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Abstract—Supporting user friendly intelligible and
comprehensive explanations in context-based, adaptive systems
is a big challenge. They are important for a personalized system
to support user acceptance and user trust. In cases, where
privacy laws like the General Data Protection Regulation
(GDPR) are affected, it’s even more challenging. GDPR e. g.
demands explanations of data usages, i. e. explanations where
and for what purpose personal data is being processed.
Currently, users cannot retrace the usage and the storage of
their personal data in context-based adaptive collaboration
environments. We address the aforementioned problem by
developing a context-based adaptive platform linked to an
adaptive personalized learning environment (APLE) to support
learners with intelligible, comprehensible explanations of
system processes.

Index Terms—Comprehensibility, context-based adaptive
systems, context modelling, GDPR, intelligibility, ontology,
personal explanations, privacy law.

I. INTRODUCTION

The educational landscape has changed tremendously in
recent years. Distance learning has been established
worldwide and offers people of different backgrounds and

personal circumstances a wide range of educational programs.

In addition, technological changes that are used in
developing modern e-learning platforms require life-long
learning. In many cases, these e-learning platforms are based
on a one-fits-all concept that cannot meet learners needs.
Personalization and adaptation may help by taking individual
skills, backgrounds and circumstances of the related learner
into account.

According to [1], personalization means to adapt the
learning environment or the content accordingly to the
learner and her/his situation. Adaptive learning is “the
capability to modify any individual student’s learning
experience as a function of information obtained through
their performance on situated tasks or assessments” [1].

Adaptive learning supports learners to develop problem
solving strategies by guidance from predefined rules [2]. It is
used to apply information filtering to “provide only relevant
and categorized outputs to the user” [2].

Adapting learning paths through the course material in
different ways and changing the content from learning
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activities [2] are two examples of possible adaptations in
personalized learning environments. Furthermore, adaptation
can be used to support collaborative learning situations of
student groups, e. g. to organize or to create suitable student
groups [2].

Adaptation in learning environments is used to create a
learner experience [3] respecting the individual learners
background, knowledge and conditions of learning with the
intention to increase the learning success. An adaptive
learning system requires functionalities to interact with the
learning design, the content and the learners [2], [3].

To support learners in certain situations (e. g. developing
problem solving strategies) the system must be aware of the
learner’s situation and the surrounding socio-technical
environment, i. €. the context. Dey [4] defines that “Context
is any information that can be used to characterize the
situation of an entity”. Considering the users context, a
system becomes context-aware, as soon as it “uses context to
provide relevant information and/or services to the user,
where relevancy depends on the user’s task™ [4]. The
disadvantage of context-aware systems is the predefined and
fixed context to a certain domain and some few situations [5].
Because it is not possible to define all possible situations of
the users and their interactions a priori, the system is limited
in supporting learners. Providing an explicit context
representation of a system at runtime adds flexibility to
supporting users in related situations of specific domains [6].

A. Problem Statement

According to [7], supporting user friendly intelligible and
comprehensive explanations in context-based, adaptive
systems is a big challenge. They are important for a
personalized system to support user acceptance and user trust.
In cases, where privacy laws like the General Data Protection
Regulation (GDPR) are affected, it’s even more challenging.
GDPR e. g. demands explanations of data usages, i. e.
explanations where and for what purpose personal data is
being processed. Currently, users cannot retrace the usage
and the storage of their personal data in context-based
adaptive collaboration environments.

B. Approach

We address the aforementioned problem by developing a
context-based adaptive platform linked to an adaptive
personalized learning environment (APLE) which should
support comprehensibility and intelligibility. To facilitate the
comprehensibility in that kind of systems we extend the
domain model of the context-based adaptive collaborative
platform CONTact [6]. In this paper we propose a domain
model for intelligible explanations for learning
environments.
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In Section Il we present related work of personalized
learning environments and discuss, how they address the
aforementioned problem statement. We illustrate our context
model and the related approach to ensure comprehensibility
of APLE in Section 11, before we discuss the domain model
in more detail in Section IV. Finally, we present some
conclusions (Section V) and future work (Section VI).

For several years, scientists worked on designing
personalized, adaptive learning environments. In their
research, they concentrated on representing pedagogical and
learner-centered aspects. Some of them took context

RELATED WORK

information into account and represented it as an ontology [5].

An ontology is a formal specification of a certain domain
which describes a set of concepts, relationships and formal

axioms that restrict the interpretation of concept instances [8].

The formal concepts can become a common ground to
describe a specific domain which can be shared and reused.

[9] present an adaptive personalized e-learning
architecture. It is based on a course ontology containing
concepts about learning objects and a user ontology
containing learner details and learning styles. The ontologies
are limited to course and user. [10] focus on self-regulated
learning in an adaptive learning system. They describe user
models and profiles but no formal representation.

The context-aware learning system in [11] has a domain
model that is used in a multi-agent system approach to
support learners in different situations. The domain model
contains course topics, learning sequences regarding a course
topic and learner models. The domain model of the
multi-agent-based mobile learning system of [12] represents
the knowledge of the learning area, information about
possible didactical solutions and specific information for
individual users to personalize the learning process. Both
systems have a predefined and fixed context. This makes it
impossible to use it to other learning systems.

The context-based adaptive system approach of [5]
decouple the context from the content as much as possible. It
can be reused and modified to context changes. They extend
the Learning Objects Metadata (LOM) standard by enriching
content context. That makes it possible to compose, reuse and
adapt educative content provided by third parties. [5] present
a combination of three context models in a multi-agent-based
e-Learning platform.

[13] present a generic four-layer framework for modelling
context in a collaboration environment, a generic adaptation
process, and a collaboration domain model for describing
collaboration environments and collaboration situations. [6]
implements the framework, using an extended domain model
and the related adaptation process. The resulting CONTact
platform is able to sense and formalize users’ interaction with
the system at runtime, and to adapt according to the user’s
current collaboration situation. These adaptations may
confuse users. Therefore, [14] use context enriched
explanations to help users understand the adaptation
behavior.

All of the aforementioned approaches are able to offer a
personalized adaptation of content or support the learner in
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specific situations by using either fixed rules for special
situations or a formal model. Except for [6] and [14], none is
concerned with the aspects of the comprehensibility of
system behavior, decisions and data processing. [6] and [14]
take this aspect into account, but do not satisfy legal
requirements. So far, there are no known context-based
e-Learning systems that support comprehensibility and
intelligibility for learners. There are also no approaches that
would meet the requirements of the privacy law GDPR.

I1l. CONTEXT MODELING

_® dmApprowal |

dm:Application
& Ane dminquiry | * E&H,DHMJNA
dmUs [[® gmbecaration ] [[® amprvacyaw | [(#corm |
& Alice
owkThing '——1 dm:Condition T
dmJurisdiction
[ ® am-uiization dmiegal | (& dmlawrext + R;i":i’i«‘:?..
dm Technical (@ amamuse ] prer—— P ey
dm Requirement | 2
([® amconenm | [ # Anide 15 corR | dmLegalexamina
tion

amApplication
unctionality [ amwatching

Fig. 1. Ontology representing legal and comprehensibility concepts and
relations.

In this section we present our domain model and its
concepts and relationships are introduced. We use the Web
Ontology Language (OWL) and the Protégé Ontology Editor
[15] for context modelling.

In this paper we focus on comprehensibility and
intelligibility and do not consider a pedagogical, knowledge
or learner perspective which are commonly used for
context-aware or context-based learning environments [5],
[11]. These are part of a separate domain model which could
be integrated into our domain model. We use our generic
four-layer framework (i.e. domain model, state,
contextualized state and adapted state) for modelling context
in a collaboration environment and extend the related
collaboration domain model for describing collaboration
environments and collaboration situations [13] to illustrate
our approach.

A. Overview

Fig. 1 shows our ontology. It helps describing the situation
when comprehensibility and intelligibility is needed.
Therefore, we illustrate the approach with the student Alice,
who wants to get an overview of her stored and processed
(personalized) data. Fig. 1 shows Alice an instance of the
concept dm:User. She interacts with the APLE environment.
For readability reasons, we left some concepts and
relationships between concepts, and focused on the aspects of
comprehensibility and legal requirements. APLE and
CONTact are instances of the concept dm:Application.
Figure 1 shows the dependencies of the concepts
dm:Condition, dm:Requirement and dm:Declaration.

Conditions determine  what  an application
(dm:Application) or an application  functionality
(dm:ApplicationFunctionality) has to consider at runtime and
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how it should deal with certain situations. The concept
contains a set of rules with the form If... Then... Else. The set
of rules describes the situations in which a certain action is
expected. During runtime, it checks the actions of an
application and look for rules that have to be considered.

Requirements are defined in the concept dm:Requirement.

The set of rules for the conditions is derived from these
requirements. The requirements are checked at runtime and
are not stored as a fixed set of rules. Requirements can be
related to technical conditions (dm:Technical), aspects of
content (dm:Content) (e. g. the specification of a lecturer
which learning plan is assigned to a learning type) and/or
legal regulations (dm:Legal). The design of the three factors
are independent concepts that are described in separate
domain models. Figure 1 shows parts of the domain model
for the legal regulations (dm:Legal). These will be discussed
in more detail in the following section.

The concept dm:Declaration is used to provide
comprehensible explanations. As Fig. 1 shows, the provision
of an explanation depends on the requirements (e. g. legal
regulations). The context is used to determine what has to be
explained and how it has to be made available to the user. The
declaration is composed by the conditions and requirements.
These are linked and formatted at runtime when the system
creates an explanation.

B. Legal Context Ontology

The domain model in Fig. 1 contains concepts to describe
the German jurisdictions by depicting their taxonomy as part
of the concept dm:Jurisdiction. Every legal area of the
taxonomy could contain its own domain model with specific
concepts. Next to the German jurisdiction it is also possible
to extend the domain model with taxonomies of other
jurisdictions.

The individual legal texts are not part of the model,
because they are subject to regular changes. This would lead
to constant adjustments of the model. Therefore, the required
legal regulations are instantiated at runtime when certain
conditions are meet. For readability reasons, Fig. 1 only
contains the privacy law (dm:PrivacyLaw). The instance
GDPR is the specific law.

The domain model also depicts the general structure of the
legal texts with the concept dm:LawText including its clauses
(dm:Clause) and paragraphs (dm:Paragraph). A paragraph
can either represent a claim (dm:Claims) and or a legal
explanation (dm:LegalExplanation). Fig. 1 shows the

instance Right_of access_by the data_subject of dm:Claim.

This taxonomy makes it possible to link legal regulations to a
processable structure.

The legal concepts of the domain model are important to
support intelligible legal explanations through the system.
Experts in the field of law shall be responsible for depositing
intelligible declarations for the law and their linking to the
legal domain models structure. The resulting templates could
be used to provide explanations at runtime by creating
instances of the concept dm:Declaration.

C. Comprehensibility Context Ontology

As mentioned before, external factors such as legal
requirements could determine the processes and
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functionalities of a system. These requirements should be
transparent to support the comprehensibility.

The concept dm:Declaration of the domain model (Figure
1) makes it possible to create supportive declarations about
the processing and conditions of the system to the users. The
concept of declarations is related to the conditions
(dm:Condition). The conditions in Fig. 1 are derived from the
legal requirements (dm:Legal) and must be taken into
account by the system at runtime.

Next to the provision of explanations for users the use of
certain functionalities of the system maybe also motivated
from a legal perspective. That may not need interaction with
the user. An example of this can be the requirement for
encrypted data transmission, which is integrated in the
domain model by the concept dm:Utilization.

In case of legal requirements, the conditions result from
the legal regulations of the affected jurisdictions. Fig. 1
contains the instance Article_15 GDPR of the concept
dm:Clause representing the requirements of Article 15 of the
GDPR (https://gdpr-info.eu/art-15-gdpr/). According to
Article 15 of the GDPR, data subjects whose data are
collected and processed have a right to obtain information
about the usage. Access shall include the purposes of the
processing, the categories of personal data processed, the
recipients to whom the data are disclosed, the duration of the
storage, the existence of a right of appeal and an overview of
the origin of the data, if not collected from the data subject.
The domain model consider that kind of regulation and its
condition to the declaration with the concept dm:Inquiry. The
instance Data_Usage_in_APLE represents an explanation
about the data usage in APLE.

In addition, Article 15 declares, the data subject has the
right to correct or delete personal data concerning him or her
or to limit the processing by the data processor. Furthermore,
a right of objection against the processing exists at any time.
In the model this fact is taken into account by the concept
dm:Approval which belongs to dm:Declaration.

Information must also be provided on whether and how
automated decision-making, including profiling, takes place.
According to Article 22 (1) and (4) of the GDPR
(https://gdpr-info.eu/art-22-gdpr/), meaningful information
on the logic involved, the significance and the intended
impact of such processing for the data subject must be
provided. This requirement is considered separately in the
domain model via the concept dm:DecisionMaking. It can be
generated at runtime when system functionalities for decision
making, such as a personalized recommendation (a subclass
of dm:Matching), is performed based on user data.

D. Intelligibility

The challenges of the comprehensibility of system
processes also include their presentation and intelligibility.
Users should be able to understand why something happens
and how it happens. The representation of only technical
information is not sufficient [7].

The formal modelling of conditions, requirements and
declarations can support intelligibility and comprehensibility.
The model can describe what has to be traced in the system
by conditions and under what circumstances this should
happen. Related to the GDPR example the data usage has to
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be made transparent, no matter whether it concerns the
simple storage, the passing on or an automated processing to
decision-making or profiling. At runtime, the system can be
aware of which requirements apply through the concept
dm:Requirement and its linking to applications and
application functionality. These relationships can be
explained to the users.

In addition, intelligibility is facilitated by the deposit of
target-group-specific texts (e.g. texts created by experts) and
explanations through runtime integrated dictionaries.

E. Supporting the Provision of Information on Data

Usage

APLE is an application which is linked to CONTact via
context (Fig. 1) and provides the learning content. The
CONTact platform contains the components for
comprehensibility. The user’s requests are forwarded to
CONTact, which combines various applications, resources
and functionalities. CONTact is responsible for the creation
of the data usage explanation and initiates the retrieval of the
information. APLE does not have to integrate the
functionalities of the legal examination on its own, but shall
provide the data stored about the user, its processing purpose
and its use to the CONTact platform via an interface.

Our scenario takes place when the student Alice wants an
overview of the stored and processed (personalized) data
about her in the APLE environment.

Alice

9) presents 1) requests
data usage data usage
explanation 9
8) create v P
data usage 4) requests inquiry
explanation CONTact Platform Requirements Handler
7) send inquiry
3) report 2) redirects 6) send 5) requests
data usage request template template

Explanation Template
Builder (PrivacyLaw)

APLE

Fig. 2. Process of request and create an explanation of data usage.

Fig. 2 shows the process flow and the components
involved, which leads to the presentation of an explanation of
data usage to Alice.

Alice wants to know what data about her is stored and
processed in the personalized learning environment APLE.
For this she uses a function to request data information,
which makes a request to CONTact (1). The
comprehensibility components of CONTact get active and
redirect the request to APLE (2).

The APLE application checks whether data is stored on
Alice and for what purpose it is processed. APLE reports the
result back to CONTact (3). Based on the returned data
CONTact checks which conditions are affected and sends an
inquiry (4) to the Requirements Handler. The handler
determines that legal requirements are affected and requests
(5) an appropriate explanation template.

The Explanation Template Builder creates a suitable
template for the privacy law based on the available data and
its processing. The template that specifies the legal claim or
task of the system is (6) returned to the handler. The
Requirements Handler returns (7) the inquiry results to
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CONTact. It integrates the APLE report and creates an
explanation of the data processing (8). After that, CONTact
provides the explanation of data usage, e.g. in shape of a
display window for Alice.

IV. DISCUSSION

The presented domain model shows the connection
between applications and legal requirements. The link to
personalized, adaptive learning environments was only
implicitly illustrated by APLE, which is an application that
can be integrated into the context. Not part of the domain
model is the comprehensibility and intelligible explanation of
system processes and function calls in pedagogical and
learner models. These still has to be researched.

Adaptive, personalized learning environments require
adaptation rules. These are used to adapt the contents of the
learning environment, its presentation and availability to the
situation of the learner. Regarding to our four-layer context
model [13], we modeled our domain model independently
from adaptation rules. Nevertheless, the adaptation rules can
also be explained to users through the concepts of the
presented domain model.

V. CONCLUSION

We have presented a domain model in which external
requirements for the use of systems are formally modeled.
We have explained how the domain model can link the
context of application and the context of a legal domain. The
dependencies of  the concepts dm:Condition,
dm:Requirement and dm:Declaration makes it possible to
trace what and way something happen in the system.

The formal description was transferred into an ontology
that can be used for the development of context-based
systems. Based on this, it is possible to support users with
intelligible and comprehensible explanations of system
processes.

With an example we showed how legal requirements on
privacy law and the right of access to information can be
linked to a specific situation in an application.

VI. FUTURE WORK

Future work will focus on extending the presented model
with pedagogical aspects and learner concepts. As an
extension, the domain model of [5] can be used. It contains a
detailed domain description of pedagogical concepts and
learner contexts. This will require a review of how the
integration can work in order to link comprehensibility and
the legal regulations. For this purpose, scenarios must be
developed to test applicability in the field of personalized,
adaptive learning environments.

In addition, appropriate adaptation rules must be
developed for the domain of education, which can be applied
at runtime on the basis of the domain model.

Our future work will also deal with the development of
components for comprehensibility and intelligibility which
shall be used in different domains.
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