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Abstract: Group work activities can promote the interpersonal skills of learners. To support the 

teachers in facilitating such activities, we suggested a learning analytics-enhanced technology 

framework, Group Learning Orchestration Based on Evidence (GLOBE) with data-driven 

approaches. We designed and implemented a group formation system using genetic algorithms 

to form groups using learning log data. Even if there is no existing data, we presented a paradigm 

of continuous data-driven support for the whole group learning process, incorporating the peer 

and teacher evaluation results as input to subsequent groupings. Further, utilizing accumulated 

group learning evidence in such an ecosystem, we aim to explore predictive group formation 

indicators which can lead to automatic group formation based on teachers’ purpose in different 

contexts for desirable performance in subsequent group learning phases.  
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 1.  Research background and goals  

  

Collaborative learning is progressively adapted in various pedagogical contexts where participants work 

together to share ideas, help each other or accomplish team goals (Dillenbourg, 1999), which benefits 

their soft skills development. Nowadays, computer-supported collaborative learning (CSCL) (Stahl et 

al., 2006) and learning analytics (LA) (Siemens, 2012) provides digital tools and data support, bringing 

immense opportunities to scaffold group work activities.  

However, obstacles to providing valid CSCL support still exist. In terms of group formation, 

teachers tend to resort to random grouping or just pairing neighboring students owing to difficulties to 

do it in a real-time manner (Salihoun et al., 2017). Students from traditional classrooms seldom use 

digital tools, which leads to a cold start problem for the lack of enough learning logs to create learner 

models for group allocation (van der Velde et al., 2021). Even with CSCL support, teachers can get 

overwhelmed if they do not know how to use CSCL tools for orchestration. Currently, researchers focus 

on LA tools during the orchestration phase of the group work, while valid support for other phases in a 

data re-usage perspective deserves further attention as well.  

In this research, we put forward the Group Learning Orchestration Based on Evidence 

(GLOBE) framework to support group work with data-driven systems. This thesis will talk about the 

data-driven system design and empirical implementations surrounding the phases of GLOBE with 

iterative data flow. We shall conduct several empirical studies to investigate the impact of LA-enhanced 

systems in different learning contexts, and in turn figure out predictors of successful group work from 

these inputs to orchestrate an ecosystem. The main research questions goes as follows.  

  

Q1: How to design a group formation tool using multiple attributes of student model data?  

Q2: How to support the whole group learning process with continuous group work data?  

Q3: How to orchestrate an ecosystem for automatic group formation with predictive indicators?  
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    2.  Research framework  

  

 2.1  Group Learning Orchestration Based on Evidence (GLOBE)  

  

Group Learning Orchestration Based on Evidence (GLOBE) provides a framework for group learning 

support with data-driven approaches in the learning analytics-enhanced environment (Liang et al., 

2021a). As illustrated in Figure 1, the data-driven workflow covers four phases: group formation, 

orchestration of group work, evaluation of group work, and reflection after group work. Currently, the 

algorithmic group formation system and the peer evaluation system instantiate the GLOBE framework 

as two organic components of a Learning Analytics Dashboard (Majumdar et al. 2019).  

  

 
 

Figure 1. Systems used in different steps in the GLOBE framework (Liang et al., 2021a).  

  

As for the group formation module, underpinned by the first version that formed groups based 

on the simple ranking of each characteristic, a genetic algorithm was applied to strengthen the flexibility 

to multiple data sources (Flanagan et al., 2021). For each student, there is a corresponding vector 

covering multiple characteristics of the student for the calculation of fitness value (see Figure 2). These 

characteristics come from user model variables (Boticki et al., 2019) such as online reading logs, quiz 

scores from the LMS, and previous rating data from the peer evaluation module. Employing the fitness 

value, we can determine homogeneous groups that have similar members, or heterogeneous groups that 

are made up of dissimilar group members.  

  

  

 

Figure 2. The mapping of student model variables to the characteristic representation matrix and group 

representation (Flanagan et al., 2021) 
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 2.2  Continuous data-driven group work support  

  

Figure 3 summarizes the continuous data-driven support throughout GLOBE that features the novelty 

of this study (Liang et al., 2022). This data flow provides an example of how to start with no existing 

learning logs in the student model initially and then incorporate the group work evaluations data 

cyclically for eventual group formation. Simple randomized grouping followed by using the evaluation 

score for subsequent grouping provides a feasible solution to the cold start problem in data-driven 

research (van der Velde et al., 2021). Such data iteration can also be used to identify students who may 

need special attention in the current group learning beforehand (Bukowski et al., 2017) in the detail 

panel of group formation results. Additionally, to determine the reliability of each evaluator's peer 

ratings, the student model attributes existing in the group formation system can be utilized as 

performance indicators according to Piech et al., (2013).  

  

 
Figure 3. Continuous data feedforward of GLOBE (Liang et al., 2022).  

  

 3.  Contributions to the field of CSCL and learning analytics research  

  

This study provides a low threshold for the teacher to adapt the workflow thus promoting the use of a 

data-driven environment in actual class activities in several empirical studies. Previous implementations 

of GLOBE systems showed that it could reduce the time for teachers and students from trivial works of 

group formation and evaluation. Though we only used a few student model data in current studies, it 

disclosed further opportunities for the LA-enhanced group work orchestration following the continuous 

data flow, even in classroom-based contexts where no initial data existed. GLOBE implementation in 

other in-class learning contexts could be done with similar workflow, such as math problem-solving 

(Liang et al., 2021a) and English reading.  

Though there have been studies discussing the impact of group compositions in actual group 

work (Janssen & Kirschner, 2020), this study contributes to digitizing this issue by introducing the 

heterogeneity value of each group which derives from the fitness value of genetic algorithm (Flanagan 

et al., 2021). We suggested a new perspective to explore how group composition on diverse student 

model data tends to make a difference in performance of subsequent phases. By investigating the 

specific student model variables for group formation, we can inspect the heterogeneity among which 

characteristics weigh more to affect the subsequent group work process and outcome.  

  

 4.  Proposed research methodology  

  

 4.1  Algorithmic Group formation system in different learning contexts.  

  

To address RQ1, we plan to conduct empirical studies on group formation using different student model 

data in various contexts. An implementation in Japanese primary school context was conducted. 

Engagement and affective states extracted by speech record were operationalized as group work 

indicators and suggest effectiveness of the group formation system (Liang et al., 2021a).  

In subsequent studies, we aim to examine the flexibility of the group formation system in 

different scenarios to underscore its pedagogical implications. We shall fine-tune the system algorithm 

based on demand from different contexts. We are currently working on active reading in English 

learning which requires common reading markers as group formation criteria, and math learning that 

requires knowledge mastery models.  
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 4.2  Continuous data support for the whole group learning process  

  

As an organic component of GLOBE, group learning evidence can be used for group formation in 

subsequent rounds. We conducted a first trial of such a data feedforward approach across four sessions 

of in-class group discussion in a national language class in a Japanese middle school context where no 

student model data is available at first. The peer evaluation system (Liang et al. 2021b) was used to 

generate student models on group work experience for next-round group work. Peer ratings and group 

work perception surveys were adopted for evaluation of the group work performance.  

The data-driven flow can not only benefit the group formation phase. For the evaluation phase, 

previous learning evidence can be used to determine the reliability of each evaluator. This will lead to 

another topic that focuses on the cultivation of peer evaluation capabilities across several rounds.  

  

 4.3  Ecosystem for automatic group formation with predictive indicators  

  

Using the data of GLOBE implementation in different contexts, we can further explore which indicators 

can predict and determine the weight of each student model variable in group formation for different 

contexts (Janssen & Kirschner, 2020), and form an ecosystem to automatically recommend these 

indicators for teachers. Currently, we adopted factor analysis and correlation analysis to discover the 

relationships of indicators in all phases of GLOBE and highlighted key issues for successful group work 

in specific contexts utilizing current implementations of GLOBE systems.  

In the next stage, as a closure of the loop between AI support and practice, we plan to transform 

parameter-based group formation to context-based group formation where groups can be automatically 

created using recommended parameter selection in line with learning context assigned by the teacher.  
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