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Abstract—Artificial intelligence is one of the disruptive technologies, that
drives change in our society and economy, but also in our educational system.
Educational data mining, machine learning and expert systems are increasingly
being used to support study and teaching. This article takes an educational sci-
ence perspective to present an approach, on how to use a recommender system
for students to support inquiry-based learning and self-regulated learning. Along
the course of the semester various Al-based applications like automatic assess-
ments, interest visualizations or a learning strategy finder assist in the different
phases of the semester. When planning and designing there recommender sys-
tems, the most important premise is to foster self-study of the students.
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1 Introduction

The social challenges and political demands for inclusion, lifelong learning, partici-
pation in social developments, scientific competitiveness [1], academization of the pro-
fessional world, higher student numbers and degrees are putting universities under im-
mense pressure [2]. The use of digital technologies and virtual learning scenarios such
as MOOCs, Open Educational Resources and Personal Learning Environments offers
solutions for these challenges and enables personalized learning opportunities for a het-
erogeneous target group and large numbers of students. At the same time, the amount
of information and complexity of the learning environment for learners increases. A
technological solution is an Al-based recommender, which functions as "information
discovery tool" [3]. In general, recommender systems assist users to make smart deci-
sions, because they might not have the experience or competence to cope with the huge
amount of information or items provided (ibid.). As stated in [4] the change from digital
tools to assistant systems is compelling. Thus, a solution from an educational science
perspective is required, because learners need special competences to deal with these
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changes and make use of evolving learning possibilities. It is a genuine educational task
to qualify and prepare students to be able to participate in society autonomously. The
upcoming of Al assistants and tools which support decision making or preselect infor-
mation challenge the task to bring up autonomous individuals with the skills needed.

These skills and competences for effective workers and citizens in the society of
today relate to three dimensions: information, communication and ethics and social im-
pact [5]. The first dimension covers the handling of information as a source and as a
product. Access, evaluation and organization of information combined with the ability
to decide independently what knowledge is necessary to achieve certain goals, how it
can be acquired and finally applied is meant by handling information as a source. In
addition, information can be used to create new knowledge and generate new ideas to
solve problems. The second dimension is effective communication in terms of being
part of a larger community. Besides, to the appropriate selection of communication
channels it is of central importance to communicate critical issues and disseminate own
research. It is essential that students know how to work together and interact virtually.
The ethics and social impact dimension refers to social responsibility and awareness of
the challenges of the new age. This includes a certain degree of personal responsibility
for one's own further education and the lifelong learning process as well as the ability
to decide autonomously what knowledge is necessary to achieve certain goals, how it
can be acquired and finally applied. In summary, the focus here is on the learner as an
active shaper of his or her own learning process, who uses metacognitive monitoring,
control and regulation processes in accordance with his or her learning goals. This is
covered by the concept of self-regulated learning [6, p. 43]. Equipping each individual
with these 21st century skills like this is an important task of educational institutions
[5], while they need to balance between achieving and fostering the development of the
individual and at the same time meeting the demands of economy, providing students
with skills and competences in line with career prospects and employability.

The demands for self-regulated learning and technical solutions with recommenda-
tions seem to contradict each other at first. On the one hand, there are recommender
systems that calculate a learning offer according to identified needs, levels of
knowledge, demographic data of the learners, etc. and on the other hand there is the
demand for self-regulated learning according to individual learning goals with free
choice of methods and contents. Therefore, it has to be investigated how personalized
learning recommendations can be designed with intelligent systems that simultaneously
promote self-regulated learning. Inquiry-based learning is a very promising educational
approach to solve these contradictions and uses Al to support learners without patron-
izing. The high individual performance emerging in an inquiry process is based on the
self-regulating abilities of the individual, the potential of judgement and the compe-
tence of dealing with problems. These abilities can be purposefully supported by a per-
sonalized technological system because it takes into account the individual levels.

In this paper questions of how Al-based recommender systems have to be designed
and deployed in order to enable and promote inquiry-based learning and to achieve self-
regulated personalized learning are examined. As an example, the design of the
ALEDU Research Lab project is described and it is demonstrated how those challenges
can be met.
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2 Al and Higher Education

Al is currently rapidly changing the education area at various levels. Universities
need to adapt to the changes in order to stay competitive and to be able to prepare their
students for new upcoming jobs [7] and gain 21st century skills [8]. For example, one
hundred new Al professorships are to be created at German universities and approxi-
mately three billion euros are to be made available to boost Al expertise [9]. Al tech-
nologies are seen as the tools of the future that can be used to cope with economic,
social and societal challenges [10]. Thus, it is a task of universities to prepare students
with Al-based technologies, display its future relevance and include the necessary com-
petences into their curriculum. Moreover the authors of a recent study demand to de-
liver abilities in Al and advanced technologies in every university department [7].

As Al is considered to be an interdisciplinary field, lots of different understandings
what Al is, are in place. In [8] Al is defined "as computer systems that have been de-
signed to interact with the world through capabilities (for example, visual perception
and speech recognition) and intelligent behaviors (for example, assessing the available
information and then taking the most sensible action to achieve a stated goal) that we
would think of as essentially human" [p. 14]. Consequently, Al based systems require
a huge amount of knowledge about the world as well as defined steps on how to process
it. These can be represented in models. In general there are three models involved in an
Al-based learning system: a pedagogical model (or more precisely a didactic model), a
domain model and a learner model [8].

For the consideration of artificial intelligence in education, different approaches can
be chosen which set different focuses. The first approach is to consider Al as a fool and
to examine the use and learning outcome in various contexts. Furthermore it can be
used to analyze the teaching and learning process [8]. A second approach is to look at
Al as a research subject, as it is done in basic research. Thirdly, Al can be considered
as teaching or learning content, for example through courses and study programs on Al
topics, but also the teaching of competencies in the field of Al. In addition, political
approaches are also considered which examine Al in education on the basis of political
discussions, strategies, framework conditions or support measures. In an economically
oriented approach, the investments and expenditures of enterprises, start-ups, etc. are
taken into account for analysis.

The approach of this article focuses on Al as a tool in higher education institutions
in the field of teaching and learning. Al technologies are applied in the education area
to help teachers to prepare their teaching and design teaching material, and to assist
students in individual learning. A lot of Al-driven applications for education have been
created, which support both teaching and learning. A suggestion by [8] divides Al ap-
plications into three categories: 1) personal tutors for every learner, 2) intelligent sup-
port for collaborative learning and 3) intelligent virtual reality for learning. These ap-
plications bear the potential to offer personalized learning to a highly diverse target
group and support lifelong learning. This article focusses on the first category of Al in
education, personal tutors for every learner. It takes an educational science perspective,
because that has often been neglected in research so far but is necessary. The overview
study "Aurtificial Intelligence in Study and Teaching" uses Al as a research subject and
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as content and examines the professorships and courses of study on Al in Germany
[10]. It reveals that engineering sciences (computer science, engineering and mechani-
cal engineering) clearly are the dominant disciplines involved [10]. However, a broader,
interdisciplinary approach to Al which also includes humanities subjects, is called for
(ibid.). A review of publications on Al in education confirms this dominance of certain
subject groups, although Al is considered a genuinely interdisciplinary field [11]. In a
systematic review, the authors record the development of publications on Al from
2007-2018 and found that 60% of the first authors have a background in Computer
Science and Stem, compared to a good 6% who come solely from Educational Science.
The perspective adopted thus remains primarily a technical one (ibid.). But an educa-
tional science perspective is a necessary addition, because it bears the expertise in de-
signing technology-based teaching/learning scenarios and distance learning experience
has been growing in the pedagogical field for decades. This is where successful ap-
proaches and insights into the design of scenarios, media and the combination of meth-
ods used to achieve specific learning goals and develop competencies are gained.
Teaching and learning are very complex processes and the requirements for their design
increase with the use of technology.

"Successful teaching-learning processes are therefore based on a well thought-out
concept, knowledge of media design and quality assurance measure” [11, p. 841.].

Al technologies now provide promising possibilities to optimize teaching and learn-
ing with corresponding pedagogical knowledge. This is necessary to develop the nec-
essary 21st century skills and to support people in a sustainable development. Holmes
et al. summarize that "education is both a way to mold students to fulfill the needs of
society, and a means by which students may become empowered to best fulfill their
own needs" [12, p. 9].

3 Educational Science Perspective

The starting point for planning and designing teaching and learning processes usu-
ally lies in defining the objectives or identifying an education-related problem that
needs to be solved [14]. In order to address such problems, it is necessary to consider
the target group, contents, learning goals, teaching methods and the choice and design
of the medium [12]. If we include the use of Al in the area of media, the findings are,
that learning success is not achieved by choosing the "right" medium, but rather by
involving the target group, should seriously be taken in to account (ibid.). This means
that just implementing a medium or distributing it, is not sufficient enough. It is neces-
sary that the "subjective actions of the learners are activated" (ibid., p.83). Only if the
students act and gain experience on their own during a learning process they will suc-
ceed.

This involvement or force into action is the basis of the concept of inquiry-based
learning which relies on the pragmatism by John Dewey (ibid.). The aim of his ap-
proach is that learner construct knowledge on their own, experience interrelations
throughout research projects and reflect it critically in the context of society [15]. Huber
defines that in inquiry-based learning the learner conducts a whole research-process on
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his or her own [16]. That implies the formulation of research questions and hypothesis,
the selection of research methods, their application, control and presentation of the re-
sults. Moreover, the results should be of interest for the scientific community.

Wildt describes a didactic concept that aims to combine learning and research and
merges a typical research cycle (outer ring) with Kolb's "learning cycle" (inner ring)
[17] (see fig. 1). In Dewey's sense, experience is characterized by continuity and inter-
action. Every experience a person makes is to be put in relation to his previous and
future experiences. Living through the experience is embedded in the interaction be-
tween the individual and his environment, i.e. the situation in which the experience is
made. The subsequent identification and negotiation of topics as well as the formulation
of questions and hypotheses are part of the reflection in the learning cycle with focus
on identifying inconsistencies or problems. So new views of reality can be thought and
conceived and in research, this is realized in the concept and research design. The im-
plementation and evaluation of the research as well as the examination of the reality
constructions in practical action "in the experiment" leads afterwards again to experi-
ence or to application and thus to immersion in practice.

Application Diving into practice

. . -_—
/ Communication \

Evaluation E . Findin.g;? topic
Analysis / P L Negotiating a topic

I Experiment Re \ection I

Execution " Formulation of
\ research questions
\ e and hypothesis
Research design +«————  Research concept
(draft)

Fig. 1. Inquiry-based learning cycle for students [17]

To conduct self-driven inquiry-based learning learners need to develop sufficient
strategies for learning. Learning strategies play an important role to enable self-study
in a meaning of self-regulation [ 18]. Following [ 19] these can be divided into cognitive,
metacognitive and resource-based learning strategies. In addition, other strategies such
as motivation and emotion strategies, strategies for cooperative learning [20] or more
specific strategies such as volition [21] influence learning as well.

This model of self-driven inquiry-based learning is a common approach in university
teaching and Al-based applications in form of recommender are promising tools to ac-
company students experiencing a research process in this way.
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4 Recommender and Self-Study

Recommender can act as a personal tutor for every learner to support self-study and
can be used to enhance inquiry-based learning. With the constant spread of digitaliza-
tion of learning and the continuing growth of educational data, there has been a signif-
icant increase in the number of developing recommender systems in recent years. An
analysis by [22] showed the state of recommender systems and their different features
to support the learner in ways to offer further learning resources, guiding learning pro-
cesses or suggesting courses to take. "Recommender systems are software tools and
techniques providing suggestions for items that are most likely of interest to a particular
auser." [3, p. 1] In general they provide recommendations about one specific type of
item (ebd.). The goal is to support decision making for individual users, because they
might be irritated or misoriented due to the information overload.

Drachsler et al. name six tasks supported by recommender systems in educational
settings [22]:

find good items

find peers

recommend the sequence of items
predict learning performance
suggest learning activities

Obviously, recommender enable personalized learning, using huge datasets to meet
the needs of the learners. The systems seem to “know” better than the learner them-
selves what the most efficient learning approach to an individual is. But for the devel-
opment of contemporary competences and skills of self-regulated individuals, learners
need the freedom to take their own responsibility. It is the obligation of the educational
institutions to create such free spaces, besides and within formal structures of study
programs [23]. On the one hand this can be a question of loosening study regulations
at the institutional level; on the other hand, it means designing teaching and learning
processes with less control and predetermination of its constituents on a meso level.
Recommender can be the perfect match to meet these requirements and support the
different steps of inquiry-based learning. Additionally, the development of learning
strategies can be supported with recommender systems to encourage self-regulated
learners. The guidelines for the design imply that the learners are responsible of the
learning process and choose learning goals, contents, sequence, etc. as far as possible.
Following are examples of such recommender, which opens up spaces for self-directed
inquiry-based learning.
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5 Applications developed at ALEDU Research Lab

The FernUniversitit in Hagen is an educational institution that supports lifelong
learning by offering university degrees on the second chance education and basic part-
time courses of study. The particular nature of the distance learning model already re-
quires a special degree of initiative, perseverance and self-organisation. The special
promotion of 21st century skills in this context is therefore obvious.

The initial project ALEDU Research Lab starts exactly at this point. Within an ethi-
cal and legal framework, existing data will be compiled and evaluated using Al meth-
ods; personalized recommender and support systems will be developed in order to pro-
vide students with intelligent support during their studies, to prevent dropouts and to
increase their success. The focus also lies on enabling students to take responsibility
for their own learning, in particular for self-regulation, and on raising awareness in
dealing with algorithmized systems and automated assessments.

The recommender is fundamentally based on a combination of our knowledge-based
and expert system. It consists of three components: domain model, model of the learner

and didactic model (see fig. 2).
domain
model
didactic learner
model model

Fig. 2. Three components of the knowledge-based expert system

The domain model formally represents the structured teaching and learning material
and annotated it with metadata and defines their relations and properties. The learner
model stores individual information about the level of knowledge, competences and
further learning data, which serve as a basis for personalized learning and the individual
learning progress. Furthermore, the recommender uses a didactic model where the di-
dactic knowledge is formalized.

The recommender system is designed for a course module in the bachelor study pro-
gram in Educational Science. The goals of this module are to empower students in the
areas of technical/professional, personal/social, methodological and media compe-
tence. Three consecutive semester phases structure the semester in order to enable stu-
dents to develop their own research interests step by step and to achieve research results
independently. First, students study the provided letters and learn the required subject-
specific contents. It is important, that the students learn to engage in discussions and
self-assess their knowledge, which they need for further reflection. Referring to Wildt's
didactic concept, this is the phase, in which students build on existing experiences of
scientific work, deepen their knowledge and explore a subject area. In the second phase
of the semester, the students prepare a term paper. At first they freely develop their own
research interest and formulate possible research questions within the overall topic of

40 http://www.i-jai.org



Paper—Recommender — Potentials and Limitations for Self-Study in Higher Education from an Edu...

the module. Afterwards they contact the online lectures and with their support, they
finalize their research idea and the structure of their term paper. In Wildt's view, this
process includes the phase of reflective experience with document research in various
digital databases and the creation of hypotheses about their research objects as well as
the conception of the following research contribution in form of a term paper. The in-
teraction with the online tutor promotes the scientific discussion of the research idea
and encourages reflection. In the third phase, the students write their term paper. This
is what Wildt calls the execution of the experiment, whereby the students themselves
can evaluate their research process. However, the assessment of performance so far is
mainly based on the grading by the teacher. Figure 3 shows the structure of both pro-
cesses.

Semester Phases

Phases of inquiry-based Learning

1. Phase
Reading study letters in
self-study

Building on existing experiences
Deepening knowledge

Exploring a subject area

3 C

2. Phase
Preparing the term paper

Reflecting experience
a) in self-study Creating hypotheses
Developing research concept

. 4

b) with tutor support

. 4

3. Phase Executing the exériment
Writing the term paper in Evaluation of the research

self-study process

v v

Fig. 3. Phases of the semester and the inquiry-based learning process

In the different inquiry-phases the students are supported by five applications: intel-
ligent automatic assessment, intelligent feedback, learning strategy finder, interest vis-
ualization and organizational and structural term paper assistance. In all, these applica-
tions should offer support to the students in their individual tasks and reveal possibili-
ties to foster and increase their competencies to become a professional and at the same
time an autonomous, self-regulated learners despite and because of the recommender
system. The intelligent automatic assessment analyses students' prior knowledge tests
at the beginning of the module. The questions offered by the system are answered by
students in free text. The system will automatically assess the students' answers by ap-
plying our machine learning model. The students then receive a system-generated per-
sonalized feedback with an option of displaying additional information on individual
knowledge failure.
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During the processing of the learning material, the designed learning quizzes/exer-
cises are used to identify the current knowledge level of the students. Based on the
domain knowledge, represented in ontologies, the results of the quizzes are used by a
recommender. Therefore, students receive an intelligent feedback to their exercises re-
flecting on what he did well or misunderstood. These recommendations refer to the
processing and consolidation of individual text passages/concepts as well as cognitive
learning strategies. For the latter we intend to install a learning strategy finder in addi-
tion. The aim is to promote and expand the repertoire of cognitive learning strategies.
It serves to support the independent self-study of the study letters and an autonomous
literature review for their research topic. If required, students receive recommendations
before and during the reading process. Another application is the interest visualization.
It means the opportunity to track and mark interests in the topics of the study letters and
examples of examination. In addition, interests from the personal and professional
background can be included. The system combines the different datasets about the stu-
dents and helps them to become clear about their expertise and strengths in order to
facilitate finding a matching subject for the final term paper. In the following process
of writing the term paper, the students receive assistance for organizational and struc-
tural purposes. The following figure 4 shows the focus of the assignment varies in the
individual phases of the semester.

Phase 1: Reading study letters in self-study

Building on existing
experiences

Exploring a subject ‘

I Deepening Knowledge area

Intelligent feedback

Phase 2: Preparing the term paper

a) in self-study
. . . Developing research
Reflecting experience I Creating hypotheses .
concept Learning
i strategy
b) with tutor support fnda

Reflecting experience l Finalizing hypotheses and research

concept

Phase 3: Writing the term paper in self-study ‘

Course of the semester

Executing the experiment l Evaluation of the research process

Fig. 4. Applications used in the different phases of an inquiry-based learning module

Each of the different applications helps to track user activity and increases the infor-
mation about the learner and his or her learning behavior (in the learner model). Based
on this, the system makes the most adequate recommendations. Thus, the recommender
system has two functions in the field of "supported tasks". First, it gives recommenda-
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tions for the development of content and its application, including both learning strate-
gies and suggestions for learning paths. Second, it offers support in how to write a term
paper by an inquiry-based learning process and gives answers to students' questions on
the creation of outlines and organizational procedures. The advantage is not only that
teachers are relieved of the students' recurring questions and uncertainties, but also that
the students learn to independently generate solutions to problems with the help of in-
telligent assistance and thereby acquire their own judgment of scientific work pro-
cesses. Thus, the teachers are the supporters for more in-depth or creative questions.

6 Conclusion

Applied Al technologies in the context of education can help students to understand
how they can improve and develop competencies and how they carry out self-regulated
learning. The combination of amounts of data and well-designed Al tools can help to
track the way in which intelligence and learning progress develops. Al in higher edu-
cation has the potential to become a personalized assistant for students without restrict-
ing their independence in academic work. Inquiry-based learning offers an approach
that trains the student's ability to reflect and make judgments when developing a re-
search question. From an educational science perspective Al applications in such di-
dactical scenarios are especially useful to support students” competencies in self-regu-
lated learning and to prepare them for an employability in increasingly digital profes-
sions. Of course, data law conditions must be clarified in advance, transparency created
and a variety of research is still required to be able to make meaningful statements about
the design, effect and suitability of re-commendations.
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