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Introduction and Problem

Cytomine [1] is a platform for collaborative exploration and analysis of
large biological and medical image datasets used in histology courses
at the University of Liège (and other universities).
The document-oriented storage model of MongoDB used by Cytomine
presents challenges for interconnected data analyses required in
learning analytics. Prior learning analytics studies [2] relied on
preprocessing pipelines to create CSV files for machine learning
models, leading to various provenance issues.
This study aims to investigate the suitability of KGs for learning
analytics by making implicit relationships explicit and improving data
retrieval for learning analytics.

Building CytoGRAPH
KG construction followed the Abstract Reference Architecture (ARA) [3].

Ontology Development The KG’s ontology was engineered with a
middle-out approach where entities in the data were identified and
aligned with the UoD of domain experts and existing ontologies.
We build upon PROV-O to represent the interactions between users
and images and GeoSPARQL to represent the annotation’s
geometries, among others.

Data Transformation We had no access to Cytomine’s MongoDB
instance, though we could download the data via its API. The data
of one project consisting of 11 images, 588 users (pseudonymized),
and 27185 annotations, 1571 properties, and 31507 descriptions.
We used RML to generate RDF from the data.

Data Annotation In ARA, this activity links concepts and data with
other relevant sources. While we have yet to create links to other
datasets and even other institutional repositories (e.g., the e-learning
platform), we have decided to represent geometries using
geo:wktLiterals so that we can retrieve activities from certain
areas on the images. As such, we enriched the data with a
geometric dimension.

Quality Assurance We validated the KG via competency questions
formulated by the domain experts.

Results
The KG can be explored with tools such as Ontodia [4] and currently
contains information on over 27K annotations made by 587 users over
one decade, which is for the sole project to which we have access.

To demonstrate that one could engage with the KG for learning
analytics, we created a Jupyter Notebook that retrieved the number of
annotations per contributor and used this to determine the optimal
number of clusters using the Elbow Method.

A limitation beyond our control is the inability to transform the data
stored in MongoDB. Moreover, Cytomine’s API is fairly restricted,
allowing us to retrieve data when sufficient restrictions are placed.

Conclusions
Demonstrated the feasibility of creating a KG from Cytomine data
for learning analytics.
Demonstrated potential for learning analytics through KG
exploration and Jupyter Notebooks.
Future work includes improving data transformation methods and
exploring the KG’s evolution.
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