Supplementary File

Table S1 Sample KB rubric for assessing joint theory building of discussion threads 

	What does this mean
	This item focuses on evaluating to what extent members work toward constructing theories that could explain the fundamental aspects (e.g., the underlying mechanisms, basic principles, or causal relationships of the different elements of the phenomenon in question) of the issue under investigation.

	
Why is this important?
	
Creating theories to explain the fundamental aspects of the issue under investigation and theory building is ultimate goal. However, many clusters of discussions just focus on superficial things rather than the fundamental aspects of issues under investigation.

	

Directions: When team members engage in question-explanation changes, what happens afterwards? Pick a score that most closely describes your team's processes.

	Score
	Description

	


5
	
The cluster of notes (1) creates meaningful, clear and coherent theories to explain the fundamental issues of the phenomenon in question through collaborative efforts; (2) demonstrates strong evidence for idea improvement; (3) analyzes and regulate collective discourse. (All three aspects)

	


4
	
The cluster of notes (1) creates clear and reasonable theories to explain the fundamental issues of the phenomenon in question through collaborative efforts; (2) demonstrates evidence for idea improvement; (3) analyzes and regulate collective discourse.
 

	
3
	The cluster of notes show some evidence that (1) it create theories to explain the fundamental issues of the phenomenon in question through collaborative efforts; (2) demonstrates some evidence for idea improvement; (3) analyzes and regulate collective discourse. 

	
2
	
The cluster of notes shows vague evidence of creating theories to explain issues under investigation.


	1
	The cluster of notes shows make no/little efforts in creating theories.




Table S2 Sample prompt sheet for using KBDex

Date:                    Group Members: 

	Inquiry topic:

	

Our Analysis

Analyzing our KB discourse using KB visualizations and data
	1. What do you think about your inquiry process against the KBDeX growth curve of discourse’ cumulative degree centrality? 
	





	
	[bookmark: _GoBack]2. Which aspects have your groups discussed, which aspects have discussed more using KBDeX idea-network map of keywords and data on frequencies of ideas (keywords) identified? 

	






	

Our Problems

What problems have we discovered? 
	1. Do you have made your inquiries progressively be deepened? And why? 

	




	
	2. Which aspects do you think you need to deepen but have discussed less using KBDeX idea-network map of keywords? And why? 

	







	
Our Plan

Action plans for further developing our inquiry
	1. Which aspects are you going to deepen your inquiry with the help of KBDeX idea-network map? And why?


	  

	
	2. What is your specific action plan for extending and deepening your further inquiry?
	










Table S3 Coding framework for the analysis and characterization of KB discourse and socially metacognition
	Coding categories
	Definition/defining features

	Epistemic dispositions
	

	Fact-seeking
	Questions on definition of the terms or concepts or seeking factual information

	Explanation-seeking
	Questions seeking open-ended responses with elaborative explanations 

	Simple claim
	Opinion without any elaboration or justification, indicating shared or different opinion or understanding

	Elaboration
	Partial explanations, reasons, relationships, or mechanisms mentioned without elaboration; or elaborations of terms, phenomena 

	Explanation
	Reasons, relationships, or mechanisms elaborated 

	Rise-above
	Rise-above includes achievement of a new synthesis of ideas and higher-level formulations of problems/conceptualization of ideas or imposes higher levels of organization of ideas

	Collaborative interactions 
	

	[bookmark: _Hlk455649140]Alleviating lack of knowledge
	Team members alleviate lack of knowledge and inconsistencies in their knowledge by using authoritative sources; creating elaboration or explanations of concepts or ideas to address the central problem; reformulating problems or focus 

	Negotiating a fit between diverse ideas
	Constructing arguments or explanations in favor of; challenging the ideas brought in

	Engaging problem-centred uptake of ideas
	Building up on peers’ ideas to provide explanations in addressing the central problem and to deepen the inquiry including co-elaborating

	Synthesizing and rising above ideas 
	Summarizing ideas from multiple notes by creating hyperlinks to a small number of notes relevant to it, extending the referenced ideas and introducing a new level of conceptualization 


	Metadiscourse
	

	Creating meta-cognitive awareness
	Generating statements or questioning understanding and explanations of concepts/ideas to prompt metacognitive monitoring, reflection, and regulation of inquiry process and/or understanding 

	Major review
	Monitoring and checking inquiry process and/or understanding and identifying missing knowledge or inconsistencies in relation to various aspects of the inquiry process and/or understanding 

	Deepening inquiry
	Reflecting on the inquiry process and ideas constructed, identifying high points or gaps, and regulating collaborative efforts to move to a new state of inquiry or to achieve high-level conceptualization




