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Abstract: Socially shared regulation, where students jointly coordinate understanding, 

motivation, and behaviors, is fundamental to successful collaboration. However, the social 

dynamics at the core of regulation are difficult to detect and understand. We apply relational 

event modeling, a dynamic network approach, to examine the interactional dynamics between 

students in different regulatory processes in a project-based learning engineering context. 

Findings suggest that reciprocity and shared partnerships were associated with how likely 

students might interact. Female students were less likely to engage in planning and monitoring 

exchange. We discuss implications for promoting equal participation in collaborative learning. 

Introduction 
To promote effective collaboration, students need the socially shared regulation strategies to jointly coordinate 

motivation, cognition, and behaviors (Hadwin, Järvelä, & Miller, 2011). Understanding the processes and social 

contexts in which students regulate shared efforts is important to detect and promote effective collaborative 

learning. Relational event modeling (REM) offers key affordances for understanding social dynamics in different 

regulation processes. First, this approach allows us to account for interactional histories between student dyads 

and examine how these interactions differ between regulatory processes. Second, our REM models consider 

potential individual differences in interaction patterns. The following questions guided our research: 
 

RQ1. What interactional dynamics may characterize different regulated learning processes? 

RQ2. How do interactional dynamics in regulated learning differ by gender and leadership positions? 

Methodology 
This study was part of a larger project that focuses on collaborative group exchange in a two-term, first-year 

project-based engineering course in Western United States. Our data came from 22 first-year students in four 

teams, who were taking the elective course as introduction to engineering. The sample represents the overall 

course demographics (22.7% women, 72.7% Latinx or Asian students).  

Analyses drew from the audio and video transcripts of the teams’ in-person discussion in lab at the 

midpoint of the semester (8-hour audio data). At this point, students had been introduced to fundamental 

engineering principles and started developing their group products: creating autonomous quadcopters or fitness 

trackers. We watched the videos of team discussion to denote the direction for the exchange. Then, we identified 

shared regulation by selecting the discourse chunks where students were identifying shared tasks, co-planning 

strategies, and executing tasks towards common goals  (n = 2,462 conversational turns). We coded these discourse 

segments by individual talk turn for different processes of task understanding, strategic planning, execution, 

progress monitoring, and reflection (Nguyen, Lim, Wu, Fischer, & Warschauer, 2021). We achieved substantial 

agreement among the coders on 10% of the data (Cohen’s κ = .87). We then applied REM on the coded dataset. 

Using the REM method, student exchange can be visualized as a network of nodes (e.g., students), edges 

that indicate the exchange directions (e.g., sender or receiver), and the strength of connections between two nodes 

(e.g., frequency). A relational event can be defined as something generated by a student, that is directed toward 

one or more students at a particular point in time (Butts, 2008). Intuitively, the REM is a logistic regression model 

that predicts the probability of the next event (i.e., next interaction between students).  

We ran separate REMs for the overall dataset (n = 2,462 turns), and for separate processes: Plan (n = 

435), Execute (n = 1,563), and Monitor (n = 216). We excluded subsets of Task Understanding and Reflection, 

due to their low occurrences. Because we did not find differences in the trends of relational interactions in separate 

REMs for each of the teams, we focused on reporting the overall patterns. Building on prior work, our REMs 

(Table 1) included past events as predictors. For example, reciprocity (student A->B->A) plays a key role in 

helping teams overcome setbacks (Järvelä, Järvenoja, & Malmberg, 2019). Because the process involves multiple 

group members working towards shared goals, there could be participation shifts, where a group member who is 

not involved in the conversation joins the regulatory exchange (student A->B->another student Y). Alternatively, 

there could exist recency effects, where two students who are already engaged in the initial conversations sustain 
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 regulatory actions (A -> B -> A -> Y). Finally, we accounted for outbound shared partners (i.e., if A and B send 

exchange to similar partners; A and B are more likely to interact). We also included individual attributes, namely 

gender (female = 1) and leadership position in the group (leader = 1). 

Findings 
On average, within the course of the lab session, students sent 10.97 exchange ties, SD = 6.06, and received 10.31 

ties, SD = 6.48. Non-parametric Mann-Whitney-U tests suggest no significant differences in the number of 

exchanges sent and received by female versus male students (send: W = 34;  p = .33; receive: W = 30; p = .20), 

or group leaders versus others (send: W = 14; p = .07; receive: W = 19; p = .16). 

 

RQ1: Reciprocity and Shared Partners are the Norm across Regulation Phases 
We first examined the extent to which past interactional norms predicted subsequent shared regulation. For the 

overall regulation and subprocesses of planning, execution, and monitoring, we found that reciprocity 

significantly predicted the likelihood of an exchange (OR = 5.786, SE = .115, p < .001). 

We found that the numbers of students that two individuals both sent exchange to affected their future 

rates of interactions. This likely reflects a working norm that we qualitatively observed in the project-based 

engineering groups, where students often divided themselves into smaller groups to work on subtasks. 

Consequently, partners who worked on the same subtasks may be more likely to send exchange to one another. 

Notably, we found that a participation shift in progress monitoring, where the receiver of an exchange 

was 2.27 times more likely to direct the next exchange to another student. An example for this participation shift 

is when the groups were working on different subtasks and routinely checked in with one another. 

  

RQ2: Female Students were Less Likely to Engage in Planning and Monitoring 
We did not find difference in the likelihood that male and female students sent an exchange in the overall sample 

or in the execution phase. However, female students were .80 times less likely to engage in an interaction in 

planning, and .65 times less likely in strategic monitoring. Successful participation in all regulatory phases, 

particularly looping between planning and executing, has been associated with higher quality engineering design 

(Ahmed, Wallace, & Blessing, 2003). Our findings highlight the need for instructional and collaborative practices 

that promote equity and inclusivity across all regulatory phases. For example, in-time, direct instructional 

scaffolds that emphasize the input of all team members have shown promise in helping students to engage in self 

and shared regulation processes (Järvelä et al., 2016).  

Conclusions 
We explore regulation processes from the novel perspective of past social relations. We found that reciprocity and 

shared partnerships predicted how likely students might interact. We observed differences in regulatory processes, 

which suggest that not all learners were equally involved in dyadic exchange in each process. Although there was 

no difference in the number of exchanges on a surface level, our more nuanced analyses reveal different gender 

attributes and relational dynamics that contribute to student interactions, with key implications for their 

experiences and learning outcomes. We illuminate the affordances of accounting for individual attributes to 

acquire a deeper understanding of the learning processes.  
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