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Abstract: This paper reports a design science research methodology (DSRM) study that 

develops, demonstrates, and evaluates a deep learning model utilizing multimodal data to 

automatically detect types of interactions for regulation in collaborative learning (RegCL) by 

using features extracted from electrodermal activity (EDA), video, and audio data involving 

secondary school students (N = 94).  RegCL offers novel and essential opportunities to advance 

research on Socially Shared Regulation of Learning in groups (SSRL).  
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Multimodal deep learning model to detect interactions for regulation in 
collaborative learning (RegCL) 
In recent years, the social aspects of regulation in general, and socially shared regulation in collaborative learning 

in specific, have gained the increasing attention from educational researchers (Malmberg et al., 2017). However, 

it is still challenging to assess and support the regulatory processes in interactions because of the “unobservability” 

of the processes at all levels, including cognition, metacognition, emotions, and motivation. In this study, we 

attempt to complement the design science research methodology (DSRM) approach with learning theories and 

machine learning algorithms to create a multimodal deep learning model for detecting types of interactions for 

regulation in collaborative learning. The model is conceptualized from self-regulated learning and socially shared 

regulation theory and designed based on multimodal data collected from a collaborative learning context.  

We capture students’ physiological activities through the measurement of Electrodermal Activity (EDA), 

and the visual and acoustic data reflecting engagement in learning activities in the classrooms’ natural setting 

involving secondary school students (N = 94) working collaboratively in groups of three or four during five 

physics lessons. The types of interactions for regulation were classified using four separate labels: 1) 

metacognitive interaction, 2) socio-emotional-interaction, 3) task execution and 4) other interactions. Through the 

design and development of the deep learning model, we provide preliminary answers to the following research 

question: Is there evidence that SSRL processes can be automatically detected within the challenging learning 

situations and their related interactions?  In other words, do we have evidence in favor of the feasibility of using 

multimodal and advanced technologies in support of SSRL? 

Based on a review of previous multimodal deep learning frameworks, we designed a multimodal deep 

 

  

Figure 1. Multimodal Deep Learning Model to Detect Regulation 

Interactions in Collaborative Learning (RegCL) 
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 learning model to detect interactions for regulation in collaborative learning (RegCL) as demonstrated in Figure 

2. RegCL transforms the multimodal data from three modalities (i.e., video, audio, and electrodermal activity 

(EDA)) through a series of stages including Data Collection, Alignment, Preprocessing, Feature Extraction, and 

Fusion then passed through what is called a dense layer for the final prediction.   

We conducted deep learning experiments on a randomly selected subset of the collected multimodal data 

with 3232 data pieces splitting into a training set (2459 data pieces), validation set (392 data pieces), and test set 

(381 data pieces) with the ratio of 8:1:1. The testing results show that fusing the features of multimodalities (audio-

video-EDA) has significantly higher performance than models using video (t = 5.509, p < 0.001) or EDA (t = 

4.036, p < 0.001) alone. Our demonstration and evaluation of the RegCL model provides evidence supporting the 

research proposition by Järvelä et al. (2019) provisioning that using advanced technologies on multimodal data 

holds to potential to reveal the “invisible” process of regulation in learning. 

Discussion and conclusion 
This study introduced the potential of multimodal deep learning to recognize types of interaction closely related 

to regulation in collaborative learning. It is important to note that we did not yet study regulation as such, since 

additional data and a qualitative approach is needed to understand that. The use of data collected from different 

modalities such as textual dialog transcripts, interaction events, video, and psychophysiological data offers a 

substantial promise for addressing the problem of understanding regulation in collaboration (Järvelä et al., 2020). 

The literature has also recognized several issues related to unfolding the social aspects of learning regulation to 

advance the operationalization of the concept of socially shared regulation in collaborative learning (Järvelä et 

al., 2019; Malmberg et al., 2017). This study attempts to bring together the powerful capabilities of affective 

computing and machine learning to address the methodological challenges for leveraging theoretical and practical 

foundations of learning regulation. The adoption of advanced technologies such as deep learning and multimodal 

data in this preliminary investigation have provided a proof-of-concept offering hope for eventually addressing 

the identified challenges. 
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