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Assessing group work formatively in higher education poses a significant challenge. The 
complexity of evaluating individual contributions is compounded by the lack of efficient and 
effective methods for tracking, analysing and assessing individual engagement and 
contributions, which can impede timely feedback and the development of group work skills. 
This paper contributes to the growing body of research on collaboration analytics, which 
focuses on learning analytics (LA) in collaborative settings, and formative assessment while 
providing practical guidance for educators seeking to enhance formative assessment 
practices. The potential enhancement lies at the intersection between analytics technology 
and assessment design. In this paper, we present a conceptual framework that can harness 
multimodal data collection as well as LA to formatively assess and provide feedback on 
individual engagement and contributions to group work across physical and digital spaces. 
Drawing on research that considers design for learning, conjecture mapping, assessment 
design, multimodal LA and feedback, we outline a structured approach to developing 
formative assessment of group work skills in collaborative projects and higher education 
contexts. 
 
Implications for practice or policy: 

• Practical guidance is provided for educators to enhance formative assessment practices 
with LA. 

• The integrated framework and process offers a guide for formative assessment in group 
work scenarios, providing tools for monitoring student progress, informing pedagogical 
decision-making and enhancing learning experiences. 

• The integration of the activity-centred analysis and design framework and LA allows 
educators to harness the power of both data-driven decision-making and learner-
centred pedagogical approaches to better support learner development in group work 
settings. 

 
Keywords: group work, learning analytics, formative assessment, collaboration analytics, 
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Introduction 
 
In Australia's higher education (HE) landscape, the emphasis on graduate attributes has never been more 
pronounced. Many universities and tertiary institutions have recognised the multifaceted demands of the 
21st-century workplace and have prioritised the development of a diverse range of competencies in their 
graduates. Central to these competencies is the ability to work collaboratively in groups (Oliver & Jorre 
de St Jorre, 2018; Worsley, Anderson et al., 2021), a set of skills that mirror the dynamic and 
interdependent nature of modern work environments. As group work becomes an integral component of 
HE curricula (Forsell et al., 2021; McConnell, 2005), there is increasing potential for formative assessment 
to guide and enhance collaborative learning experiences. 
 
A key challenge in formative assessment lies in its inherent complexity. Formative assessment 
necessitates ongoing evaluation and feedback throughout group work, demanding consistent attention 
and considerable effort from both teachers and students. Such an investment of time and resources can 
be demanding, particularly in settings with large student populations (Afzaal et al., 2021). Moreover, with 
the advent of advanced technologies, including generative artificial intelligence tools used by students, a 
new dimension of complexity arises (Thompson et al., 2023). These technologies both augment and 
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challenge traditional assessment paradigms, compelling a shift from evaluating the final product to 
understanding the collaborative process (Rasul et al., 2023). The collection of big education data and the 
generation of learning analytics (LA) are promising approaches to better track, interpret and understand 
collaborative processes. However, the integration of digital tools and LA for formative assessment 
introduces further complexity and challenges such as capacity-building for teachers and students, 
misalignment between LA and the outcomes they intended to measure, and data privacy and security 
(Sharma & Giannakos, 2020). 
 
Despite these challenges, the opportunities that formative assessment offers for the development of 
collaborative group work skills supported by LA are substantial. At its core, formative assessment enables 
a shift from a product-oriented to a process-oriented view of learning (Maki, 2023). It provides a 
continuous stream of feedback, allowing students to understand their learning process better and adjust 
their strategies for improved outcomes. Incorporating digital tools in formative assessment extends these 
benefits further by providing a rich and nuanced perspective of student learning. Digital tools can track 
and analyse a vast array of data from diverse learning interactions, offering deeper insights into learning 
behaviours and outcomes. They can deliver feedback in real time, enhancing its immediacy and relevance. 
These tools also present opportunities for personalising learning experiences, promoting collaboration 
and augmenting educational innovation. 
 
However, a pervasive issue exists. In HE, although students are expected to be adept at collaborative 
group work to become productive learners, these and other important attributes are not always explicitly 
taught (Jones, 2009). Formative assessment practice is often considered to be less important than 
summative assessment, which is necessary for the confirmation of a degree (Boud, 2009). This poses a 
significant challenge: how do teachers effectively assess, guide and refine these group work skills if they 
are not a focal point of the curriculum? The evolution of formative assessment practices that utilise big 
educational data LA to provide feedback on the development of collaborative group work skills means 
that “the technology plays a significant role in shaping the nature of their interactions with each other 
and supporting their collaborative activities” (Goodyear et al., 2014, p. 440). Design for learning, and 
assessment design are therefore key to ensuring that students are provided with opportunities to engage 
in productive social interactions (Goodyear et al., 2014). This led us to the research question central to 
this article: How can we use LA for the formative assessment of collaborative group work skills? 
 
In this paper, we present a conceptual framework that can harness multimodal data collection as well as 
LA to formatively assess and provide feedback on individual engagement and contributions to group work 
across physical and digital spaces. We synthesise research across collaborative learning, formative 
assessment and LA outlining connections between these key areas of research. We highlight important 
design considerations arising from the intersection of collaborative learning, formative assessment and 
LA. These considerations inform a process to create formative assessment for the development of group 
work skills in HE contexts with minimal or no supervision for collaborative projects using big educational 
data and LA. In particular, we outline ways in which individual contributions to group work are tracked 
and analysed in order to be used for formative assessment. 
 

Background 
 
Collaborative learning and group work skills 
 
Collaborative learning is an educational approach wherein students work together in groups to discuss 
concepts, solve problems, or create projects (Qureshi et al., 2023). Rooted in social constructivist theory, 
it underscores the belief that learning is a deeply social process, where knowledge is constructed through 
interaction, debate and mutual cooperation. Through this approach, students actively engage with 
content, peers and their environment, constructing knowledge that is deep and enduring (Kaliisa et al., 
2022). Reported benefits include fostering critical thinking, enhancing problem-solving abilities and 
promoting a deeper understanding of subjects (Balasooriya et al., 2016; Hamer & O’Keefe, 2013; 
Michaelsen & Sweet, 2008). These skills encompass a diverse range of competencies required to work 
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effectively within a team, such as effective communication, conflict resolution, task delegation and shared 
responsibility (Worsley & Ochoa, 2020). In HE, where group projects and assignments are increasingly 
common pedagogical approaches, these skills become imperative. They enable the smooth functioning 
and success of group tasks and they mirror real-world professional scenarios where collaboration is key. 
Mastery of group work skills, therefore, extends beyond academic contexts, preparing students for the 
challenges of professional teamwork, leadership and collaborative problem-solving (Crisp & Oliver, 2019). 
These skills can be cultivated and refined through guided experiences and reflective practices within 
educational settings. 
 
Despite its prominence in HE (Forsell et al., 2021; McConnell, 2005), group work presents complexities in 
formative assessment due to diverse interaction patterns and contributions from students. The fluidity of 
roles within group work in learning situations further adds to this complexity. Although roles may be pre-
defined, similar to professional settings, they may also be emergent and evolve based on the group's 
needs (Strijbos & De Laat, 2010). There is also significant debate about the level at which assessment 
takes place in relation to individual contributions or group processes and products (Stahl, 2010). Assessing 
individual contributions can be challenging for emergent roles, which may vary in scope and complexity, 
be weighted differently and may shift over time, while the participative behaviours of group members 
can further complicate fair evaluation of effort and impact across the team (Strijbos & De Laat, 2010). 
Despite formative work related to the processes of learning (Maki, 2023; Reimann et al., 2009; Shin et al., 
2020; Thompson et al., 2013), much collaborative learning research has been directed towards assessing 
learning outcomes based on the final group work product, rather than formative assessment of individual 
contributions within these collaborative learning environments. 
 
To address this imbalance, a key consideration in this work is the concept of “collaboration literacy”. 
Worsley and Ochoa (2020, p. 55) defined this as: 

 
The ability to ascertain and respond to changes in the quality of a collaborative experience. 
From the student perspective this amounts to being conscious of one’s own contribution to 
a group, as well as the awareness and ability to intervene in order to ensure a strong 
collaboration. From the teacher perspective this includes awareness of how different 
groups are progressing, being able to respond to those groups in a timely fashion, and 
developing prompts and activities that afford good collaboration. 
 

Our approach seeks to facilitate development of collaboration literacy, which, in turn, augments students’ 
participation and effectiveness within group projects. An important part of this approach involves 
collecting data on student contributions to group work. Factors to be considered in data collection related 
to collaboration literacy include climate, communication, compatibility, conflict, context, contribution and 
constructiveness (Worsley, Anderson et al., 2021). 
 
Although understanding and cultivating these skills is essential, identifying a comprehensive and definitive 
list of the skills required for productive group work is challenging. Skills may differ across scenarios, 
dynamics, circumstances, education stages and demographics (Brandler & Roman, 2015). More 
pragmatically, focusing on observable learner actions – such as behaviours, completed tasks and 
interaction quality – can offer measurable insights into these skills. These might serve as proxy measures 
for the skills, allowing easier identification (Wong & Chong, 2018) and analysis. However, proxies must be 
considered cautiously as there is potential for misinterpretation if correlation between learner actions 
and group work skills is not readily discernible. 
  
Formative assessment and collaborative group work 
 
Formative assessment has several purposes, including promoting learning, providing diagnostic 
information and allowing students to understand strengths and areas for improvement (McCallum & 
Milner, 2021). Formative assessment, rooted in the principles of continuous feedback and iterative 
adaptation, promotes enriched learning experiences (Black & William, 2009). The underlying principles 
focus on learner autonomy and encouraging individuals to continually refine their knowledge and skills 
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through feedback. Formative assessment is a multifaceted and interactive practice that perceives 
teachers, students and their peers as active decision-makers within the learning environment (Black & 
William, 2009). 
 
A key consideration that should be more prominent in the formative assessment literature in relation to 
collaborative group work is the inferential nature of the process. Formative assessment extends beyond 
merely gathering and interpreting evidence. It involves forming conjectures or formative hypotheses 
about students’ skills based on observable factors such as participation and contribution to group work 
(R. E. Bennett, 2011). The efficacy of these conjectures is strengthened when consistency is observed in 
student behaviour across multiple sources, occasions and contexts. Ensuring individual accountability is 
crucial for constructive and meaningful formative assessment. It allows for a precise evaluation of 
students’ contributions and instils a sense of responsibility within the team (Davies, 2009). Methods to 
enhance individual accountability include clear task definition and performance expectations as well as 
regular check-ins and peer evaluations (Briscoe, 1994). These strategies foster responsibility, effective 
communication and objective assessment, thereby enhancing formative student assessment and learning 
(McMillan, 2014). However, a key challenge is creating visibility around individual contributions without 
undermining the cooperative essence of group work. 
 
The assessment methods used for collaborative group work in HE settings face certain practical limitations 
that pose a challenge in accurately evaluating individual contributions (Sprague et al., 2019). Peer and 
self-evaluations are formative assessment tools which have demonstrated positive effects on student 
learning, such as increased engagement, improved critical thinking skills and enhanced ability to assess 
one's own work (Fallows & Chandramohan, 2001; Ibarra-Sáiz et al., 2020; Li et al., 2020). However, there 
are inherent drawbacks to relying solely on group-level assessment. This approach often fails to 
distinguish between individual members' efforts, potentially rewarding free riders and penalising 
hardworking students (Weaver & Esposto, 2012). Consequently, it is imperative to develop improved 
strategies and tools that can effectively evaluate each student's contributions within group work, thereby 
making their efforts visible and acknowledging individual contributions. 
 
Feedback, a cornerstone of formative assessment, serves a formative function only when used by learners 
to improve their performance or learning strategies (Carless & Boud, 2018). In the context of group work, 
feedback can be targeted both at the group as a whole and at individual students, furthering the impact 
of formative assessment in enhancing learning outcomes. When integrating LA into formative 
assessment, it is important to consider who (e.g., individual students, groups or the entire classroom) 
could benefit from the feedback as well as how they might potentially utilise this feedback (Wise et al., 
2023). To maximise the effectiveness of LA-driven feedback, it is vital to carefully design it to ensure it is 
pertinent and actionable. 
 
LA for formative assessment and collaborative group work 
 
LA has been defined as the process of "measurement, collection, analysis, and reporting of data about 
learners and their contexts", aimed at enhancing understanding and optimising learning environments 
(Siemens et al., 2011). Initially focusing on log data from learning management systems to decipher 
learner engagement patterns (Bartimote et al., 2018; Gašević et al., 2016), the field has evolved 
significantly, incorporating theories and methodologies from various disciplines (Gašević et al., 2015). This 
progression has not only expanded the application of LA across various educational settings (Howard et 
al., 2018; Lockyer et al., 2013; Martinez-Maldonado et al., 2018; Oviatt & Cohen, 2014) but has also 
underscored the symbiotic relationship between analytics technology and assessment design. At this 
intersection lies the potential for enhancements in understanding and optimising both individual and 
collaborative learning environments, marking a significant shift from traditional analytical approaches to 
a more integrated, theory-informed practice. 
 
In formative assessment, LA, enriched with machine learning, can offer deep insights into group dynamics 
and augment peer feedback (Hu et al., 2022; Spikol et al., 2018). These approaches, utilising tools such as 
social and epistemic network analysis (Buckingham-Shum et al., 2019; Sun & Theussen, 2022), text 
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classifiers, machine learning neural networks and multimodal analytics (Blikstein, 2013), have been 
employed to support learning tasks and improve assessment validity, offering a pathway to detailed, real-
time formative feedback (Aljohani & Davis, 2013; Raković et al., 2023). Moreover, the concept of 
multimodal learning analytics (MMLA) expands the sources of data to include various modalities with 
sensors capturing ecological aspects of collaboration (Blikstein, 2013; Schneider et al., 2021). MMLA has 
been strongly connected to the study of collaboration and triangulating various modalities (Worsley, 
Martinez-Maldonado, & D'Angelo, 2021). Collaboration analytics provides opportunities for both 
educators to understand how students collaborate and for students to collaborate more with their peers 
(Schneider et al., 2021). 
 
Recent advancements, such as the work of Buckingham Shum et al. (2019), Echeverria et al. (2019) and 
Echeverria et al. (2022), have introduced new dimensions to the application of LA in teamwork settings, 
focusing on collocated, embodied teamwork in healthcare simulations. They highlight the value of 
multimodal matrices and automated analytics workflows for providing timely, contextually rich feedback, 
introducing the concept of "collaboration translucence". This approach, building on Goodyear and 
Carvalho’s (2014) activity-centred analysis and design (ACAD) framework, seeks to shed light on the 
physical, social, epistemic and affective aspects of collaboration. 
 
Despite these advancements, translating the potential of MMLA into practical applications in authentic 
education settings remains a formidable challenge. Martinez-Maldonado et al. (2023) noted the scarcity 
of MMLA studies conducted in the wild (i.e., under authentic conditions) that close the LA loop by 
providing feedback to students directly using visual interfaces. They identify key challenges, such as the 
intrusive nature of sensing devices and the complexity of their deployment, alongside a general lack of 
technological readiness and heavy reliance on onsite support from researchers and technicians which may 
undermine sustainability. These practical challenges in the deployment and application of LA in authentic 
education settings underscore the need for close alignment between technological advancements and 
pedagogical intentions (i.e., connecting LA with learning design). 
 
Emergent design issues 
 
In Table 1, we present a summary of the design issues emerging from our review of the literature. They 
underscore the complexities and challenges inherent in designing LA for formative assessment of group 
work, including challenges in identification and fostering of skills, assessment, data collection and analysis 
and creation of relevant and actionable feedback. 
 
Table 1 
Summary of design issues identified in the literature 

Area Design issues 

Identification and 
fostering of skills  

1. What challenges exist in identifying a comprehensive list of skills necessary for 
productive group work, and how can observable learner actions be used as 
proxy measures? 
2. What strategies can be employed to foster collaboration literacy among 
students? 

Assessment  3. What complexities arise in formative assessment within collaborative learning 
environments, particularly concerning diverse interaction patterns and fluidity of 
roles? 
4. How can we balance the need for individual accountability with the 
collaborative nature of group work in formative assessment design? 
5. How can we develop strategies to overcome the existing limitations in 
assessing individual contributions within group work? 

Data collection 
and analysis 

6. How can data collection on student contributions to group work be effectively 
utilised to enhance collaboration literacy? 
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Creation of 
relevant and 
actionable 
feedback  

7. How can we ensure that feedback provided in formative assessment is utilised 
by learners to enhance their performance at both the group and individual 
levels? 
8. When integrating LA into formative assessment, what considerations should 
be made regarding who could benefit from the feedback and how it can be 
designed to be relevant and actionable for different stakeholders? 

 
The design issues identified provide an opportunity to work towards solutions in a structured manner and 
to conceptualise potential solutions, rather than being able to fully address these questions at this stage. 
Such potential solutions can inform experimental learning design, which can subsequently be tested. 
 
Learning design: Connecting collaboration, assessment and LA 
 
The term learning design conceptualises both a teacher’s cognitive act of planning a learning activity for 
their students (process) and documenting that pedagogical intent (product) in ways that could be reused 
and shared with others. Researchers have made connections between the fields of LA and learning design 
as an approach to understand and contextualise observed student behaviours connected to a learning 
activity (Lockyer & Dawson, 2011). This work has exemplified how these may be integrated conceptually 
(Bakharia et al., 2016) as well as through specific analytic approaches and design frameworks (Lockyer et 
al., 2013). Research and development in this field are concerned with understanding teachers’ design 
practices as well as developing and testing approaches, frameworks, and tools to support teachers with 
both the design process and product (see, for example, S. Bennett et al., 2015; Laurillard, 2013). This paper 
considers the ACAD framework as a design framework that can be used to guide the process of designing 
formative assessment of collaborative group work using LA. 
 
The ACAD framework (Goodyear & Carvalho, 2014) is concerned with designing learning opportunities by 
considering three key elements during design: set (tools and the digital and physical learning 
environment), social (roles and rules) and epistemic (the processes of knowledge building through tasks). 
Using an analogy of the theatre, Goodyear and Carvalho (2014) have argued that these three elements 
can be specifically designed. These elements, along with other features of the learning situation, will 
influence the activity of learners. When the purpose of formative assessment is considered, the ACAD 
framework highlights a fourth inseparable domain of co-configuration and co-construction of learning, 
when learners engage with, respond to, interpret and potentially modify that which has been designed. 
Importantly, the ACAD framework allows researchers (and learning designers) to identify the physical, 
epistemic and social dimensions of collaboration, and even affective dimensions (Echeverria et al., 2019; 
Goodyear et al., 2021). These dimensions can in turn inform the focus of the application of LA, in this case 
as related to formative assessment. 
 

A process to integrate LA and formative assessment of group work skills 
 
To integrate LA with formative assessment and thus to enhance the evaluation of individual contributions 
in HE group work projects, we adopt an evidence-informed approach, building upon the insights of 
Alhadad and Thompson (2017), which employs the ACAD framework (Goodyear & Carvalho, 2014) 
alongside conjecture mapping (Sandoval, 2014). This combination aims to enhance assessment by 
providing a data-driven perspective on individual engagement and contributions through LA, tailored to 
the specific educational context and students. 
 
Formative assessment principles guide this approach, focusing on continuous feedback to refine students’ 
skills based on their individual contributions to the group. Integrating LA in formative assessment can 
provide vital, data-driven feedback to aid the improvement of individual performance and foster learning 
(Wise et al., 2023). 
 
We identified five steps in this process, outlined in Table 2 and described below. 
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Table 2 
Process for integrating LA and formative assessment 

 Step Process elements Design issue(s) 

Step 1 Identify and map skills for productive group 
work and observable (inter)actions 

Learning design (ACAD) 
Conjecture mapping 

1, 2 

Step 2 Plan for strategic multimodal data collection Multimodal data 
LA 

6 

Step 3 Initiate analytics frameworks: defining the 
analytical scope 

LA 3, 4 

Step 4 Tailor feedback strategies Feedback levels 

LA 

7, 8 

Step 5 Provide feedback to the design Learning design 5 

 
Step 1: Identify and map skills for productive group work and observable (inter)actions 
 
Begin by defining a clear set of collaboration skills that align with the specific learning objectives of the 
group work project. These should be informed by educational theories and research to ensure they 
contribute to effective collaborative learning. Examples include conflict resolution and effective 
communication (Worsley, Anderson et al., 2021). 
 
For each identified skill, develop design conjectures detailing how epistemic, set and social elements of 
the designed learning environment are expected to facilitate development of that skill. For example, if 
one of the skills is conflict resolution, a design conjecture might posit that tasks requiring negotiation of 
diverse perspectives will necessitate students to address and reconcile conflicting viewpoints. 
 
Identify observable actions (individual contributions) that serve as proxy measures for each collaboration 
skill. These should be actions that can reasonably be expected to occur as a result of the learning 
environment elements hypothesised in the design conjectures. For example, observable actions for 
effective communication might include regularly contributing ideas in groups discussions and providing 
constructive feedback to peers. Individual contributions may include those made to discussions, 
management and problem-solving in relation to the coordination of the group (social); to the discussion, 
sensemaking and problem-solving in relation to the task in the form of discourse and text-based 
interactions (epistemic); and to the collaboration product in the form of shared documents and 
prototypes (set). This encompasses activity before, during and after the collaborative task, encapsulating 
preparation, productive participation and reflection, respectively. 
 
Formulate theoretical conjectures linking observable actions to desired learning outcomes. This involves 
hypothesising how the manifestation of certain behaviours (resulting from the design of the learning 
environment) contribute to enhanced collaboration skills and, ultimately, improved learning outcomes. 
For instance, if students are regularly engaging in constructive feedback, the theoretical conjecture might 
suggest this leads to a deeper understanding of subject matter and improved interpersonal skills. 
 
Visually map these relationships (from learning environment design, to activities, to outcomes). This 
conjecture map (see Table 3) can serve as a blueprint for subsequent steps in this process and the 
evaluation of the learning design. This process next involves identifying observable (inter)actions that may 
serve as proxy measures for collaboration skills and potential data sources through which they could be 
observed. 
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Table 3 
Mapping relations between the designed environment, intended outcomes and observations 

Design 
features 
(ACAD) 

Design 
conjectures 

Theoretical 
conjectures 

Outcomes Observable 
(inter)actions 

Multimodal 
observations 

Set Shared online 
documents to 
promote 
transparent, 
equitable and 
inclusive 
participation 

Transparent 
documentation 
and continuous 
interaction with 
shared online 
documents 
foster 
democratic 
participation 

Increased 
ownership 
and 
responsibility 
among group 
members 
 
Balanced 
contribution 

Students’ 
access, edits, 
comments and 
contributions to 
shared 
documents 

Log files, 
video and 
screen 
recordings 
of meetings 
showing 
members 
engaging 
with shared 
documents 

Epistemic Tasks are 
designed to 
require 
diverse 
knowledge 

Diversity in 
contributions 
leads to deeper 
understand of 
problem and 
innovation 

Enhanced 
solution 
quality 

Knowledge from 
diverse range of 
disciplines 
presented in 
group 
discussions 

Meeting 
recordings, 
shared 
documents 

Social Structured 
tasks promote 
equitable 
participation 

Equitable 
participation 
enhances group 
cohesion and 
knowledge 
construction 

Balanced 
contribution 
and improved 
group 
cohesion 

Distribution of 
task 
contributions 
among group 
members 

Contribution 
tracking, 
participation 
logs 

 
Finally, link the observable (inter)actions to formative assessment criteria. Ensure criteria are clear, 
measurable and directly tied to the skills and actions defined earlier. This linkage ensures assessments are 
aligned with educational objectives and the designed learning activities, providing a coherent framework 
to evaluate individual and group contributions. 
 
Step 2: Plan for strategic multimodal data collection 
 
Planning for strategical multimodal data collection encompasses identifying relevant data sets, 
understanding the granularity of data needed and selecting appropriate methods and tools for data 
collection. Additionally, this involves addressing the challenges and considerations unique to different 
learning environments and managing logistical aspects of collecting this data. 
 
To provide appropriate feedback to students regarding their collaboration literacy, access to data related 
to the processes of group work, artefacts created and communication undertaken is required. This entails 
prioritising identification of potential data sets that enable evaluation of various facets of group work, 
from collective collaboration to individual input. As underscored by Stahl et al. (2013), collaboration is 
multifaceted and steeped in complexity, spanning from discourse and gaze to cognition and nuanced 
social skills. Praharaj et al. (2018) emphasised the variability of collaboration indicators across contexts, 
which invariably impacts learning design. 
 
The range of data to be gathered will focus on the students’ individual activity within the context of 
collaborative group projects. Consideration should be given to the specific features and measures of 
interest from each data source, including whether the focus is on micro-level (e.g., non-verbal behaviours) 
and/or macro-level (e.g., help giving and seeking) aspects. These data should be directly relevant to the 
(inter)actions identified in step one. 
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Start by identifying automatically captured (passive) data sets pertinent to the learning environment and 
learners. This may include the creation of automated processes that could identify relevant artefacts of 
learning, such as logs from learning management systems, online discussions and shared online 
documents and configure them into an output, or by the students themselves, as evidence to be evaluated 
by the teacher. The value of employing multiple streams of data is emphasised by Giannakos et al. (2019) 
in relation to predicting skill acquisition. However, although diverse forms of data can be actively collected 
through a range of sensing devices, focusing on a smaller number of more manageable forms of data, 
such audio, video and online documents, is likely to be more feasible, particularly for initial phases. 
Martinez-Maldonado et al. (2023) noted that most MMLA solutions rely primarily on analysis of audio and 
video data. 
 
Key questions to be considered with multiple streams of data include whether they can be synchronised 
so they can be analysed together (Ochoa et al., 2018; Worsley, 2018), the noise sources that each data 
stream may carry and how the signal-to-noise ratio can be enhanced (e.g., being able to tell who is 
speaking when analysing audio data) (Sharma et al., 2019). 
 
Choices regarding data collection tend to "reflect peculiarities of instructional settings” (Sharma & 
Giannakos, 2020, p. 1465). Interaction between learners on formal collaborative environments is often 
mediated by digital devices, whereas in informal collaborative settings, interaction occurs primarily 
through verbal discourse and gesture (Sharma & Giannakos, 2020). Data collection should therefore be 
informed by the settings in which groups work, which may include face to face, online or a blended mode, 
and the ways in which they work, which may be synchronous, asynchronous or a combination of both. 
 
Where groups are required to work in a set location, such as the classroom, data collection may be 
captured through video and audio recording devices configured for that environment. When working 
online, this data may be captured through videoconferencing recording functions. However, individual 
contributions also occur outside of group meetings, meaning data collection should extend beyond this 
to include asynchronous contributions such as input into shared online documents. 
 
Effective planning for multimodal data collection raises several logistical challenges to ensure the efficacy 
and reliability of the data gathered. This is particularly important if groups are required to contribute 
actively to data collection, (e.g., in settings such as informal group meetings outside of classrooms). 
Establishing clear guidelines and providing support will help to ensure the data they collect is consistent, 
reliable, and relevant, particularly if group work extends over several weeks. Ensuring consistent, reliable, 
and relevant data collection from varied contexts requires organisation, clear communication, and access 
to appropriate technologies, particularly if participants are expected to manage part of the data gathering 
process themselves. 
 
Step 3: Initiate analytics frameworks: Defining the analytical scope 
 
Digital tools offer expansive capabilities to map where interactions and contributions occur across 
physical and digital spaces, broadening the context in which contributions to group work are assessed 
(Wise et al., 2023). Advanced analytics and machine learning algorithms can process and blend large 
quantities, and different types of data, such as physical interactions and video and audio cues, to 
determine the quality of group work and to identify patterns and trends that may not be immediately 
apparent (Spikol et al., 2018). 
 
To maintain relevance and accuracy, the implementation of these tools should be guided by well-defined 
parameters that align with the specific collaboration skills identified in Step 1. This involves clarifying the 
specific aspects of individual contributions to analyse, focusing on not only the quantity but also the 
quality of these contributions and how they integrate within the collective efforts of the group. 
Consideration should also be given to the timescale of analysis. The level of granularity – whether 
analysing moment-to-moment interactions, entire meetings or weekly contributions – should align with 
the initial skills and actions identified, ensuring it corresponds appropriately with the analytical scale 
chosen. 
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In selecting analytics tools, prioritise those that can dissect individual contributions while contextualising 
them within the group setting. Social network analysis is a useful approach for both analysing interaction 
patterns and visualising them on a network diagram. It can make visible active, inactive and isolated 
participants within a group and enables identification of the distinct roles adopted by group members 
(Saqr et al., 2020). Therefore, it offers the potential to visualise and monitor the health of group dynamics 
based on the quantity and relational aspects of interaction data. 
 
However, selected tools should ideally be capable of handling the multiple data sources identified in Step 
2 and analysing them on a consistent timescale to ensure compatibility and coherence in data analysis 
(Echeverria et al., 2019). Quantitative ethnography, which allows both epistemic and social networks to 
be analysed and visualised using epistemic network analysis, is an approach that has been used in the 
analysis of multimodal data in collaborative environments and shows great promise for collaboration 
analytics (Echeverria et al., 2019; Martinez-Maldonado et al., 2021). 
 
Step 4: Tailor feedback strategies 
 
Feedback strategies should consider the level, format, frequency and audience for feedback, ensuring it 
is relevant and actionable. Four levels of feedback: task, process, self-regulation, and self level (Hattie & 
Timperley, 2007), their purposes in relation to group work contributions, and considerations are outlined 
in Table 4. 
 
Table 4 
Feedback level, purpose and considerations for assessment design  

Level Purpose Considerations 

Task To provide feedback on individual 
contributions to tasks, including 
comparison to others. 

Does the feedback clarify how their 
individual contributions align with 
the group’s objectives? 

Process To help students understand the impact of 
their actions on their learning and group 
dynamics. 

Is the aim to deepen students’ 
understanding or to guide them 
towards more effective 
collaboration processes? 

Self-regulation To help students monitor their own skills 
and contributions. 

Does feedback encourage reflection 
and self-assessment? Does it 
promote self-regulation? 

Self level To provide personal feedback that 
enhances motivation and confidence. 

Does feedback balance praise with 
suggestions for improvement? Does 
it motivate students to contribute 
meaningfully? 

 
For example, task-level feedback may benefit teachers by providing detailed, objective data on individual 
contributions to tasks. It may also assist students in evaluating each other’s contributions, enabling 
informed peer evaluations. Ultimately, feedback for students should be aimed at enhancing their 
collaboration skills. Task and process feedback could be provided with self-regulation feedback to prompt 
students’ reflection on their own contributions relative to others with the aim of enhancing their 
collaboration skills. 
 
Through LA, feedback can be presented using visualisation tools (e.g., dashboards), alerts and 
notifications. These tools can tailor recommendations, making feedback more relevant and impactful. 
Feedback frequency should be tailored – whether it be in real time, weekly or other pre-determined 
intervals – ensuring it is provided when it is both relevant and actionable. 
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Step 5: Provide feedback to the design 
 
Recognising the potential divergence and convergence between intended learning outcomes and actual 
student activity is pivotal for designing LA in the formative assessment of group work. This awareness 
necessitates analytics tools to be adaptive and dynamic, capturing pre-determined metrics and emergent 
patterns in group dynamics. Effective tools should offer holistic insights, balancing individual contributions 
with collective outcomes, and facilitating real-time interventions. However, alignment needs to be 
ensured between LA technologies and learning design (Lockyer et al., 2013). Misalignment can lead to 
analytics-driven practices that may not support, or may even undermine, pedagogical objectives (Sharma 
& Giannakos, 2020). 
 
Ongoing dialogue between educators, technologists and learners ensures the analytics feedback loop is 
not just a technical process, but a pedagogical one, and continuous refinement of the design of learning 
activities based on insights from analytics and feedback from users is crucial (Arthars et al., 2019). This 
iterative process serves two purposes: firstly, evaluating the efficacy of the learning design based on 
whether learners achieve the intended outcomes; and secondly, dynamically adjusting the design in 
response to insights from the learning environment, thus supporting students’ skills development within 
group contexts. 
 

Conclusion 
 
In this paper, we explored the growing importance of collaborative group work skills aligned with graduate 
attributes. Our focus was on the integration of formative assessment with LA technologies to enhance 
these skills, addressing the inherent complexities of group work in HE settings. Our guiding research 
question asked how LA could be used for the formative assessment of collaborative group work skills. 
 
We identified several design issues central to the successful integration of formative assessment and LA 
in the context of group work and collaboration skills. These related to identifying and fostering essential 
collaboration skills, managing complexities of assessing individual contributions within group contexts, 
applying strategic data collection and analysis methods and creating relevant and actionable feedback. 
Each design issue underscored the multifaceted nature of collaborative learning, and the nuanced 
approach needed for analytics-enabled formative assessment. 
 
Responding to these design issues and drawing on research that considers design for learning, conjecture 
mapping, assessment design, MMLA and feedback, we have outlined a structured process for developing 
formative assessment of group work skills in collaborative projects and HE contexts. The process, created 
with the aim of enhancing educational experiences through timely, relevant and actionable feedback, 
seeks to overcome complexities and challenges associated with group work assessments. 
 
In conclusion, the integration of formative assessment and LA represents a way to address the 
complexities of collaborative group work in HE. Future research should seek to test and refine these 
processes, ensuring they are responsive to stakeholder needs and adaptable to an evolving educational 
landscape. 
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