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ABSTRACT

With the increasing prevalence of collaborative learning in digital environments,
accurately assessing student interactions has become a fundamental challenge.
Learning Analytics (LA), as a data-driven approach, offers unique potential for
illuminating group processes by tracking learners’ digital traces. However, the
research literature in this domain is charactetized by fragmented models and
heterogeneous indicators. Aiming to create coherence in this field, this paper
presents a qualitative meta synthesis of online teamwork assessment models
based on learning analytics. The study was conducted through a systematic
seatch of reputable scientific databases. After screening 2,790 records and
petforming quality assessment, 45 eligible studies were ultimately analyzed using
thematic synthesis. The findings revealed that existing models fall into three main
categories: instructor centered (utilizing dashboards for pedagogical
intervention), learner centered (utilizing data for self-regulation), and conceptual
frameworks (linking pedagogy with data analytics). Furthermore, a distinct
evolutionaty trend was obsetved, transitioning from product otiented and
supetficial indicators—such as grades and message counts—towatrd deepet,
process oriented indicators, including Social Network Analysis (SNA), Natural
Language Processing (NLP), and multimodal data. The results also highlight key
challenges, such as data interpretability, the need for user data literacy, and the
frequent misalignhment of analytical tools with authentic educational contexts.
This meta synthesis concludes that future research should focus on designing
human centered dashboards and integrating quantitative and qualitative analyses
in order to bridge the gap between technical capabilities and meaningful
pedagogical integration.
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Introduction

In recent decades, higher education's shift toward online and hybrid
environments, concurrent with a pedagogical move toward learner-centered and
collaborative approaches, has established online teamwork as a core competency
in modern learning experiences. However, assessing these complex collaborative
processes in digital settings remains a fundamental challenge. Traditional
assessment methods are often inadequate due to limitations such as high
instructor workload and an inability to provide deep insights into group
dynamics, highlighting the need for data-driven assessment tools to optimize
online collaboration. The field of Learning Analytics (ILA) has emerged as a
promising solution to this challenge. Initially focused on predicting individual
performance, the discipline has increasingly shifted toward assessing the more
complex dimensions of collaboration quality, often through visual dashboards.

Despite this growth, the domain of Learning Analytics (LA)-based teamwork
assessment suffers from conceptual and methodological fragmentation. Existing
models utilize heterogeneous indicators, ranging from superficial quantitative
metrics—such as post counts—to deeper qualitative analyses, including Natural
Language Processing (NLP) of discourse content. This lack of coherence makes
it challenging for researchers and practitioners to systematically compare, select,
or build upon existing frameworks. Consequently, a mere descriptive review is
insufficient; a meta-synthesis is required to synthesize these fragmented findings
and propose a new, integrated conceptual model.

To address this gap, the present study adopts a qualitative systematic review
approach based on meta-synthesis. It aims to classify existing models according
to their pedagogical goals, identify evolutionary trends in the use of assessment
indicators, analyze key adoption challenges, and ultimately propose an integrated
three-layer conceptual model—spanning Data, Analysis, and Pedagogy—for
online teamwork assessment.

Literature Review

The fields of Learning Analytics (LA) and Educational Data Mining (EDM)
initially focused on analyzing individual learners, with early research primarily
dedicated to predicting academic performance or identifying at-risk students
using machine learning algorithms. This approach subsequently evolved toward
identifying individual behavioral patterns through techniques such as clustering
and designing dashboards to support Self-Regulated Learning (SRL) and
enhance metacognitive awareness. However, as the importance of teamwork in
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online education has grown, the research focus has increasingly shifted from
individual analysis to the more complex challenge of assessing collaborative
processes.

This transition toward collaboration assessment has led to the development
of innovative models, including dashboards that visualize cooperation patterns
in project-based learning using Social Network Analysis (SNA) and conversation
analysis tools (e.g., Chen et al., 2021), as well as more advanced systems that
leverage Artificial Intelligence and multimodal data—such as audio and location
information—to analyze qualitative communication behaviors (e.g., Alfredo et
al., 2024).

Nonetheless, existing literature indicates that this field still faces significant
challenges in design and adoption, particularly regarding the complexity of data
interpretation by end-users—both instructors and students—and the frequent
misalignment of tools with authentic pedagogical needs and cultural contexts.
These findings suggest that the success of assessment tools depends more on
human-centered design and pedagogical alighment than on mere analytical
power.

Methodology

The present study is a systematic review combined with a qualitative
meta-synthesis, designed to identify, evaluate, and synthesize teamwork
assessment models in online learning environments that utilize learning analytics.
The process was designed and executed in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines. A comprehensive search was conducted across reputable
international and national databases—including Scopus, Web of Science, and
IEEE Xplore—covering the period from 2015 to 2025. Following clearly
defined inclusion and exclusion criteria, a multi-stage screening of the 2,831
identified records resulted in the final selection of 45 studies eligible for in-depth
analysis.

To appraise the credibility of the selected sources, the Mixed Methods
Appraisal Tool (MMAT, 2018 version) was applied. The results confirmed that
all 45 included studies were of high quality, each receiving a score of 4 or 5 out
of 5. The extracted qualitative and conceptual data were analyzed using a
meta-synthesis method, specifically through a Thematic Synthesis approach.
This process involved stages of open coding, categorizing descriptive themes,
and extracting analytical and axial themes. To ensure the validity of the analysis,
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dual independent coding by two researchers was performed, followed by
validation checks with domain experts.

Results

The final analysis of the 45 selected studies organized the findings into three
primary themes, which serve to classify LA-based online teamwork assessment
models. The first theme, Instructor-Centered Models, focuses on enhancing
pedagogical decision-making and timely intervention. These models utilize tools
such as HOWARD (based on Social Network Analysis and discourse analysis)
and DebriefPad (based on multimodal data and Natural Language Processing)
to monitor collaborative patterns and provide actionable insights to instructors.
The second theme, Learner-Centered Models, aims to facilitate self-regulation
and social awareness among students. Tools in this category, such as LISSA
(which enables peer comparison through grade histograms) and Delphinium
(which incorporates gamification elements), are designed to empower learners
by making group dynamics and individual contributions more visible and
interpretable. The third theme, Theory-Based Frameworks, includes systems like
Open CourseLab, which leverage established learning theories—such as
Connectivism—to provide design principles for future dashboard development
by explicitly linking pedagogical goals with data analysis. This thematic
categorization reveals a clear evolutionary trend in the field: a shift from
superficial, quantitative indicators toward deeper, qualitative, and multimodal
analyses (e.g., SNA, NLP, multimodal analytics) that aim to capture the
complexity of team processes.

As a key output of this meta-synthesis, we propose an integrated three-layer
conceptual model that clarifies the linkage between technology and pedagogy in
teamwork assessment: Data Layer: Involves the collection of raw learning
traces—such as interaction logs, discussion text, audio recordings, and
clickstream data—which provide authentic evidence of collaborative
interactions. Analysis Layer: Transforms raw data into meaningful collaborative
indicators using advanced computational techniques, including Social Network
Analysis (SNA), Natural Language Processing (NLP), Machine Learning (ML),
and Multimodal Analytics. Pedagogical Layer: Applies these analyses through
human-centered dashboards and tools to support instructors' targeted
interventions and empower learners' self-regulation. This layer formalizes the
pathway from raw evidence to data-informed pedagogical action. This model
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provides a structured framework for designing, evaluating, and implementing
analytics-supported assessment of online teamwork.

Conclusion

This meta-synthesis reveals a clear evolution in the field of LA-based online
teamwork assessment: a transition from superficial, quantitative indicators—
such as post counts—toward deep, multimodal, and meaning-centered analyses
that employ techniques like Social Network Analysis (SNA), Natural Language
Processing (NLP), and the interpretation of audio and positional data. The
findings demonstrate that existing models, based on their pedagogical goals, can
be classified into three main categories: instructor-centered (designed to support
intervention), learner-centered (aimed at fostering self-regulation and
motivation), and conceptual frameworks (grounded in learning theory).
However, a fundamental challenge persists across all approaches: the significant
gap between data and interpretation. This study emphasizes that the success of
these tools depends not merely on computational power, but on
human-centered design and on effectively overcoming the data literacy
challenges faced by end-users—both instructors and students.

The theoretical contribution of this research is the presentation of an
integrated three-layer conceptual framework (Data — Analysis — Pedagogy),
which systematically formulates the pathway from “learning traces” to
“pedagogical intervention” and addresses the conceptual fragmentation
prevalent in the field. This framework not only offers a foundation for the
cultural and contextual adaptation of assessment tools, but also provides clear
implications for tool designers—such as moving toward Explainable AI—and
for instructors, who require more narrative-driven, interpretable tools.
Acknowledging study limitations—including potential publication bias and
language-based restrictions in the source selection—this meta-synthesis
concludes that the future of this domain lies in the intelligent integration of
advanced Artificial Intelligence with deeply human-centered design and the
enhancement of user data literacy. Suggested paths for future research include
field tests of multimodal dashboards, longitudinal evaluation of their impact on
collaborative competencies, and the development of metacognitive models to
support learning teams in online environments.
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