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ABSTRACT

Self-paced learning offers flexibility, individuality and autonomy, allowing learners
to acquire knowledge at their convenience. However, without a tutor, learners must
manage their learning journey effectively on their own. Digital learning environments
can support self-paced learning by providing structured guidance and addressing
distractions inherent in digital environments. This paper presents a digital format
for self-paced learning, focusing on engaging learners with content and managing
their learning efforts. It explores how large language models (LLMs) foster an
abstract and consistent understanding of course material, enhancing personalized
assistance and interactive experiences. Practical experiences from a research project
on designing digital learning formats highlight the importance of instructional design,
time management support, and fostering focused attention against distractions. The
project’s goal is to develop scalable, adaptable, and learner-cantered educational
environments that integrate advanced technological tools for effective learning.

Keywords: Self-paced learning, Instructional design, Digital courses, Cognitive load,
Personalized learning, Semantic wave

INTRODUCTION

Self-paced learning offers an excellent approach for learners who appreciate
flexibility, autonomy, and individuality in acquiring new knowledge. It allows
them to learn whenever and wherever they want. However, without a tutor,
learners must take full responsibility for their learner journey. Success in self-
paced learning depends on their ability to manage this journey effectively.
While learning from a book can serve as an initial metaphor for self-
paced learning, digital environments can—and should—support knowledge
acquisition in far more diverse and powerful ways.

Digital learning environments that support self-paced learning can provide
excellent learning materials. However, if they fail to address the inherent
challenges of digital spaces, such as distractions and the task-oriented
design of human-computer interactions, they will not effectively support
learners in managing their efforts and developing sustainable knowledge
representations.

Well-structured digital learning environments can clarify the scope and
structure of the knowledge to be acquired. Nevertheless, they also require the
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thoughtful implementation of support structures to help learners effectively
manage their educational journey and achieve mastery of the subject matter.

This paper presents the design of a digital format for self-paced learning
with well-structured guidance. The main focus is on engaging learners
with the course content and effectively managing their learning efforts.
Additionally, the paper explores how large language models (LLMs) can
foster the development of an abstract and consistent semantic representation
of the learning content. This representation can provide personalized
assistance and enriched interactive experiences, thereby enhancing the
learning process.

The paper shares practical experiences from a research project aimed at
designing new digital learning formats for both academic and vocational
education. The project’s objectives include developing effective digital
learning solutions and establishing best practices for their implementation.
By integrating advanced technological tools such as LLMs, the project seeks
to offer scalable, adaptable, and learner-cantered educational environments.

MANAGING THE COGNITIVE LOAD IN AN ENVIRONMENT OF
DISTRACTIONS

Beside the support of the learners’ effort management, a central focus of
digital courses is the learners’ development of an abstract representation of
the knowledge provided by the course. The system must be in the position
to allow learners the adoption of knowledge following the semantic wave.
Learners continuously switch between abstract and detailed representation
of concepts. Deeper understanding of a concept emerges from recognising
which and how many details connect to one particular abstract.

Digital courses are always embedded in an environment that offers many
distractions. It is marked by the ubiquity of digital services, channels, games,
and the constant barrage of notifications. The ability of the learners to
maintain focused attention has become increasingly challenging (Hafez et al.,
2023). The digital world has brought unparalleled access to information and
connectivity, but it has also introduced a plethora of distractions that impedes
our ability to concentrate on a particular task at hand. The design of digital
learning environments must thus include strategies for cultivating focused
attention amidst the distractions from our digital surroundings.

The concept of attention has long been studied by psychologists and
philosophers alike. The psychologist William James (Wu, 2011) described
attention as “taking possession by the mind, in clear and vivid form, of
one out of what seem several simultaneously possible objects or trains of
thought.” In essence, attention involves the ability to select and focus on
relevant information while filtering out distractions.

However, in today’s digital environments, our attention is constantly being
pulled in multiple directions. Our phones, social media, and other services
provide an endless stream of stimuli vying for our attention. As a result, many
people find it increasingly difficult to concentrate on a task for the period
required to thoroughly complete it.
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Digital distractions have detrimental effects on attention. The mere
presence of communication channels, even if not actively being used, can
significantly impair cognitive function and attention (Ward et al., 2017)
Constant multitasking is a common and even increasing behaviour in the
digital age. However, it reduces productivity and cognitive performance.

So how can learners reclaim their attention in a world full of digital
distractions? How can we design digital courses that enable learners to
sufficiently concentrate on their learning tasks? There are certainly many
ways to attract the learners’ attention.One strategy, for instance, is to practice
mindfulness (Slattery et al., 2022). Mindfulness involves paying attention
to the present moment without judgment. By cultivating mindfulness
individuals can train their minds to focus on the task at hand and become
less susceptible to distractions.

Our design strategy favours the development of a conducive environment
for focused work. It involve minimal distractions by creating a learning
environment free from clutter. By eliminating internal distractions, that is
distractions within the learning environment, learners experience a space
where they can fully immerse themselves in their work.

Additionally, incorporating regular breaks into one’s routine can help
maintain attention and prevent burnout. Research has shown that taking
short breaks during prolonged periods of focused work can improve
productivity and cognitive function. Activities such as going for a walk or
simply taking a few minutes to relax and recharge can help replenish mental
energy and enhance concentration (Albulescu et al., 2022). Including breaks
when calculating the recommended time effort for individual learning tasks
is thus part of the time management feature of our system.

Furthermore, developing a sense of purpose and intrinsic motivation can
greatly enhance attention and focus (Zhang and Liu, 2022).When individuals
are engaged in activities that align with their values and goals, they are more
likely to remain focused and motivated. By cultivating a sense of purpose
in their work and daily activities, individuals can overcome distractions and
stay committed to their objectives.

Paying attention in the digital age requires conscious effort and deliberate
strategies (Ferscha et al., 2014). By practicing mindfulness, creating
a conducive work environment, taking regular breaks, and cultivating
intrinsic motivation, individuals can reclaim their attention in an distracting
environment. In doing so, they can develop their full learning potential
and achieve greater learning success. As technology continues to evolve,
it is imperative for our development to foster skills and habits necessary
to navigate the digital learning environment while maintaining focus and
attention.

DESIGNING FOR MINDFULNESS IN DIGITAL ENVIRONMENTS

Effectively implementing strategies to support mindfulness in learning
demands attention to several key elements. These include instructional
design, interaction design, and further support mechanisms for time
management and the development of a mental abstraction of the learning
content (Reinhold et al., 2024). Crucial features such as collaborative
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opportunities with peers, and immediate feedback from tutors or chatbots,
must be integrated to facilitate effective learning experiences.

In this paper, we concentrate on the implementation of the instructional
design for our digital courses. Our main focus here is on courses providing
factual and conceptual knowledge including principles, methods and
theories that govern a fundamental and wide-spread knowledge in the
topic addressed. Examples of such topics are foundations of (agile) project
management, blockchain technology, data security and privacy, and import
regulations.

Supporting the Learners’ Time Management

Measuring the effort required to learn a certain material can be complex, as it
often involves multiple factors. Effort in learning is not solely determined by
a single parameter but is influenced by various components. The most basic
elements are the time spent on a text or quiz query and the results achieved
in learn controls. By recording these values for every learner of the course
we can obtain a series of important parameters indicating the performance
of the learners and the (intrinsic) cognitive load of the different sections of
the course:

• Average studying time of a page, subchapter, chapter, or quiz (all
learners)

• Average studying time of each individual learner
• Average points achieved in the learn controls (quizzes)

Figure 1: When accessing a page for the first time, learners are required to spend a
minimum amount of time reading the text before they can proceed to the next page.
While navigating through a chapter, the system displays the total time spent and the
remaining time required for the chapter in the upper right corner.
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Initial study duration benchmarks are established by the course instructor.
For instance, we assume that the average reading speed for academic texts
defaults to 100 words per minute. This value serves as the minimum
reading duration indicated to learners. Upon initial engagement with a
page, the system ensures comprehensive study by restricting navigation
until the minimum reading duration elapses (see Figure 1). Subsequently,
learners enjoy unrestricted navigation access to previously studied pages. The
recommended reading time also accounts for breaks between study sessions,
as optimal learning occurs when new knowledge is allowed to settle over brief
intervals (Dempster, 1988). The minimum break time in our course aligns
with the duration required to study the respective subchapter (or nugget).

Additionally, there’s a recommended maximum study time per day or
week. At the start of each session, the system informs the learners of
the recommended learning time and alerts them if the minimum study
time required exceeds the maximum study time (Figure 2). Alongside this
notification, the system informs the learners about their achievements
(Figure 3b) and recommends the learner’s next steps on their learning journey,
typically suggesting a return to the point where they previously left off
(Figure 3a). However, the system also considers the natural process of
forgetting and may recommend revisiting text sections based on elapsed
time since initial study. For quizzes, recommendations are tailored based on
performance levels. If quiz results indicate lower than average performance,
the system may suggest retaking the quiz after a shorter interval than for
better results.

Figure 2: At the beginning of each session the learners are informed on the effort they
should dedicate to studying the course material.

Course sections vary in the effort required for study, with complexity and
difficulty influencing learner effort significantly. To reflect this, we assign an
individual Learning Complexity Index (LCI) to each course section (Sweller,
2019). Initially, it’s the tutor’s responsibility to assess the depth, technicality,
and conceptual difficulty of each section, with an index of 1.0 representing
average complexity. Observing learner study behavior allows us to refine the
LCI, adjusting it to accurately reflect the effort required by learners.

Recognizing that each learner’s journey is unique, the indicator model must
be sensitive to individual learner characteristics. By calculating the individual
learning effort index (LEI) for each learner, we can personalize the remaining
time required to study new chapters or complete remaining sections. The
individual LEI also applied when individualized learning calendars (see
Figure 3a) are generated.
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Figure 3: (a) The learners get recommendations for the next steps in their learner
journey and for their time management. (b) They get an overview on their
achievements indicating the learning material completed, their average time for
reading texts and answering questions, and their results in the learn controls.

Mental Abstraction of the Course Content

The design paradigm of our structured learning environments first addresses
simplicity in order to avoid internal distraction. It is important to reduce
the extraneous cognitive load (Brown et al., 2024). Navigating the course
content and handling the learn controls must be as simple as possible. The
courses are structured in a traditional way along chapters and subchapters (or
nuggets). Learn controls usually conclude subchapters and consist of three to
twelve questions depending on the scope of the subchapter. The amount of
information provided on each page is kept low. This design principle helps to
raise the attention of the learners and to keep the intrinsic cognitive load low.
This load emerges from putting pieces or chunks of information together to
form the knowledge of a higher-level topic (Brown et al., 2024).

Within our learning environment, each page and subchapter get unique
titles, with content organized into manageable chunks. These titles are
generated through sophisticated text summarization techniques enabled by
LLMs. This semantic representation allows learners to easily retrieve specific
course content at any stage of their learning journey (as shown in Figure 4).
Our platform features an AI-driven search function that enables learners to
state free-text queries and swiftly locate the most relevant pages or content
chunks within the course.

The initial structuring of the course content, reflected in the titles, serves
as a guiding framework for learners, providing them with an overview of the
topic and its intricacies. For novice learners, focusing on these titles provides
a good starting point to grasp the surface details of the content. However, as
learners delve deeper into the course and begin to navigate the content using
their own terminology, they gradually develop amore nuanced understanding
(Figure 5). This iterative process helps learners construct individual mental
abstractions of the content, mirroring the perspective of subject matter
experts. The formation of an individual abstract representation of the course
content is essential for the learners’ sustainable adoption and organization of
the course knowledge.
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The learning assessments explicitly include free-text queries to encourage
students to formulate comprehensive responses. This skill, essential for
effectively communicating knowledge to peers, is often not addressed
by multiple-choice questions. Large Language Models (LLMs) evaluate
students’ responses by comparing them to ideal answers. The degree of
similarity between the student’s response and the ideal answer determines
the points awarded.

Figure 4: Overview of the course “Agile Project Management” and its structuring into
chapters. In the upper right corner, the system indicates the learning effort (time)
already completed by the learner and the remaining studying time.

Figure 5: The learners have the possibility to retrieve selected sections from the course
at any point along their learner journey. Without leaving the actual page, they can ask
the system to provide them with the course content most suitable to their search query.
The matching algorithm in the background uses large language models to identify the
content sections that match the user query.
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CONCLUSION

Digital learning platforms are increasingly emphasizing self-paced and
self-directed learning, often with the support of chatbots. However, in
environments where chatbots serve as tutoring assistants, it is crucial for
learners to have a foundational understanding of the course material.
Without this baseline knowledge, learners may miss important information
if the chatbot dialogue does not cover all necessary content. Consequently,
individual learning paths might overlook critical aspects, leading to gaps in
understanding and knowledge acquisition.

This paper has focused on instructional design for self-paced learning,
ensuring that learners maintain a clear and comprehensive focus on the
content throughout their learning journey. For learners unfamiliar with the
course topic, close guidance is provided, indicating both scope and the
expected effort commitment to successfully complete the digital learning
material.

Efforts to measure the required study effort for a particular material
typically rely on parameters such as reading time and performance in
learning controls. By leveraging these observations, our digital learning
environments can develop tailored recommendations to guide learners
effectively. Furthermore, benchmarks for study effort vary individually,
necessitating the adaptation of recommendations to suit each learner’s unique
needs.

Currently, our university offers three self-paced learning courses with
approximately 250 participants in total. The data collected during each
course play a crucial role in evaluating the learners’ performance, providing
insights for, among other things, refining the recommendation systems
to better align with individual learner profiles. This responsiveness to
individual strengths, weaknesses, and constraints ensures sustained learner
engagement and motivation, as the learning journey is tailored to their
specific requirements.

Looking ahead, the next challenge in our project is to deepen our
understanding of learner performance, in particular in the learning controls,
and integrate more tailored recommendation features into the system’s
interaction, further enhancing the personalized learning experience.
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