(1)

	
Understanding that KB involves accomplishments at various levels of social organization, from individual students, to small groups, to the whole community, and that achievements at higher levels are not reducible to those at lower levels [43].




	(2)

	
Going beyond writing, reading, and responding to individual notes in order to build a coherent knowledge base.




	(3)

	
Analyzing the conceptual progress of the community.









The KCA can help teachers and students become more aware of these issues. Three additional suggestions for classroom use are discussed below.



First, in KB and CSCL classrooms, it is important to consider the difference between productivity and the actual generation of ideas. According to Pryor [44], frequent KF use may encourage a focus on improving the statistics. However, the focus should be on understanding the ideas behind the inquiry questions and acting in accordance with that understanding. Thus, the KCA may help teachers and students develop an understanding that KB is something a community does, and a matter of what the community is. Development in this direction is not driven by achieving higher percentages of comments, but by an understanding that the interchange should contribute to better KB. Teachers may use the KCA output and visualizations to help their students appreciate the different levels of contribution and the important role of community-level work.



A second consideration is alignment with conceptual progress. Basically, KB is often omitted from the school curriculum, and therefore students have limited opportunity to invest in developing and assessing the knowledge-building process. Therefore, it is important to integrate question KCA-3 into practice because this question focuses on the issue of progress in domain-related knowledge. One possible use of the KCA is to support investigations of community progress in idea development, for example by building an understanding of how core ideas in the Next Generation Science Standards [45] can develop when supported through the use of KF and the KCA. This emphasis on conceptual progress aligns well with the need to develop KB and other innovations that align with learning standards and domain-related knowledge.



A third consideration is better engagement of students in reflective assessment using the KCA or other CSCL tools to help them assess their discourses for KB. CSCL offers many KB and analytical tools, but a key theme is to help students reflect on the evidence produced by these analytical tools. Teachers also need to develop ways to engage students in productive, collaborative reflection, and dialogue. When using the output of class discussions, students develop their epistemic agency for using evidence from analytics tools to make progress.





6. Limitations and Further Research


The limitations of this study should be noted, as they point to areas for future research. The framework captured some central aspects of KB in response to a limited set of questions for practical use. However, this study did not measure how comprehensive these questions were, and identifying a more complete set of questions depends on further classroom experimentation. In accordance with the principles of design-based research on KB, further research should be done, for example, on the relationship between individual and collective work. These investigations may help inform and enrich knowledge-building theory.



This study demonstrated how the KCA could be used to analyze nine selected KF databases, thereby highlighting a range of issues concerning conceptual development and curriculum design. This study focused on the validation of the KCA, but further research is needed on how the KCA can be used by students with teachers of different disciplines. Moreover, to validate and examine the theoretical and design implications, additional tests of KCA use with students in various types of classrooms are needed.
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Figure 1. Knowledge Forum (KF) view and reference notes. 
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Figure 2. Knowledge Connections Analyzer (KCA): interface, questions, and output. 
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Figure 3. Percentage of students who have an audience for their work. 
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Figure 4. Percentage of notes with references and percentage of notes used as references. 
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Figure 5. Note content for the keyword “gravitational force” generated by the query “How do our ideas develop over time?”. 
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Figure 6. (a) The number of notes has been built on by at least 3 students, with specific times of build-on; (b) the four build-on notes to the note titled “my opinion”. 
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Table 1. Key inquiry questions, purposes, principles, and information of the Knowledge Connections Analyzer (KCA) framework and tools.
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	Questions Embedded

in the KCA
	Key Purpose
	Knowledge-Building Principles
	Information Input
	Information Reported





	Are we a community

that collaborates?
	A community-oriented question that asks whether collaboration is a well-developed practice in the community
	Community knowledge, collective responsibility, and democratization of knowledge
	Different types of interaction and different criteria for

each interaction
	The extent to which students have an audience for their work and provide an audience for others’ work in the form of reading, building on, linking to, and rising above. The percentage of and information on the students who meet the specified criterion; and detailed information on the community centered on the particular student who is logged in



	Are we putting our

knowledge together?
	To explore the extent to which synthesis and rising above are occurring from the

collective viewpoint
	Rising above, idea diversity, democratization of knowledge, and epistemic agency
	--
	The percentage and a ranked list of notes with references and notes used as

references, respectively



	How does the community’s knowledge develop?
	To explore the extent of community engagement and the emergence of new ideas from a collective viewpoint
	Improvable ideas and

epistemic agency
	Different types of interaction and different criteria for each interaction; selection of a specific keyword from a ranked list of keywords used, and a set of notes addressing the keyword, together with notes that build onto them
	The percentage of notes that have received a certain level of interaction, such as reading, building on, linking to, and rising above; keywords introduced, and scaffolds used



	What is happening to my own notes?
	To help students reflect on the quality of their own notes and their impact on the

community’s discourse
	Epistemic agency, improvable ideas, and embedded and transformative assessment
	Different types of interaction and different criteria for

each interaction
	A ranked list of one’s notes that have prompted a given type of interaction with a specified frequency, and the details

of each interaction







Note: Adapted from van Aalst et al. [39].
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Table 2. Detailed information about the databases.
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	Subject and Grade
	Inquiry Topic
	Academic

Achievement Level
	# of Students
	# of Notes
	Days on Knowledge Forum
	Pedagogical and Assessment Tasks





	DB1
	Humanities Grade 10
	Community arts
	Band 3
	19
	304
	25
	Individual and group principle-based portfolio notes based on others’ and own best notes; teacher-researcher co-design



	DB2
	Humanities Grade 9
	Sustainable development
	Band 3
	42
	363
	31
	Individual portfolio notes based on others’ and own best notes



	DB3
	Humanities Grade 9
	Sustainable development
	Band 3
	43
	506
	26
	Individual portfolio notes based on others’ and own best notes



	DB4
	Chinese Grade 9
	Romance of the Three Kingdoms
	Band 1
	40
	219
	168
	Individual reflection notes on their learning about the inquiry topic



	DB5
	Chinese Grade 8
	Features of good novels
	Band 1
	41
	370
	18
	Individual reflection notes on their learning about the inquiry topic



	DB6
	Chinese Grade 9
	Romance of the

Three Kingdoms
	Band 1
	42
	112
	62
	No portfolio notes or reflection notes



	DB7
	Physics Grade 10
	Heat, electricity,

and mechanics
	Band 2
	44
	634
	52
	200-word individual essay to reflect on own learning; teacher-researcher co-design



	DB8
	Geography Grade 12
	World problems and how to look after the world
	Band 1
	40
	871
	51
	Individual principle-based portfolio notes consisting of note clusters tracking idea development: teacher-researcher co-design



	DB9
	Geography Grade 9
	World problems and how to look after the world
	Band 1
	42
	1397
	113
	Individual principle-based portfolio notes consisted of note clusters from the community







Notes: (1) DB2 and DB3 were parallel cohorts of the same Grade 9 course, taught by the same teacher; DB2 had students whose academic performance in Grade 8 was weaker than that of DB3. DB1 was also taught by this teacher. DB4-6 were taught by a second teacher; DB7 was taught by a third teacher. DB8-9 were taught by a fourth teacher. (2) In Hong Kong, schools are assigned to three bands on the basis of achievement on public examinations; Band 1 is the highest-achieving, and Band 3 is the lowest. (3) Some databases have been studied in other published research: DB7 [40], DB8 [32], and DB9 [41].
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Haerbin). But some ofthem (e.g. Hong Kong, Shanghai ae quit rich and the
technology are very advanced.

1 agree with you, because China had join the worid rade, and fs economic is
growing atavery high speed. So china vl become rih i the fture.
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Note 1, March 13, “Bead in oil”, 18 readers

/ The bead accelerates and remains constant velocity. \

At the beginning, the bead is placed in air. It accelerates before entering
the oil. After that, the bead reaches a certain velocity and remains
constant velocity. Although the gravitational force is still acting on
the bead, friction occurred between the surface of the bead and oil.
The density of the bead must be higher than that of the oil. If not, the
bead does not fall.

4

Note 2, March 13, untitled
Not directly retrieved by KCA, but as build-on on Note 1

There are two forces. The weight and frictions [sic]. | want to know are
they constant values? Which one is larger? How will they affect the
motions of the bead.There are two forces.

Note 3, March 16, “Suffer from trouble”, 11 readers

/ Firstly, the motion of the bead remains at rest. By Newton's first law, it \
will remain at rest. When it falls, gravitational force is acting on it but
the friction is not as same as the gravitational force. It will accelerate.
Until the value of weight and friction is the same. By Newton's second
law, Fnet = 0. And by the Newton's first law, it moves at a constant
velocity. When the bead is falling, friction and weight which is larger?

Note 4, March 22, “Moon vs. Earth”, 14 readers

/Yes, it's true. They can jump higher and easier on moon, the main \
reason is the gravitational force on moon (which is 1/6N on the Earth).
Less force (gravitational force on moon) exert on the people when
they jump, so take upward as +ve, by N2, Fnet = ma-->R-W = ma--> a
= (R-W) /m --—--- > they decelerate very slowly and the deceleration on

\moon is smaller than that on the Earth. ... j

Note 5, March 22, “The balance measuring”, 10 readers

(NO, the balance is measuring the gravitational force acting on the girl.)
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Note 1, March 13, "Bead in oi", 18 readers.

“The bead accelerates and remains constant velocity.

Atthe boginning, the boad is placed i air. It accolerates baforo oniaring
ho ol At ihat,ihe boad roachos a certain vaiocy and romains
‘constant velocity. Altough the gravitational forc s il acting on
o bead. ricion occuod bowsan the surfaco of the boad and o1
Tho density of the bead must be highor inan tha of the o, I not, the
baad doos not fai

Noto 2, March 13, uniied
Not dirocly rolioved by KGA, but as buikt-on on Noto 1

“Thero are two orcos. Tho weight and fricions [sic], | want to know aro
they constant values? Which one s larger? How wil they affectthe
motions of the bead Thoro are two orces.

Note 3, March 16, “Suffr from roubio”, 11 readers

Firsly, o motion of the bead remains at rest. By Newton's frst aw, it

law Fat - 0 And by the Nowion' s aw, | moves al & constant
Vlocity. Whon the bead s aling. fiction and weight whicn i arger?

Noto 4, March 22, “Moon vs. Eart, 14 readers

Yos, i true. Thay can jump higher and sasier on moon, ihe main
reason s the gravitationl force on moon (which i /6N on the Earth).
Lass force (gravitational force on moan) exert o the people when
oy Jump. 53 tako Upward as +vo, by N2 Fnet = ma--2RW = ma--> a
=)l = thoy decolorate very siowy and the doceleration on
mbon 14 smaller than that on tne Eart

Note 5, March 22, “The balance moasuring’, 10 readers.

(0. e btenca s messuring he ravitaiona foce acing o he 9 )
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Author

Dickson

Kim

SikPong

Title
Build-on Detail

null

Build-on Detail
| agree with u too

Build-on Detail
| agree with youl!

Build-on Detail
agree

Content

| think it is related to the policy of china. Just like now the lung disease | think is
came from china, and also China have 100 times worse than Hong Kong. It is
related to the education of the people.

| agree with you too. But there is another factor causing China grow better & better,
that's because China’s position in the world was greatly higher than before, many
other countries people, in their eye, Chinese no longer “Stupid”. They showing more
respect.

| agree with you. China is a poor country, because the GNP of per capita is quite
low and the technology is less developed in many cities in China (e.g, Wulumuaqi,
Haerbin). But some of them (e.g., Hong Kong, Shanghai) are quite rich and the
technology are very advanced.

| agree with you, because China had join the world trade, and its economic is
growing at a very high speed. So china will become rich in the future.

(b)
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my opinion
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Buid-on Detal
Question?

Buld-on Detal
question

Buid-on Detai ?

Content

I think China i a poor county because the GNP of China i low the
schoolenvoliment rate s also low. so 1 can see that Cina s st
poor country now.

Bt think China wil be a ichcountry i th future because the
technology of China s bettr day by day. 5o | think China s poor
nowbut rch n fture

1 support ul Because some counlry s very seffish., 5o f they have.
maney, they won't give o other

1vant t know fyou are  president of a poor county , what willyou
oo make your county be rch

11  presidentof arich country. willu help the poor country and
howt help? And why u hep tese poor country

Can everyone think that the war between USA and Irag, il make
them more poor orrich?
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