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Abstract

Especially against the background of the current
coronavirus crisis, technology-enhanced learning
environments (TELEs) increasingly characterize
teaching at universities. For the successful use and
integration of TELEs, it is important to understand the
functionalities of the technologies used. Based on the
state of the art and following [1], we develop two
taxonomies. The first taxonomy depicts eleven
functionalities with different dimensions relevant for
successfully designing TELEs. Sound knowledge of the
functionalities supports research on adaptive learning
within TELEs and the implementation of student-
centered learning opportunities, which is structured in
a second functionality taxonomy for adaptive learning
systems (ALSs). We contribute to current research on
TELEs and ALSs by providing a structured overview
of functionalities and suggestions for further research
with our research opportunities.

1. Introduction

The coronavirus crisis currently accelerates the
digital transformation of many organizations [2—4]
“inflicting an uncertainty shock” [5, p.128]. “This is
especially true of the university sector where many
universities have digitalized all their teaching
activities to cope with the situation” [2, p.2].
Technology-enhanced learning environments
(TELEs) [6] present means of addressing this
transformation accelerated by emergency remote
teaching [3]. The crisis challenges universities to
introduce and use TELEs in all study courses to
continue teaching, even in times of restricted or
forbidden physical attendance as in classroom or
laboratory lectures.

Since the means whereby these environments
integrate technology into learning processes is said to
improve learning outcomes [7], TELEs have been
discussed before the crisis. TELEs enable adaptive
learning [8], thus allowing not only students to learn at
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their own pace [9] but also to adjust “instructional
actions” according to the students’ characteristics [10,
p.336]. Scientific research emphasizes different
relevant aspects of TELEs. First, the importance of
students’ digital literacy and the lecturers’ competence
is discussed [11], resulting in recommendations to
address and improve them. Second, the relevance of
students’ characteristics and acceptance is highlighted
[4], and effects as well as requirements for the design
of TELEs are presented. Third, detailed information
on the technology used is provided along with critical
success factors for the implementation in TELEs [12].
While these three aspects emphasize the various
existing research findings that focus on specific
aspects of TELEs, a structured overview of TELE
functionalities to enable meaningful decision making
for implementing functionalities is often left to future
research [4, 7].

We address this desideratum by developing
taxonomies that provide a systematic classification of
TELE functionalities. Generally, taxonomies are
“systems of groupings that are derived conceptually or
empirically” [1, p.338], consisting of a number of
dimensions. Each dimension is further explained by
“mutually exclusive and collectively exhaustive
characteristics” [1, p.340]. Such taxonomies are a
basis for further structured analysis and design of
individualized environments for different learning
settings and goals. The relevance of personalization is
also highlighted by [13, p.24] as “advanced
personalization features” that are enabled by
functionalities, such as “modularity, extendibility,
adaptability” [13, p.24]. An adaptive learning system
(ALS) automatically adjusts as different students
complete the course and their response records detect
errors in instructional strategies [10]. ALSs provide
learning content that can be tailored to each student’s
specific needs and requirements at an appropriate time
[14]. In ALSs, it is possible to modify the learning
content, the presentation of the content, and many
other distinct aspects depending on the learners’
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characteristics [15]. These learner characteristics are
of interest in ALS design, as are the similarities a
learner shares with others, the learners’ interactional
behavior, and the learning progress [14]. For the
design of such environments, it is important to identify
the TELEs’ available functionalities.

In sum, we address the following research
questions: (1) How can functionalities in TELES be
divided into meaningful dimensions? (2) Which of
these functionality dimensions in TELEs enable
adaptive learning?

We further analyze the functionalities of ALSs
integrated into TELEs by investigating the
corresponding  taxonomies’  dimensions.  Our
contribution is twofold. First, a systematic
identification and derivation of research opportunities
on TELEs and ALSs in higher education is enabled
and is presented here. Second, practitioners, for
example, in the current coronavirus crisis, can use our
contribution to design courses and environments that
meet the challenges of current times. The taxonomy
may also be useful for university units implementing
and innovating teaching and learning environments.

2. Adaptive learning systems in
technology-enhanced learning
environments

2.1. Technology-enhanced learning
environments

The term “learning environment” can be defined
as “a social system, focusing on the continuous
development and validation of human knowledge and
skills in a particular domain” [16, p.1861]. In line with
[7], whenever we refer from hereon to TELES, we
understand a learning environment that requires but
does not rely solely on the integration and use of
technology in courses (e.g. due to didactical purposes).
Furthermore, it can also be highlighted that “for any
type of profound learning to take place, more
interactive teaching methods must be utilized” by
“creatively” [17, p.169f.] incorporating technologies
into the learning environment. The authors also
highlight the importance of sharing knowledge and
experience with other students in the learning
environment [17]. Complementing these positions,
[18] suggest that technology-enhanced personalized
learning should also enable the learner to have a
certain degree of autonomy in deciding what, when,
how, and where to learn, thus reflecting the adaptive
learning concept.

To design TELEs that enable adaptive learning,
the functionalities of the different technological

approaches must be known because these
functionalities not only guide and encourage thinking
but also facilitate the acquisition of higher order skills
[17]. With a systematic literature review, [19] analyze
the optimization potential different learning
environments have by combining learning analytics
and learning design to direct future learning “towards
personalizing learners’ experiences and adapting it to
their strengths, interest, and aspirations” [19, p.531].
By analyzing learning activities at the Open University
in UK, it is also shown that a variety of learning design
activities exist for distance higher education [20].
Since many research results focus and are based on
specific aspects of TELEs, they do not provide a
holistic overview. With our paper, we aim at analyzing
and classifying such functionalities in a structured
manner.

In addition, taxonomies provide a special
contribution to the field of TELEs, for example, by
structuring ethical issues [21] or teacher competence
to design learning environments [22]. [21] proposes a
taxonomy of ethical issues for mobile learning based
on meta-ethical moral theory. Furthermore, [21]
highlights the importance of supporting teachers in the
process of designing TELEs for their 21st century
teaching and proposes a teacher design knowledge
competency taxonomy with four practices: (a) Data
practice, (b) design practice, (c) knowledge creation
practice, and (d) professional teaching practice, are
emphasized [22]. The taxonomy is supposed to help
teachers identify their design competencies and
encourages them to identify their own designing
strengths [22]. We provide a structured overview of
functionalities in two taxonomies that focus on
different aspects of TELEs and ALSs to support
research and practitioners to design their digital
learning environments.

2.2. Adaptive learning system

The idea of an ALS is not a new one. Already in
1974, Atkinson referred to adaptive instructional
systems, that considering the students’ performance
history, “vary the instructional actions taken by the
program” [10, p.336]. Furthermore, the adaptive
instructional system can “modify itself automatically
as more students complete the course and their
response records identify defects in instructional
strategies” [10, p.336]. Through increasingly
integrating technologies into learning environments,
implementing an ALS in higher education allows not
only for the provision of the flexibility and autonomy
demanded by students but also for the
individualization of the ALS according to users’ needs
[23].
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Mentoring a large number of students is an
important  requirement of  higher  education
institutions. A mean to address this, is to integrate
ALSs into existing learning environments to provide
individual learning support for the students. Prior
research on adaptive learning technologies has
highlighted the opportunity to minimize the “negative
impacts of individual differences including
knowledge, social economic class, personal needs and
disabilities” [24, p.1891] using adaptive learning, for
example, in the form of intelligent tutoring systems.
[25] supports this argument explicitly for computer-
based adaptive learning. Scientific researchers also
analyzed the implementation of adaptive learning in
different settings, for example, at a university in
mathematics [26] and in high school classes [27].

While previous research has tried to investigate
first attempts at integrating adaptive learning into
TELEs and learning designs to improve learning
experience through individualization, our research is
interested in investigating how functionalities in
TELES can be divided into meaningful dimensions and
how they support adaptive learning in TELES.

3. Research method and process

To address the described research problem, we
first develop a taxonomy of TELEs’ functionalities
(Section 4.) and, second, a functionality taxonomy of
ALSs (Section 6.1.). We developed the taxonomies
according to the development method by Nickerson et
al. [1]. The method is widely accepted in information
systems research and is a structural rather than an ad
hoc development approach [28], consisting of seven
steps, which are illustrated in Figure 1.

The definition of the first two steps toward the
first taxonomy (determine meta-characteristic and
ending conditions, see Figure 1) has a great influence
on the resulting taxonomy, as other meta-
characteristics and ending conditions lead to
completely different results. Step 1 determines the
meta-characteristics and forms the basis for
successfully developing the taxonomy [1]. We chose
technological functionalities of TELEs as our meta-
characteristic. The potential users of our taxonomy are
researchers who analyze TELEs and ALSs, and design
environments in this field, as well as practitioners who
use functionalities in TELEs and want to design their
TELEs to support their students in adaptive learning.
The taxonomy supports the identification of
technologies and their functionalities to define which
dimensions are best suited to support adaptive learning
within their TELES. The purpose of our taxonomy is
to distinguish various dimensions in learning
technologies that enable adaptive learning, and to

propose a scientifically derived basis for the structured
implementation of adaptive learning in TELEs.

In step two, we specified the ending condition of
the iterative taxonomy development process. Various
options of objective and subjective ending conditions
exist. We chose “at least one object is classified under
every characteristics of every dimension adding no
new dimensions or characteristics in the last iteration”
[1, p.344]. Furthermore, we also chose to neither
merge nor split any dimensions or characteristics in
the last iteration, as these conditions avoid inefficient
iterations, with little to no improvements or additions
to the taxonomy.

1: Determine
meta-characteristics

2: Determine
ending conditions

Conceptual-to-empirical

4e:1dentify (new) subset
of objects

v

5e:Identify common
characteristics and group
objects

v v

6e: Group characteristics
into dit reate

6¢: Create (revise)
taxonomy

(revise) taxonomy

Figure 1. Taxonomy development method [1]

We decided first to use the conceptual-to-
empirical approach for step three. We, therefore,
conducted a literature search. For identifying
functionalities in TELEs, our search focused on
“functionalities of TELEs” and related search terms,
such as “technology enhanced learning.” We browsed
the EBSCOhost (Business Source Ultimate) database
and the Learning & Technology Library
(LearnTechLib) for peer reviewed full research
papers. We chose 2012 as starting date because
digitalization has led to rapid changes in
functionalities of learning technologies in the last
years. The results and their distribution of publication
dates highlight the increasing importance of
functionalities in scientific discussions. This very
broad starting point led to 62 results in the EBSCOhost
database and 382 results in the LearnTechLib.
Analyzing the recent research builds the basis for the
conceptual-to-empirical part of developing the
taxonomy [1].
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4. Developing the TELESs’ functionality
taxonomy

Within the seven iterations of conceptual-to-
empirical [1], we derived 11 functionalities from the
analyzed scientific research (Table 1) and reached the
previously defined ending condition. We searched all
previously identified papers for functionalities and
collected them first before clustering them. The
analysis showed that many papers only mention
functionalities but do not explain their exact
dimensions [e.g. 29]. The next iteration was, therefore,
used particularly to search for dimensions of the
functionalities identified in the previous iteration;
alternatively, we focused on identifying a term that fits
previously discovered dimensions. With the first
iteration, we identified seven functionalities: delivery,
responsiveness,  access, symmetry,  authority,
personalization, and adaptability [30]. Consequently,
in a second and third step, the functionalities were the
focus of the iterations. While we also identified four
of these functionalities in other research and retained
them in the taxonomy, we merged two of the
mentioned functionalities with other functionalities
and their dimensions. We did not specify one of those
functionalities in the taxonomy, since we could not
identify the concept and the underlying dimensions
appropriately in other research, and it was not defined
in other research we analyzed. Iterations four to six
brought up the other functionalities and their
dimensions. In the seventh iteration, we could not add
further functionalities or dimensions to the taxonomy,
which met the previously defined ending condition.

The iterations and synthesis led to the taxonomy given
in Table 1 below, consisting of eleven functionalities
sorted alphabetically and all derived through the
structured process of taxonomy development.

The functionality access ensures accessibility for
all learners [31] to the learning content within the
TELE. The dimension immediacy allows for instant
access through a web browser independent of the
laptop or device being used. Immediacy is related to
the second dimension compatibility. TELES should be
compatible with different operating systems of the
laptops or devices students use [32] and are, therefore,
accessible to all learners.

The functionality adaptability consists of a
variety of dimensions with sub-dimensions that result
in a more precise taxonomy especially for TELEs that
enable adaptive learning systems (see below). For this
more general taxonomy, we decided to follow [33]
with the differentiations in five consecutive levels.
The first level, basic automation, includes systems that
provide basic infrastructure and features, for example,
content management and calendar. Managed
automation is the second level, and is based on the first
level but includes additional features, such as data
collection “to improve efficiency and productivity”
[33, p.583f.]. The third level, predictive, provides
opportunities for monitoring and comparing students’
learning progress and allows the identification of
potential difficulties. The fourth level, adaptive, is
consistent with the explanations above in Section 2.2.
The fifth level, automation, goes beyond adaptivity
and refers to “fully integrated systems” enabling
enhanced “efficiencies, self-healing computer failures,
self-protection for security capabilities” [33, p.583f.].

Table 1. Taxonomy of functionalities in technology-enhanced learning environments

access immediacy compatibility
adaptability basic managed predictive adaptive autonomic
automation automation
communication formal informal peer-to-peer with instructor
community presence | teaching presence cognitive presence social presence
(%2}
= | delivery file based integrated web-based offline mobile
©
é perceived affordance | cognitive physical sensory functional
(&)
c
T | personalization application concepts ownership
service level synchronous asynchronous personalized training on the job
social networking like tools publishing sharing commenting
tools support online lectures and | support working in network support discipline-based
presentations working
usage administration activities interaction assessment
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Communication in TELEs can either be formal
or informal (especially relevant in combination with
the  social  networking  dimensions).  The
communication enabled in TELES might be restricted
to communication with the course instructors or with
other learners about the learning content [20], or offer
communication with both these user groups.
Communication is an important functionality of
TELEs, as teaching and learning are highly interactive.
The chosen characteristics must meet the individual
preferences of users (e.g. lecturers), but of course must
also be incorporated into the efficient and effective
design of TELEs. For practitioners and researchers,
the design of this functionality is therefore of great
importance.

The learner’s different community presences
date back to the constructivist learning theory that
highlights learning as a process [29]. Students working
together in TELEs as a community of learners can
share in teaching presence, cognitive presence, and
social presence [34]. “Cognitive presence is a vital
element in critical thinking, a process and outcome
that is frequently presented as the ostensible goal of all
higher education” [35, p.89]. Social presence enables
learners to participate in the community, showing their
individual personality, contributing their strength, and
working toward enhancing their personal weaknesses
concerning the learning contents. The dimension
teaching presence is a functionality mainly relevant to
the instructor of the courses, relating, for example, to
designing learning activities and assessments [35].

Analyzing the identified research papers revealed
a variety of different content delivery forms. TELEs
can be integrated directly, based on files uploaded in
the environment, web-based, offline content, and
mobile content allowing access to learning content in
handy formats [36]. Of course, more than one delivery
form can be integrated into TELEs and used in
parallel.

Another identified functionality is perceived
affordances. Affordances relate to design features that
support learners with solving their task. Different
researchers refer to four types of affordances:
cognitive, physical, sensory, and functional[37].
Cognitive affordance is “associated with the semantics
or meaning of user interface artefacts” [38, p.646]
such that the learners understand the TELEs’ design,
structure, and function. Physical affordance is a design
feature enabling learners to physically interact with the
interface artefacts. To illustrate a specific design
feature, we refer to providing adequate headings for
integrated artefacts. Sensory affordance refers to, for
example, seeing, hearing, or feeling something in the
TELE. Functional affordance is a “design feature that

helps users accomplish work” [38, p.648]. [39]
highlights the relevance of the affordances’ design
features for the development of an effective and
efficient TELE that implements technology to ensure
the design features reaching higher order learning and
understanding of the learning content.

Another  functionality = of  TELEs is
personalization. This functionality is important to
ensure students’ retention within the TELEs [32].
Personalization can be reached through the offer of
various applications, different concepts in parallel, and
“the ownership of devices personalized” for the
respective students [40, p.335].

TELEs differ according to the service level they
provide for the users: traditional, personalized, and
training on the job services [36]. Traditional learning
services are based on either synchronous or
asynchronous communication and service design, for
example, chats vs. forums, while personalized services
allow for providing individual learning support.
Training on the job focuses on the continuous
(individual) development for specifications and
qualifications relevant to the current or future job [36].

Social networking as a TELE’s functionality has
received special attention in education research in the
last couple of years [41, 42]. Like buttons afford the
possibility not only of publishing learning content
related posts but also of sharing other users’ content,
and can thus be “translated as a modern and
technically transmitted form of the affirmation of a
model — in terms of Social Learning Theory as
reinforcement” [42, p.1238]. In addition to these three
dimensions, the possibility of commenting on other
learners’ posts is highlighted [41]. For this reason,
commenting is added as another dimension of the
functionality social networking.

We derived the functionality tools distinguishing
different forms of tools in TELEs according to their
application area [43]: tools that support online lectures
and presentations, tools that enable collaboration in
networks, and discipline-based tools necessary for
teaching discipline founded on practical learning [43].

Four dimensions represent the functionality
usage: course administration [44], learning activities,
interaction with the instructor, and learning
assessment [30]. Many learning management
platforms, such as Moodle, are used as tools in
transferring and providing information and learning
content [44, 45]. Learning activities in TELEs are
carried out as different tasks published separately in
the learning environment, which result in low
adaptivity potential. Interaction with the instructors
also takes place in different kinds of activities.
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Table 2. Framework for taxonomy evaluation [46]

involvement subject has been involved in taxonomy building | subject has not been involved in taxonomy
S building
§ background academics practitioners
experience domain method
- type real-world about real-world
<
5] - - - - : :
£ | involvement object has been used in object has been used in taxonomy object has not been used in
= taxonomy building building and evolved since then taxonomy building
coverage exhaustive selective representative
approach quantitative qualitative
-
E method logical expert focus group illustrative Delphi action
argument | interview scenario technique research
log diary case study survey sorting experiment

Furthermore, the interaction with peers is an
important functionality of learning technologies in the
context of their use [30]. Integrating this dimension
into TELEs varies from chat rooms to discussion
boards and different collaboration tools [45].
Conducting and requesting assessments represent the
third possible means of using learning technologies in
TELEs [30, 45]. The above-mentioned four
dimensions are referred to learning design activities
[20], instead of referring to them by incorporating the
term “usage”. Other dimensions are assimilative,
finding and handling information, communication,
productive, experimental, interactive/adaptive, and
assessment [20].

5. Evaluating the functionality taxonomy

To rigorously evaluate conducted actions and
analyzed artefacts in information systems is highly
relevant in ensuring that the proposed problem is
actually solved in research [47]. Especially for
developed taxonomies, the often lacking evaluation
attracts criticism [46]. Szopinski et al. [46] understand
the first two steps of the taxonomy development as an
ex-ante evaluation, which ensures the objective ending
conditions for the development but also highlight the
lacking ex-post evaluation. Sorting is a validation
possibility that focuses on the taxonomy’ structure

[46]. We chose the sorting approach since it allows us
to review how the different dimensions are assigned to
the learning technologies. With the interrater
reliability, we calculate experts’ agreement regarding
sorting the dimensions with the functionalities [46].

A framework for evaluating taxonomies is
illustrated in Table 2 [46]. Four researchers who were
not involved in the taxonomy development process
and who are partly domain specific and partly familiar
with taxonomy development sorted our taxonomy.
The taxonomy of functionalities is a real-world object
evaluation. The object has not been used in the
taxonomy development and all dimensions of the
taxonomy were sorted according to the functionalities;
the coverage is therefore exhaustive. Furthermore, the
evaluation of the taxonomy was conducted
qualitatively based on sorting [46].

We provided the four sorting researchers with a
short description of the functionalities without any
reference to the relating dimensions. The researchers
were asked to fill out the table with the dimensions
belonging to the taxonomy of TELEs, using only the
functionality column. All the taxonomy’s dimensions
were provided in alphabetical order to ensure an
unrelated and independent list to be used for the
sorting process. Furthermore, we asked the researchers
to judge their own knowledge on developing
taxonomies, and on TELEs.

Table 3. Taxonomy of ALS functionalities in technology-enhanced learning environments

architecture layers data layer application layer interaction layer
consecutive levels basic managed predictive adaptive autonomic
automation automation

data underlying
learner profile

registration data

Functionalities

test activity data

learning process data | miscellaneous

underlying system decision support systems

cloud computing

learning management system
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The researchers sorted 92.68%, 85.37%, 80.49%
und 75.61% of the 41 dimensions (see Tablel) to the
correct functionality. During the evaluation, we
established that basic knowledge of TELEs simplifies
the dimension sorting, whereas the high number of
dimensions and functionalities in our case makes
sorting more difficult.

6. Functionalities of ALSs

With the first taxonomy, we introduce the
different dimensions of functionalities in TELEs,
which was an important step for further focusing on
developing another taxonomy that specifies
functionalities of ALSs. New functionalities in TELEs
emerge, such as the possibility to integrate ALSs
“accommodat[ing] the wide variety of personal,
cultural and disciplinary diversity that defines quality
teaching and learning” [48, p.15]. Again, following
Nickerson et al.’s [1] steps, we pursued four iterations
of the conceptual-to-empirical approach. The search
for research papers to inform this second taxonomy is
again based on EBSCOhost and LearnTechLib, and
also on the AISel database. We added the latter
database since the functionalities of ALSs are more
specific, and only a few results could be obtained in
the literature search (EBSCOhost returned zero papers
with different search queries, LearnTechLib returned
six papers, and AlSel returned eight papers). In total,
we identified four ALS functionalities illustrated in
Table 3 above.

6.1. Taxonomy of ALS functionalities

The first functionality is architecture layers. The
architecture of ALSs comprises three layers: the data,
the application, and the interaction layer. The data
layer stores information about the learners. This can be
the properties of the learners but also the learning
progress. The application layer includes all
components that process the learning material. The
interaction layer includes the learners’ and instructors’
graphical user interface and the visualization [15].

The functionality consecutive levels is adapted
from the functionality adaptivity of TELESs, which has
been explained above and follows [33]. The levels
describe the development path and process from basic
automation to full autonomy of the underlying TELEs
for students. The autonomy to decide what, when, how
and where to learn is only possible within certain
predetermined areas. For example, the curriculum and
thematic focus are predetermined and students can
only influence these areas to a certain extent, even with
"full autonomy"'.

“Learning analytics [...] is the central component
of an adaptive learning system as it collects and
analyzes user data on a real-time basis” [49, p.3], and
thus the underlying learner profile is another relevant
functionality. In the analyzed literature, we identified
different sources of data: registration data, test activity
data, and learning process data [50]. [51, p.125] name
exemplified specifications that are relevant for ALSs,
such as “personal context, knowledge, experience,
interests, preferences, goals, needs, intentions,
physical and psychological state, location, and other
information.” The dimensions of these functionalities
are not complete, as they depend strongly on not only
the underlying system used to implement ALSs in
TELEs but also on the available data.

Another functionality identified in the literature is
the underlying system. An ALS based on a decision-
support system “ recommends adaptive learning paths
personalized to particular learners” [50, p.50]. Based
on user data, the recommendations are presented to
learners according to their previous success in
assessments or other tasks. [52] focuses on adaptive
learning on mobile devices, which is based on using
cloud computing. Cloud storage makes content and
access to learning options possible anytime and
anywhere,  which  ensures  around-the-clock
availability [50]. Learning management systems offer
another chance for integrating ALSs into TELEs.

6.2. Research opportunities

As the low number of scientific publications
already indicated, research on functionalities,
especially on ALSs, is capable of further development
and improvement. We identified several opportunities
that will profit from more research, also in the form of
case studies or field studies conducted by academics
as well as practitioners.

The first research opportunity (RO1) relates to the
consecutive levels. Practitioners (e.g. lecturers,
teachers, technical support and developer of TELES
and ALSs) particularly, would profit from a process
model to better understand and enhance the change
process toward full autonomy in learning
opportunities. In addition, instructions for action could
help shape the process in a targeted manner and best
practices could also support the modification of
specific underlying systems.

RO1: Researchers and practitioners should
develop process models, for example, based on the
consecutive levels supporting the effective integration
of ALSs into TELEs.

As already indicated above, different underlying
data sets with information on learners are important
for ALS use relating to the second research
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opportunity: Country-specific studies are especially
conceivable, since the data (mining) that are available
and legally usable for learning analytics depend on the
country-specific requirements.

RO2: Researchers and practitioners should
analyze and discuss country-specific circumstances
concerning the data underlying ALS and resulting
effects on ALS usage and implementation.

RO3 refers to the underlying system. With the
decreasing costs of technology, the spread of
technologies increases and allows for their integration
into the learning context. Mobile learning
opportunities for adaptive learning may lead to cost
reduction, mobile technologies’ increased
accessibility in the learning context, and such
technologies becoming increasingly integrated into the
learning environment increase the potential of
innovation, such as augmented reality, for ALSs [52].

RO3: Researchers and practitioners should not
only test and evaluate new technological
developments in ALS but also exchange studies and
best practices with other scientists and teachers.

Of course, the taxonomy itself also requires
further research and provides opportunities for adding
more functionalities that could be identified while
interviewing ALS experts or using the dolphin method
that allows the experts to actively contribute to the
enhancements. Developing design features of
functionalities could support ALS implementation in
TELEs to enable the offers of personalization in
accordance with students’ characteristics.

RO4: Researchers and practitioners should
discuss and develop the functionalities and dimensions
to enhance knowledge about ALS functionalities.

7. Discussion and outlook

Developing a taxonomy of functionalities in
TELEs as a first step, we proposed a fundamental
taxonomy. After a structured evaluation using sorting,
we introduced a second taxonomy specifically for
ALSs as part of TELEs, which supports the structural
design for the ALS functionalities. Nickerson et al.’s
[1] method is widely accepted for taxonomy
development in information systems [e.g. 46]. The
addition of further dimensions to our taxonomy is
possible if “new types of object appear” [1, p.341],
which, for a start, could be explored in the second
taxonomy development. While the first taxonomy was
developed very broadly for TELEs, functionalities of
ALSs in TELEs are rather specific and, therefore, the
fundamental taxonomy is adaptable and extendable to
other contexts and applications.

The paper deals with the research challenge of
identifying functionalities of TELEs and associated

ALSs, which enhance the learning experience on an
individual level. We extended the knowledge about
TELEs, ALSs, and their functionalities as it is of
increasing importance to universities, researchers, and
practitioners. With our research, we contribute to the
research of giving a descriptive and structured
investigation of the functionalities.

We contribute to the body of knowledge by
supporting researchers and practitioners identify the
different functionalities and their dimensions. Such
support has an impact on their design decisions and
stimulate testing different functionalities in TELEs for
their specific learning content. In addition, we support
learning and teaching in TELEs with our structured
analysis and taxonomy development, particularly in
this turbulent and challenging time of the coronavirus
crisis. Many courses have to be held in TELEs and
have to be implemented within a very short time
frame. In the future, our structuring can support this.

Furthermore, with the two taxonomies, we
contribute to the investigation of existing TELES and
ALSs by identifying and developing new approaches,
designs and application of these concepts not only in
higher education but also in other learning settings.
Practitioners may use the taxonomies to compare their
own design initiatives with other concepts, while the
taxonomies can be used as a conceptual basis and first
step for theorizing. In the future we indent to develop
a design theory for the integration of ALSs in TELEs.

There are thus opportunities for fellow
researchers to examine application possibilities of
TELEs and especially ALSs, as well as their
functionalities for specific learning content in
(already) implemented and running learning
(management) systems. Another means of addressing
this research topic scientifically is to conduct a survey,
targeting students who study at a distance learning
university, on a variety of integrated functionalities in
their TELEs. For the medium-term future, it could
then be possible to integrate recommendation systems
into TELE, which propose individual learning
opportunities that optimize university learning with
the help of various functionalities. Other aspects,
which require further investigation to enable the
effective use of these possibilities in TELES, are the
currently valid legal conditions and examination
regulations. These conditions and regulations might
require further development to offer such digital
learning opportunities in a legally secure manner [53].

Finally, our paper has a number of shortcomings
that could be addressed in further research. The first
concerns our research design. Having limited
ourselves to certain selected databases excludes
possible additional research from being identified as
relevant for the taxonomies. The second concerns the
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use of a different evaluation method, which will allow
discussions with TELE researchers. The use of a
different evaluation method could possibly also lead to
a higher quality feedback and further modifications or
clarifications between dimensions, which could be
achieved, for example, by a Delphi approach.
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