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Abstract

Taking into account that each new day an amount of daily processed data grows exponentially, it is obvious that knowledge society
needs flexible, effective and high performing tools to retrieve, learn and apply necessary information. Learning management systems
become more and more intelligent and adaptive. Learning analytics instruments give course developers a possibility to assess and
analyze learners’ activities and behavior patterns within e-learning environment, allowing to propose them personalized self-paced
learning path and types of learning objects. This paper discusses challenges in development of adaptive learning management system

and outlines its prospective models and properties.
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1. Introduction

An amount of daily processed data grows each new day exponen-
tially. Modern society, known as the knowledge society [1], needs
new tools which could solve the problem of retrieving conforma-
ble information from the growing data flow and increasing re-
quirements from employers regarding workforce knowledge level.
Learning process and, consequently, learning management sys-
tems (LMSs), ought to become more flexible, intuitive, adaptable,
and as a result, effective. LMSs carry out a wide range of data
collections, which include both the information, directly provided
by the students, and their activity data. Accordingly, the students
are being provided by the system with the relevant learning con-
tent for further knowledge acquisition. LMSs become more intel-
ligent and efficient. Contemporary educational organizations put
the intelligence issue as the one of prioritized directions in tech-
nology enhanced learning and corresponding information systems

2.

Recent studies show that in digital age the change in learner char-
acteristics (i.e. diversity, learning contexts, learners’ goals, exist-
ing competence levels, belonging to digital natives’ community) is
one of the most important factors which impact knowledge trans-
fer changes [3]. Stakeholders expect flexible and personalized
approach to learning process and goals. LMS developers ought to
take this into account when design new e-learning environments.

Learning analytics could provide students with data about their
learning progress, possible learning gaps and steps needed to
achieve their educational goals [4]. Recent findings clearly indi-
cate learners’ positive attitude and interest in individualized analy-
sis of their study progress, activities and behavior patterns which
could be done by implementing of learning analytics tools and
methods [5]. Similarly, learning analytics could supply course
developers and teachers with inestimable data about things to be
improved in order to offer more personalized self-paced learning

path and learning content to particular learner. Learner behavior
and activity patterns assessment with multimodal learning analyt-
ics tools draw diverse learning trajectories [6]. It is recognized that
“learning analytics has the potential to be enormously powerful
for improving the student experience of university” [7].

Over the time the complexity of e-learning systems has increased.
The key direction is shifted to learner interests and goals, trying to
find tools which could cooperate with the student. E-learning sys-
tems are becoming more and more flexible and diversified. These
systems, in order to adapt to the student, are derived from the stu-
dent's direct actions and data provided by the student. Adaptive
information systems take into account student's existing skills,
prior knowledge and interests. They adapt to learner needs and
profile, designing personalized learning path [8]. Accordingly,
learning courses and content are also being adapted - the system
"reads" the learners, thinks and decides instead of them about
delivery of learning content which suites learners needs and could
eliminate knowledge gaps.

Adaptive information systems could be considered as the powerful
instruments to solve knowledge society educational challenges.
These systems are aimed to advice students and help them reach-
ing educational goals in the most effective, self-paced and person-
alized way. Adaptivity in these systems is reached by “greater
correspondence between learner, goal and characteristics of the
system” [9].

However, to ensure effective operation of adaptive ISs, instruc-
tional designers are faced with a problem which requires predefin-
ing various types of learning objects (LO) and rules related to
users’ learning styles and behavior patterns within the system. It is
concluded that a lack of these predefined LO types may negatively
affect the work of adaptive IS [10]. Moreover, despite several
attempts to adapt learning styles [11, 12] there are no clear indica-
tors which learning style aspects are worth modelling in the new
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ISs [13]. This all indicates that development of the new adaptive
learning management system remains actual.

2. Tools and methods

To develop conceptual design of the new generation adaptive
learning management system, respective scientific publications
were studied. Initial considerations regarding system’s architec-
ture and model components were made, and some separate model
examples were created, verified and validated.

There is a variety of different types of adaptive ISs which all are
aimed to adapt against users’ behavior patterns and provide corre-
sponding personalized system usage pathway. Oppermann advices
[14] that the adaptation levels in information system vary from
adaptive to adaptable ones (Fig. 1). Adaptive level means that the
system initiates adaptivity without user control based on systems
assumptions regarding user behavior. In turn, adaptable level
means that users are able to change some system parameters de-
pending on their needs. Just a few year ago following three main
interacting models were viewed in generally as the irreplaceable
elements in adaptive educational IS [15]:

« Learner model (domain specific and independent data with
user profiling and modeling);

 Adaptive model (instructional rules and adaptation ones);

« Domain model (learning objects and course content delivery
system).

Later, the number of models in adaptive ISs significantly in-
creased and system developers defined their proper aims, tasks
and functions. One of the most advanced developed system is
named “Generalized Intelligent Framework for Tutoring (GIFT)”
[16]. It has a service-oriented architecture, consists of several
asynchronously communicating modules: gateway (connecting
GIFT to third-party learning ISs and applications), sensor, learner,
pedagogical, domain (performance assessment, pedagogical ac-
tions, course flow management), tutor (user interface for tasks, e.g.
presentations, surveys, feedback, etc.), learning management sys-
tem (storage and maintenance of learner records, biographical data,
LO, etc.), user management system (user logging and manage-
ment), and monitor (monitoring the state of system sessions)
module. GIFT offers modular domain independent system allow-
ing development adaptive ISs pursuant to research direction. At
the same time, two main challenges are discovered [17]: necessity
to find a way to reduce the time and competences to develop and
manage adaptive IS, and optimization of adaptive educational
process for individual persons and groups.

Further GIFT upgrade is seemed in creating of a powerful joint IS,
called “Total Learning Architecture” (TLA). It is a set of specifi-
cations for accessing and using of learning-related data, and is
aimed to ensure learning across multiple platforms and applica-
tions [18].

Other findings are dedicated to develop effective tutoring tools
within existing LMSs which would enhance adaptivity. Thus,
concept maps theory approach, implemented by several research-
ers [19, 20, 21], can offer a comprehensive set of intelligent agents
for modeling learner behavior and emotions in intelligent learning
ISs. Students may choose knowledge assessment pathways, of-
fered by the system, which suite their learning style the most. In
turn, teaching staff can improve course content and structure based
on analysis of course results.

Useful solution was found in the real time color codes learning
process assessment approach, implemented by Riga Technical
University [22, 23, 24]. It suggests an enrichment of LMS with
learning objects (LO) acquisition (understanding) level tool which
indicates (Fig. 1):

* Green button — “done” (it shows that the learner has not any
problem with particular LO acquisition; the task (e.g. learning
materials appearing in different forms, as well exercises and tests)
is done, and there is no need to render additional learning support
in such case);

» Orange button — “in process” (it signalizes that the learner is
still acquiring particular LO and any assistance is not needed at
the moment);

* Red button — “problem” (the learner has faced with difficulties;
tutor’s assistance is needed).
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Fig. 1: Color code button states [24]

Problem

This method allows teaching staff to follow learner’s study pro-
gress all the learning time and provide necessary assistance to the
student when it is needed. In other words, during learning module
the student probably has not any problem with LO and presses
green button. Moving further the learner may encounter difficul-
ties with next LO or task, and therefore presses red button. This
ask requires teacher’s attention. A pause during task accomplish-
ment might be marked by pressing orange button which indicates
that learning is still in progress (e.g. in time consuming cases).
Users activity data are collected, processed and analyzed, and give
useful recommendations to course teachers regarding necessary
improvements.

3. Results and discussion

In order to improve learning outcomes and student engagement
into knowledge acquisition process, it is concluded that existing
learning management systems ought to be improved by assigning
them new tasks and making them adaptive to the system users’
needs. Proposed conceptual design of the new generation adaptive
learning management system includes direct teaching & learning
processes, user experience data collection, processing, and analy-
sis, as well system adaptation against user behavior patterns within
the system. To successfully cope with these tasks, the following
models are considered in this conceptual design: learners model,
teachers model, domain model, gateway model, learning environ-
ment model, multi-screen/multi-platform support system, sensors
model, learning analytics model, and adaptation model, including
its links with external frameworks (Fig. 2).

Learners model gives necessary analytical data including users’
personal data (e.g. name, surname, learner 1D, study group number,
contact information, etc.) and, what is more important, their activi-
ty experience and behavior patterns data during learning process.
Taking into account implementation results of the color codes
learning process assessment method [24], we arrived to the deci-
sion to incorporate this approach into proposed model.

The learner indicates personal feeling about complexity level of
each learning object (LO) of the learning course by pressing either
green or orange, or red buttons. These data give necessary sugges-
tions to the teacher in order to make appropriate improvements in
learning content and/or offer to the learner other LOs which suite
learner’s needs the most. That all allow an adaptation of the par-
ticular user behavior patterns and offering to the learner personal-
ized learning path. Accordingly, the most effective types of learn-
ing objects and learning environments are recommended.
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Fig. 2: Conceptual design of adaptive learning management system

Learners get personalized feedback on their performance, are able
to review offered learning modules and objects, as well suggested
learning pathways based on their proficiency level (indicated by
green, orange or red buttons). During each learning session the
learner is encouraged to press appropriate color button. This advo-
cates the educator to recognize possible shortages in the
knowledge acquisition process and particular learning objects
(modules, themes). It is aimed to improve the curricula and learn-
ing objects, and make the whole learning process more personal-
ized. Moreover, it opens a possibility for the learner to browse
from the complete range of pathways and choose own, the most
suitable way.

Learners model includes following properties of the system users-
students: personal profile data, number of questions, learning
speed (Mb/s), click numbers, new learning content acquisition,
learning ability without interaction, background knowledge level,
ability to apply knowledge (indicated in levels), LO type prefer-
ence (clicks/time spent), dropout forecasting (tracking location),
IP address, self-confidence level (participation in discussions,
levels), ability to deal with abstract knowledge (levels), preferred
device for LO content, focus persistence, emotion through sensors,
including real time color codes learning process assessment, feed-
back quality and frequency.

Teachers model is supposed to provide necessary study support
and includes following properties: creating LO (time spent), edit-
ing LO (time spent), assessing students’ submissions (time spent),
interactions, e.g. forums, posts, etc. (time spent), texts (character
counts), processed video materials (length), number of files, num-
ber of links, types of files, types of standardized blocks or xblocks
used, ratios for different types of LO (i.e. text/video, text/audio,
tests/..., etc.), response time, feedback time (how frequently, how
long), LO content update frequency, course teacher evaluation,
students drop-out rate in particular teacher led classes.

The learner performs learning through domain model which offers
learning content and ensures instructional design. Necessary learn-
ing content might be retrieved from both internal and external
educational resources through gateway model. Learning process is
implemented within learning environment model. During whole
learning process efficacious multi-screen/multi-platform learning

support, including regular feedback notes, based on the user ac-
tivity data (e.g. reminder, encouragement, statistical, etc. text mes-
sages from the internal message database), is provided. Multi-
screen learning support technology, known as the eBig3 technolo-
gy [25, 26], is already approbated in a large scale pilots in Baltics.

Domain model includes properties of LO and content as follows:
type by activity, type by media, LO size (time, character numbers;
size vs. course credits), usability (Iength of scrolling points; click
numbers), terms/abbreviations explanation, pathway from simplic-
ity to complexity (levels), complexity of LO (levels), complexity
measurement (levels), interlinking (relationship) with other LO,
responsiveness to the platform and other devices (and society),
learning objectives included and reached (binary), methodology
(binary), assessment (binary), feedback (binary), readability/ease
of learning, language proofing (binary), special needs/accessibility,
effectivity (study quality vs. time consumed), engage-
ment/attractiveness of LO, LO usefulness, adaptation feature,
adaptive learning style, variety of learning scenarios, type of LO
(simulation, serious game, xAPI, etc.).

Learning environment model includes properties of learning man-
agement system and specific learning environments: user friendly
(number of complaints, raised problems), responsive design, mul-
ti-screen support, multi-platform environment support, various
types of LO supported (experience based learning, serious gaming,
simulations, etc.), interoperability with other platforms, data ex-
change provision with other platforms, reminding instruments
both for students and teachers, adaptive scenarios (based on feed-
back), enrolment/registration by sending SMS. It is considered to
enrich the model with learner supporting technologies such as
virtual personal assistants [27] and hint bars which would give
synchronous assistance and feedback to the student in cases when
the tutor support is not available.

Learner activity data are analyzed within learning analytics model.
It is considered that a sequence of events over time ought to be
assessed and analyzed to find out system user’s learning style,
learning preferences types of LO and behavior patterns. That
could involve noted before real time color codes learning process
assessment, the number or ratio of preferred LO and their types,
the sequence of acquired LO and learning modules, gathered data
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from the sensor model, and so on. Analytics platform IBM SPSS
Modeler might be implemented in this framework to ensure a wide
range of data analysis related to learner’s activities, preferred
types of LO and learning styles. It might be used also to model the
most appropriate learning path, personalized to each learner.

Then learner’s activity data are compared against both European
and Latvian Qualification Framework requirements in adaptation
model, supporting educational badges initiative, and allowing

adjustments of appropriate set of LO and their types for the learner.

Adaptation model includes both instructional and adaptation rules
which respond to system user activities and behavior patterns.
This allows to use the most suitable LO delivery channels for
appropriate system user and ensure fitting of learning content in
accordance with learner’s needs.

The sensor model is optional but highly recommended component
within this project framework. It might be added to the proposed
IS mock-up to make adaptive learning decisions more sophisticat-
ed. It could be used to discern various possible differences in
learners’ activities and behavior patterns, including also changes
in their bio signal data. The sensor model might include keypad
and mouse click counting, user eye-tracking, voice tonality and
facial recognition tools, electroencephalogram equipment, and
other sensors.

4. Conclusion

At the moment proposed conceptual design represents our vision
and steps towards development of the new generation adaptive
learning management system. Separate tools and models which
would be used in proposed system, such as the multi-screen learn-
ing support technology and real time color codes learning process
assessment method, were already successfully validated and veri-
fied.

Proposed conceptual design of adaptive learning management
system outlines directions which could offer appropriate personal-
ized solutions depending on learners’ prior knowledge level, activ-
ity and behavior patterns data during learning, and as a result,
allow to meet specific needs of learners. Prospective information
system is aimed to enhance system users’ motivation and in-
volvement in knowledge acquisition process by recommending
them corresponding content and personalized learning pathway
which could suit learners’ needs the most.

Personalized feedback on students learning progress enhances
their engagement into learning process. Students are able to re-
view offered learning objects and types, as well suggested learning
pathways based on their proficiency level.

System users’ activity types and behavior patterns could be as-
sessed by embedding learning analytics tools and applications
which would measure students’ involvement level into knowledge
acquisition process, as well learning content understanding state at
each stage of the course.

Acknowledgement

This research has been supported by a grant from the European
Regional Development Fund (ERDF/ERAF) project “Technology
Enhanced Learning E-ecosystem with Stochastic Interdependenc-
es - TELECI”, Project No.1.1.1.1/16/A/154.

References

[1] UNESCO, World report: Towards knowledge societies. Paris:
UNESCO Publishing, (2005), pp.1-220, available online:
http://unesdoc.unesco.org/images/0014/001418/141843e.pdf,  last
visit: 01.02.2018.

[2] Sivakumar S, Venkataraman S & Gombiro C, “A user-intelligent
adaptive learning model for learning management system using da-
ta mining and artificial intelligence”, International Journal for In-

novative Research in Science and Technology, Vol.1, No.10, (2015),
pp.78-81.

[3] Bates AW (Tony), Teaching in a digital age: guidelines for design-
ing teaching and learning, Ontario: Contact North, (2016), pp.1-
509, available online:
https://teachonline.ca/sites/default/files/pdfs/teaching-in-a-digital-
age_2016.pdf, last visit: 14.02.2018.

[4] Sclater N, Peasgood A & Mullan J, Learning analytics in higher
education: a review of UK and international practice. Full report,
UK, Bristol: Jisc, (April 2016), pp.1-40, available online:
https://www.jisc.ac.uk/sites/default/files/learning-analytics-in-he-
v3.pdf, last visit: 15.02.2018.

[5] Schumacher C & Ifenthaler D, “Features students really expect
from learning analytics”, Proceedings of the 13th International
Conference on Cognition and Exploratory Learning in Digital Age,
(2016), pp.67-76.

[6] Worsley M & Blikstein P, “Towards the development of multimodal
action based assessment”, Proceedings of the 3rd International
Conference on Learning Analytics and Knowledge (LAK '13),
Leuven, Belgium, April 08 - 13, 2013, New York: ACM, (2013),
pp.94-101.

[7] Shacklock X, From bricks to clicks - the potential of data and ana-
lytics in higher education. UK: Higher Education Commission,
(January 26, 2016), pp.1-76. available online:
http://www.policyconnect.org.uk/hec/sites/site_hec/files/report/419/
fieldreportdownload/frombrickstoclicks-hecreportforweb.pdf, last
visit: 30.01.2018.

[8] Brusilovsky P, Methods and Techniques of Adaptive Hypermedia.
In Brusilovsky P, Kobsa A & Vassileva J (Eds.), Adaptive Hyper-
text and Hypermedia. Dordrecht: Kluwer Academic Publishers,
(1998), pp.1-43.

[9] Leone S, Characterisation of a personal learning environment as a
lifelong learning tool. New York: Springer-Verlag, (2013), pp.1-88,
doi: 10.1007/978-1-4614-6274-3.

[10] Graf S, Liu T & Kinshuk C, “Analysis of learners’ navigational be-
haviour and their learning styles in an online course”, Journal of
Computer Assisted Learning, Vol.26, No.2, (2010), pp.116-131,
doi:10.1111/j.1365-2729.2009.00336.

[11] Danielson R, “Learning styles, media preferences, and adaptive ed-
ucation”, Proceedings of Workshop “Adaptive Systems and User
Modeling on the World Wide Web” at the 6th International Confer-
ence on User Modeling, Chia Laguna, Sardinia, ltaly, (1997),
pp.31-35.

[12] Gilbert JE & Han CY, “Arthur: adapting instruction to accommo-
date learning style”, Proceedings of World Conference of the WWW
and Internet, Honolulu, HI, (1999), pp.433-438.

[13] Brusilovsky P, “Adaptive Hypermedia”, User Modeling and User-
Adapted Interaction, Vol.11, No.1-2, (2001), pp.87-110.

[14] Oppermann R, Introduction. Adaptive user support, Hillsdale, New
Jersey: Lawrence Erlbaum Associates, (1994), pp.1-13.

[15] Vagale V & Niedrite L, “Learner model’s utilization in the e-
learning environments”, Local Proceedings and Materials of Doc-
toral Consortium of the Tenth International Baltic Conference on
Databases and Information Systems, Vilnius, (July 8-11, 2012),
pp.162-174.

[16] Ragusa C, Hoffman M & Leonard J, “Unwrapping GIFT: a primer
on developing with the generalized intelligent framework for tutor-
ing”, Proceedings of the workshops, 16th International Conference
on Artificial Intelligence in Education, Memphis, USA, Vol.7, (July
9-13, 201uy3), pp.10-19.

[17] Sottilare R, “Challenges in authoring, instructional management,
and evaluation methods for adaptive instructional systems”, Con-
ference “Technology, Instruction, Cognition & Learning Special
Interest Group ”, Symposium on Intelligent Tutoring Systems, Big
Data-Learning Analytics, and Automated Humanlike Tutoring:
Similarities and Differences, San Antonio, (April 28, 2017), pp.1-6.

[18] Gallagher PS, “The total learning architecture (TLA): learning
across applications”, Abstracts of Human Systems Conference
“Achieving the Third Offset: Maximizing Human-Machine Symbio-
sis”, Springfield, VA, USA, (March 7-8, 2017), pp.1-24.

[19] Anohina-Naumeca A, “Determining the set of concept map based
tasks for computerized knowledge self-assessment”, Procedia - So-
cial and Behavioral Sciences, Vol. 69, (2012), pp.143-152.

[20] Panjaburee P, Hwang GJ, Triampo W & Shih BY, “A multi-expert
approach for developing testing and diagnostic systems based on
the concept-effect model”, Computers & Education, Vol.55, No.2,
(September 2010), pp.527-540.



International Journal of Engineering & Technology

133

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Graudina V & Grundspenkis J, “Concept map generation from
OWL ontologies”, Proceedings of the 3rd International Conference
on Concept Mapping, OU Vali Press, Estonia, (2008), pp.173-180.
Dzelzkaleja L, “Real-time color codes for assessing learning pro-
cess”, Proceedings of the International Conference “Meaning in
Translation: Illusion of Precision”, May 11-13, 2016, Riga, Proce-
dia - Social and Behavioral Sciences, Vol.231, (2016), pp.263-269,
doi: 10.1016/j.sbspro.2016.09.101.

Dzelzkaleja L, “Real time color codes in a classroom”, Proceedings
of the 9th International Conference on Computer Supported Educa-
tion (CSEDU-2017), Porto, (April 21-23, 2017), pp.111-117, doi:
10.5220/0006357201600165.

Dzelzkaleja L & Timsans Z, “Colour codes method digitalization in
edX e-learning platform”, Proceedings of the 10th International
Conference on Computer Supported Education (CSEDU-2018),
2018, in press.

Kapenieks A, et al., “Piloting eBig3: a tripple-screen e-learning ap-
proach”, Proceedings of the 6th International Conference on Com-
puter Supported Education (CSEDU 2014), Barcelona, Vol.1, (1-3
April, 2014), pp.325-329, doi:10.5220/0004848603250329.
Kapenieks A, et al., “User behavior in multi-screen eLearning”,
Proceedings of the Int. Conf. on Communication, Management and
Information Technology (ICCMIT 2015), Procedia - Computer Sci-

ence, Vol.65, (2015), pp.761-767, doi: 10.1016/j.procs.2015.09.021.

Imrie P, “Virtual personal assistants - a different approach to sup-
porting the end user”, Proceedings of the 3rd International Work-
shop on Socio-Technical Perspective in IS development, Essen,
(June 13, 2017), pp.106-109.



