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Abstract

The fast-paced acceleration of digitalization
requires extensive re-&upskilling, impacting a
significant proportion of jobs worldwide. Technology-
mediated  learning  platforms  have  become
instrumental in addressing these efforts, as they can
analyze platform data to provide personalized
learning journeys. Such personalization is expected to
increase employees’ empowerment, job satisfaction,
and learning outcomes. However, the challenge lies in
efficiently deploying these opportunities using novel
technologies, prompting questions about the design
and analysis of generating personalized learning
paths in organizational learning. We, therefore,
analyze and classify recent research on personalized
learning paths into four major concepts (learning
context, data, interface, and adaptation) with ten
dimensions and 34 characteristics. Six expert
interviews validate the taxonomy’s use and outline
three exemplary use cases, undermining its feasibility.
Information Systems researchers can use our
taxonomy to develop theoretical models to study the
effectiveness of personalized learning paths in intra-
organizational re-&upskilling.

Keywords: personalized learning, re-&upskilling,
skill profile, learning paths, large language models

1. Introduction

Digitalization is creating new opportunities and
challenges for re-&upskilling within organizations. As
the OECD (2018) indicated, a massive demand for re-
&upskilling could impact one-third of jobs globally,
expanding the share of adult learners. Accelerated
through the Covid-19 pandemic, online learning has
emerged as the new standard, consequently amplifying
the application and relevance of technology-mediated
learning (TML) (Gupta & Bostrom, 2009). For
instance, massive open online courses (MOOCs) used
in the work context are rising, as they offer flexible
learning hours and are widely accessible (Seaman et
al., 2018).
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However, dropout rates in online learning
academies and MOOCS remain high, reaching up to
90% (Zhang et al., 2021). An eminently plausible
rationale for this phenomenon resides in the
indispensability of personalization within the design
of such platforms. As affirmed by constructivist
learning theories, learners require individual tutoring
based on their experiences to acquire knowledge,
thereby facilitating effective learning outcomes
(Vygotsky, 1980).

Information technology offers new possibilities
for re-&upskilling (Ritz et al., 2023), laying a
foundation to attend idiosyncratic requirements and
provide personalized learning paths in TML (Brinton
et al., 2015). In this context, a learning path refers to a
sequence of learning activities that help learners
increase their knowledge and skills (Muhammad et al.,
2016). The orchestration of personalized learning
paths are facilitated by path-planning algorithms
(Shou et al., 2020) and holds promise to increase
learners’ achievements, learning efficacy, intrinsic
activation and motivation (Govindarajan et al., 2016).
Organizational learning academies and MOOC
platforms like Coursera, or Udacity offer excellent
potential for personalization, owing to the availability
of data that can be leveraged to tailor learning paths
(Kabudi et al., 2021). Their pertinence is particularly
conspicuous in the context of re-& upskilling, offering
individuals distant from formal learning augmented
guidance (Illanes et al., 2018), and reducing dropout
rates while enhancing employee learning outcomes
(Daradoumis et al., 2013).

However, despite the considerable potential of
personalized learning paths, there is a great variety of
methods for the generation for personalized learning
paths (Raj & Renumol, 2022) and a paucity of
guidance on how to design such personalized learning
paths for the use in re-& upskilling. Thus, we pose the
following research question (RQ): What are design
characteristics for using data to personalize learning
paths in re-&upskilling contexts?

We chose taxonomy development as our method
to answer the research question (Kundisch et al.,



2022). Taxonomies can be a relevant input for
developing theories (livari, 2007) and help to
understanding a complex object of interest (Glass &
Vessey, 1995). Due to the diversity of methods for
facilitating personalized learning paths and the need
for characterization and classification (Raj &
Renumol, 2022), we follow the taxonomy
development process by Nickerson et al. (2013) and
conducted a structured literature analysis. We
analyzed 35 papers in depth and classified them into
four major concepts (learning context, data, interface,
and adaptation). Next, we applied our taxonomy on
three use cases with different personalization methods
to prove its feasibility and eclaborate how these
methods can benefit employees and organizations,
including (1) large language models, (2) knowledge
tracing, and (3) CV and interest-based
recommendations.  Information  systems  (IS)
researchers can use our taxonomy to develop
theoretical models for studying the effectiveness of
personalized learning paths in organizations. The use
cases serve as a guide to designing and implementing
personalized learning paths and offer new insights and
methods on tackling the organizational challenge of
re-&upskilling at scale.

2. Theoretical Background

2.1 Design of Personalized Learning
Paths

A learning path consists of different courses with
learning objects, which are sequenced to help learners
achieve goals, such as learning a new skill (Nabizadeh
et al., 2020). Learning objects, reusable for specific
goals, combine into instructional formats like courses
(Dharshini et al., 2015), shown in Figure 1. The
pedagogical learning design is the domain of
instructional designers, which aims to improve
learning outcomes (Reigeluth, 1999). The pedagogical
design of personalized paths can guide learners during
their journey to achieve their learning goals (Vanitha
et al., 2019). Two essential instructional design
disciplines must be considered when designing
adaptable learning paths: learning object design and
sequencing theory.

Learning path @ @

Course Course Course
Learning Learning Learning Learning Learning
object object object object object

Figure 1. Course Structure

Regarding learning object design, Mowat (2007)
argues that these must be non-sequential, self-
contained and aim at a particular learning goal. There
are many methodological approaches to sequence
learning objects (Raj & Renumol, 2022). For instance,
Wiley (2002) proposes a differentiation of sequencing
based on a transforming or conforming learning type.
While transforming learners receive multiple access to
the material but no step-by-step instruction,
conforming learners get general access and linear
representations, but self-directed learning is avoided
(Wiley, 2002). A requirement for personalizing
learning paths is the representation and storage of
learning objects. Adapting learning resources requires
representing the whole library of learning objects and
the conceptual relationships between these learning
objects (Hwang et al., 2010).

As the deployment of TML continues to
proliferate within organizational realms, there are new
ways of personalizing learning paths by facilitating a
selection, adaptation, and recommendation of learning
objects. The technical personalization of learning
paths encompasses four stages: (1) user data is
collected within a TML system, (2) the system
identifies and curates suitable learning objects for the
individual, (3) the system arranges learning objects,
adhering to guiding principles, and (4) the systems
recommendation of the sequenced arrangement of
learning objects, i.e., the learning path.

Nowadays,  Artificial  Intelligence  (Al)
applications are often implemented, affording an
expanded terrain for the implementation of
personalized learning trajectories. Al, as noted by
Berente et al. (2021), represents the forefront of
computational advancement, simulating human
intellect to tackle diverse decision-making challenges.
While the role of traditional TML systems was
primarily to augment human instructors, Al-based
learning systems are able to act autonomously and take
over the role of track knowledge and adapt the
learners’ process (Abdelrahman et al., 2023). For
example, Al applications can incorporate motivation
levels and identify strategies (e.g., gamification) that
boost and maintain motivation by incorporating
engaging topics and interactive elements (Schobel &
Séllner, 2016). Similarly, the AI can analyze
performance to track progress in skill development.
Using this data, the Al applications can recommend
appropriate learning materials and adjust the pace of
learning, ensuring skill improvement over time.

However, research contributions expose different
methods, algorithms, conceptual approaches,
technological implementations, and wuser data
parameters to personalize learning paths. Relevant
work of Govindarajan et al. (2016) reveals that the



effectiveness of learning can be increased when
selecting and recommending content based on the
learner’s prior knowledge. Dharshini et al. (2015)
propose a competence-based approach to sequence
learning objects in e-learning, whereas Anselmi et al.
(2021) rely on a skill-based model to store and arrange
learning objects. Further, there is a variety of data
input parameters ranging from learning data to
personalize learning paths, including data about user’s
personality, knowledge background, and learning
goals (Muhammad et al., 2016). Nevertheless, it lacks
a clear overview of design characteristics of
personalized learning paths in the context of re-
&upskilling (Raj & Renumol, 2022).

2.2. Technology-Mediated Re-&Upskilling

To provide a solid understanding of how
personalized learning paths are embedded in the re-
&upskilling process, we examine TML as an
overarching concept and outline the context of re-
&upskilling in organizations. TML is anchored in IS
and examines how information technology can be used
for education (Janson et al., 2020). It is defined as “an
environment in which the learner’s interactions with
learning materials, peers, and/ or instructors are
mediated through advanced information technology”
(Alavi & Leidner, 2001, p. 2).

In the contemporary workforce, continuous skill
enhancement is imperative. Accordingly, upskilling
pertains to acquiring new skills relevant to one’s
current job. In contrast, reskilling refers to the
acquisition of knowledge and skills to transition into
different or novel positions (Li, 2022). Technology-
mediated re-&upskilling is particularly crucial due to
the rapid evolution of skills, driven by motivations like
enhanced employability, career advancement, and
adaptability in dynamic job markets. Accordingly, it is
one of the organizations’ significant challenges to
develop suitable re-&upskilling initiatives that
encourage employees. However, organizations
struggle to respond to the learning needs of the
individual (Illanes et al., 2018). In that vein, TML
offers tremendous potential and can involve online
courses, immersive training sessions, interactive
virtual reality simulations, or even access to learning
materials and training programs online (Xie et al.,
2017).

Online learning platforms collect lots of data
about the learning process, including learners’
utilization of course materials, system access
frequency and duration, and video consumption
patterns. This data can be leveraged to develop tailored
and personalized learning experiences for individual
learners, fostering greater interactivity (Brinton et al.,

2015). Given that adult learners are often self-directed,
they still require professional assistance and social
support to fulfill their re-&upskilling goals (Goldi &
Rietsche, 2023; Knowles, 1990). The effectiveness of
TML heavily relies on the support provided to learners
and the instructional design (Bell et al., 2017). In order
to tackle this challenge, learning platforms aim to
comprise fully personalized learning experiences for
the user (Ritz & Griineke, 2022). Further, intelligent
tutoring systems operate interactively and can
personalize tasks fitting personal requirements,
characteristics, and pace of learning (Anselmi et al.,
2021).

3. Research Method

Our goal was to classify design dimensions and
characteristics of personalized learning paths.
Therefore, we used the method of Nickerson et al.
(2013) for our taxonomy’s rigorous development and
evaluation process. The meta-characteristic for the
taxonomy is to systematically identify design, method,
and analysis characteristics for personalizing learning
paths. Further, we conducted an empirical-to-
conceptual approach to include a broad empirical
foundation and then moved on to conceptual-to-
empirical iterations. As shown in Figure 2, four
iterations were required to develop a first version of
our taxonomy.

Empirical-to Conceptual Approach. Herein, we
comprehensively examined personalized learning
paths through a structured literature review. Following
the approach of Webster and Watson (2002) and vom
Brocke et al. (2015), we initiated a search involving
AlSel, IEEE Xplore, and Science Direct as databases
to include input from IS, technical engineering, and
pedagogical perspectives. Our search encompassed
journals since 2010 and a keyword-based search was
conducted to grasp relevant contributions. Therefore,
we identified different keywords used to describe the
personalization of learning processes. This resulted in
the following search terms: (“individualized” OR
“individualization” OR  “personalized” OR
“personalization” AND “learning path”). The initial
search led to 555 articles. We then applied inclusion
criteria by screening titles and abstracts and scoring
the articles for relevance in alignment with the
research question. The scoring ranged from “low”
(1=not connected to research question) to ‘“high”
(4=clear connection to research question). Only 71
articles, scored four were included. After full-text
screening, we excluded 39 articles not being
thematically relevant. A backward and forward search
enriched the article set, culminating in 35 research
contributions, as displayed in Table 1.



Table 1. Literature Review Process

Data bases Initial After title/  After full-

set abstract text
screening  screening

AlSeL 3 2 1

IEEE Xplore 317 21 5

Science Direct 236 49 27

Total 556 72 33

For- & 2

backward search

Final article set 35

We coded all articles using the software Atlas.ti
to inductively find shared design characteristics. In our
preliminary results, we derived a list of 34
characteristics in alignment with our meta-
characteristic. Then, we iteratively classified the
characteristics and identified dimensions with
selective coding techniques. The procedure was
repeated iteratively, where one author compared and
associated characteristics and discussed results with
another author. To identify when to end, we defined
the following four objective ending conditions. First,
all identified papers in the literature review have been
examined and categorized. Second, at least one object
is categorized under each dimensions’ characteristic.
Third, no dimension or characteristic was added,
merged, and split in the most recent iteration. Fourth,
all characteristics and dimensions are differentiable.

Then, we conducted semi-structured interviews
with six experts (E) for the evaluation of our ending
conditions. El is a serial entrepreneur of
organizational learning platforms, E2 is a professor
and co-founder of an intelligent writing systems, E3 is
founder of an organizational learning platform in the
construction industry, E4 is CEO of a learning
analytics platform, E5 is senior researcher in the field
of organizational Al management, and E6 is a senior
researcher in the field of conversational agents. We
applied the guidelines of Myers and Newman (2007)
for qualitative interviews and conducted expert
sampling to select interviewees (Bhattacherjee, 2012).
Within the interview, we asked open-ended questions
to grasp relevant characteristics of learning paths, e.g.,
“how would you imagine your optimal learning path
when learning a new skill on a learning platform and
which design elements are important?”. Afterwards,
we let experts evaluate the taxonomy regarding the
five subjective ending conditions by Nickerson et al.
(2013) concise, robust, comprehensive, extendible,
and explanatory (e.g., “are all dimensions and their
characteristics clear and unambiguous?”’). Hence, we
questioned about future research and the taxonomy’s
applicability. The interviews lasted on average 32
minutes. We then consolidated the interview
statements using transcripts and evaluation criteria.

Conceptual-to-empirical approach. We
iteratively enhanced the taxonomy through expert
insights and evaluation outcomes. New dimensions
emerged, influenced by expert perspectives, and
integrated theories. Figure 2 illustrates taxonomy
changes post-evaluation. Revisiting the initial
classification and verifying end conditions, the authors
ensured rigor. Employing an empirical approach, the
finalized taxonomy emerged as concise, robust,
comprehensive, extensible, and explanatory. The
conclusive taxonomy is presented in the fourth
chapter.
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Figure 2. Taxonomy Development Iterations
4. Results

4.1. Taxonomy

This section presents the revised and consolidated
version of the taxonomy. The unit of analysis for the
taxonomy development was a single learning path
system  application. The  proposed  design
characteristics can be categorized into four main
groups: learning context, data, interface, and
adaptation. Learning context pertains the purpose and
type of knowledge acquisition. Data refers to the
sources required for implementing personalization.
Interface contains dimensions for user experience and
front-end design. Lastly, adaption relates to the
methods and output of the personalization.

The cluster “learning context”, distinguishes
between knowledge creation (learning something
new), knowledge retention (preserving learned
content), and knowledge transfer (applying learned
content practically) (Argote et al., 2003). Although
companies often state that transfer is the most
important part (Argote et al., 2003), we argue that all
three parts are equally important for a holistic re-
&upskilling process. The instructors’ influence
defines if the instructor can change the learning path
planning. A hybrid setting indicates that the instructor
controls the learning resources and objects while an
automated setting means no influence the learner’s



progress. We further identified that different
knowledge outcomes should be considered within the
path sequencing. Following coding and re-iteration,
Krathwohl’s (2002) framework differentiates four
knowledge types: factual (involving basic elements
like terminologies), conceptual (encompassing topic
Characteristics
Knowledge creation

Dimensions
Purpose

Knowledge retention

what my previous competencies are [...] and then on
that basis the system suggests learning content to me
[...].” Assessments are used in all stages of the
learning paths, including pre-, during-, and post-
assessments (Meng et al., 2021). However, pre-
assessments are the most prominent approach to

Knowledge transfer
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[Adaptation

Course

Learning object

Figure 3. Design characteristics of personalized learning paths

relations and contextual embedding), procedural
(pertaining to subject-specific skills and methods), and
metacognitive  (impacting  self-awareness  and
cognition knowledge). We recognized different
learning objects, which shed light on the display of
learning content. Most application cases included
learning videos (Dharshini et al., 2015), texts (Brinton
et al,, 2015), or graphics (Anselmi et al., 2021).
Further, reference links, navigating to other
explanatory websites or reading material can be used.
Exercises are also contributing to problem-solving
activities and skill development (Anselmi et al., 2021).

The data cluster describes the learning data types
used to facilitate path personalization. First, CVs and
resumes serve as comprehensive documents that
summarize an individual's educational background,
work experience, and career goal information. This
data can help to consider learners’ motivations,
enabling algorithms to incorporate relevant content
and is already used to personalize career planning
(Guo et al., 2016). Skill data grounds on already
acquired skills, so that employees can be suggested
suitable upskilling materials to enhance their skill set
(Gugnani & Misra, 2020). The relevance of this input
was highlighted by E3 who mentioned his
organization introduced employee skill profiles and
plans to accordingly provide individual, digital re-
&upskilling training. Assessment is one of the most
applied data sources to detect the learner’s current
knowledge level. Xie et al. (2017) confirm that taking
learner’s prior knowledge into account is significantly
more effective than a randomly sequenced path. In that
vein, E2 mentioned that “/ would actually like to be
asked at the beginning what I might already know,

determining the learner’s knowledge level (Lin et al.,
2013). Next characteristic is learner interest data,
where the learning path is adapted to learning habits,
schedule, or satisfaction. Azan et al. (2019) collect
feedback on learners’ current satisfaction or cognitive
complexity after finishing the adapted path. E3
additionally highlights that this should include general
interest regarding a topic and current motivation.
Behavior data can be collected within the TML
environment and analyzed to adapt the learning
process. This includes the viewing behavior of the
learner (Brinton et al., 2015) or the employee’s
motivational attitude (Dietrich et al., 2021). In this
context, E3 raised the huge opportunity of tracking
emotions through sentiment analysis and determining
the current motivation level as a data input for
personalization.

The interface cluster describes dimensions of the
user experience in the TML systems. The cluster
includes two dimensions interface type and control of
adaptation. There are different types of interfaces to
provide the navigation of personalized learning paths,
including web-based, mobile-based, and mixed
interfaces. These interfaces also determine which data
can be collected for personalization. Brinton et al.
(2015), for instance, use a mobile-based application to
collect sensor data, e.g., when was the last user touch
and activity during the learning process, the device
angle, or device movement. The majority of learning
paths use a web-based interface to personalize the
learning process (van Seters et al., 2012). Web-based
interfaces are often used to provide personalized
learning content on MOOC:s. A third characteristic is
the combination of web- and mobile-based navigation,



which can increase the usability for learners, and it
helps educational designers to collect a greater variety
of data. The dimension control of adaptation describes
if the learner can intervene within the proposed
learning paths. According to the self-regulated
learning theory developed by Zimmerman learners
should apply their metacognitive abilities to gaining
academic skills (Zimmerman, 1990). He further
argues that self-regulation of learners can increase
their self-efficacy. In alignment with this theory, E2
proposed the locus of control dimension. In this
context, the design of the learning path can also be
differentiated. One characteristic is self-directed
adaptation, indicating that learners can adapt the
proposed learning paths to their needs and determine
the degree of adaptation (Ritz, et al., 2023). Other
applications propose that the path is adapted
autonomously for the learner, e.g., to ensure that the
learner still reaches the individual learning goal.

The last cluster of dimensions describes the
technical design and adaptation for personalization.
The cluster contains three dimensions, the adaptation
method, recommendation method, and level of
personalized learning path. We identified different
adaptation methods used to select suitable learning
objects and sequence them accordingly. The first
characteristic, evolutionary algorithms, are heuristic
search methods to solve complex problems. In the
learning path planning context, a population of
possible learning objects is first created based on the
data input of the learner, then learning objects are
scored to find the most suitable. Applications used in
research designs are genetic algorithms, ant colony
optimization, or partical swarm optimization
(Christudas et al., 2018). Reinforcement learning is a
sub-field of machine learning, in which the intelligent
agent aims to take direct actions within a system to
maximize a numerical performance measure.
Reinforcement learning optimizes the allocation of
learning objects to maximize learning gains (Bassen et
al., 2020). Large Language models are of high
importance for personalization of text classification
and generation tasks (Salemi et al., 2023). For
personalizing the outputs of the language model, a
simple approach is to integrate the user profile directly
into the language model prompt. The mixed
characteristic combines all methods to facilitate an
adapted learning path. There are two general types of
recommendation methods. Course generation is a
recommendation that cannot be changed based on the
learner’s  performance and  behavior  data.
Consequently, the entire learning path or course is
recommended as a whole (Nabizadeh et al., 2020). A
course sequencing approach enables to incorporate
real-time feedback of the learner in the TML system

learner and adapts the path step-by-step (Bhattacharjee
et al., 2018). According to E2, course sequencing is of
major importance as it enables to “respond optimally
to the needs of the learner”.

The level of personalized learning path can be
either a process, proposing that learners aim to acquire
new knowledge or a particular skill, a course which
can be part of such a large learning process or a
learning object (see section 2).

4.1.Use Case Applications

To provide further guidance and evidence of the
taxonomies’ feasibility, we present three exemplary
use cases relying on case study evaluation practices
(Yin, 2013). Within these cases, we undertake an in-
depth examination, each underscored by different
personalization methods. The use cases have been
discussed as part of reviewed research papers and are
informed by the expert interviews. Thereby, we aim to
increase the applicability of our taxonomy.

Use Case 1: Large Language Models to Design
Personalized Course Recommendation

In this use case, large language models are used to
provide personal course recommendations in form of
reference links. Learners have full responsibility to use
such models and can influence the given outcomes
according to their preferences. When they provide
prompts, they can actively shape the outcomes. The
goal of this use case is to get targeted re-&upskilling
courses for the learner that are tailored to what the
learner aims to get skilled in, or to their current
knowledge level. Regarding the benefits for
organizations, research has shown that one major
reason for employee turnover is lacking educational
re-&upskilling opportunities (Mitchell et al., 2001). In
that case, it might be beneficial for organizations to
provide sufficient in-house programs, but also external
development possibilities. Such an application can
empower employees to think about future career
aspirations and interests and thus, can lead to increased
employee satisfaction and retention. Current
organizational challenges include, that the use of such
technology is completely self-directed and employee-
driven, wherefore employees require underlying
knowledge in prompt engineering so that they get
accurate recommendations that fit their needs. At the
same time, organizational may have difficulties in
evaluating the courses and conducting quality
assessment before an employee starts a recommended
course. Requirements for successful implementation
comprise solid prompt engineering skills of
employees, as well as a comprehensive library of
training courses that can be evaluated according to



their suitability for an individual. E1 mentioned
additionally that “instead of telling learners that a
certain course would benefit them, they must first
experience at first hand why they learn to create a
sense of relevance for them”. A successful example for
this use case is the study of Bahja et al. (2023), who
developed a CV-based recommendation systems that
parses resume to extract the pieces of information,
sends these extracts to a classifier model to classify
into categories and then displays top courses suitable
to the CV data. Through the integration of OpenAl’s
ChatGPT via API, employees have the chance to ask
questions about the recommended courses.

Use Case 2: Knowledge Tracing to Design
Personalized Re-&Upskilling Learning Paths

Bayesian Knowledge tracing is one method of
adapting learning objects to the individual. It is the
algorithmic task of modeling learners’ latent
knowledge state as a set of binary variables (e.g., when
answering a knowledge assessment right or wrong)
over time (Piech et al, 2015). Based on these
variables, the model can estimate the probability of
learning a new skill in future interactions (Yudelson et
al., 2013). One main purpose is knowledge retention
and therefore focusses on assessing and monitoring
knowledge. This allows learners to reach
metacognitive knowledge outcomes. As knowledge
retention is a major component for knowledge
management and organizational success (Levy, 2011),
this use case can benefit organizations by
implementing strategies that ensure that employees
retain the knowledge they learned earlier during their
trainings. E2 stated that the use of such a system could
improve the attention of learners: “if you have eight
hours of content, but part of it doesn’t interest me, 1
will kind of diminish my attention and then I maybe
miss interesting things I didn’t know yet”. Challenges
of this approach include that knowledge tracing as a
method yields at mastery learning, meaning that
learners work on similar questions until they can
answer everything right. At the same time, employees
cannot control the personalized assessments as this is
solely designed by learning managers of the
organizations. Requirements for a successful
implementation requires small-scale assessments
aiming to assess the current knowledge for a certain
skill, as well as integrated knowledge tracing
algorithms. A successful example for this use case is
the study of Piech et al. (2015), which applies a deep
knowledge tracing to model the learning of an
employee or students. Their approach allows not only
the tracking of multiple-choice question answers but
can capture more complex representations of learners’
knowledge. One application was mentioned by E4

refers to genetic algorithms for personalizing quizzes:
“There are evolutionary algorithms where the genetic
algorithm tries to perceive sequencing so that different
suitable sections are selected from a capacitor”.

Use Case 3: CV- and Interest-Based
Recommendations on LinkedIn Learning

LinkedIn Learning (LiL) is a learning service
embedded in LinkedIn, a leading social networking
platform (Healy et al., 2023). LiL offers 15,000
MOOCs on workplace skills (LinkedIn, 2023). After
completion, the certificates are integrated into
learners’ profiles. Referring to our taxonomy, LiL
aims to create knowledge by offering courses and
learning paths for its users. The courses are managed
by the learner. LiL educates on factual, conceptual,
and metacognitive levels and refers to several media
types depending on courses or learning paths. It
utilizes an online CV and interest data to offer
personalized content to professionals. Lil. provides
tailored recommendations for relevant courses and
learning paths by leveraging user-generated data and
machine learning algorithms (LinkedIn, 2023).
However, the exact adaptation method remains
company internal. Such an approach can benefit for
organizations as such recommendations on LiL in the
work contexts might help employees to identify
current skill gaps for their job position and pursue
targeted learning opportunities, leading to improved
performance without extra efforts by the organization.
This was also highlighted by E3, who states that we
may face be a lack of educators in the future and
should depend more on external learning platforms for
re-& upskilling. Challenges for implementing CV-
based recommendations include that accurate
assessment methods are required. Moreover, the
quality and relevance of course content needs to be
ensured. Data privacy and security are important
considerations when using an external service and
especially by using user data for recommendations.
Requirements for successful implementation are robust
data, a comprehensive library of high-quality learning
resources, and machine learning algorithms for
accurate recommendations. Success Criteria are
increased user engagement, higher completion rates,
and improved alignment of employee skills with
organizational needs.

5. Discussion and Conclusion

Al-based TML systems enable the collection and
analysis of vast amounts of personal data for the
adaption of learning paths based on the learner’s
characteristics. However, it lacks guidance on how to
design and embed the personalized learning path



within TML environments. In our study, we analyzed
35 research papers in-depth and followed a rigorous
taxonomy development process to classify design
characteristics of personalized learning paths. The
final iteration of our evaluated taxonomy includes ten
dimensions and 34 characteristics. While iterating and
evaluating the taxonomy, we observed several re-
occurring combinations of design characteristics. For
instance, the use of behavior data as input and
facilitation of a dynamic recommendation appeared
frequently in learning path adaptation applications.
Further, the characteristic of self-directed adaptation,
which enables learners to control their learning paths,
is particularly taking place in re-&upskilling (e.g.,
Morris & Rohs, 2021). Learning path personalization
provides enormous opportunities on an individual and
organizational level. These include, for example, the
support of employees with disabilities or personalized
interventions, such as the stimulation of learners to
counteract negative learning behavior (Capuano &
Toti, 2019). As the taxonomy outlines, the
effectiveness of the learning path still depends on the
moderating effects that influence the quality of
learning objects, e.g., the structure of a learning object
or the implementation of videos as learning objects. E1
added that they only adopt the personalization of
learning paths if the path is embedded in a bigger
context (e.g., learning a new skill for career planning)
(Bauman & Tuzhilin, 2018). However, the design and
embedding of such TML systems within the
organizations require high ethical standards, for
instance, the possibility of evaluating learning
performance data solely on the team but not on
individual employee level (Azan et al., 2019).

Our research contributes to the academic
discourse by consolidating state-of-the-art knowledge
on personalized learning processes facilitated through
IS. Our research aims to support organizations facing
re-&upskilling demands in professional contexts by
showing personalization methods in TML system. We
acknowledge that this research study is not without
limitations. First, our taxonomy development relies on
a limited data set, for instance current research on large
language models and personalized learning is just at
its infancy and publications are added daily. Thus,
repeating the search and extending the set of literature
samples could increase the generalizability of our
research. Second, the three exemplary use cases have
been derived from reviewed research papers and the
expert interviews but focus on use cases for the
individual and thus neglects other learning paradigms,
such as peer learning processes. Future research could
evaluate a broader context and can result in a more
diverse set of use cases and thereby enrich the

taxonomies’ applicability. To elucidate more of the
implementation of personalized learning paths, future
research  should conduct interviews  with
organizational learning managers to examine open
issues, including ethical and privacy concerns, and
integration into organizational learning academies.
Moreover, research should elaborate how personalized
learning paths can respond to learner’s individual
needs and contribute to tackling the re-&upskilling
demands of organizations in the 21 century.

6. Conflict of Interest and
Acknowledgements

We thank Innosuisse for funding parts of this research
(Flagship PFFS-21-29).

7. References

Abdelrahman, G., Wang, Q., & Nunes, B. (2023).
Knowledge tracing: A survey. ACM Computing
Surveys, 55(11), 1-37.

Alavi, M., & Leidner, D. E. (2001). Research Commentary:
Technology-Mediated Learning—A Call for
Greater Depth and Breadth of Research.
Information Systems Research, 12(1), 1-10.

Anselmi, P., Stefanutti, L., Chiusole, D. de, & Robusto, E.
(2021). Modeling learning in knowledge space
theory through bivariate Markov processes.
Journal of Mathematical Psychology, 103.

Argote, L., McEvily, B., & Reagans, R. (2003). Introduction
to the special issue on managing knowledge in
organizations: Creating, retaining, and
transferring knowledge. Management Science,
49(4), v—viii.

Azan, W., Ivanaj, S., & Rolland, O. (2019). Modular path
customization and knowledge transfer: Causal
model learnings. Technological Forecasting and
Social Change, 140, 182—-193.

Bahja, J., Venkatesh, K., Wei, H., & Hu, X. (2023).
BoeinglLearning: An instance of the Open edX
platform with custom features curated for Boeing.

Bassen, J., Balaji, B., Schaarschmidt, M., Thille, C,,
Painter, J., Zimmaro, D., Games, A., Fast,E., &
Mitchell, J. C. (2020). Reinforcement Learning
for the Adaptive Scheduling of Educational
Activities. In R. Bernhaupt, F. '. Mueller, D.
Verweij, J. Andres, J. McGrenere, A. Cockburn, 1.
Avellino, A. Goguey, P. Bjom, S. Zhao, B. P.
Samson, & R. Kocielnik (Eds.), Proceedings of
the 2020 CHI Conference on Human Factors in
Computing Systems (pp. 1-12). ACM.

Bauman, K., & Tuzhilin, A. (2018). Recommending
Remedial Learning Materials to Students by
Filling Their Knowledge Gaps. MIS Quarterly,
42(1),313-332.



Bell, B. S., Tannenbaum, S. 1., Ford, J. K., Noe,R. A., &
Kraiger, K. (2017). 100 years of training and
development research: What we know and where
we should go. The Journal of Applied Psychology,
102(3), 305-323.

Berente, N., Gu, B., Recker, J., & Santhanam, R. (2021).
Managing artificial intelligence. Management
Information Systems Quarterly, 45(3).

Bhattacharjee, D., Paul, A., Kim, J. H., &
Karthigaikumar, P.  (2018). An immersive
learning model using evolutionary learning.
Computers & Electrical Engineering, 65, 236—
249.

Bhattacherjee, A. (2012). Social Science Research:
Principles, Methods, and Practices. Textbooks
Collection, 3.

Brinton, C. G., Rill, R., Ha, S., Chiang, M., Smith, R., &
Ju, W. (2015). Individualization for Education at
Scale: MIIC Design and Preliminary Evaluation.
IEEE Transactions on Learning Technologies,
8(1), 136-148.

Capuano, N., & Toti, D. (2019). Experimentation of a smart
learning system for law based on knowledge
discovery and cognitive computing. Computers in
Human Behavior, 92, 459-467.

Christudas, B. C. L., Kirubakaran, E., & Thangaiah, P. R. J.
(2018).  An  evolutionary  approach  for
personalization of content delivery in e-learning
systems based on learner behavior forcing
compatibility of learning materials. Telematics
and Informatics, 35(3), 520-533.

Daradoumis, T., Bassi, R., Xhafa, F., & Caballe, S. (2013).
A Review on Massive E-Learning (MOOC)
Design, Delivery and Assessment. In Eighth
International Conference on P2P, Parallel, Grid,
Cloud and Internet Computing (pp.208-213).
IEEE.

Dharshini, A. P., Chandrakumarmangalam, S., & Arthi, G.
(2015). Ant colony optimization for competency
based learning objects sequencing in e-learning.
Applied Mathematics and Computation, 263, 332—
341.

Dietrich, J., Greiner, F., Weber-Liel, D., Berweger, B.,
Kéampfe, N., & Kracke, B. (2021). Does an
individualized learning design improve university
student online learning? A randomized field
experiment. Computers in Human Behavior, 122.

Glass,R.L., & Vessey,l. (1995). Contemporary
application-domain taxonomies. [EEE Sofiware,
12(4), 63-76.

Goldi, A., & Rietsche, R. (2023). Whererto for Automated
Coaching Conversation: Structured Intervention
or Adaptive Generation? In European Conference
in Information Systems (ECIS), Kristiansand,
Norway.

Govindarajan, K., Kumar, V.S., & Kinshuk. (2016).
Dynamic Learning Path Prediction — A Learning
Analytics Solution. In IEEE Eighth International
Conference 2016 (pp. 188—193).

Gugnani, A., & Misra, H. (2020). Implicit Skills Extraction
Using Document Embedding and Its Use in Job

Recommendation. Proceedings of the AAAI
Conference on Artificial Intelligence, 34(08),
13286-13293.

Guo, S., Alamudun,F., & Hammond, T. (2016).
RésuMatcher: A personalized résumé-job
matching  system. Expert  Systems  with
Applications, 60, 169—182.

Gupta, S., & Bostrom, R. P. (2009). Technology-Mediated
Learning: A Comprehensive Theoretical Model.
Journal of the Association for Information
Systems, 10, 686—714.

Healy, M., Cochrane, S., Grant, P., & Basson, M. (2023).
LinkedIn as a pedagogical tool for careers and
employability learning: a scoping review of the
literature. Education + Training (ahead-of-print).

Hwang, G.-J., Kuo, F.-R., Yin, P.-Y., & Chuang, K.-H.
(2010). A Heuristic Algorithm for planning
personalized learning paths for context-aware
ubiquitous learning. Computers & FEducation,
54(2), 404-415.

Tivari, J. (2007). A Paradigmatic Analysis of Information
Systems As a Design Science. Scandinavian
Journal of Information Systems, 19(2).

Illanes, P., Lund, S., Mourshed, M., Rutherford, S., &
Tyreman, M. (2018). Retraining and reskilling
workers in the age of automation.

Janson, A., S6llner, M., & Leimeister, J. M. (2020). Ladders
for Learning: Is Scaffolding the Key to Teaching
Problem-Solving  in  Technology-Mediated
Learning Contexts? Academy of Management
Learning & Education (AMLE), 19(4), 439-468.

Kabudi, T., Pappas, I., & Olsen, D. H. (2021). Al-enabled
adaptive learning systems: A systematic mapping
of the literature. Computers and Education:
Artificial Intelligence, 2, 100017.

Knowles, M. S. (1990). Andragogy in action (1. ed., 3.
print). Jossey-Bass higher education series.
Jossey-Bass.

Krathwohl, D. R. (2002). A Revision of Bloom's Taxonomy:
An Overview. Theory into Practice, 41(4), 212—
218.

Kundisch, D., Muntermann, J., Oberldnder, A. M., Rau, D.,
Roglinger, M., Schoormann, T., & Szopinski, D.
(2022). An Update for Taxonomy Designers.
Business & Information Systems Engineering,
64(4), 421-439.

Levy, M. (2011). Knowledge retention: minimizing
organizational business loss. Journal of
Knowledge Management.

Li, L. (2022). Reskilling and Upskilling the Future-ready
Workforce for Industry 4.0 and Beyond.
Information Systems Frontiers : A Journal of
Research and Innovation, 1-16.

Lin, C.F., Yeh, Y., Hung, Y. H., & Chang, R. 1. (2013).
Data mining for providing a personalized learning
path in creativity: An application of decision trees.
Computers & Education, 68, 199-210.

LinkedIn. (2023). How to Use LinkedIn Learning: Quick tips
for getting the most from your on-demand learning
resource.
https://learning.linkedin.com/content/dam/me/lea



rning/en-us/pdfs/lil-guide-how-to-use-linkedin-
learning.pdf

Meng, L., Zhang, W., Chu, Y., & Zhang, M. (2021). LD-LP
Generation of Personalized Learning Path Based
on Learning Diagnosis. /EEE Transactions on
Learning Technologies, 14(1), 122—128.

Mitchell, T. R., Holtom, B. C., & Lee, T. W. (2001). How to
keep your best employees: Developing an
effective  retention policy. Academy of
Management Perspectives, 15(4), 96—108.

Morris, T. H., & Rohs, M. (2021). Digitization bolstering
self-directed learning for information literate
adults—A systematic review. Computers and
Education Open, 2, 100048.

Mowat, J. (2007). The Instructional Design of Learning
Objects. Learning Solutions E-Magazine.

Muhammad, A., Zhou, Q., Beydoun, G., Xu, D., & Shen, J.
(2016). Learning path adaptation in online
learning systems. In [EEE 20th International
Conference on Computer Supported Cooperative
Work in Design (CSCWD) (pp. 421-426). IEEE.

Myers, M. D., & Newman, M. (2007). The Qualitative
Interview in IS Research: Examining the Craft.
Information and Organization, 17(1), 2-26.

Nabizadeh, A. H., Leal,J. P.,, Rafsanjani, H.N., &
Shah, R. R. (2020). Learning path personalization
and recommendation methods: A survey of the
state-of-the-art. Expert Systems with Applications,
159, 113596.

Nickerson, R. C., Varshney, U., & Muntermann, J. (2013).
A method for taxonomy development and its
application in information systems. Furopean
Journal of Information Systems, 22(3), 336-359.

OECD (Ed.) (2018). Future of Education and Skills 2030:
Conceptual Learning Framework.

Piech, C., Bassen, J., Huang, J., Ganguli, S., Sahami, M.,
Guibas, L. J., & Sohl-Dickstein, J. (2015). Deep
Knowledge Tracing. Advances in Neural
Information Processing Systems, 28.

Raj, N. S., & Renumol, V. G. (2022). A systematic literature
review on adaptive content recommenders in
personalized learning environments from 2015 to
2020. Journal of Computers in Education, 9(1),
113-148.

Reigeluth, C. M. (1999). Instructional-design theories and
models: A new paradigm of instructional theory.
Lawrence Erlbaum Associates Publishers.

Ritz, E., Donisi, F., Elshan, E., & Rietsche, R. (2023).
Artificial ~ Socialization? = How  Artificial
Intelligence Applications Can Shape A New Era
of Employee Onboarding Practices. In 56th
Hawaii International Conference on System
Sciences (HICSS).

Ritz, E., & Griineke, T. (2022). Learn Smarter, Not Harder
— Exploring the Development of Learning
Analytics Use Cases to Create Tailormade Online
Learning  Experiences. In 55th  Hawaii
International Conference on System Sciences
(HICSS).

Ritz, E., Rietsche, R. and Leimeister, J.M. (2023). How to
Support Students’ Self-Regulated Learning in

Times of Crisis: An Embedded Technology-based
Intervention in Blended Learning Pedagogies.
Academy of Management Learning & Education,
22(3).

Salemi, A., Mysore, S., Bendersky, M., & Zamani, H.
(2023). LaMP: When Large Language Models
Meet Personalization. ArXiv Preprint, 2304,
11406.

Schobel, S., & Soéllner, M. (2016). How to Gamify
Information Systems-Adapting Gamification to
Individual Preferences.

Seaman, J. E., Allen, I. E., & Seaman,J. (2018). Grade
Increase: Tracking Distance Education in the
United States. Babson Survey Research Group.

Shou, Z., Lu, X., Wu, Z., Yuan, H., Zhang, H., & Lai, J.
(2020). On Learning Path Planning Algorithm
Based on Collaborative Analysis of Learning
Behavior. IEEE Access, 8, 119863—119879.

van Seters, J. R.,, Ossevoort, M. A., Tramper,J., &
Goedhart, M. J. (2012). The influence of student
characteristics on the use of adaptive e-learning
material. Computers & Education, 58(3), 942—
952.

Vanitha, V., Krishnan, P., & Elakkiya, R. (2019).
Collaborative optimization algorithm for learning
path construction in E-learning. Computers &
Electrical Engineering, 77, 325-338.

vom Brocke, J., Simons, A., Riemer, K., Niechaves, B.,
Plattfaut, R., & Cleven, A. (2015). Standing on the
Shoulders of  Giants:  Challenges and
Recommendations of Literature Search in
Information Systems Research. Communications
of the Association for Information Systems (CAIS),
37.

Webster, J., & Watson, R. T. (2002). Analyzing the Past to
Prepare for the Future: Writing a Literature
Review. MIS Quarterly, 26(2), xiii—xxiii.

Wiley, D. A. (2002). The Instructional Use of Learning
Objects.

Xie, H., Di Zou, Wang, F. L., Wong, T.-L., Rao, Y., &
Wang, S. H. (2017). Discover learning path for
group users: A profile-based approach.
Neurocomputing, 254, 59-70.

Yin, R. K. (2013). Validity and generalization in future case
study evaluations. Evaluation, 19(3), 321-332.

Yudelson, M. V., Koedinger, K. R., & Gordon, G. J. (2013).
Individualized Bayesian Knowledge Tracing
Models. In Artificial Intelligence in Education:
AIED 2013 (pp.171-180). Springer, Berlin,
Heidelberg.

Zhang, J [Jingjing], Gao, M., & Zhang, J [Jiang] (2021). The
learning behaviours of dropouts in MOOCs: A
collective  attention network  perspective.
Computers & Education, 167, 104189.

Zimmerman, B. J. (1990). Self-Regulated Learning and
Academic  Achievement: An  Overview.
Educational Psychologist, 25(1), 3—17.



	1. Introduction
	2. Theoretical Background
	2.1 Design of Personalized Learning Paths
	2.2. Technology-Mediated Re-&Upskilling

	3. Research Method
	4. Results
	4.1. Taxonomy
	4.1. Use Case Applications
	Use Case 1: Large Language Models to Design Personalized Course Recommendation
	Use Case 2: Knowledge Tracing to Design Personalized Re-&Upskilling Learning Paths
	Use Case 3: CV- and Interest-Based Recommendations on LinkedIn Learning


	5. Discussion and Conclusion
	6. Conflict of Interest and Acknowledgements
	7. References
	Abdelrahman, G., Wang, Q., & Nunes, B. (2023). Knowledge tracing: A survey. ACM Computing Surveys, 55(11), 1–37.

