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Abstract. The need for evaluated digital resources arose over the last years as
blended learning applications became even more popular and distance learning
essential. Besides well-known massive open online courses (MOOCs), ap-
proaches called personalized open online courses (POOCs), which present in-
dividual learning resources to the users, are developed. Personalization is, in
most cases, based on different information about the users. DigiFit4All is a pro-
ject to develop a platform for POOC:s, including open teaching and learning re-
sources for lower and higher education. In the background, a competency model
is used, which enables the definition of learning outcomes for courses, the de-
termination of learning paths, and the assignment of learning resources. With
the help of pre-tests, competencies that are already known can be identified.
The learning resources are integrated into a learning management system (LMS)
which imports them from open repositories. This contribution gives detailed in-
formation about the concepts of the DigiFit4All project and compares it to other
approaches.
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1 Introduction

In our society, the relevance of digital teaching and learning is constantly increasing.
Various forms of blended learning, e-learning or even distance learning are wide-
spread and partly necessary due to the current pandemic. A lot of material is available
online in the form of massive open online courses (MOOCs). These platforms differ
in several aspects concerning technological background and usability. The presenta-
tion of the learning resources is, in most cases, the same for all participants, and het-
erogeneity is not considered. Further, MOOCs often follow an asynchronous form and
present their content in the form of videos, quizzes or reading tasks. Approaches that
offer individually prepared courses and incorporate heterogeneity are called personal-
ized open online courses (POOCs). They often base on learner profiles and an analy-
sis of the results from prior assessments [1].

The project DigiFit4All started in May 2020 and has the aim to develop a platform
for POOC creation. Based on competency models, which are stored as graphs, teach-
ers can create their own courses and identify learning paths to reach the goals of the



course. Students can attend individual courses by participating in pre-tests to deter-
mine competency profiles. In addition to the platform, resources for computer science
and digital education topics are developed during the project. A cooperation between
the University of Klagenfurt!, the Danube University Krems?, the Johannes Kepler
University Linz3, and the Vienna University of Technology* ensures that the different
target groups of students in lower and higher education, teachers, and administrative
staff can be covered.

This contribution summarizes findings from the research literature (section 2) that
influenced design decisions during the conceptualization of the DigiFit4All project,
and different approaches are compared (section 3). In section 4, the components of the
DigiFit4All system are explained in more detail, and the technological background is
described. Section 5 presents an overview of the user roles in the project and sample
workflows for teachers and students.

2 Related Work

To get a first overview of existing systems that can generate personal open online
courses, several approaches that have been published already are reviewed, and the
most relevant are briefly described below.

In 2007, Leung et al. [2] identified students’ diversity as a significant issue in terms
of e-learning. To answer how course materials can be presented student-centered, they
suggested an approach following the elaboration theory of instruction combined with
the so-called educational ontology.

El Mawas et al. [3] discussed the personalization of massive open online courses in
the context of lifelong learning. Their architecture consists of a content management
system (CMS) and a learning management system (LMS) and supports different roles
such as pedagogical engineer, teacher, and learner. Subjects, topics, and concepts are
stored in domain models, while the individual results are saved in learner models.

Due to the low completion rates of MOOCs, Brinton et al. [4] developed the so-
called MIICs. MIIC stands for mobile integrated and individualized course and is an
adaptive educational system that updates students’ user models based on their interac-
tion with the course. MIICs offer multiple learning paths, whereby one path consists
of several segments. One segment represents the ‘smallest unit of knowledge’ offered
in different versions (depending on the path selected for the learner).

Another aspect in the context of MOOC:s is big data. Compared to traditional class-
room learning settings, online courses allow collection and analysis of learners’ be-
havior as all actions performed by users can be logged. Xi et al. [5] described how the
collected data could be interpreted using a behavior analysis model. They described a
model consisting of six components, whereby the predictive model is the centerpiece
of it. Students can access the course content, and based on their interaction with it, the
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adaption engine updates their personal model. Teachers can intervene through the so-
called intervention engine, which allows manual adjustments in the otherwise auto-
matic system.

Analyzing the related work showed that many ideas in personalizing MOOCs had
been made already. However, unfortunately, most of the introduced prototypes are no
longer available, or the work on this subject was discontinued. However, some of the
concepts that were described can or will be re-used in the DigiFit4All project in the
presented or a similar way.

3 Components for POOCs

3.1 Used Components in Existing Projects

Analyzing related work showed that the models described in the papers consist of
several components, which will be identified and explained in this section.

A pre-test is used to determine the prior knowledge of a student before they start
with the course. Based on their individual result during this evaluation, the course is
adjusted to their personal needs. In the approach of Leung et al. [2], a pre-test has to
be performed by the students, which sets the ground for the individual study path,
while E1 Mawas et al. [3] ask the learner to fill a so-called positioning questionnaire
as a basis for the learner model created by the platform. Additionally, statements by
the user are considered for the initiation of the model. The approaches suggested by
Brinton et a. [4] and Xi et al. [5] do not contain any pre-test, and the learning paths
are calculated later on.

A post-test is a test that has to be performed by a learner, and it is used to check the
knowledge once a given activity, exercise or segment was finished. An automated
mechanism that adjusts the learner model based on the users’ behavior is not consid-
ered a post-test. The model of Leung et al. is the only one that let their learners submit
post-tests, while the other models use different approaches of measuring the perfor-
mance.

Learning paths allow the individualization of how someone learns. A person’s path
is adjusted to their personal needs, either depending on post-tests or calculations in
the background. In the approach of EI Mawas et al., the learning path is based on the
positioning questionnaire and static, while the model of Leung et al. allows changes in
the path depending on the pre- and post-tests. The platform by Xi et al. allows auto-
matic as well as manual adjustments of the learning paths, and the approach of Brin-
ton et al. considers the users’ behavior in each segment to select the next one.

User behavior can be considered to create dynamic personalized courses, depend-
ing on how a learner interacts with the platform. As just described, Brinton et al. se-
lect the segment and version of the following learning object based on the results
yielded in the current one. As the approach of El Mawas et al. is static, the user’s
behavior is not analyzed during the course. The same applies to the model of Leung et
al., as it depends on the tests performed by the user. Xi et al.’s platform uses behav-
ioral data to recommend activities to the learner.



A repository is a platform where learning material that can be linked to learning
objects is stored. Repositories can either be open platforms where everyone is able to
provide course material that can even be used outside a course or closed platforms
that do not share their contents with the public. Three of the researched papers do not
describe where and how the material is stored in detail; only Brinton et al. tell that all
files are stored in EPUB containers, and videos are streamed via HTTP.

MOOC:s are held in learning management systems (LMS) that offer a variety of
features for course management. The analyzed approaches used different platforms
for the integration of their personalized courses: Leung et al. used Moodle, El Mawas
et al. used edX, and both Brinton et al. and Xi et al. did not specify the platform or
used a custom-created website.

Exams are defined as actual exams that are relevant for the grade of a learner in the
subject of the course. None of the four analyzed approaches supports writing an exam
within the personalized course.

Learning objects can be used to modularize content for learning scenarios. They
represent the teaching and learning materials and are defined following the /IEEE
Standard for Learning Object Metadata (LOM) [6]. Compared to segments in the
approach of Brinton [4], learning objects collect ‘smallest units of knowledge’ to a
didactically meaningful package. This concept appears only in the work of Leung [2].

A microservice architecture is a method to develop software based on small ser-
vices with well-defined interfaces to easily add new services. In none of the analyzed
approaches a comparable architecture is described.

3.2  Comparison of the approaches

The comparison of the approaches is based on the descriptions of the methods in the
respective papers. In case any information was not found for a specific component, it
is considered as not existent. As presented in table 1, all components include learning
paths for course personalization. The pre-test approach is only used by two out of four
models, and only Leung et al. included post-tests as well. None of the ideas presented
used an open repository which allows uploading learning material. The components
of the DigiFit4A4ll approach together with the technical background will be described
in the following section.

4 Components of the DigiFit4All Project

4.1  Overview of the Project

During the development process of the DigiFit4All project, literature was reviewed
and approaches from related work were analyzed. Existing expertise, previous work
and research results of the partner institutions had the strongest influence on the pro-
ject’s basic idea.



Table 1. Component comparison of personalized online course systems

Component Approgch -

Leung [2] | El Mawas [3] | Brinton[4] | Xi [5] DF4A
Pre-test Yes Yes No No Yes
Post-test Yes No No No Yes
Learning paths Yes Yes Yes Yes Yes
User behavior No No Yes Yes No
Repository No No Yes No Yes
LMS Integration Yes Yes No No Yes
Exams No No No No Yes
Learning objects Yes No No - Yes
Mlcr.oserwce - No No No Yes
architecture

Based on this prior knowledge, the following components were selected to be part of
this project.

— Competency models: The background calculations for the personalization are
based on competency models and learning paths within the models.

— Learning objects: The teaching and learning materials to reach competencies are
developed in the form of learning objects.

— Assessment: Course participants are assessed before a course starts, to get infor-
mation about their knowledge and which competencies they already have acquired.
After finishing a course, the learners are assessed again to find out which compe-
tencies they reached during the course.

— Learning management systems (LMS): The learning objects are presented in form
of courses in chosen LMS.

These components work together to create personalized open online courses in the
DigiFit4All project and are described in more detail in the following sections.

4.2  Competency Models and Learning Objects

As already mentioned, the personalization of the courses in the DigiFit4All project
is based on competency models. For this purpose, national and international curricula,
educational standards, and competency models for different target groups are collect-
ed and analyzed. As a central element, the learning outcomes of the models, here
called competencies, are part of this process. In a first step, the competencies have to
be standardized because some of them contain more than one outcome. This leads to
subcomptencies which are part of competencies in their original form. The models are
mapped to a graph-based representation form and stored in a graph database as Pas-
terk and Bollin describe it [7, 8]. Competencies represent the nodes, and dependencies
between them are displayed as directed edges. Pasterk defines the two dependency
types expands and requires, which show that a competency C/ is necessary to reach
another competency C2 within the same topic (C2 expands CI) or from another topic



(C2 requires C1) [9]. Nodes and edges are sometimes given by the curricula, educa-
tional standards, or competency models, but in many cases, the dependencies have to
be added by experts. As the models are in general developed for one target group, i.e.,
primary school children or students of an undergraduate program, Pasterk presents a
method to combine them to one overall model, here called the main index. This ap-
proach uses so-called intersector nodes, which collect a set of similar competencies
from different models in one single node. Intersector nodes inherit all dependencies
from their included competencies, thereby connecting competency models to each
other [9]. In the DigiFit4All project, the approach from Pasterk and Bollin is applied
with some adaptations concerning the infersector nodes. Similar competencies are not
collected in sets but are connected over an equal to relation. If a competency 4 is
similar to another already existing competency B their respective nodes are set to be
equal to another. In the main index only the node of the first competency B is shown
and used for calculations. Again, the existing competency inherits all dependencies
from competencies which are later added and set to be equal to it. For the purpose of
collecting, analyzing and combining the models, the Graph-based Environment for
Competency and Knowledge-Item Organization (GECKO)3 platform presented by
Pasterk and Bollin in 2017 [7, 8] and described by Pasterk 2020 in detail [9] is
adapted and extended by some functionalities.

In the graph-based representation, central competencies of the models and the main
index can be identified and learning paths can be calculated. To find central compe-
tencies, the centrality values of the nodes are measures. This method is used in net-
work analysis and adds information about important competencies [9]. Learning paths
include competencies, which are necessary to reach a selected competency, by follow-
ing the direction of the edges back to a selected starting node. Especially in the main
index more than one learning path to a given competency can exist. In the DigiFit4 41l
project, the learning paths support teachers, and lecturers to find necessary prerequi-
sites for targeted competencies and to include them in their courses. Additional com-
ponents, which are new in the DigiFit4All project, are learning objects. The men-
tioned LOM [6] standard includes different forms of materials, also non-digital ones,
which are excluded from the DigiFit4A4ll project. It is required that the materials are
tagged with metadata to record information about them. Additionally, the learning
objects are in subject to further project-specific requirements like a time limit and the
highest possible degree of independence to other learning objects. These two re-
quirements are important for the reuse of learning objects in different courses and
contexts. Learning objects are developed to reach given competencies and are directly
linked to corresponding competencies in the GECKO system.

4.3 Self-assessment for Personalization

At the beginning and the end of a course, assessment questions are addressed to
learners and serve to evaluate individual skills and competencies acquired before and
after a course. The results of these pre-tests are used to determine the competencies
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that the learner would still have to reach to pass the course positively. These are then
highlighted in the personalized online course, while topics that have already been
mastered remain accessible but are kept in the background. Items for the post-tests are
used to check whether a competency has been achieved after finishing the course.
They can be part of the exam and, with that, the grading. Both types of questioning,
assessment questions and test items, are carried out via the KAUA (KoSice and Alpen-
Adria University Assessment)® platform of the Department of Informatics Didactics at
the University of Klagenfurt. For the purposes of the DigiFit4All project, the platform
is modified and extended. The idea behind the KAUA platform is to use hash values to
identify users instead of storing specific user data [10].

4.4  Support for Learning Management Systems

To allow teachers to create courses for their students, integrations for learning
management systems (LMS) are being created. Once the corresponding plugin for the
LMS is installed, it will allow teachers to import courses for their classes. Students
are then able to perform the pre-test and use their personalized course. As a first LMS,
Moodle — which was already used by Leung et al. [2] in their implementation of per-
sonalized courses — will be supported as it is open-source, therefore available for free
and open for further modifications.

4.5  Technical Background

The DigiFit4All system is designed as a microservice architecture. Most of the ser-
vices are Spring Boot applications and therefore implemented in Java. During the
project, two Single Page Applications (SPA) are also developed. Among other things,
the application also provides an interface to an external repository and LMS. The
repository in turn provides an interface to the LMS. Figure 1 below shows a section of
this architecture. The API Gateway Services serves as the central access point to the
backend. All stateless communication runs through this gateway, so the different mi-
croservices cannot be addressed directly. In figure 1, the most important services of
GECKO and KAUA are visible. The Auth Service manages all users and authentica-
tion. The Graph Service manages the Neo4J graph database, which is used to map the
various competency models. The Liza Service provides various recommendations
when creating a competency model. This application is implemented in Python and
communicates with the rest of the Spring-based application via the Liza Service Side-
car. The Library is not a standalone service but is added by each core service as a
dependency. The Survey Service handles the creation of questions and questionnaires.
The created questions can be added to surveys, competencies or learning objects. The
survey data and the results of the tests for the personalization of the different users are
stored anonymously. Each time a user logs in, a hash value is generated from the user
credentials in the UID Service. This hash value serves as an identifier for the user.

6 https://kaua.aau.at
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Fig. 1. Detail of the DigiFit4A4ll system architecture

5 Roles and Workflows in the DigiFit4All Project

5.1 User Roles

Within the DigiFit4All project, different user roles exist for different functionalities
in GECKO as well as in KAUA. In GECKO, users can register for free but at this stage
only have the possibility to view the main index as a list of competencies or in its
graph representation. Every user can send a request to get the role of a GECKO-
author or of a GECKO-lecturer. GECKO-authors are responsible for the competency
models collected in GECKO and are able to upload or build their own models for their
selected target group. The individual models have to be submitted and are evaluated
by an expert team. In contrast to that, GECKO-lecturers use the given competencies
in the main index to represent their goals for own courses. This allows teachers or
lecturers to follow the suggestions of the system or to choose their own ways. Two of
the three roles existing in KAUA work in a similar matter. K4AUA-authors develop
questions and question modules of different forms and for different purposes. The
KAUA-lecturers combine given and evaluated modules to prepare their own surveys.
The last role which does not require a typical registration is the K4UA-student role.
An enrolled student can access their personal course through the LMS using their
student data. After submitting the pre-test, students can start with the personalized
online course. In the following section, the workflows for lecturers and learners with-
in the project are described in more detail.



5.2  Sample Workflows

Workflow for teachers. Based on the knowledge about the components of the pro-
ject, the typical workflow for a teacher or lecturer starts with the assignment of com-
petencies to a course in GECKO. They need to login to the platform with a corre-
sponding account and define a new course or work on an existing one. Starting to
work on a new model, the first step is to select the target competencies from the main
index. As an example, a teacher wants to introduce simple SQL statements in their
databases course. For this category several competencies can be found but the follow-
ing two are selected by the teacher:

1. Learners formulate SQL queries using a projection.
2. Learners formulate SQL queries with a selection.

These competencies are based on the ACM/IEEE Computer Science Curriculum
20137 but go more into detail. In the background, the system calculates necessary
prerequisites for the target competency and suggests the results to the teacher. They
receive a list of additional competencies including competencies from the topics rela-
tion schema and datatypes. However, for the teacher only competencies for SQL
statements are of interest. That is why for the two selected target competencies, the
following list of competencies is added to the course:

3. Learners can reproduce what is meant by a projection in SQL queries.

4. Learners understand and can explain what is meant by a projection in SQL queries.
5. Learners can reproduce what is meant by a selection in SQL queries.

6. Learners understand and can explain what is meant by a selection in SQL queries.

Competencies 3 and 4 are prerequisites for (1), and 5 and 6 for (2), as they deal
with the same topics on different cognitive levels. The teacher decides whether as
foreknowledge suggested competencies should be added to the course or not (step 2).
In the given example the teacher also adds the prerequisites to the course. After the
competencies are selected, the teacher gets a list of teaching and learning materials
that can be used to reach the corresponding competencies (step 3). Again, the teacher
selects those materials that are appropriate for the course (step 4). This step includes
the option to create a final exam with questions related to selected competencies and
marked to be exam questions. For the competencies in the database-example, the
teacher chooses interactive videos to be appropriate for the course but chooses not to
have a final exam through the system. These steps are illustrated in figure 2 and show
the actions taken in the GECKO platform. Additionally, a teacher can create own
surveys and tests in KAUA. Again, existing modules for different purposes can be
chosen from the existing collection, or own questions can be defined. Once the teach-
er enabled the connection to GECKO, the course created can be selected by its title.
The learning objects corresponding to the selected competencies are imported from
the repository into the LMS section.

7 https://www.acm.org/binaries/content/assets/education/cs2013_web_final.pdf
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Fig. 2. The workflow for teachers and lecturers in the DigiFit4A4ll project

Workflow for learners. As mentioned above, the students do not register to the sys-
tem on their own. In higher education, a student enrolls for a course in the affiliated
institution’s usual system. Through the student account, they get access to the used
LMS and with it to the learning resources. For students in schools, the administrator
or the teacher must generate a list of student accounts in the LMS system of the
school. With that account, the students can enter the online course. From this point
on, the workflow for all kind of students is the same. The first step is the pre-test.
Depending on the LMS, the students can participate directly in the LMS or have to
follow a given link to KAUA. Based on the results of the pre-test, a competency pro-
file of each student is created and stored. Looking at the example for a database
course with competencies in SQL statements, a section of the pre-test would include
self-assessment questions in the following form and for the corresponding competen-
cies (see the referencing numbers in the brackets):

e Have you heard about projections in the context of databases and SQL statements?
(Competency 3)

e Can you explain a projection in the context of databases and SQL statements?
(Competency 4)

e Have you created an own SQL query including a projection? (Competency 1)

e Have you heard about selections in the context of databases and SQL statements?
(Competency 5)

e Can you explain a selection in the context of databases and SQL statements?
(Competency 6)

e Have you created an own SQL query including a selection? (Competency 2)



11

As a next step, the student has access to the learning material of the online course.
With the help of the competency profile, the course is personalized for each student.
This means, the sections for already reached competencies are put into the back-
ground and the other sections are highlighted. Through this approach, the student
identifies on the first glance which sections are important for them. However, they
still have access to all learning resources, as they are relevant for the exam.

So, for the given example it can be assumed that a student has already read some-
thing about SQL statements and knows the difference between projection and selec-
tion but has never created an own query. This student only replies with ‘No’ to the
questions for competencies 1 and 2. With this profile, the course for this student in-
cludes four collapsible sections which contain the interactive videos for competencies
3 to 6. Two already opened sections present the two videos for competencies 1 and 2,
which are not yet reached by the student. After a student has worked through all the
materials, they participate in a post-test. This test depends on the selected competen-
cies for the course and not on the profiles of the students. Therefore, even questions
about topics, which the student already knew about before participating in the course,
can be included. Results from the pre-test have no influence on the post-test.

In case of the given example about SQL statements, post-test questions can include
the following questions or tasks:

e What is a projection in the context of databases?
e What is necessary to create a simple SQL query?
e What is the result of a given query over a given table?
e Create a query to get given results from a given table.

It has to be mentioned that the post-test is not the same as an exam, which has to be
passed to receive a grade for the course. The post-test informally shows the progress
of participating students but does not influence the grades.

6 Conclusion

This paper presents an analysis of existing approaches for personalized open online
courses (POOC) and discusses differences and similarities. Research in related work
shows that several prototypes were created; however, most of them are no longer
available as they only served as proof of concepts or were discontinued for other rea-
sons. Several components used in the mentioned approaches could be identified and
compared to each other as well as to the DigiFit4All project. The results show that all
selected approaches use learning paths in the background. Three of five approaches
include pre-tests and some kind of LMS integration. Considering other points like
post-tests, exams or user behavior, the approaches differ more. A detailed description
of the structure of the DigiFit4All project includes the use of competency models in
the background to create courses and calculate learning paths, the development of
independent and reusable learning objects, the necessity of assessment before and
after the course, learning management systems support as well as the technical back-
ground. By explaining the roles and two sample workflows, it is shown what users
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(both learners and lecturers) can do on the DigiFit4All platform. The project started
one year ago, and a first prototype of the GECKO platform is already online, includ-
ing some first competency models. In a next step, a repository will be created and
linking learning objects to competencies will be supported, as well as the import into
learning management systems.
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