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Abstract 

This study explored the development trajectory of shared epistemic agency in online 

collaborative learning through epistemic network analysis and lag sequential analysis. It was 

carried out in a postgraduate course with 14 in-service teachers. Drawing on the online 

discussion data from six sessions and the participants’ academic scores, this study found a 

nonlinear development trajectory of learners’ shared epistemic agency across the six sessions. 

The managerial dimension (e.g., regulative and relational actions) mediated the development of 

learners’ shared epistemic agency. The analysis of different groups’ mean networks and 

academic performance revealed a tentative relationship between them. Finally, the transition of 

shared epistemic agency actions in higher-achieving sessions and groups largely followed an 

upward sequential pattern. This study provides a graphical insight into how students learn in an 

online collaborative setting and can inform future pedagogical and technological designs of 

facilitating students’ shared epistemic agency for the creation of collective knowledge. 
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Introduction 

In the field of learning sciences, epistemic agency is related to the process in which 

learners take up responsibilities of contributing to and building on collective ideas in a 

community with the objective of creating new ideas ( González‐Howard & McNeill, 2020; Lai & 

Campbell, 2018; Scardamalia & Bereiter, 2006). Developing learners’ epistemic agency is 

considered one of the important objectives in education (Lipponen & Kumpulainen, 2011). More 

meaningful learning occurs when learners take up epistemic agency by assuming an active role 

in collaborating with others to produce and advance knowledge (Miller et al, 2018). In the 

collaborative processes, shared epistemic agency, which is a specific form of epistemic agency 

aims at creating shared knowledge objects (refer to Damşa, 2014; Damşa et al., 2010), emerges. 

While the term “epistemic agency” has been used in both individual and collaborative learning 

contexts, “shared epistemic agency” is exclusively used in group settings. 

However, previous research on epistemic agency, including shared epistemic agency, 

mostly focused on qualitative descriptions of it and often seemed to treat it as a set of isolated 

actions and events. For instance, we see reports that privileged high-level epistemic agency over 

low-level epistemic agency. High-level epistemic agency is manifested as advanced epistemic 

actions that improve shared understanding of existing knowledge as well as generate and apply 

new knowledge, whereas low-level epistemic agency is related to limited epistemic actions that 

focus on seeking facts and making claims (Damşa et al., 2010). Many also emphasized 

individual components of epistemic agency instead of interactions among its components (e.g., 

Lai & Campbell, 2018; Yang, 2019). Consequently, there is limited knowledge about the 

development trajectory of learners’ shared epistemic agency in collaborative learning over time. 

In addition, although lower- and higher-achieving learners are considered to manifest distinct 
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epistemic agency (Volet et al., 2009; Yang, 2019), little is known about specific differences 

between them in terms of their shared epistemic agency in a collaborative learning setting.  

To address these research gaps, this study used the epistemic network analysis (ENA; 

Shaffer et al. , 2016; Shaffer & Ruis, 2017), a network analysis technique, to quantify and 

visualize learners’ shared epistemic agency. ENA locates co-occurrences of shared epistemic 

agency actions in collaborative activities and modelling the weighted structures of the co-

occurrences. Subsequently, we used lag sequential analysis (LSA) to examine possible 

differences regarding the sequences of shared epistemic agency actions between lower-and 

higher-achieving sessions and groups. In doing so, this study aims to (a) reveal the development 

trajectory of shared epistemic agency over time, and (b) identify specific differences between 

lower-and higher-achieving sessions and groups in terms of shared epistemic agency. 

Theoretical Framework 

Epistemic Agency and Shared Epistemic Agency 

The concept of “epistemology” is concerned with knowledge, knowing, and learning 

(Damşa et al., 2010; Elby & Hammer, 2010). Agency is an enabling factor that controls one’s 

course of action by determining his/her intentionality, purposefulness, and autonomy (Lipponen 

& Kumpulainen, 2011). Agency is considered epistemic when a learner generates and improves 

ideas (Damşa et al., 2010). Epistemic agency is characterized by a learner’s capability of 

conducting intentional and goal-directed activities to generate and improve knowledge in 

collaborative and knowledge-laden practice (Damşa et al., 2010; Scardamalia, 2002). Individuals 

and groups with higher levels of epistemic agency are more likely to join productive knowledge 

building activities (Scardamalia & Bereiter, 2006). 



THE DEVELOPMENT TRAJECTORY OF SHARED                                            4 
 

Empirical studies show that epistemic agency is related to students’ learning in different 

ways. For instance, Yang (2019) argued that epistemic agency is closely related to students’ 

academic performance and that low-achieving students often demonstrate limited capabilities of 

collaboration and inquiry and consequently low levels of epistemic agency. Through qualitative 

analysis of low-achieving students’ online discourse, Yang found that the students could develop 

high-level epistemic agency by consciously reflecting on their inquiry and ideas and taking 

actions to address their knowledge gaps.  

Stroupe (2014) found that epistemic agency is critical in shifting students’ understanding 

of science. Through problematizing conservative classroom science, taking cognitive authority, 

and holding one another and the teacher accountable for ideas generated in a learning 

community, students were able to shift their view of science as accumulated knowledge to a view 

of science-as-practice characterized by meaning-making and explanation-seeking inquiries.  

However, with the development of theories and practice related to epistemology, the 

assumption that individual epistemic agency is at the center of knowledge and knowing has been 

challenged (Lai & Campbell, 2018; Reider, 2016). Individuals’ ideas cannot be justified to have 

value until these ideas are worked on with and validated by others in a community (Stroupe, 

2014). Social interactions and processes are increasingly considered essential to generate and 

advance knowledge (Lai & Campbell, 2018; Scardamalia & Bereiter, 2006). As such, shared 

epistemic agency is increasingly used to highlight the important role of collaboration and 

collective efforts in the advancement of shared knowledge (Damşa, 2014; Damşa et al., 2010). 

Currently, existing studies (e.g., Damşa, 2014; Lai & Campbell, 2018; Stroupe, 2014; 

Yang, 2019) primarily relied on qualitative analysis to investigate learners’ (shared) epistemic 

agency. This only leads to the description of the development of (shared) epistemic agency in 
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general terms and cannot provide a graphical illustration of it. In addition, it seems that many 

researchers prioritize single components of (shared) epistemic agency and ignore interactions 

among all levels of it by putting great emphasis on high-level (shared) epistemic agency while 

playing down low-level (shared) epistemic agency. 

As such, it is difficult to give readers a vivid understanding of how exactly learners’ 

shared epistemic agency develops in collaborative activities over time and what particular 

differences exist between learners of different capabilities with regard to their shared epistemic 

agency. Therefore, this study aims to address this gap by using the technique of ENA, which 

models the structure of connections among all levels of shared epistemic agency demonstrated 

by students in collaborative learning over time. In addition, LSA was used to examine possible 

differences in the sequential patterns of shared epistemic agency actions exhibited by students of 

different capabilities and sessions. 

A Brief Review of ENA and LSA and Their Potentials for the Current Study 

ENA was initially developed to model complex interactions among elements in people’s 

discourse, actions, and cognitive tasks (Shaffer et al., 2016; Swiecki et al., 2019). In ENA, codes 

represent epistemic elements, including components such as people’s knowledge, beliefs, skills, 

and perceptions that characterize their epistemology. These epistemic elements are chosen and 

defined by researchers based on their research contexts. The co-occurrences of epistemic 

elements constitute epistemic framing that describes ways of people’s thinking and acting 

(Shaffer et al., 2016; Shaffer & Ruis, 2017). As such, ENA does not emphasize single epistemic 

elements, but the interactions and co-occurrences of them. 

Moreover, ENA enables comparisons between individuals or groups because the 

epistemic elements in the individuals or groups are placed at the same places in the projection 
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space. Such invariance in the placement of epistemic elements allows researchers to compare the 

epistemic framing of individuals or groups directly (Shaffer & Ruis, 2017). ENA has been 

successfully implemented in many collaborative learning settings. For instance, Andrist et al. 

(2015) investigated students’ gaze coordination during a collaborative task. Csanadi et al. (2018) 

applied ENA to analyze verbal data in computer-supported collaborative learning settings. 

Swiecki et al. (2019) used ENA to assess individual contributions to collaborative problem 

solving and concluded that ENA is a more powerful technique for the analysis of collaborative 

problem solving than the method of coding and counting. Therefore, ENA effectively fits the 

objectives of this study. 

With regard to LSA, it is a technique often used to analyze complex interactions by 

discovering probabilistic sequences of behaviors that occur at frequencies greater than chance 

(Bakeman & Gottman, 1997; Sackett, 1979). In the field of learning sciences, LSA has been 

widely used in analyzing online discussions and collaborative learning with the purpose of 

revealing behavioral patterns of online collaboration and problem-solving (e.g., Chiang, 2017; 

Liao et al., 2019; Wang et al., 2020). In the current study, it was used together with ENA to 

further analyze and visualize possible differences in the development of shared epistemic agency 

in different sessions and students of different capabilities. 

Methodology 

Research Context 

This study was conducted in a graduate course of learning sciences in the August 

Semester of 2017 that was offered to students who were educational professionals in Singapore. 

The researchers obtained the ethics clearance from the university (IRB-2017-03-021) prior to 

approaching the students. Among the 16 participants, there were 14 students, comprising 11 
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males and 3 females, who consented to participate in this study. They had a wide range of 

working experience and the widest age difference was 29 years. The students were told to form 

groups including members from different backgrounds and experience, after the first week of 

interaction. This strategy to have heterogenous group composition sought to increase the 

probability of students offering different ideas for the same line of inquiry. The students were 

divided into four groups, with three students in Groups 1 and 4, and four students in Groups 2 

and 3.  

Assignments for this course were related to group discussions surrounding key topics of 

learning sciences (e.g., collaborative learning vs. cooperation learning, knowledge building 

principles) on Knowledge Forum (KF), which is a web-based networking tool supporting online 

collaborative knowledge building discourse. The intended outcome was for the students to 

collectively develop and improve knowledge of learning sciences. The instructors empowered 

students to engage in open-ended collaborative inquiry in KF and observed their online 

discussions most of the times.  

Bearing in mind to provide students’ space to develop their agency, the typical structure 

of a session started with the instructor introducing a topic in learning sciences, suggesting and 

sharing one or two reading materials, and allowing the groups to take turns to lead the online 

discussion. In the following week, the instructor would reinforce the key ideas of students’ 

online discussion and probe deeper into concepts that need further clarification in the face-to-

face session. Thus, it was an instructional design that weaved face-to-face instruction with online 

discussion supported by KF, bringing the ideas in the online discussion to the classroom, and 

launching into a new topic for the next round of online discussion. In general, the students had 
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about seven days to participate in asynchronous online discussion of a topic, in between weekly 

face-to-face sessions, each lasting about three hours. 

Data Sources  

Two types of data were used for this study to investigate the development trajectory of 

students’ shared epistemic agency. The primary data source came from the students’ posts on KF 

because these posts are considered the representations of students’ shared epistemic agency as 

they are engaged in explanation-seeking inquiry and taking up responsibilities to improve ideas 

in collaboration with others (Damşa et al., 2010; Yang, 2019). Overall, KF posts in six sessions 

(Sessions 2, 3, 6, 7, 8, and 9) were collected. They were analyzed using ENA and LSA. The 

second data source is the students’ final academic score of this course, which was used to 

complement the findings of ENA to examine possible relationships between shared epistemic 

agency and academic performance.  

Data Coding 

The development and improvement of shared epistemic agency can be measured by the 

extent to which students are engaged in shared epistemic agency actions in collaborative learning 

(Damşa et al., 2010; Lai & Campbell, 2018). To operationalize the concept of shared epistemic 

agency, a coding framework was developed through a theory- and data-driven approach. The 

initial coding framework was built based on Damşa et al.’s (2010) framework of shared 

epistemic agency and Gunawardena et al.’s (1997) Interaction Analysis Model. Damşa et al.’s 

(2010) framework provided clarity on shared epistemic agency in action while Gunawardena et 

al.’s (1997) work shed light on epistemic actions in knowledge building. It was then iteratively 

refined by constantly going back and forth between codes and data until an empirically saturated 

set of categories was attained. 
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The final coding scheme contains three dimensions (see Table 1): epistemic (knowledge-

related), managerial (social-related), and off-topic. In the epistemic dimension, six levels of 

shared epistemic agency actions were identified: sharing information, creating awareness of 

problems, understanding the problems, co-constructing knowledge, refining co-constructed 

knowledge, and agreeing on or applying newly co-constructed knowledge; these levels were 

organized according to students’ agentic efforts. The managerial dimension contains three 

categories: planning, regulative, and relational. 

This study used each paragraph of the KF posts as a unit of analysis. There are 681 

paragraphs in total. A paragraph might be assigned more than one code when it conveys multiple 

layers of meaning. For instance, the following excerpt of discussion was assigned two codes: E5 

(Refining co-constructed knowledge) and E6 (Agreeing on or applying co-constructed 

knowledge). 

Having started initial research on using AI [artificial intelligence] and machine learning, there is a 

perception where many people perceive AI to be 'humanly' intelligient [intelligent]. Currently, all 

AI starts with KB [knowledge building]. KB is what empowers AI. The use of structured, semi-

structured and unstructured data underpins machine learning, whether it is supervised or semi-

supervised. The data sources described above form a knowledge database where is then used to 

power 'intelligent' systems we call AI. Embracing KB will quicken this AI future. I see only 

benefit if I can create an intelligent chatbot for students to [who] ask the repetitive questions that 

suck up teaching time.  

In this excerpt, the learner first refined their co-constructed knowledge related to AI and 

KB and proposed that KB would speed up the development of AI (E5). Based on that, the learner 

continued to envision an application of such AI in a personally relevant teaching setting (E6).   
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Initially, the second author and another researcher, who are experienced scholars in 

learning sciences, coded the discussion data of Session 2 individually to examine interrater 

reliability. Cohen’s Kappa value of 0.85 (p<0.001) indicates that interrater reliability was met. 

Then, the data from the remaining five sessions were coded by the second author. 

----------------------------- 
Add Table1 about here 
----------------------------- 

Data Analysis 

Epistemic network analysis (ENA). The coded KF posts were analyzed using the ENA 

web software (http://www.epistemicnetwork.org/). Specifically, the networks of codes of shared 

epistemic agency for all participants are represented as adjacency matrices, which are then 

summed into cumulative adjacency matrices that represent weighted patterns of co-occurrences 

among the codes. Following that, the cumulative adjacency matrix for each student is 

represented as a vector in a high-dimensional space, which is normalized to penalize possible 

issues of inflation of vector lengths. Subsequently, singular value decomposition (SVD) is used 

to project the vectors into a lower-dimensional space that maximizes variance accounted for in 

the data. According to Shaffer et al. (2016), the two dimensions that explain the most variance in 

the data are used to present the ENA space. Therefore, a two-dimensional space formed by SVD1 

and SVD2 (see Figure 1), which explained 41.20% of the variance in the data, was used in this 

study. 

Networks are demonstrated in the two-dimensional space using two coordinated 

representations for each participant: (a) a projected point pi representing the location of each 

participant’s network in the space, and (b) a weighted network graph with nodes representing the 

codes and edges indicating the strength of connections between nodes. To optimize the node 

positions, which are fixed, in the two-dimensional space, ∑i (pi - Ci) is performed, where is Ci the 

http://www.epistemicnetwork.org/
http://www.epistemicnetwork.org/
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network centroids of the projected points. A centroid summarizes an epistemic network into a 

single point in the two-dimensional space. Centroids that are close to one another manifest 

similar network patterns (Shaffer et al., 2016; Wooldridge et al., 2018). More details of the 

analysis procedures of ENA can be found in the tutorial provided by Shaffer et al. (2016). 

Lag sequential analysis (LSA). LSA is conducted to follow up with the findings of ENA 

by continuing to examine and visualize potential differences in the sequential patterns of shared 

epistemic agency actions between the lower- and higher-achieving sessions and groups. z-scores, 

which are the adjusted residual results, are calculated for each sequence to examine whether the 

transition from one action to another (or itself) is more significant than expected by chance (z-

score >1.96, Bakeman & Gottman, 1997). In addition, Yule’s Q is used to assess the strength of 

association between every pair of actions (Q>=0.30; McComas et al., 2009). Therefore, a 

sequence of actions is only considered significant if the z-score is above 1.96 and Yule’s Q value 

is at least 0.30. However, as LSA is subject to Type I errors because of the substantial number of 

coded actions involved in significance tests, Pearson chi-square tests are suggested to determine 

if the significant transition is actually significant (Bakeman & Gottman, 1997). In the current 

study, LSA was performed using GSEQ 5.1 (http://www.ub.edu/gcai/gseq/index.html) on the data of 

the lower-and higher-achieving sessions and groups separately based on the findings of ENA.  

Results 

To reveal the development trajectory of shared epistemic agency over time and what 

differences exist between different sessions and between students of different capabilities, we (a) 

investigated the mean networks of the six sessions, (b) examined the interrelationships between 

different shared epistemic agency actions based on the networks across the six sessions, (c) 

investigated the mean networks of the four groups of students and their relationships with 

http://www.ub.edu/gcai/gseq/index.html
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students’ academic score of this course, (d) compared the mean networks of low- and high-

achieving sessions and groups to visualize possible factors accounting for the differences 

between them, and (e) finally, employed LSA to complement ENA by further analyzing and 

visualizing possible differences in the sequential patterns of shared epistemic agency actions in 

different sessions and students of different capabilities. In what follows, we present the results of 

the analyses. 

Nonlinear Development Trajectory of Shared Epistemic Agency 

Based on the placement of codes in the projection space (see Appendix A), the bottom 

left quadrant is characterized by basic epistemic agency actions including sharing information 

and creating awareness of problems. The bottom right quadrant contains advanced epistemic 

agency actions (refining co-constructed knowledge and agreeing on or applying co-constructed 

knowledge) and managerial agency actions (planning and relational). The upper left quadrant 

only contains a managerial agency action (regulative) while the code representing off-topic 

discussion is located on the Y-axis due to its rare occurrence. Finally, the upper right quadrant 

contains intermediate-level epistemic agency actions, including enhancing the understanding of 

the problems and co-constructing knowledge.  

According to Shaffer et al. (2016) and Wooldridge et al. (2018), ENA visualizes the 

strength of edges between nodes in a network graph, which represent different levels of shared 

epistemic agency in this study. The thicker the edges between nodes, the stronger the 

connections between them. Based on the codes’ positions and their interconnections in the two-

dimensional projection space (see Appendix A for the ENA graphs of the six sessions), sessions 

on the left side of the projection space (Sessions 2, 3, 6, and 8 [see Table 2 for centroids’ 

coordinates]) have stronger connections between basic and intermediate levels of epistemic 
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agency actions. Meanwhile, sessions on the right side of the projection space (Sessions 7 and 9) 

are characterized with stronger connections between intermediate and advanced levels of 

epistemic agency actions, indicating that the learners in Sessions 7 and 9 were more likely to 

sustain and deepen their collaborative inquiry to advance their collective knowledge.  

----------------------------- 
Add Table 2 about here 
----------------------------- 

Accordingly, Figure 1 shows that among the six sessions, Session 7 is probably the 

highest-achieving session which is characterized by stronger connections among all levels of 

epistemic agency actions, especially, the connections between intermediate and high levels of 

epistemic agency actions. Contrastingly, Session 2 and particularly, Session 3, seem to be the 

two lowest-achieving sessions featuring stronger connections between low and intermediate 

levels of epistemic agency actions. As indicated by ENA comparison outcomes, Session 7 (X 

dimension: M=0.59, SD=0.69; Y dimension: M=-0.46, SD=0.46) and Session 2 (X dimension: 

M=-0.24, SD=0.57; Y dimension: M=0.14, SD=0.68) are significantly different in both X and Y 

dimensions, tx (24.72) = 3.39, p<0.01, Cohen’s d=1.30, ty (20.57) = -2.66, p<0.05, Cohen’s 

d=1.04. Session 7 and Session 3 (X dimension: M=-0.48, SD=0.58; Y dimension: M=-0.08, 

SD=0.74) are significantly different in the X dimension, tx (25.28) = 4.40, p<0.05 Cohen’s 

d=1.66.  

----------------------------- 
Add Figure 1 about here 
----------------------------- 

Furthermore, a deeper analysis of Figure 1 indicates that students’ shared epistemic 

agency peaked in Session 7 and then went back to intermediate levels, which can be seen from 

the locations of the centroids of Sessions 8 and 9 and that of Session 6, which are close to one 
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another. As centroids located proximately have similar patterns of co-occurrences among codes 

(Shaffer et al., 2016), it can be concluded that Sessions 6, 8, and 9 demonstrate similar networks 

of epistemic agency actions, which can also be observed from their mean networks (see Figure 

2).  

----------------------------- 
Add Figure 2 about here 
----------------------------- 

Therefore, on the whole, the development of shared epistemic agency across the six 

sessions does not follow a straight upward course. Instead, it demonstrates a nonlinear trajectory: 

students’ shared epistemic agency was improving, reaching a maximum level at Session 7, but 

returned to intermediate levels at Sessions 8 and 9.  

The Mediating Role of Managerial Elements in the Development of Shared Epistemic 

Agency 

As illustrated in the ENA graphs of the six sessions (see Appendix A), when more 

managerial elements (i.e., regulative and relational elements) are involved in group discussions, 

higher connections between intermediate and advanced levels of epistemic agency action occur, 

which can be observed from the comparisons between Sessions 2-3 and Sessions 6-9 (see 

Appendix A). Even though the connections between the managerial elements and the epistemic 

agency actions are not as strong as the connections among epistemic agency actions themselves 

as shown in the ENA graphs of Sessions 6-9, the managerial elements might serve as stimulators, 

inspiring more epistemic interactions.  

Tentative Relationship between Shared Epistemic Agency and Academic Performance  

In what follows, we present the analysis of each group’s ENA graph. As displayed in 

Figure 3, the centroids of Groups 2 and 3 are located proximately with one another, indicating 
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that they have similar network patterns of shared epistemic agency actions. Group 1’s centroid is 

located nearby those of Groups 2 and 3 but is slightly on the left side (with the coordinate X: -

0.02; Y:0.05). However, the three groups are far apart from Group 4. The comparison between 

Group 3 (X dimension: M=0.06, SD=0.61; Y dimension: M=0.14, SD=0.56) and Group 4 (X 

dimension: M=0.14, SD=0.88; Y dimension: M=0.32, SD=0.57) reveals that they have a 

significant difference in the Y dimension, ty(36.42)=2.56, p<0.05, Cohen’s d=0.81. There is also 

a significant difference between Group 2 (X dimension: M=0.06, SD=0.66; Y dimension: 

M=0.07, SD=0.60) and Group 4 in the Y dimension, ty(37.51)=2.11, p<0.05, Cohen’s d=0.66. 

However, there is no significant difference between Group 1 and Group 4. 

----------------------------- 
Add Figure 3 about here 
----------------------------- 

Based on the codes’ positions and their connections in the two-dimensional projection 

space (see Appendix B for the four groups’ ENA graphs), the groups of students on the left side 

of the projection space show stronger connections between basic and intermediate levels of 

epistemic agency actions. Those on the right side of the projection space manifest stronger 

connections among intermediate and advanced levels of epistemic agency actions and 

managerial elements. As such, Groups 2 and 3 probably have greater development of shared 

epistemic agency than Group 4 (see Figure 3). As Group 1, albeit situated slightly on the left 

side, is located closely with Groups 2 and 3, the differences between Group 1 and Groups 2 and 

3 could be small in terms of the development of shared epistemic agency. 

However, as the bottom right quadrant covers the advanced epistemic agency actions and 

more managerial elements, groups located closely nearby this quadrant are likely to show higher 
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development of shared epistemic agency. Thus, Group 2 could be this kind of group among the 

four groups. 

In addition, an attempt was made to explore possible links between the ENA outcomes 

and students’ academic scores of this course. The score of this course for each individual 

(minimum 0 to maximum 100 points) consisted of three components: individual performance 

(60%; final individual assignment and in-class performance), group discussions on KF (20%; KB 

contribution and group leadership), and group performance (20%; group artefact and in-class 

performance). The grading of each group’s online discussions on KF was by the first author of 

this study, without any involvement of the second author. As such, the students’ academic scores 

of this course are independent of the coding scheme and ENA outcomes of this study. To take 

into account the variance in academic achievement within groups, the group score was calculated 

by averaging the score of each individual within a group, which was formed by the three 

components. 

As indicated in Table 3, Group 2 was the highest-achieving group, followed by Group 3, 

Group 1, and Group 4, respectively. Therefore, the four groups’ ENA outcomes of shared 

epistemic agency actions are highly aligned with each group’s academic performance. However, 

it is still not possible to determine whether share epistemic agency led to academic achievement 

or vice versa. Therefore, a tentative relationship was obtained between shared epistemic agency 

and academic performance.  

----------------------------- 
Add Table 3 about here 
----------------------------- 

More Frequent Connections among All Levels of Shared Epistemic Agency Actions in 

High-achieving Sessions and Groups 
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To visualize what factors account for the differences between the high-achieving session 

(i.e., Session 7) and the low-achieving sessions (i.e., Sessions 2 and 3), their mean networks were 

superimposed. As the codes have fixed positions in the two-dimensional space, ENA subtracts 

weighted edges in a network from the corresponding weighted edges in another network. The 

visualization of epistemic network graphs in a two-dimensional space enables comparisons 

among different networks directly (Andrist et al., 2015). The comparisons between Session 7 and 

Sessions 2 and 3 are visualized in the mean networks in Figure 4, which indicate that students’ 

shared epistemic agency actions, particularly the intermediate and advanced ones, had more 

interactions and stronger connections with one another in Session 7 than in Sessions 2 and 3. In 

addition, as shown in Session 3’s ENA graph (see Appendix A), when off-topic elements were 

involved in students’ group discussions, the shared epistemic agency actions might be dragged 

down to lower levels by the off-topic elements. 

----------------------------- 
Add Figure 4 about here 
----------------------------- 

In addition, to identify what factors contribute to the differences between the high-

achieving group (i.e., Group 2) and the low-achieving group (i.e., Group 4), Group 2’s ENA 

graph was superimposed on that of Group 4. As shown in Figure 5, Group 2 had more frequent 

connections among all levels of shared epistemic agency actions, while Group 4 mostly 

stagnated on the interactions between basic levels of epistemic agency actions (i.e., sharing 

information and creating awareness of problems). 

----------------------------- 
Add Figure 5 about here 
----------------------------- 
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The LSA Results Related to the Differences between Lower-and Higher-achieving Sessions 

and Groups 

In Sessions 2 and 3 (the lower-achieving sessions), chi-square tests indicate that there are 

no significant relations between each shared epistemic agency actions (Session 2: χ2=59.52, 

df=81, p=0.96; Session 3: χ2=101.73, df=81, p=0.06), implying that the transitions of shared 

epistemic agency actions in lower-achieving sessions may follow a random pattern. However, 

the transitions of shared epistemic agency activities in Session 7 (the higher-achieving session) 

demonstrated statistical significance (χ2=235.15, df=81, p<0.01), as indicated in Table 4 and 

graphically illustrated in Figure 6.  

 

----------------------------- 
Add Table 4 about here 
----------------------------- 

----------------------------- 
Add Figure 6 about here 
----------------------------- 

With regard to the comparison of sequences on the group level, the chi-square test of 

Group 4’s data (the lower-achieving group; χ2=100.65, df=81, p=0.07) indicate that there are no 

significant sequences in the transition of shared epistemic agency actions. Nevertheless, 

significant sequences are identified in Group 2, which is the highest-achieving group among the 

four groups (χ2=251.33, df=81, p<0.01), as shown in Table 5 and illustrated in Figure 7. 

----------------------------- 
Add Table 5 about here 
----------------------------- 

----------------------------- 
Add Figure 7 about here 
----------------------------- 
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Overall, as indicated in Tables 4-5 and Figures 6-7, the transition of shared epistemic 

agency actions in higher-achieving sessions and groups largely follows an upward sequential 

pattern from E1 (sharing information) and E6 (Agreeing on or applying newly co-constructed 

knowledge), in which R1 (planning) mediates the transition. 

Discussion and Conclusion 

This study investigated the development trajectory of shared epistemic agency in 

collaborative learning through ENA and LSA. The nonlinear development trajectory of shared 

epistemic agency over time is a relatively new finding as compared with qualitative descriptions 

of it in general and vague terms that characterize many prior studies on this topic (e.g., Damşa, 

2014; Lai & Campbell, 2018). The nonlinear pattern could be caused by the design of tasks in 

different sessions because conclusive and inconclusive tasks often have distinct effects on 

epistemic agency (Zhang et al., 2011). It could also be caused by the instructor’s role (albeit 

minimal) in the participants’ collaborative learning, as instructors play an important role in the 

development of learners’ epistemic agency (Stroupe, 2014; Yang et al., 2020). In spite of these 

factors, overall, learners’ shared epistemic agency had developed and improved over time. 

With regard to the mediating role of managerial elements in the development of learners’ 

shared epistemic agency, this finding concurs with Damşa et al. (2010), who argued that the 

managerial dimension is necessary to direct and facilitate collaborative activities. It is also in line 

with Yang et al. (2020) who found through qualitatively analyzing students’ online discourse that 

high levels of shared epistemic agency were identified when epistemic and regulative actions co-

occurred frequently. Although managerial actions do not directly contribute to knowledge 

advancement, this type of actions, such as setting group plans, coordinating group actions, and 
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adjusting group strategies, creates foundations for further agentic behaviors and steers the 

process of shared knowledge creation (Akkerman et al., 2007; Damşa et al., 2010). 

The finding of the tentative relationship between shared epistemic agency and academic 

performance largely corroborates previous studies (e.g., Volet et al., 2009; Yang, 2019) in a 

graphic format, which argued that high-achieving learners tend to show higher-levels of 

epistemic agency in collaborative learning while low-achieving learners often fail to deepen 

collaborative inquiry and build on one another’s contribution for sustained improvement of 

communal knowledge. This finding is also congruent with Zhao and Chan (2014) who found that 

high-performance students used more meta-discourse and social dynamics actions than low-

performance students in collaborative inquiry and that students’ collective moves were correlated 

with their academic performance. However, as students do not enter educational settings with 

equal epistemic positions due to such factors as prior training and social power structures (Miller 

et al., 2018), it is still impossible to ascertain in this study whether students who are higher 

achievers to begin with may engage in collaborative inquiry differently or the other way around. 

The differences between lower- and higher-achieving groups of learners and sessions in 

terms of the mean networks of shared epistemic agency suggest that shared epistemic agency is 

not automatically obtained when groups engage in collaborative learning. Instead, it is negotiated 

among individuals in a community (González‐Howard & McNeill, 2020). It emerges through a 

recursive and gradual process, which is affected by individuals’ input and interaction with other 

group members (Damşa et al., 2010). The result also implies that all levels of shared epistemic 

agency are important. Without seeking facts and making claims (low levels), students cannot 

build on one another’s contribution to co-construct knowledge and refine and apply co-

constructed knowledge (high levels). As such, groups that demonstrate a higher degree of shared 



THE DEVELOPMENT TRAJECTORY OF SHARED                                            21 
 

epistemic agency tend to have greater potentials to involve in sustained efforts of knowledge 

creation (Damşa, 2014; Scardamalia, 2002). 

Finally, the upward sequential pattern regarding the development of shared epistemic 

agency in the higher-achieving session (Session 7) and group (Group 2) as revealed by LSA 

provides further evidence-based support to Damşa et al.’s (2010) and Lai and Campbell (2018). 

Jumping around different levels of shared epistemic agency actions may end up with lower levels 

of collaborative learning and academic performance, as learners in collaborative groups may not 

build upon one another’s contribution to their collaborative endeavors.  

Contributions and Implications 

This study contributes to extant research on shared epistemic agency in the following 

ways. First, although previous studies (e.g., Damşa, 2014; Lai & Campbell, 2018) sought to 

describe the development of shared epistemic agency in a qualitative way, it is still difficult to 

present readers a graphical understanding of how exactly shared epistemic agency develops over 

time. And it is even more difficult to map out of the temporal changes of shared epistemic 

agency. By visualizing the temporal changes of the interactions among different levels of shared 

epistemic agency and related differences between distinct groups of learners and sessions using 

ENA and LSA, this study enables a graphical representation of how students engage in 

collaboration with others to create and improve knowledge. In doing so, this study provides with 

us an in-depth insight into how students understand the nature of knowledge and knowing, which 

can further allow for a detailed understanding of the way students reason and learn.  

Second, the findings of this study underscore the role of share epistemic agency in 

collaborative learning and the importance of dynamic interactions among all levels of it, instead 

of either single levels, in supporting sustained collaboration. Third, the visual comparisons 
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among shared epistemic agency actions at different sessions and of different groups of learners 

expand our knowledge of how shared epistemic agency unfolds over time and varies among 

different phases and learners of different capabilities. Fourth, the findings of this study also offer 

more fine-grained and evidence-based support for future pedagogical and technological designs 

to facilitate students’ agency in continually improving ideas for the creation of shared 

knowledge. 

In addition, the current study carries implications for future research and practice. First, 

the revelation of the nonlinear development trajectory of shared epistemic agency could inform 

instructors in their pedagogical preparation. Although shared epistemic agency is improvable, 

instructors should expect its fluctuation in collaborative learning. 

Second, the tentative relationship between shared epistemic agency and academic 

performance highlights the importance of shared epistemic agency in student learning. As such, 

it is worthwhile for instructors to explore effective ways to improve students’ shared epistemic 

agency in collaborative learning. For instance, instructors can facilitate students’ reflective 

assessment, particularly the lower-achieving ones, by guiding their continuous reflection on and 

monitoring of their learning progresses in collaborative activities (Yang, 2019). In addition, the 

design of learning tasks could be less prescriptive by giving students more flexibility and 

autonomy, instead of a highly scripted approach with predefined tasks and procedures that could 

compromise students’ agency (Zhang et al., 2011). 

Third, in view of the possible relationships between managerial elements and higher 

levels of epistemic agency actions, instructors may consider encouraging students to engage in 

regulative and relational actions in collaborative learning, such as guiding them to monitor their 

group processes, coordinate group activities, and have more social interactions to stimulate 
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discussions. Finally, the coding framework and the findings of the present study also provide 

evidence-based support for the development of techniques to automatically diagnose shared 

epistemic agency in online collaborative learning with the objective of providing students with 

real-time assessments and interventions. 

Limitation and Future Research 

Nevertheless, the interpretation of the findings in this study is subject to some limitations. 

First, this study used a small sample size and did not seek to generalize the findings. Future 

research is suggested to employ a larger sample size to validate the outcomes, for instance, the 

statistical significance of correlations between shared epistemic agency and academic 

performance. Second, as a final score in a course is not necessarily equal to learning and no 

measure of students’ prior knowledge was collected in this study, it is impossible to determine 

any causal relationship between shared epistemic agency and academic achievement. Thus, more 

future studies are needed to continue examining their relationship. Third, as this study was 

conducted in a naturalistic real classroom, many confounding factors (e.g., prior academic 

capabilities, genders, and group composition) cannot be controlled. As such, researchers in the 

future may consider adopting controlled experimental designs to further validate this study’s 

findings by teasing out the confounding factors.  

Fourth, this study compared session across all groups and groups across all sessions but 

did not examine sessions over time within different groups. Future studies may consider 

experimenting with this idea to add more clarity to the development trajectory of shared 

epistemic agency. Fifth, the scope of this study focuses only on the online interactions. We 

acknowledge that more sophisticated methods can be used to capture and analyze multimodal 

data for the face-to-face interactions. And sixth, as the ENA technique uses the centroid of a 
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network for the comparison between networks, certain potentially meaningful differences in 

individuals, groups, and sessions may be lost. This is a tradeoff involved in the use of ENA. 

Therefore, in future studies, alternative analysis techniques could be considered for the purpose 

of maintaining a balance between network comparisons and retaining details of networks. 

Despite these limitations, this study starts an alternative line of inquiry into the 

development of learners’ shared epistemic agency in collaborative learning through the joint use 

of the network analysis and sequential analysis techniques. 

 

 

 

References 

Akkerman, S., Van den Bossche, P., Admiraal, W., Gijselaers, W., Segers, M., Simons, R.-J., & 

Kirschner, P. (2007). Reconsidering group cognition: From conceptual confusion to a 

boundary area between cognitive and socio-cultural perspectives? Educational Research 

Review, 2(1), 39-63. https://doi.org/10.1016/j.edurev.2007.02.001 

Andrist, S., Collier, W., Gleicher, M., Mutlu, B., & Shaffer, D. (2015). Look together: Analyzing 

gaze coordination with epistemic network analysis. Frontiers in Psychology, 6, 1016. 

https://doi.org/10.3389/fpsyg.2015.01016 

Bakeman, R., & Gottman, J. M. (1997). Observing interaction: An introduction to sequential 

analysis (2nd ed.). Cambridge, UK: Cambridge university press. 

Chiang, T. H. C. (2017). Analysis of learning behavior in a flipped programing classroom 

adopting problem-solving strategies. Interactive Learning Environments, 25(2), 189-202. 

https://doi.org/10.1080/10494820.2016.1276084 

https://doi.org/10.1016/j.edurev.2007.02.001
https://doi.org/10.3389/fpsyg.2015.01016
https://doi.org/10.1080/10494820.2016.1276084


THE DEVELOPMENT TRAJECTORY OF SHARED                                            25 
 

Csanadi, A., Eagan, B., Kollar, I., Shaffer, D. W., & Fischer, F. (2018). When coding-and-

counting is not enough: using epistemic network analysis (ENA) to analyze verbal data in 

CSCL research. International Journal of Computer-Supported Collaborative Learning, 

13(4), 419-438. https://doi.org/10.1007/s11412-018-9292-z 

Damşa, C. I. (2014). The multi-layered nature of small-group learning: Productive interactions in 

object-oriented collaboration. International Journal of Computer-Supported 

Collaborative Learning, 9(3), 247-281. https://doi.org/10.1007/s11412-014-9193-8 

Damşa, C. I., Kirschner, P. A., Andriessen, J. E., Erkens, G., & Sins, P. H. (2010). Shared 

epistemic agency: An empirical study of an emergent construct. The Journal of The 

Learning Sciences, 19(2), 143-186. https://doi.org/10.1080/10508401003708381 

Elby, A., & Hammer, D. (2010). Epistemological resources and framing: A cognitive framework 

for helping teachers interpret and respond to their students’ epistemologies. In L. D. 

Bendixen & F. C. Feucht (Eds.), Personal epistemology in the classroom: Theory, 

research, and implications for practice (pp. 409-434). New York, NY: Cambridge 

University Press. 

González‐Howard, M., & McNeill, K. L. (2020). Acting with epistemic agency: Characterizing 

student critique during argumentation discussions. Science Education, 104(6), 953-982. 

https://doi.org/10.1002/sce.21592 

Gunawardena, C. N., Lowe, C. A., & Anderson, T. (1997). Analysis of a global online debate 

and the development of an interaction analysis model for examining social construction 

of knowledge in computer conferencing. Journal of Educational Computing Research, 

17(4), 397-431. https://doi.org/10.2190/7MQV-X9UJ-C7Q3-NRAG 

https://doi.org/10.1007/s11412-018-9292-z
https://doi.org/10.1007/s11412-014-9193-8
https://doi.org/10.1080/10508401003708381
https://doi.org/10.1002/sce.21592
https://doi.org/10.2190%2F7MQV-X9UJ-C7Q3-NRAG


THE DEVELOPMENT TRAJECTORY OF SHARED                                            26 
 

Lai, K.-W., & Campbell, M. (2018). Developing secondary students’ epistemic agency in a 

knowledge-building community. Technology, Pedagogy and Education, 27(1), 69-83. 

https://doi.org/10.1080/1475939X.2017.1369150 

Liao, C. W., Chen, C. H., & Shih, S. J. (2019). The interactivity of video and collaboration for 

learning achievement, intrinsic motivation, cognitive load, and behavior patterns in a 

digital game-based learning environment. Computers & Education, 133, 43-55. 

https://doi.org/10.1016/j.compedu.2019.01.013 

Lipponen, L., & Kumpulainen, K. (2011). Acting as accountable authors: Creating interactional 

spaces for agency work in teacher education. Teaching and Teacher Education, 27(5), 

812-819. https://doi.org/10.1016/j.tate.2011.01.001 

McComas, J. J., Moore, T., Dahl, N., Hartman, E., Hoch, J., & Symons, F. (2009). Calculating 

contingencies in natural environments: Issues in the application of sequential 

analysis. Journal of Applied Behavior Analysis, 42(2), 413-423. 

https://doi.org/10.1901/jaba.2009.42-413 

Miller, E., Manz, E., Russ, R., Stroupe, D., & Berland, L. (2018). Addressing the epistemic 

elephant in the room: Epistemic agency and the next generation science standards. 

Journal of Research in Science Teaching, 55(7), 1053-1075. 

https://doi.org/10.1002/tea.21459 

Reider, P. J. (2016). Social epistemology and epistemic agency: decentralizing epistemic agency. 

Lanham, Md: Rowman & Littlefield Publishers. 

Sackett, G.P. (1979). The lag sequential analysis of contingency and cyclicity in behavioral 

interaction research. In J. Osofsky (Ed.), Handbook of infant development. Wiley: New 

York. 

https://doi.org/10.1080/1475939X.2017.1369150
https://doi.org/10.1016/j.compedu.2019.01.013
https://doi.org/10.1016/j.tate.2011.01.001
https://doi.org/10.1002/tea.21459


THE DEVELOPMENT TRAJECTORY OF SHARED                                            27 
 

Scardamalia, M. (2002). Collective cognitive responsibility for the advancement of knowledge. 

In B. Smith (Ed.), Liberal education in a knowledge society (pp. 67-98). Chicago, US: 

Open Court Publishing Company. 

Scardamalia, M., & Bereiter, C. (2006). Knowledge building: Theory, pedagogy, and 

technology. In R.K.Sawyer (Ed.), The Cambridge handbook of the learning sciences (pp. 

97-115). New York: Cambridge University Press. 

Shaffer, D., Collier, W., & Ruis, A. (2016). A tutorial on epistemic network analysis: Analyzing 

the structure of connections in cognitive, social, and interaction data. Journal of Learning 

Analytics, 3(3), 9-45. http://dx.doi.org/10.18608/jla.2016.33.3  

Shaffer, D., & Ruis, A. (2017). Epistemic network analysis: A worked example of theory-based 

learning analytics. In C. Lang, G. Siemens, A. Wise, & D. Gasevic (Eds.), Handbook of 

learning analytics (pp. 175-187): SOLAR, Society for Learning Analytics and Research. 

Stroupe, D. (2014). Examining classroom science practice communities: How teachers and 

students negotiate epistemic agency and learn science‐as‐practice. Science Education, 

98(3), 487-516. https://doi.org/10.1002/sce.21112 

Swiecki, Z., Ruis, A., Farrell, C., & Shaffer, D. W. (2019). Assessing individual contributions to 

Collaborative Problem Solving: A network analysis approach. Computers in Human 

Behavior. https://doi.org/10.1016/j.chb.2019.01.009 

Volet, S., Summers, M., & Thurman, J. (2009). High-level co-regulation in collaborative 

learning: How does it emerge and how is it sustained? Learning and Instruction, 19(2), 

128-143. https://doi.org/10.1016/j.learninstruc.2008.03.001 

Wang, C., Fang, T., & Gu, Y. (2020). Learning performance and behavioral patterns of online 

collaborative learning: Impact of cognitive load and affordances of different 

https://doi.org/10.1002/sce.21112
https://doi.org/10.1016/j.chb.2019.01.009
https://doi.org/10.1016/j.learninstruc.2008.03.001


THE DEVELOPMENT TRAJECTORY OF SHARED                                            28 
 

multimedia. Computers & Education, 143, 103683. 

https://doi.org/10.1016/j.compedu.2019.103683 

Wooldridge, A. R., Carayon, P., Shaffer, D. W., & Eagan, B. (2018). Quantifying the qualitative 

with epistemic network analysis: a human factors case study of task-allocation 

communication in a primary care team. IISE Transactions on Healthcare Systems 

Engineering, 8(1), 72-82. https://doi.org/10.1080/24725579.2017.1418769 

Yang, Y. (2019). Reflective assessment for epistemic agency of academically low‐achieving 

students. Journal of Computer Assisted Learning, 35(4), 459-475. 

https://doi.org/10.1111/jcal.12343 

Yang, Y., Chen, Q., Yu, Y., Feng, X., & van Aalst, J. (2020). Collective reflective assessment 

for shared epistemic agency by undergraduates in knowledge building. British Journal of 

Educational Technology, 51(4), 1136-1154. https://doi.org/10.1111/bjet.12909 

Zhao, K., & Chan, C. K. (2014). Fostering collective and individual learning through knowledge 

building. International Journal of Computer-Supported Collaborative Learning, 9(1), 63-

95. https://doi.org/10.1007/s11412-013-9188-x 

Zhang, J., Hong, H.-Y., Scardamalia, M., Teo, C. L., & Morley, E. A. (2011). Sustaining 

knowledge building as a principle-based innovation at an elementary school. The Journal 

of The Learning Sciences, 20(2), 262-307. 

https://doi.org/10.1080/10508406.2011.528317 

 

 

 

 

https://doi.org/10.1080/24725579.2017.1418769
https://doi.org/10.1111/bjet.12909
https://doi.org/10.1007/s11412-013-9188-x


THE DEVELOPMENT TRAJECTORY OF SHARED                                            29 
 

Authors’ Bios 

Seng Chee Tan is a professor in the National Institute of Education, Nanyang 

Technological University. His research interests include integration of technologies in education, 

computer-supported collaborative learning, knowledge building, and adult learning. 

Xinghua Wang is a professor in the Normal College at Qingdao University. His research 

focuses on collaborative learning, learning analytics, and human-computer interaction. 

Lu Li is an assistant professor in the School of Journalism and Communication at 

Qingdao University. Her research area involves digital communication, e-learning design, and 

learning analytics.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



THE DEVELOPMENT TRAJECTORY OF SHARED                                            30 
 

Table 1. Coding framework for shared epistemic agency actions. 

Dimension Category Action 

Epistemic 
(knowledge-
related) 

(E1) Sharing information 

(E1a) Stating observations, comments, opinions, beliefs 
or factual information 
(E1b) Asking and answering questions to clarify details 
of a statement 

(E2) Creating awareness of 
problems or a lack of 
knowledge 

Identifying problems or a lack of knowledge in 
discussions 

(E3) Enhancing the 
understanding of the problems 
or the lack of knowledge 

(E3a) Analysing the problems or the lack of knowledge  

(E3b) Collecting/giving more information for further 
understanding of the problems or the lack of knowledge 

(E4) Co-constructing 
knowledge 
 

(E4a) Discussing misunderstanding and disagreement to 
create a shared understanding of problems, ideas, and 
knowledge 
(E4b) Identifying areas of agreements among conflicting 
concepts in understanding 
(E4c) Proposing or negotiating new statements/ideas 
manifesting co-construction 
(E4d) Proposing or negotiating solutions to the problems, 
disagreement, or the lack of knowledge 

(E5) Refining co-constructed 
knowledge 

(E5a) Testing new understanding/ideas/solutions 
(E5b) Revising new understanding/ideas/solutions 

(E6) Agreeing on or applying 
newly co-constructed 
knowledge 

(E6a) Summarizing discussions related to newly co-
constructed knowledge 
(E6b) Agreeing on or applying newly co-constructed 
knowledge  

Managerial 
(social related) 

(R1) Planning 
(R1a) Setting common goals 
(R1b) Creating collective plans of action 

(R2) Regulative 
(R2a) Monitoring group progresses 
(R2b) Coordinating group activities 
(R2c) Adjusting group strategies/goals/plans 

(R3) Relational 

(R3a) Social interaction to enliven discussions, such as 
praises, encouragement, and humours related to topics 
under discussion 
(R3b) Transcending social conflicts/disagreements 

Off-topic (OFT) Posts irrelevant to topics under discussion 
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Table 2. The coordinates of the six sessions’ centroids in the two-dimensional projection space. 

                      Dimension 
Session X Y 

2 -0.24 0.14 
3 -0.48 -0.08 
6 -0.01 0.14 
7 0.59 -0.46 
8 -0.08 0.14 
9 0.19 0.14 
Note. X axis represents SVD1; Y axis represents SVD2; The positive and negative values are the 
coordinates in the X-Y axes. 

 

 

Table 3. Participants’ academic scores at the individual and group levels.1 

Participants Group Individual score Group score2 
S1 1 72 

72.67 S2 1 75 
S3 1 71 
S4 2 73 

78.50 S5 2 73 
S6 2 87 
S7 2 81 
S8 3 79 

78.25 S9 3 88 
S10 3 73 
S11 3 73 
S12 4 76 

72 S13 4 70 
S14 4 70 
Note. 1=No inferential statistics were performed due to the small sample size; 2=Group score was calculated as the 
average score of group members. 
 

 

Table 4. Sequences of shared epistemic agency actions with significance in Session 7. 

Sequences Parameters 
E1 -> E1 z = 2.93, Q = 0.71 
E1 -> R1 z = 9.76, Q = 1.00 
E2 -> E3 z = 4.24, Q = 0.73 
E3 -> E4 z = 3.40, Q = 0.60 
E5 -> E5 z = 2.95, Q = 0.47 
E5 -> E6 z = 3.84, Q = 0.78 
E6 -> E5 z = 2.21, Q = 0.55 
R1 -> E1 z = 7.39, Q = 0.97 

 

 



THE DEVELOPMENT TRAJECTORY OF SHARED                                            32 
 

 

Table 5. Sequences of shared epistemic agency actions with significance in Group 2. 

Sequences Parameters 
E1 -> E1 z = 2.46, Q = 0.40 
E1 -> R1 z = 6.50, Q = 0.90 
E2 -> E3 z = 2.54, Q = 0.33 
E3 -> E3 z = 2.13, Q = 0.32 
E3 -> E4 z = 3.92, Q = 0.60 
E4 -> E5 z = 4.30, Q = 0.74 
E5 -> E5 z = 2.76, Q = 0.63 
E5 -> E6 z = 8.14, Q = 1.00 
E6 -> E4 z = 3.40, Q = 0.84 
R1 -> E1 z = 4.83, Q = 0.79 
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Figure 1. The distribution of the six sessions’ centroids in the two-dimensional projection space. 
Note. The rectangular represents the centroid of each session; Each session is randomly assigned a color; 
The point represents the participant in each session with the session’s color.  
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Figure 2(a). Session 6 
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Figure 2(b). Session 8 
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Figure 2(c). Session 9 
 
Figure 2. The mean networks of Sessions 6, 8, and 9. 
Note. The edge width represents the frequency of co-occurrences between two codes; The rectangular 
represents the centroid of each session; Each session is randomly assigned a color; The point represents the 
participant in each session with the session’s color. 
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Figure 3. The distribution of the four groups’ centroids in the two-dimensional space. 
Note. The rectangular represents the centroid of each group of learners; Each group is randomly assigned a 
color; The point represents the participant in each group with the group’s color. 
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Note. The left network graph shows the comparison between Session 2 (in red) and Session 7 (in green); The right network graph shows the comparison 
between Session 3 (in blue) and Session 7 (in green); The rectangular represents the centroid of each session; Each session is randomly assigned a color; 
The point represents the participant in each session with the session’s color.  
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Figure 5. The comparison of Group 2’s ENA graph and Group 4’s ENA graph. 
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Figure 6. Transition graph of shared epistemic agency actions in Session 7. 

 

 

 

Figure 7. Transition graph of shared epistemic agency actions in Group 2. 
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