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1. Introduction 

People have connected with technology in unprecedented ways to solve their learning 
needs during the COVID-19 learning disruption periods. In New Zealand, tertiary 
education service providers should seek enhanced ways of supporting learning to face 
the future of the reformed vocational education system. 

Our previous research (Villapol et al., 2021) led to recommendations to explore methods 
for more adaptive learning and the incorporation of digital technologies into learning; to 
create more personalised experiences.  

A recommender system (RS) offers the users information based on their preferences (El 
Guabassi, 2018), and has been widely used for video (Netflix), travel (Tripadvisor), and 
books (Amazon). Kulkarni et al. (2020) have reviewed several RS approaches to 
improve learning and identified the need for more contributions in the incorporation of 
this approach into learning services including adaptive learning.  

2. Aims and Research Design 

RS techniques have been used in learning for several purposes as presented by Uddin 
et al. (2021). In this research, we want to provide customised options to the learners 
through an adaptive learning solution that uses a content-based RS (Guruge, 2021), 
which can suggest learning objects (LOs) to the user based on the characteristics of the 
LOs and user’s preferences. Thus, this research is aimed to answer the following 
question: How can LOs be presented to learners based on their preferences and 
learning paths? 

3. Analysis and Findings 

We initiated our research by identifying relevant criteria to search, sort and filter learning 
objects, by exploring other recommender systems. Elements included: learner’s 
preferences, LO usage (e.g., the learner usually watches video contents), types of 
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learning objects (e.g., readings, exercises, case studies), learning paths, and student 
progress. 

Then we used Coloured Petri Nets (CPNs) (Jensen and Kristensen, 2009) to design and 
model the solution at different levels of abstraction. The model allows specification, 
testing, validation, and verification of the adaptive learning system.  

We developed the CPN model using CPN Tools. In the following, we introduce how the 
CPNs are utilised by describing the top-level module shown in Fig. 1. This module 
incorporates a substitution transition (drawn as a rectangle) for the RS which then is 
defined by its own module (not presented in this document). In the figure, the place 
(drawn as an ellipse) named “Student” represents the learners that use the adaptive 
learning tool to access course content. The place named “Learning Objects” represents 
the LOs that are part of a course. The place “Recommended LOs” includes the LOs 
tailored to the learner’s preferences. Places and transitions are connected by arcs. 

 

Figure 1: RS for Adaptive Learning-Main Page. 

We validated the initial specification of the proposed solution against several case 
scenarios by running several simulations. The simulation results confirm that the 
prototype solution is effective. 

 4. Conclusion and Recommendations 

In this paper, we have proposed an adaptive learning solution that uses a RS. The 
solution can be added to the expected digital technologies options that can be 
incorporated into learning in the new reform of vocational education in New Zealand. We 
used a formal tool, CPNs, to specify, validate, and test our proposed system at different 
levels of abstraction. Interactive graphical and automatic simulations were used to 
examine behaviour and to debug the model. The results demonstrated the feasibility of 
our proposal. However, further work is required to implement the solution including 
determining the recommendation methods and algorithms for adaptive learning. 
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