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Abstract 

OneXacademy is an organization established as a response to a certification program launched 

by Nintex, a provider of workflow and form tools for Microsoft SharePoint. Professionals are 

required to renew these certifications periodically and it is the ambition of OneXacademy to 

support these professionals in this process. 

Preparing professionals, or learners, for these certifications comes with a number of challenges. 

Since learners are required to renew their certifications periodically, they are expected to revisit 

courses on the subject for this purpose. At the same time, knowledge on the subject grows and 

changes over time. We want to provide learners with guidance by maintaining an awareness on 

their progress through each visit. Also, since our ambition is to prepare learners for the actual 

certification, we want to enable learners to evaluate their understanding on the subject and 

provide detailed feedback. 

While many product providers supporting the development of online educational systems exist 

in the industry, these providers target a broad scope of clients with generic features. In this work 

we describe an educational system targeting specific domain requirements. To accommodate 

these requirements we implement proven approaches and technologies, but also introduce 

distinguishing features, including adaptation on a dynamic knowledge domain and knowledge 

evaluation as a layer on the knowledge domain enabling detailed feedback. 
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1 Introduction 

SharePoint [1] is a well-known and widely used web platform for a variety of business 

applications, such as intranet and extranet websites, information, content and document 

management, team collaboration, search and user profile management. There are also many 

providers surrounding SharePoint, extending its capabilities even further. One of these 

providers is Nintex. 

Nintex [2] has developed tools to integrate workflows and forms in SharePoint for an improved 

automation experience on the platform. Recently Nintex has announced the introduction of 

certifications on several levels of expertise for these products. Preparing business users for these 

certifications is the goal of OneXacademy. 

In the following sections we present the problem statement that is discussed in this work and 

the outline of the work. 

1.1 Problem statement 

Both the SharePoint and Nintex products remain in heavy development. The certifications 

introduced by Nintex are therefore based on knowledge that changes over time and 

professionals are required to renew these certifications yearly. As the features of the Nintex 

products are updated, so are the knowledge requirements and assessments for the certifications. 

In this work we describe concepts and the application of these concepts to design a web based 

adaptive e-learning system for professionals preparing for these certifications. While design 

choices are tailored towards our system, in this work we describe concepts on a generic level 

such that these can also be implemented in a broader scope. 

We distinguish between two types of users in this work, namely knowledge authors and learners. 

Learners targeted by our system have two major goals, namely the acquisition and the 

maintenance of a selection of certifications. Learners are required to update their certifications 

on a periodic basis, while the knowledge requirements for these certifications is expected to 

change over time. OneXacademy facilitates the preparation towards both the first acquisition 

of these certifications as well as each renewal. 

Learners are expected to return to our system periodically to refresh their knowledge and get 

up-to-date with the latest developments to prepare for the next renewal of their certifications. 

The system is required to respond to this behavior by guiding learners to new information since 

a previous visit. We focus on the concepts regarding components that need to be applied in such 

a system, and how these can be implemented. 

While much work has been done in the field of adaptive learning, and many providers and 

products facilitating the development of adaptive learning environments are present in the 

market, two main features required to facilitate our learners are not represented. The first feature 

is the creation and maintenance of courses in which knowledge can be updated and changes can 

be communicated to learners. The second feature is to support learners in acquiring and 
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maintaining a sufficient degree of understanding of the knowledge presented in such courses 

through evaluations and detailed feedback. In addition to referring to and applying concepts 

described in existing work and products, this work aims to introduce and describe a dynamic 

knowledge domain and evaluation approach to facilitate these features. 

In addition to the learner perspective, we are also interested in the author perspective on the 

system. The concepts applied in the system must be straightforward to use for the learner as 

well as maintainable by the author. 

1.2 Thesis outline 

In Chapter 2 we present terminology, concepts and products related to this work. The approach 

on how the overall project and this work is structured is presented in Chapter 3. Chapter 4 

provides a description of the framework on which the system operates. In Chapter 5 we discuss 

the presentation of knowledge and adaptation. In Chapter 6 we consider an author centric view 

on the system. Factors and measures contributing to the theoretical performance of the system 

are described in Chapter 7. In Chapter 8 we discuss openings and possibilities in future work. 

Finally in Chapter 9 we summarize the conclusions of the work. In addition to this work, we 

present the development status of our project in Appendix A, as it is at the time of finishing this 

work. 
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2 Preliminaries 

This chapter provides context and background information on the material presented in the 

following chapters. First we will present a general description and terminology of online 

learning systems and adaptive learning in Sections 2.1 and 2.2 respectively. In Section 2.3 we 

present related work in the fields related to adaptive learning and discuss existing solutions in 

the industry. 

2.1 Online learning systems 

Over the years it has become more and more common for academic and business entities to 

provide knowledge to their peers through online means. This development makes it possible 

for interested parties to access knowledge independent of location and time. Today many online 

learning systems have been developed and many product providers supporting the development 

of these systems are active in the industry. 

A number of system types have been introduced to facilitate online education. In this work we 

distinguish between two types of systems: the learning management system and learning 

content management system [3]. A learning management system, or LMS, is a high-level 

strategic solution for planning, delivering, and managing all learning events within an 

organization, including but not restricted to online, virtual classroom, and instructor-led courses. 

The focus of an LMS is to manage learners, keeping track of their progress and performance 

across all types of training activities. 

A learning content management system, or LCMS, is a lower level system with a focus on 

learning content. An LCMS facilitates authors, instructional designers and subject matter 

experts with the means to create and maintain learning content, or knowledge. The system also 

includes the presentation interface and delivery of learning content to learners. 

LMS and LCMS systems can operate in a complementary or an integrated setup, with the LMS 

facilitating strategic and administration requirements and the LCMS facilitating the 

management and delivery of learning content. While we plan to implement a complete solution 

with higher level components such as administration tools and a training partner system, for 

this work we focus on the design of the LCMS component of the solution. 

2.2 Adaptive learning 

Traditional courses are linear experiences, presented without consideration of the background 

and preferences of individual learners. The introduction of learning experiences through web 

applications has resulted in the development of new approaches on the creation and delivery of 

learning material. One such development is the capability for systems to adapt to individual 

learners. Given implicit and explicit configurations, systems can distinguish between learners 

based on personal preferences, individual traits and past experiences, presenting content to suit 

the individual learner. This personal information is collected and maintained in a user model, a 

distinctive feature of adaptive systems [4], on which adaptive components operate. 
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An aspect of traditional courses that is still very common in modern adaptive learning systems, 

is the assumption that learners participate in a course only once. An effect of this assumption is 

that courses are static entities. Additions and changes in knowledge are usually introduced in a 

clone of an existing course or in a new course for the next generation of learners. These changes 

are therefore not captured and cannot be communicated to learners revisiting the course. In this 

work we present an approach to facilitate the creation and maintenance of courses in a dynamic 

knowledge domain, in contrast to the static knowledge domain of traditional courses. 

2.3 Related work 

Adaptive learning and related topics are well studied subjects and there are many providers and 

products in the industry for implementing adaptive learning environments. In this section we 

present related work on research and discuss products in the industry. 

2.3.1 User modeling 

As mentioned earlier, in order for systems to adapt to individual users, information of users is 

collected in a user model. Methods for obtaining this information include implicitly observing 

user interaction and explicitly requesting input from the user. This process is known as user 

modeling. The approach implemented in this work, feature-based user modeling, is the most 

dominant approach at this time [4]. Feature-based models attempt to model specific features of 

individual users, such as knowledge, interests and goals. 

Among the features captured in a user model, the user’s knowledge on the subject is the most 

common and frequently the only modeled user feature in an adaptive learning system. This 

information can be utilized for both adaptive navigation support and adaptive content 

presentation. The simplest implementation of a user knowledge model is the scalar model, 

representing user knowledge with a single quantitative or qualitative value. Based on this value 

superfluous content may be hidden, additional examples may be given, and navigation links 

may be shown, highlighted or hidden. These are just some examples of possible adaptation 

techniques made possible by this simple model. 

The scalar model is however very limited and low in accuracy. In comparison, structural models 

facilitate systems presenting larger knowledge domains aiming to advance user knowledge. 

Structural models assume that a body of knowledge can be divided into fragments and represent 

user knowledge for each fragment independently. The most popular form of a structural user 

model is the overlay model, which we also implement in this work. The overlay model 

represents user knowledge as a subset of the knowledge domain, giving an estimation of the 

user knowledge for each fragment in the domain. While concepts modeling advanced behavior 

have been introduced to the overlay model, such as the genetic model [5], these have proven to 

be hard to develop and maintain. In this work we aim to present a user model that is both 

sufficient and maintainable. 

Structural models depend on a domain model, which decomposes a body of knowledge into a 

set of knowledge domain elements, representing elementary fragments of knowledge such as 

concepts. The complete set of knowledge domain elements defines a knowledge domain and 

represents the expert knowledge on the domain. Depending on the system, knowledge elements 

can represent larger or smaller pieces of knowledge. The domain model also enables the 
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modeling of relationships between knowledge elements, such as a prerequisite, generalization 

(“is-a”) or hierarchical (“part-of”) relationships. 

While the overlay model enables the modeling of user knowledge, it does not facilitate the 

means to model possible misconceptions in understanding learners may have. The overlay 

model has been expanded to the bug model [6] to enable the modeling of both correct 

knowledge and misconceptions of learners on the knowledge domain. Implementations of this 

model may also evaluate learners to identify specific misconceptions in the user model, 

enabling adaptive systems to support learners in correcting misconceptions. While we do not 

implement this approach, we introduce an evaluation approach to facilitate similar behavior. 

Another approach to user modeling which was introduced before feature-based modeling is 

stereotype modeling [7, 8], in which similar users are clustered into groups called stereotypes. 

Although this approach is not implemented in this work, it is worth mentioning that this 

approach has the potential to complement the feature-based approach. Specifically, by 

introducing a set of stereotypes, it can be implemented to initialize the feature-based user model, 

which is otherwise empty for new users. 

2.3.2 Adaptation 

Within the field of adaptation a number of technology groups are covered, such as personalized 

search [9] and recommendation systems [10, 11, 12]. The technologies we are most interested 

in considering the context of an educational system are adaptive navigation support and 

adaptive content presentation. 

Adaptive navigation support [13] introduces techniques to guide learners in their navigation 

through the knowledge domain, utilizing information of individual learners in the user model. 

Several methods have been explored to facilitate this guidance, which can be implemented in 

isolation or combined to suit the scenario. By combining techniques and solving scenarios with 

several techniques learners are given options on how to navigate through the domain, based on 

their preference. Depending on the scenario, one technique may be more suitable than another 

and vice versa. Below we describe two methods which are implemented in this work. 

Direct guidance. The idea of direct guidance is to suggest the next best node or nodes for the 

learner based on his or her goals, progress and other parameters and is one of the first 

approaches introduced in adaptive hypermedia. In general this is not a popular method since it 

takes away the feeling of freedom from the learner. However, in this work we describe an 

evaluation approach which introduces a context in which learners may actually prefer this 

method over others. 

Link annotation. The idea of link annotation is to augment links with some form of annotation, 

informing the learner on the current state of nodes, i.e. knowledge elements, referred to by the 

links. These annotations are most often provided in a visual form, such as font changes, text 

colors or attached icons. 

Other examples of adaptive navigation techniques are link ordering and link hiding or disabling. 

As suggested by the names of these techniques, link ordering sorts a set of links and link hiding 

hides links which are irrelevant for the learner in a given context. 

Adaptive content presentation [14] is the second technology that is interesting in the context of 

this work. Adaptive content presentation involves the presentation of content considering the 
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needs, personal traits and preferences of learners and the context in which it is presented. The 

system can determine both what content is presented and the format in which it is presented. 

Approaches facilitating this behavior can involve the introduction of content fragments and 

content selection to select a subset of fragments. Fragments can be collapsed, words or 

sentences highlighted or other techniques can be applied to adapt content to suit the needs of 

the learner. In this work we do not apply this adaptation approach, because it does not suit our 

scenario. However, we do mention the approach because the framework can be naturally 

extended with this approach to facilitate other scenarios. 

2.3.3 Products 

As already stated, many products can be found in the industry today to implement adaptive e-

learning solutions. In general, products on the market target one of two major groups of learning 

providers. The first group of providers focuses on academic entities, the second group on 

business entities. Interesting products in the academic field include Moodle [15] and 

Blackboard [16]. Interesting products in de business field include IMC AG: Learning Suite [17], 

eXact Learning LCMS [18], eFront LMS [19] and TalentLMS [20]. 

At the core both groups of providers are similar. Both enable learners to access learning content 

and facilitate content creation and management. Where these providers differ is in their focus 

on academic or corporate learning needs. Academically focused products track students and 

grades. Corporate focused products track employees, skill sets, and certifications. Corporate 

products may also facilitate the management of branches and time zones, or monetary features. 

Some corporate products, such as eFront LMS, facilitate modular courses in their product, a 

feature we are also interested in. 

While some of these products include an extensive set of features for content management, 

monitoring and analytics, several core features required in our solution are missing. Most 

products facilitate the means to manage static courses and formal assessments for grading 

students or certifying professionals. The means to provide feedback on these assessments is 

limited, if not missing. In contrast, we are interested in preparing professionals or learners for 

a periodical certification. To facilitate this need we guide learners through periodical visits to a 

course and provide detailed feedback on less formal evaluations. These are the main core 

features missing in the products we have explored and is an important reason we have chosen 

to design our own learning system. 
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3 Approach 

In this chapter we describe our approach on the OneXacademy project and this work. In Section 

3.1 we provide an overview of the approach on the overall project. The system presented in this 

work represents one of the main components in the project. The approach of this work is 

described in Section 3.2. 

3.1 Project approach 

In this section we provide an overview of key elements in our approach on the overall project, 

from the project mission providing a clear direction to the project, to empirical work for analysis 

and enabling further improvements to the system. 

Mission. Before deciding on the mission of the project we first considered the goals of our 

learners. As mentioned before we have identified the goals of our learners to be the acquisition 

and maintenance of selected certifications. The mission of OneXacademy is to facilitate 

learners in achieving these goals. First, we prepare learners for the first certification in a 

personalized experience. In addition we also facilitate personalized experiences in the 

preparation for each renewal of the certification, taking previous experiences of the learner into 

account, which is also one of the unique selling points of OneXacademy. 

Scope. The mission gives the project a clear direction, but does not describe the scope of the 

solution. To fulfill on the mission we discussed possible solutions and decided on a scope. The 

scope is a selection of features we want to include in the solution. Note that a number of features 

may not be included in the scope of this project, but can still be considered for future work. The 

learning system presented in this work is one of the high level elements in the scope. Other 

elements include a training partner system and live training, but these are not addressed in this 

work. 

Preliminary research. To enable an effective design and development process of the learning 

system, a number of subjects required preliminary research. Both in academic and business 

terms much work has already been done in the field of learning systems, which can be used as 

reference material in this project. 

Design. For the design of our learning system, we applied concepts described in the preliminary 

work as a base. For features and concepts which are not described in preliminary work we 

propose new approaches. Throughout this design process we apply the separation of concerns 

principle to describe the system as a connected set of manageably sized components, greatly 

reducing the complexity of the overall system. Each component has a defined responsibility 

within the system but can be described in isolation. Components can affect each other on a 

feature level because of their interdependent nature, though this does not affect the ability to 

maintain them in isolation. 

The system is primarily designed with a learner centric approach, since this is where the mission 

of the project is focused. However, since the system must also be realistically maintainable, the 

author perspective is taken into high account when making decisions. Advanced features may 
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be useful for learners, but with a high cost in maintenance such a feature may not be viable to 

implement. 

Prototyping. Before the implementation of a component, prototyping is applied to test and 

communicate ideas. This is an effective method to visualize and tweak ideas without the 

overhead that comes with the actual implementation. Specialized tools have been developed to 

support this process. For this project we used Balsamic Mockups [21], a tool for creating 

interactive wireframe mockups of client and web applications. 

Empirical research. Empirical research is a vital subject for the success of the project. While 

we can refer to empirical research on concepts described in existing work, this is not the case 

for newly introduced approaches and techniques presented in this work. For empirical research 

to be performed on this work we require the input of authors, subject matter experts and 

interested learners on an operational system. In this work we present the design of a system 

which is not operational at the time of writing, hence empirical research is not performed and 

presented in the scope of this work. When an operational implementation of the design is 

available, authors and learners will be able to provide the feedback necessary to direct the 

project further. 

3.2 Work approach 

In most of this work we present features and techniques related to the authoring and presentation 

of knowledge on a conceptual level. While we apply these concepts to facilitate the specific 

needs of OneXacademy, they can also be applied to facilitate training in a much broader range 

of contexts and subjects. To illustrate, the concepts presented in this work can also be applied 

to develop courses to prepare car mechanics in certifications on subjects related to car 

technology. Or instead of preparing learners for a periodic certification, courses can also serve 

to keep learners up-to-date with the latest developments on subjects in which they are interested. 

More on the applicability of this work is presented in Chapter 8 on future work. 

Because we choose this approach, implementation details and other lower level descriptions 

specific to OneXacademy are omitted from this work. Higher level related subjects in our 

project such as course subscriptions, course planning, training partners or multilingual 

presentation are also not addressed in this work. 
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4 Framework 

In this chapter we present the framework of our system. The framework consists of a domain 

model, an evaluation model and a user model. The domain model is a structured representation 

of the knowledge domain. The evaluation model introduces tests to verify the understanding 

learners have on the knowledge domain. The user model represents the understanding of an 

individual learner with regards to the knowledge domain. 

In Section 4.1 we describe how we capture the knowledge domain in a domain model. In 

Section 4.2 we present the evaluation model. How learner interaction on the domain and 

evaluation models can be interpreted to construct a user model is discussed in Section 4.3. 

4.1 Domain model 

The goal of our learners is to earn and maintain certifications in one or more areas on a specified 

level of expertise. These certifications require a defined set of concepts to be learned, which we 

capture in courses and topics. It is important to consider that the knowledge requirements of 

these certifications can overlap, hence the same holds for the courses representing the 

certifications. Instead of allowing individual topics to be shared by courses, and the complexity 

this introduces, we introduce the notion of modules to simplify the authoring process and 

improve the user experience. A module is defined as a distinct collection of related topics which 

can be shared among courses. Note that courses, modules and topics are the knowledge domain 

elements we selected to decompose the knowledge domain. 

Legend

Course 1 Course 2

Module 1 Module 2 Module 3 Module 4

Is part of

Has prerequisite

Figure 1: An example of interrelated modules shared by two courses. Note that Modules 1 and 3 are included 

on both courses and, by the prerequisite rule, Module 1 must be included in Course 1 and Module 3 must be 

included in Course 2. 

As we have described earlier, the domain model also enables the modeling of relationships 

between its elements. Our knowledge domain has its roots in linear material, with a static 

sequence and a hierarchy in chapters and subchapters. In the transition of this material to topics 
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in the knowledge domain of the application this naturally translates to prerequisite and 

hierarchy relationships. We introduce the prerequisite relation for modules, ensuring all 

prerequisites of modules are included in a course. For topics within the same module we 

introduce both the prerequisite and hierarchy relationships. Note that we do not introduce a 

hierarchy relationship between modules. Figure 1 illustrates how shared modules and the 

prerequisite relationship between modules act. Figure 2 illustrates a module representing a 

collection of topics, which can only be internally related. 

Module
Legend

Topic Topic Topic

Topic Topic

Is part of

Has prerequisite

 
Figure 2: An example of a module and its topics. Note that topics in a module can be related to each other, 

but cannot be related to topics outside of the module. 

We have now established the structure of the domain model. Next we discuss how to model the 

changes made in the knowledge domain. In simple systems where learners are expected to 

follow a course only once, it may be sufficient to overwrite existing knowledge or to copy a 

course and make the necessary changes there. Information on the changes made in the 

knowledge domain is lost in this process. The learners in our system are expected to return to a 

course on a periodic basis. In order to convey information on changes made to the knowledge 

domain since a previous visit, this information needs to be preserved in the domain model. We 

introduce versioning to facilitate this need. 

By applying versioning to courses, modules and topics, we allow authors to work on knowledge 

that is presented in the future while relating these changes to existing material, which may 

already be in use. At the same time, learners are not affected by these changes while they are 

learning the material. Important to note is that a new version of a knowledge element should 

denote an actual change in the knowledge conveyed by the element. Actions such as 

grammatical corrections or sentence rephrasing should therefore not result in a new version of 

the knowledge element. 

We introduced courses as representative collections of knowledge required to earn a 

certification. This constraint should be met when a course is published. While changes to 

knowledge may occur regularly, these are likely not required to earn the represented 

certifications at that time. Hence this knowledge should likely be published with a newer 

version of the course as a unit, when the knowledge requirements of the represented certificate 

are updated. By introducing changes in knowledge to a new version on the course, module and 

topic levels in the domain, these changes can be published as a unit, facilitating this scenario. 

Note that the introduction of versioning on courses and modules is necessary because we are 

interested in supporting our learners to earn and maintain certificates. If our goal had been to 
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provide the latest information on the subject, versioning on courses and modules may not be 

necessary, and new information can be published on a topic by topic basis as soon as it becomes 

available. 

4.2 Evaluation model 

The domain model describes the knowledge domain and conveys the information required to 

earn certificates. However, it does not allow learners to test their understanding of the 

knowledge. For this purpose we introduce the evaluation model, which is defined by a set of 

questions on knowledge elements in the domain model. The introduction of topics in the domain 

model allows us to define the evaluation model effectively as an overlay, relating questions in 

the evaluation model to topics in the domain model. A design choice can be made to require 

questions to cover a single topic or to allow questions to cover multiple topics. For our system 

we decided that relating questions to a single topic is viable and sufficient. Note that a question 

can still cover groups of topics by relating the question to a parent topic in the hierarchy. An 

important benefit of relating questions to topics is to enable the system to provide detailed 

feedback after an evaluation, which is described more in-depth in Sections 4.3 on the user model 

and 5.3 on feedback presentation. Other benefits are found in the maintenance of the model, 

which is presented in Chapter 6. 

In general, questions in an evaluation facilitate the testing of the understanding a learner has on 

a topic. More specifically, a question may test the understanding a learner has on a principle 

presented in a topic. Such a question may ask a learner to apply this principle to a specific 

problem. Only introducing a single variant of such a question may be counterproductive for a 

learner after performing multiple evaluations, as the learner is effectively trained to solve the 

problem instead of understanding the underlying principle. For this scenario we introduce 

question variants. A question is thus defined with one or more variants targeting the same 

principle. 

Evaluations can be defined on different levels in the knowledge domain. In our domain these 

are the course, module and topic levels. An evaluation instance is then defined by a subset of 

the questions defined within that level. Further constraints can also be introduced, such as “at 

most one question per topic”, “at most one variant per question” or “an equal amount of 

questions per module”. For evaluation instances in our system we allow multiple questions per 

topic, but only one variant per question. In our system courses may also target different levels 

of expertise. By introducing an expertise level to question variants in the evaluation model, 

such requirements can also be met. 

Since the domain model evolves over time, the evaluation model must evolve with it to remain 

consistent. When new topics are introduced or when topics are removed, the evaluation model 

does not need to respond as it acts as an overlay. However, when the knowledge conveyed by 

a topic changes, this may result in necessary changes to be made in the evaluation model. The 

introduction of versioning to questions is a design choice we decided not to make, since this 

introduces another level of complexity for authors and does not provide sufficient benefit. 

Instead we introduce the notion of relevance for questions. If a question is still relevant in the 

context of a newer version of the related topic, the relation between the question and the new 

topic version is kept. If a question is no longer relevant, the relation is broken. This process is 

illustrated in Figure 3. To illustrate that versioning may be viable for questions, one argument 
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for introducing versioning to questions is to facilitate changes in terminology, in which case the 

nature of the question, or the underlying principle which is evaluated by the question does not 

change. 

Topic

Version 1

Question 1 Question 2

Version 2

Question 4

About

About

Previous version

 
Figure 3: Question 1 is relevant to both versions of the topic. Question 2 is no longer relevant in version 2. 

Question 4 is newly introduced in version 2. 

A number of question types can be introduced in the evaluation model, such as true/false 

questions, multiple choice questions and open questions. To enable the automation of 

evaluations we only introduce closed questions with a finite number of options. For multiple 

choice questions we introduce the notion of answer sets, i.e. a superset of right and wrong 

answers from which a subset is presented in an evaluation. Answers can also be given in a 

random, or partially random order. Note that question types can be defined on question variant 

level as opposed to the question level. Recall that we introduced an expertise level on question 

variants. To illustrate how these features can be a applied, a simple question variant can be a 

true/false type question, while a harder variant can be a multiple choice question. 

4.3 User model 

In this section we describe the user model and how it operates on the domain model and the 

evaluation model. The user model describes learner specific information regarding their 

understanding of the knowledge domain. 

For a static knowledge domain it is sufficient to respond only to user interaction to maintain a 

user model. However, since we are working with a dynamic domain, the user model is also 

affected by changes in the domain model. The understanding that a learner has on a topic may 

be outdated or insufficient after changes are made to knowledge which was previously visited 

by the learner. New topics may also be introduced in a part of the knowledge domain that was 

already visited by a learner earlier. It becomes important to consider how the user model should 

respond to this behavior of the knowledge domain. 
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The overlay approach is among the most popular amongst user modeling approaches. An 

extension to this approach, the layered overlay approach, is still relatively easy to understand 

and we can use it to sufficiently model learners in our system. In the following sections we 

describe our implementation of the layered overlay approach and how we respond to the 

dynamic knowledge domain. 

4.3.1 Layered overlay approach 

The overlay approach stores a value to represent the user understanding for each knowledge 

domain element, i.e. each topic in our system. The layered approach enables storing multiple 

values for each topic, allowing estimations from different sources to be stored separately 

without consolidation. In our system we introduce separated user model layers for the domain 

model and the evaluation model. By doing so each layer can be maintained in isolation. 

The domain model overlay describes information on actions performed on the domain model 

utilizing user interaction and changes in the dynamic domain model as input. The evaluation 

model overlay describes the extent of the understanding a learner has in relation to the domain 

model utilizing evaluations as input. 

4.3.2 Domain model overlay 

The domain model overlay determines for each topic whether a learner has studied the topic 

and if the learner is up-to-date with the latest changes. The system can track statistics such as 

the number of times a user visits a topic, or the amount of time a user spends reading a topic 

each visit. Based on these statistics the system can estimate if a user has studied a topic or only 

viewed a part of it. This is useful information to keep track of which topics a user has studied 

and which topics a user has yet to visit or study. 

An important aspect to consider is the intent of the user. When a user visits a topic, this does 

not necessarily mean he or she is studying this topic. Another reason for a user to visit a topic 

may be to simply see what is there. Since the system cannot determine the intent of a user, we 

introduce rules to decide if a visit is counted towards a positive score in the user model. One 

such a rule is to only count a visit if the user spends a minimum amount of time on the topic 

during the visit. The minimum amount of time may be static, or it may grow with the size of 

the topic. 

For each topic in the domain model we introduce a state in the user model describing the latest 

actions that are performed on the topic. This includes both user interaction and updates in the 

domain model. These states are described in Table 1. Note we also introduce a “Peeked” state. 

This state distinguishes topics that are new from topics that have been seen by the user. In 

addition to the state, we also store which version of the topic was visited. 

New: The user has yet to visit the topic. 

Peeked: The user has seen the topic, but not long enough for the topic to be flagged as 

visited. 

Visited: The user has visited the latest version of the topic. 

Updated: The user has peeked or visited a previous version of the topic. 
Table 1: the possible states of a topic represented in the domain model overlay of the user model. 

In this section we only considered implicit learner input. In Chapter 5 we describe 

augmentations on the user model directed by explicit user input. 
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4.3.3 Evaluation model overlay 

The evaluation model allows learners to evaluate their understanding on the knowledge domain. 

To allow the system to adapt to evaluations, the results are persisted in an overlay. For each 

answered question in an evaluation, an entry is introduced in the user model representing the 

related topic. The entry stores the question variant which was presented and the answer given 

by the learner. 

The information provided by this overlay enables the system to guide learners towards 

knowledge that may need to be revisited and provide additional feedback. Figure 4 illustrates 

an evaluation on a simple domain, including an effect the relevance notion on questions has on 

answered questions in evaluations. Note that the notion of relevance on questions propagates to 

the user model, as illustrated in the figure. 

Evaluation model

Module

Topic A

Question B

User model

Topic B

Question A Question C Question D

Version 1

Variant

Incorrect 
answer

Variant

Variant

Version 2 Version 1 Version 2

Variant

Variant

Variant

Variant

Correct 
answer

Variant

Variant

Correct 
answer

 
Figure 4: a simple knowledge domain with an evaluation on a module. Note that the relevance notion on 

questions propagates to the user model, thus the answer to Question A is no longer relevant for the latest 

version of Topic A. 
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5 Presentation 

In this chapter we discuss how knowledge can be presented and how the presentation can adapt 

to our learners by utilizing the information described in the framework. We will first present 

the navigation through the system and the knowledge domain in Section 5.1. In Section 5.2 we 

describe the presentation of content. The presentation of feedback resulting from evaluations is 

presented through both navigation and content presentation and is described in Section 5.3. 

Throughout this chapter we also introduce augmentations on the user model defined in the 

framework. These augmentations are based on explicit user input, allowing the system to better 

adapt to the true state and intentions of the learner. The augmentations only add information to 

defined entries in the user model, hence they do not introduce new dimensions of complexity 

to the model. 

5.1 Adaptive navigation 

One of the most important features of a learning system is navigation. Navigation through the 

domain should be an intuitive experience and learners should always be aware of the context in 

which they are working. 

Navigation begins by selecting courses which are relevant to the learner. By presenting courses 

as representations of certifications, learners can select courses directly based on the 

certifications they are aiming to attain, i.e. their goals. Courses encompass a number of modules 

for the learner to study, effectively giving the learner an overview of high level tasks to 

complete. The prerequisite relations between modules defined in the domain model can give 

learners a number of routes through the course. Within a module learners find a defined set of 

topics, with a clear notion of hierarchy and prerequisites, representing the low level tasks for 

the learner. Just like with the relations defined between modules, the system can give advice on 

the possible routes through a module. 

In addition to the information in the domain model, the progress of individual learners is stored 

in the user model. Through link annotations the system can convey this progress to learners and 

also guide them through the routes defined in the domain model. Note that the system can 

provide progress information on all levels by propagating information in the user model upward 

in the hierarchy defined in the domain model. 

As opposed to topic prerequisites, where learners have either studied the prerequisite topic or 

not, providing adaptation on module prerequisites can operate through a number of strategies. 

First, learners should not be expected to have studied 100% of a prerequisite module, as this 

will likely be experienced as a hassle. Even if learners skip a few topics in a module, studying 

most of it, or up to a specified threshold, should be sufficient before moving to another module. 

When advising learners on module prerequisites, both the domain model overlay and the 

evaluation model overlay can be consulted to determine the level on which a learner has studied 

and evaluated a prerequisite module. These observations can be utilized to provide learners with 

advice to either visit or evaluate the prerequisite module before continuing with another module. 
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Consider that this is only a guide, and learners are free to choose which route to take through 

the domain, or can even ignore the advice provided by the system. It is important that these 

decisions made by learners are made with the awareness that comes through the given advice. 

When following an advised route learners can expect to understand the knowledge they are 

presented with. When navigating to a module or topic that is not advised by the system, the 

learner can expect to find knowledge that may be hard to understand. 

For a learner to maintain context awareness while navigating through the domain we present 

context navigation on every topic page through an outline with link annotations. This outline 

conveys information such as the current position of the learner in the domain and the progress 

of the learner through the domain, and highlights modules and topics for which the prerequisites 

are met. An example of how such an outline is illustrated in Figure 5. 

Course A
    Module 1
    Module 2
        Topic 2.1
        Topic 2.2
            Topic 2.2.1
            Topic 2.2.2
            Topic 2.2.3
        Topic 2.3
    Module 3
    Module 4
    Module 5

 
Figure 5: An example of an outline with adaptive annotations communicating context (bold and highlight), 

hierarchy, progress, updates and prerequisites (opacity). 

When a learner revisits a course to prepare for the renewal of a certification, they are guided 

towards updated and new topics. However, these topics may require prerequisites which are 

existing topics the learner has previously visited. While learners are expected to understand 

previously visited knowledge, to support them in learning new and updated knowledge in these 

scenarios, learners can be advised to revisit prerequisite topics even if he or she has visited them 

in a previous version of the course. The learner can then decide to follow this advice or ignore 

it if they are confident in their understanding on the prerequisites. 

5.2 Content presentation 

The content presentation in our system is relatively straightforward. A topic consists of a 

collection of content media, which can be presented in a defined order on a single page. No 

adaptation is applied on content media itself, however the system can support the learner by 

informing them on contextual information. 

As mentioned in the description of the domain model, a topic is flagged as visited after the 

learner has spent a sufficient amount of time on the topic. To be transparent to the learner, the 

status of the topic and the time required to trigger the visited flag can be communicated when 

the learner is reading a topic, along with an explanation. Figure 6 illustrates an unobtrusive 

method for presenting this information. 
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Figure 6: An example for unobtrusively presenting the status of the user model for the current topic. The 

tooltip is only shown through user interaction. We can also facilitate explicit actions through this method. 

Note that the same icon is used to annotate links in the navigation. 

Other considerations can be made as well. Even though the user model may determine that a 

learner has sufficient understanding on a topic based on the amount of time the learner has spent 

on the topic, the learner can decide that they need more time or want to revisit the topic at a 

later date. By allowing learners to set a flag in the user model the system can remind them to 

revisit the topic at a later date. Upon the next visit this flag may be removed and the user model 

operates as usual. The opposite can occur as well. The learner may already know about the topic 

or understand it in a short time span. To facilitate these occurrences in the user model we allow 

learners to explicitly flag the topic as visited before the defined time has passed. This is also 

illustrated in Figure 6. 

If a learner has ignored advice given by the system by visiting a module or a topic before 

studying the defined prerequisites, the system can direct the learner to the prerequisites he or 

she may still want to visit. The learner can then of course still decide whether to follow this 

advice or not. 

Authors are expected to enter change notes when introducing an update to a topic. When visiting 

a topic, learners can open these change notes for reference. If a learner revisits a topic that has 

been updated since a previous visit, the system can inform the learner by automatically 

expanding or highlighting the change notes for versions that have been introduced since the 

previous visit. 

5.3  Evaluation feedback 

After a learner has studied a course or module, he or she can decide to take an evaluation. In 

this section we describe the meaning of evaluation results to the learner and how feedback is 

communicated. 

An evaluation is an approximate measure for the extent of understanding a learner has on the 

knowledge that the evaluation was given on, i.e. a subdomain. An evaluation only evaluates a 

subset of topics in the subdomain, which is an aspect we want to communicate to the learners. 

If a learner scores 70% on an evaluation, we can provide him or her with detailed feedback on 
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the 30% of the questions that the learner failed on. We can also give them the awareness that 

approximately 30% of the topics that were not covered in the evaluation may also require review. 

A learner can revisit these topics manually, or only review the 30% that was covered by the 

evaluation and try for another evaluation. With considerations in the construction algorithm of 

evaluations, topics that were not covered in a previous evaluation or were negatively evaluated 

may be preferred in new evaluations. 

After a learner has completed an evaluation he or she may decide to review the feedback, either 

immediately or at a later date. If not all questions in an evaluation have been answered correctly 

the learner can navigate back to these questions to review them. Direct guidance can be 

implemented to allow learners to efficiently navigate to topics which require review based on 

the incorrectly answered questions in previous evaluations. When visiting these topics the 

relevant feedback can be presented alongside the content, including comments provided by 

authors. When a learner has reviewed feedback he or she can explicitly flag the feedback as 

such for their own administration and for the direct guidance to adapt to. This strategy is 

illustrated in Figure 7. Note that besides direct guidance, topics requiring review can also be 

annotated with the adaptive navigation strategy. The adaptive navigation strategy can also be 

applied to provide information on topics that have not been covered or have been positively 

evaluated in an evaluation. 

 
Figure 7: An example of reviewing feedback from an evaluation in the context of a topic. Using direct 

navigation a learner can quickly move between topics requiring review. 

An important consideration is the format of the feedback. Are the questions, given answers and 

correct answer provided along with a comment, or only the comment? Both options are viable. 

The format of the feedback does affect the format of the comment. If the question is not 
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provided along with the comment, the comment should also convey the context which is 

otherwise provided by the question. Comments may also depend on the given answer by the 

learner to clarify why this answer is incorrect. 

Finally we consider learners revisiting a course. When learners revisit a course, previous 

evaluations may no longer represent the actual understanding of the learner on the knowledge 

domain. Considering systems where learners visit more frequently, it may be useful to consider 

techniques to implicitly invalidate previous evaluations. But since learners in our system revisit 

courses only periodically to prepare for the next certification assessment, we introduce an 

explicit feature for invalidating previous evaluations, enabling learners to take fresh evaluations 

in their preparation for the next certification assessment. 
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6 Authoring 

In this chapter we discuss the authoring perspective on the framework and presentation and 

introduce a toolset to support authors in maintaining the domain. While a personalized 

experience for learners is an important aspect of the system, it is important to keep the system 

maintainable by considering the effectiveness of adaptation and other technologies in relation 

to the effort to maintain them. We discuss the authoring of knowledge and evaluations in 

Sections 6.1 and 6.2 respectively. 

6.1 Authoring knowledge 

As described in Chapter 4 on the domain model, knowledge is specified on three levels, namely 

courses, modules and topics. Authors define courses for certifications and decide on how to 

divide knowledge into modules. Modules must be specified such that the overlap of knowledge 

conveyed by courses is captured by these modules. In this section we focus on the authoring of 

structure, as opposed to content authoring. The content in our domain is presented through web 

media, such as HTML, images and video material, and can be imported from specialized 

content authoring tools. 

When deciding on modules, authors must consider that while modules can be interrelated as 

prerequisites, topics within a module are isolated, i.e. topics defined in one module cannot be 

related to topics in another module. Although a topic in one module cannot be related to a topic 

in another module, the concept of interrelating modules as prerequisites implies that 

prerequisite relations between topics of those modules do exist. The prerequisite relation 

between modules also indicates that all these relations flow in the same direction. This 

characteristic of the prerequisite relation between modules shows how the concept of modules 

is constrained, and also how it functions to divide the knowledge domain into maintainable 

subsets which can be shared by courses. 

In traditional systems changes to knowledge are introduced in new courses or clones of existing 

courses. These systems do not track changes, since there is no need to facilitate features to guide 

revisiting learners. Since we expect learners to periodically revisit courses, we introduced a 

dynamic domain with versioning on knowledge elements in our framework. Maintaining such 

a domain can quickly become complex. For authors to work with the dynamic domain 

effectively, the authoring toolset requires features to support authors in navigating through the 

domain and to support the authoring process. 

Considering a knowledge element in the domain, we determine that there can be any number 

of published versions, but at most one draft version. In that case, authors working with the 

domain will usually be interested in one of two versions of elements in the domain. Content 

corrections are made in the latest published version, while content changes are made in the draft 

version. When selecting a course or module in the domain our toolset selects the latest version, 

preferring draft versions, as the default. When navigating through a module, a specific module 

version is selected. When navigating to a topic, the version related to the active module version 

is presented. 
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Closer observation shows that a published course can only contain published modules, and 

published modules can only contain published topics. If a course contains a draft version of a 

module, the course itself must also be a draft, and the same holds for modules and topics. 

Through the toolset we can allow authors to implicitly create new draft versions of courses and 

modules by working with topics. When an author introduces a new draft version to a topic, the 

toolset can also introduce draft versions to the containing module and courses, if these do not 

yet exist. This process in illustrated in Figure 8. The following actions are performed in the 

illustrated scenario: 

1. The author adds a draft version to a topic. 

2. The system adds a draft version to the containing module and replaces the original 

version of the topic with the draft version. 

3. The system adds new draft versions to each containing course and replaces the original 

version of the module with the draft version for each new course versions. 

Note that no changes are made in the published versions of the course, modules and topic. Also 

notice that the new draft versions of the courses and module are not isolated from previous 

versions and may still refer to existing published versions of modules and topics. Introducing 

new topics to, or removing topics from a module can be facilitated similarly by the system. 

Courses

Modules

Module

Courses

Modules

Module

Legend

Published Published

Published Published Published

Published

Published Published

Draft Draft

Published Draft Published

Published

Published Draft

Is part of

 
Figure 8: A new draft version is introduced to a topic, which propagates to the containing module and 

courses. Note that other topics in the hierarchy are not affected by this rule. 

Although most changes are expected to be made on the topic level, it is worth mentioning that 

other changes can be made as well, such as: 

 Modules can be added or removed from a course and the order in which modules are 

presented within a course can be altered. 

 The hierarchy of topics within a module may be changed. 

 Prerequisite relations between existing modules or topics can be introduced or removed. 

Publishing new versions of courses is then relatively straightforward. After making the 

necessary changes, publish all topics, modules and courses in that order. Only after a course 

has been published, new knowledge introduced in the modules and topics within this course 

becomes available to learners. 
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6.2 Authoring evaluations 

Maintaining evaluations in a dynamic domain can be a challenging task, since changes in 

knowledge may also affect parts of the evaluation. In Chapter 4 we presented the evaluation 

model as a layer on the domain model, with questions directly related to topics in the domain 

model. In many cases, when changes are made to a topic, this only affects questions related to 

the topic. Through the layered strategy these questions can be identified, removing the need to 

review a larger set of questions. 

Changes in topics may however also affect questions related to other topics. Since topics are 

interrelated through hierarchy and prerequisite relations, questions may also refer to those 

topics and changes to topics may affect questions on other related topics in the knowledge 

domain. Hence when making changes to a topic it may be necessary to also review questions 

on other topics in the hierarchy or topics which depend on the knowledge which was altered. 

Navigating to these related topics and questions can be facilitated through the toolset to support 

the authoring process. 

Recall that questions are relevant to specific versions of topics. When an author introduces 

changes to a draft version of a topic, he or she can review the questions related to this topic in 

the evaluation model and decide if they are still relevant in the new version. Authors can also 

replace questions or introduce new questions to the new topic version. 

Relating questions to topics enables authors to define evaluations on different levels in the 

domain. We allow authors to define evaluations on courses and on individual modules. These 

evaluations can be defined with a number of parameters, such as the number of questions. By 

introducing the notion of an expertise level to questions, evaluations can include sets of simpler 

and harder questions, depending on the expertise requirements of the course. Through such 

techniques questions can be presented in evaluations on multiple levels and in different contexts. 
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7 Performance 

An important secondary consideration in the design of our learning system is performance. In 

this chapter we discuss how the system performs and what strategies can be applied to guarantee 

acceptable response times. 

Every time a learner visits a page in the domain, the user model is updated with the new user 

experience and the system provides an adaptive experience matching the new context. To 

determine this context the system consults both the domain model and the user model. To 

illustrate, when a learner first visits a topic, the state of the topic is first updated to “peeked”. 

The system then determines the context from the user session, consults the domain model to 

determine information relevant to the context and consults the user model to compute 

adaptation on this context. The presentation includes adaptive navigation, thus in addition to 

the currently visited topic, adaptation is also computed for the active course, modules and topics 

in the context. The computation of adaptation can take considerable time if the necessary 

information must first be retrieved from an external data store. 

By introducing a local memory cache for both the domain model and the user model, the system 

can consult these models considerably more efficiently. Note that the domain model is a 

description of the domain and does not include content. We consider the caching strategies for 

the domain model and user model separately. 

Information in the domain model is shared by all users, both learners and authors, and will 

therefore be required in many requests. Therefore we load the domain model in cache during 

the initialization of the system. Information in the user model is specific to individual learners, 

and will thus only be required when the specific user is active. Instead of caching the user model 

for all learners, we can apply pre-fetching for active users. When a user navigates to the learning 

system his or her information is retrieved from the data store and stored in a private memory 

cache. The pre-fetching operation can take some time, but subsequent operations on the user 

model do not depend on the data store. The private cache can be cleared when the learner leaves 

the system. 

One concern when applying a caching strategy is the synchronization between the cache and 

the data store, i.e. the handling of write operations. We distinguish between three approaches: 

write-through, write-around and write-back [22]. In short, these approaches can be described as 

follows: 

The write-through approach involves applying changes in cache and pushing these changes 

to the data store before confirming completion. 

The write-around approach involves bypassing the cache and applying changes directly to 

the data store. This approach introduces the risk of “cache misses”, which needs to be 

addressed by invalidating the cache. 

The write-back approach involves applying changes in cache and immediately confirming 

completion. The write operation to the data store is executed at a later time. 

When learners visit an element in the domain at most one entry in the user model is updated, 

which is the entry on the visited element. Because of this observation, we do not choose to 
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implement the write-back approach. While the write-back approach is the best performing 

approach in terms of responsiveness, it is harder to implement than the other approaches and its 

effectiveness is very limited in our scenarios because of the low number of writes per page visit. 

The write-around approach is effective if the information is not reread soon after it is written. 

However, in our scenarios the user model is likely to be read immediately after it is updated for 

adaptation computations. The write-through approach is the simplest to implement and 

expected to show sufficient performance in our scenarios, which is why we choose to 

implement it for both the domain model and the user model. 

We expect the number of learners working simultaneously with our system will at most be in 

the hundreds and that adaptation computed on the cached domain model and user model results 

in acceptable performance. If this is not the case, other techniques can be explored to improve 

this performance. Along with the user model, calculated values computed in adaptation 

computations can also be cached and maintained through simpler computations. Examples of 

such calculated values involve user progress on courses and modules, which is computed by 

considering the user model on all topics defined within those courses and modules. 

To further elaborate on the mentioned calculated values, we consider the computation for 

calculating learner progress on a course. To naively compute this value for a learner, the system 

consults the user model of the learner for all topics included in the course and applies an 

algorithm to compute a value representing the progress of the learner in the course. If this value 

or intermediate values are not cached, this computation may be executed with every request of 

the learner, along with other computations. 

Another strategy to guarantee acceptable performance involves scaling on computation servers. 

By spreading the workload across multiple servers an acceptable performance can be 

maintained for larger numbers of users. Even if there is no need for such technology when the 

system is launched, by considering this approach in an early stage it can be integrated when the 

need arises. 

When integrating caching and scaling in one solution, additional considerations must be made 

on how the cache is managed, as the caching approach we have described so far is not sufficient 

to handle the scaling strategy. While changes can be made to the domain model regularly, 

publishing of courses is a relatively sparse operation. Since only published material is presented 

to learners, the domain model cache needs to be refreshed as sparsely as courses are published. 

Caching the domain model on each computation server is a naïve approach, but is acceptable 

considering the mentioned observations. 

Since the user model describes information on individual learners and is potentially updated on 

every request, caching of the user model in a distributed configuration requires a different 

approach. One approach to managing this cache is to assign learners to a specific server for the 

duration of their session. When a learner enters the system his or her session is designated to a 

specific server on which the user model for the learner is pre-fetched. Since all requests by the 

learner are handled by the same server, there is no need to pre-fetch the user model on other 

servers or to synchronize the caches between servers. When the learner leaves the system the 

user model can be removed from cache. On the next visit of the learner he or she may then be 

assigned a different server. 
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8 Future work 

In this work we describe concepts for authoring and presenting learning material on a dynamic 

knowledge domain, providing feedback to support learners in improving their understanding of 

the domain. While we developed this work as a response to a specific scenario, the concepts 

described in this work can be applied in a much broader scope for powerful experiences. It is 

interesting to consider a learning environment where learners can visit regularly to refresh their 

knowledge on a broader scope of subjects and discover new and updated knowledge since their 

previous visit, not necessarily for certification, but also for maintaining up-to-date knowledge 

on the everyday job. 

In this work we provide learners with explicit tools to review visited knowledge and reset 

evaluations. While these tools are sufficient to facilitate the periodically revisiting learners in 

our scenario, when considering a scenario where learners visit more frequently, it becomes 

interesting to consider more implicit tools to facilitate this behavior. Approaches to allow 

systems to direct learners to topics they have not visited recently, or evaluating topics that were 

evaluated a relatively long time ago can be revisited on the initiative of the system. 

On the notion of evaluations, adaptive evaluation is an important subject requiring further 

exploration. In this work we have mentioned an evaluation construction algorithm. For our 

scenario as well as the broader scope, considerations can be made on how evaluations can be 

constructed through adaptation on previous experiences of the learner. The algorithm may 

prefer to include questions on topics which were negatively evaluated in a previous evaluation. 

Similar considerations can be made for questions on prerequisite topics of new or updated topics 

and topics which have not been visited in a relatively long time. Feedback can also adapt to the 

reason for which a question was included in an evaluation, informing learners and providing 

further support in the review process. 

A feature that is interesting to explore in the context of our project and in a broader scope is 

search. In systems with adaptive content introducing a search solution can be difficult, but in 

our system content is static, i.e. not adapted to individual learners. This makes the introduction 

of search a viable consideration. Enabling learners to search through the knowledge domain 

may also contribute to enable the system to function not only as a learning resource, but also as 

a reference resource. In addition, search operations can also be analyzed to discover trends and 

frequently asked questions to which we can respond. 

Triggering and planning of learning are other interesting concepts to explore. Learners can be 

notified when courses they are subscribed to are updated with new knowledge and can be 

supported in planning learning activities and evaluations. 

While we only discuss core concepts in this work which we require for the development of our 

learning environment, these core concepts can be utilized to develop systems facilitating other 

needs and create environments to facilitate complete learning experiences, helping learners to 

stay up-to-date with the latest developments on subjects in which they are interested while 

supporting them through guidance and evaluations with feedback. 
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9 Conclusions 

In this work we describe concepts and how we can integrate them to develop an environment 

for authoring and presenting learning material with adaptation on a dynamic knowledge domain. 

We expect the design choices made in the work result in sufficient adaptive behavior to guide 

our learners in their preparation for certifications, while presenting a maintainable system for 

authors. Empirical work will test this statement and enable us to further improve the system. 

The two main concepts presented in this work are the dynamic knowledge domain and the 

evaluation approach, as was described in the problem statement presented in Section 1.1. In the 

layered framework we introduced the notion of versioning and publishing for knowledge 

elements, and we described the necessity for the user model to respond to both user and 

authoring actions. We also introduced the evaluation model operating as a layer on the domain 

model, enabling learners to evaluate their understanding on the learning material and providing 

detailed feedback for learners to work with. We considered both the learner and author 

perspectives on these concepts and introduced tools to ensure the environment provides the 

guidance and maintainability expected by learners and authors respectively. 

While the concepts presented in this work have been described considering the specific 

requirements of our domain, we believe these concepts can also be implemented in a broader 

scope, which is why we have described the concepts in such a way that they can be tweaked to 

suit other needs. Instead of preparing learners for certifications, applying these concepts to 

provide learners with up-to-date knowledge and understanding could be a powerful experience. 
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Appendix A. Development status 

The concepts described in this work are implemented in the OneXacademy platform. The 

platform is developed in the C# language and hosted in the cloud on Microsoft Azure [23]. At 

the time of writing we have mainly developed the platform architecture with a knowledge 

domain model and authoring environment. The platform includes a web application with 

separated areas for partners, authors and learners. It includes approaches such as domain driven 

design, repositories and dependency injection, and features such as single sign on. In this 

chapter we will not go further into the details of the platform, but focus on presenting the 

domain model and authoring environment. 
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Domain model 

Our knowledge domain model is illustrated in Figure 9. It includes the concepts described in 

this work and includes a number of changes and additions. We introduce the notion of private 

modules, which enforces that a module can only be included in a specified course. Simple 

scenarios where this feature is applied are introduction and conclusion modules, which share a 

common name but describe the context of a specific course. 

 
Figure 9: A simplified extract from the UML Data Diagram describing the knowledge domain model. 

Instead of introducing versioning to topics, we define a more granular level of control by 

introducing versioned content elements. A topic is defined with an ordered set of content 

elements, which can be HTML content, video material or other web media. While content 

elements are managed individually, they are presented on a single page to learners. Note that 

while not presented in the diagram, the versioning on content elements implies the user model 

operates on the versioned content. 
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Finally we introduced multilingual authoring by representing versioned content elements with 

a number of authored content elements. The languages supported by a module defines the 

languages in which content elements require authoring. 

Authoring 

Through the authoring environment authors are guided through the authoring process of courses, 

modules, topics and content. Figure 10 presents an annotated screenshot of the course 

management page. The page presents an overview of a selected course with the included 

versioned modules. The page enables modifications to be made, the course to be published and 

the creation of a new course version. Modules can be included and excluded respectively by 

selecting them from the list of available modules or removing them from the overview. 

 
Figure 10: An annotated screenshot of a course in the authoring environment. 

When navigating to a module from the main overview or from a course, authors are presented 

with the module management page presented in Figure 11. The page presents an overview of 

topics included in the selected version of the module and authors can navigate through the 

module with the context aware navigation feature. On this page authors can add, remove and 

order topics at the top level of the topic hierarchy in the module. Above the context navigation 

authors can select an authoring and a reference language. The authoring language denotes the 

language to which authoring is applied, while the reference language enables authors to view 

other language versions of elements for reference in the translation process. 
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Figure 11: An annotated screenshot of a module in the authoring environment. 

From the module management page or the context navigation authors can navigate to the topic 

management page. On this page authors can define and order subtopics in the hierarchy and 

manage content elements presented in the topic. In a later implementation stage this page will 

also include the management of evaluation questions. 

 
Figure 12: An annotated screenshot of a topic in the authoring environment. 

When navigating to an HTML content element from a topic or the context menu, authors can 

manage the element through the content authoring page presented in Figure 12. The page 

enables authors to edit draft versions of HTML content elements in the selected authoring 

language, while displaying the same content element in the selected reference language. Besides 

HTML content, authors can also upload and include image material. Both HTML content and 
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images are stored in a secured blob storage, requiring authorization to access stored elements. 

Since our learners can only visit courses, modules and topics to which they have acquired access, 

the secured storage is necessary to prevent unauthorized access to our course material. 

 
Figure 13: An annotated screenshot of the HTML content editor in the authoring environment. 

Future work 

Our first priority is to finish the implementation of the authoring environment. The platform 

can then be deployed, enabling authors to test the environment and provide useful feedback. In 

the meantime work will continue with the implementation and deployment of the learning 

environment and knowledge user model. Finally we will implement and deploy evaluation 

components, the partner environment for training partners and commercial elements. 

The learning environment is currently in a very early design phase. Figure 14 illustrates a 

wireframe of a learner visiting a topic in the learning environment. The learner has studied a 

module and completed an evaluation. The navigation is augmented with two columns for 

annotations, one for reflecting the knowledge status and the other for the evaluation status. 

Feedback resulting from the evaluation is also presented for the currently active topic. 

After developing the minimal set of features to facilitate a functional platform we will continue 

to introduce improvements through existing and new features, responding to user feedback. 

Features we may introduce in later stages of development include course planning, finding 

training partners for learners and custom courses for partners. In short, Course planning enables 

learners to create a personalized plan to complete a course by a specified date. Finding training 

partners enables learners to find a nearby training partner for more personal support or for 

participating in blended learning opportunities facilitated by the partner. Custom courses 

enables training partners to create their own courses by selecting a custom set of modules 

managed by our authors. 
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Figure 14: A wireframe of a learner visiting a topic in the learning environment. 
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