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Textbooks are a cornerstone of education, but they have a fundamental limitation: they are a one-size-
fits-all medium. Any new material or alternative representation requires arduous human effort, so
that textbooks cannot be adapted in a scalable manner. We present an approach for transforming and
augmenting textbooks using generative AI, adding layers of multiple representations and personalization
while maintaining content integrity and quality. We refer to the system built with this approach as Learn
Your Way. We report pedagogical evaluations of the different transformations and augmentations, and
present the results of a a randomized control trial, highlighting the advantages of learning with Learn
Your Way over regular textbook usage.

Keywords: Personalized learning, generative education, content transformations

1. Introduction

Recent advances in generative Artificial Intelligence (Gen-AI) have the potential to revolutionize
education, but this potential is yet to be realized in full. It requires a responsible, multidisciplinary
approach to weave together learning science and cutting edge technology. In this work, we focus on
a central aspect of the current learning journey: exploring textbook material. Traditionally, every
school selects several textbooks that are meant for use by all learners. The textbooks, by definition,
are inflexible and not adaptive, as it is impractical to manually create a version for every audience,
and certainly not one that would adapt to individual user needs. Here we argue that in the age of
Gen-AI, this notion of a flexible and personalized textbook is in fact within reach. Specifically, we
show how textbooks can be transformed into a richer and more personalized form, while maintaining
the integrity of the original content, and adding layers that promote effective learning.

Our textbook augmentation approach takes as input a textbook segment or chapters and uses
them as the basis for extensive generated content, practice and evaluation. Our approach rests on
two key concepts that underlie the corresponding augmentations of the original content: multiple
representations and personalization. We propose a two step AI generation scheme whereby the
original text is first personalized, and then transformed into a range of presentation forms and
assessment components. A key desiderata in this process is that content is adequately aligned with
the source and curriculum, and that the presentation is engaging and pedagogically effective. We
implement our approach in an experimental learning experience that we call Learn Your Way.

We begin with the pedagogical observation that learning can be more effective when the experience
is adapted to the characteristics and needs of the learner [see 1, 2, for a review of personalization
approaches]. Learn Your Way is thus designed to first re-generate the original textbook content, based
on specific learner attributes. In addition, Learn Your Way generates assessment opportunities for
the learner which serve to create a signal about their progress, reflect personalized feedback to the
learner, and influence subsequent steps.

The value of multiple representations of content has been studied in learning science [e.g., see 3].
For example, dual coding theory [4] suggests that multiple representations have the advantage of
forging links between different encodings of the same concepts, thus reinforcing the corresponding
mental conceptual structures. Learn Your Way is therefore augmented with multiple views of the
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Figure 1 j An example of the Learn Your Way learning experience. Centerpiece is the “Immersive
Text” view, that shows the source material (OpenStax’s Disruptions in the Immune System content)
transformed to 6th grade level and adapted for a personal interest in gaming. The Immersive Text
contains various generative add-ons such as personalized examples, embedded questions, and more.
At any given time, the learner can also switch to alternative views of the entire material such as
narrated slides or an audio lesson, which are also personalized.

material (audio lessons, narrated slides, and mind maps), which learners can interact with and
choose from. Providing these options is in line with the view that personalized systems should also
be adaptable, offering learners agency to decide on their learning path [5–7]. It is also motivated by
theories of self-regulated learning (SRL) [8] and visible learning [9] that acknowledge the importance
of supporting learners with cognate control of their learning process.

Figure 1 shows the central Learn Your Way view, demonstrating how personalization and multiple
representations come together. The resulting AI-augmented textbook provides the learner with a
personalized and engaging learning experience, while also allowing them to choose from different
modalities in order to enhance understanding. In the next sections we describe each of the components
in Learn Your Way, along with an evaluation of the pedagogical merit of each one. Finally, we report the
results of a randomized controlled study showing that learning with our personalization and multiple
representations Learn Your Way system can improve learning efficacy compared to a standard Digital
Reader over the same material. Taken together, our results demonstrate the potential to re-imagine
the medium of a textbook in the age of generative AI.
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2. Textbook Augmentation via Personalization and Multiple-Views

We assume source-of-truth material which is defined by the learner’s curriculum and learning goals.
For simplicity, think of a section in a textbook, although the source-of-truth can be a more complex
collection of knowledge and skills to be delivered. Our goal is to explore how transforming the source
material can increase content engagement and efficacy. Gen-AI offers four key opportunities in this
context. First, it can generate such content for any material the learner is interested in. Second, it
can do so while adapting to the specific attributes and needs of the learner. This is in contrast to the
generation of personalized learning material by human educators, which is a much longer process
and is impractical to do at scale. Third, AI can be used to generate different representations of the
material, including visualizations and audio-based formats, which are known to further enhance the
efficacy of learning [3, 4]. Finally, AI can generate formative assessment elements tailored to the
learner, allowing them to monitor and regulate progress. As [10] notes, formative assessment is a
critical driver of learning, and in particular self-regulated learning.

Our textbook transformation and augmentation follows a two step approach. In the “Text Person-
alization” stage, we rewrite the material to match specific personal attributes of the learner. Then in
the “Content Transformations” stage, we create multiple views of the rewritten material. These allow
the user to choose their own learning path, interleaving complementary representations of the same
conceptual structures. Figure 2 demonstrates this process, showing two different personalization
transformations, that results in different views. Unless otherwise noted, all transformations and
augmentations described below rely directly on Gemini 2.5 Pro, a leading model for education [11],
without additional fine-tuning.

2.1. Text Personalization

As explained above, our approach first transforms the original text into a more personalized form.
A key choice in this process is what specific attributes of the learner should be personalized to. For
simplicity, we focus on two key attributes: grade-level and personal interests. There are of course
many additional attributes to consider on the path towards more comprehensive personalization.

Personalization to Grade Level.
Adaptation of the material to match the reading grade level of the learner is a core transformation
that provides the basis for all other transformations that follow. The text is generatively adapted,
with the goal of matching the Flesch-Kincaid Grade (FKG) [12, 13] for that level, while maintaining
factuality and coverage of the material. This is known as re-leveling and is part of Gemini 2.5 Pro
core education capabilities. See [11], Section 2.2 for an evaluation.

Personalization to Interests.
The Learn Your Way experience asks the learners, in addition to the grade level, for their personal
interests. Currently, for simplicity, the learner is asked to select one of several common interests
(e.g., sports, music, food). This information is then used to rewrite the original text, making it
more relatable. This also serves the purpose of mapping new knowledge to existing conceptual
networks used by the learners, thus making learning more effective. As [14] notes: “individuals’
existing knowledge serves as a base for subsequent learning and performance”. Their review further
argues that “prior knowledge guides readers’ comprehension of written language”. Our Gen-AI rewriting
is done in a focused manner, by first selecting parts of the text that are particularly amenable to
personalization, and then replacing only these parts with an AI-rewritten personalized version. This
has the added advantage of highlighting the personalized text, thus informing the learner that it has
been specialized to their interests. See example in Figure 2 for Newton’s third law example, rewritten
for two different interests: basketball and art.
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Figure 2 j An illustration of the two step generation procedure used in Learn Your Way. Here, a
generic example from OpenStax’s Newton’s Third Law of Motion is first personalized for the personal
interest of ’basketball’ (left) and ’art’ (right), and then expanded into different presentation formats.

2.2. Content Transformations

The rewriting phase above results in text that is adapted to the learner. We use this text as the
basis for multiple content transformations, each providing a different view of the material. Since all
are based on the personalized text in Section 2.1, they are also similarly personalized. Below we
provide a description of the different transformations. We describe the Slides, Audio and Mind maps
transformations below, and the “Immersive Text” transformation in Section 2.2.1.

Slides and Narration.
Learners often benefit from a class-like slide sequence that covers the core material in brief, while also
suggesting interest-capturing questions that precede the material, and activities aimed at engagement.
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Figure 3 j Example slide in the deck generated for OpenStax’s How To Organize Economies source and
adapted to the learner interest in ‘soccer’.

This provides an alternative presentation format that could be more effective for some learners. The
fact that the slides are based on personalized text makes them further effective. Figure 3 shows a
sample slide with an adaptation of an example of market economy to the soccer domain. The Learn
Your Way experience also provides an additional optional generated narration for the slides. The
narration is meant to resemble a recorded lesson, and the narrated text is not restricted to the text in
the slides, but is rather designed to be natural and complementary to the slides.

Audio-Graphic lesson.
This transformation aims at a comprehensive and detailed coverage of the material, delivered in a
audio-graphic form that simulates a conversation between a teacher and a student about the material.
To allow for a realistic experience, the teacher and student turns are generated iteratively using
independent Gemini “personas”. This allows for a realistic experience where the (virtual) student
does not see the material before it is presented and may, for example, respond to questions with
answers that are not part of the original material and uncover common learner misconceptions. In
addition to the audio conversation, the lesson contains a graphical representation of the key concepts
and the relationships between them, which is dynamically presented to the learner. This combination
of audio and visual components is motivated by dual coding theory, which suggests that multiple
representations of concepts serve to strengthen the corresponding mental conceptual structures.

Mind Maps.
This common graphical representation organizes information hierarchically, and allows for a broad
view of the material at different levels of granularity. It is often useful as a mechanism for organizing
the material following a detailed learning session, or as an organizational reminder of the entire
source material. We annotate the map nodes with illustrative texts and images derived from the source,
and allow the user to expand and collapse nodes, in effect zooming in and out of the conceptual
hierarchy. See Figure 4 for an example.
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Figure 4 j An example mind map created for OpenStax'sEarly Human Evolution and Migrationsource
material. Di�erent nodes can be expanded to gain a more granular view of the material, with leaf
nodes annotated with text or relevant visuals.

2.2.1. Immersive Text

The above transformations, as e�ective as they may be, do not stand alone. They are intended to
supplement a coherent and comprehensive text articulating the content of the source in full detail.
Such a text can be enhanced by interleaving it with personalized elements and multiple modalities.
We refer to this as an �Immersive Text� (see Figure 1). After every section of the text weoptionally
include several added components that are meant to enhance the learning experience, as detailed
below. We also include assessment components, as described in Section 3.

Timeline .
Source material often contains sequences, such as a series of events in history or the stages of an
experiment or algorithmic approach. �Timelines� can convey these sequences visually, reducing
cognitive load and making it easier for the learner to follow the details. To generate these, the
source material is �rst scanned to identify candidate sequences, followed by the generation of the
timeline and appropriate placement within the material. Such transformations also o�er a chance for
interactive practice that is closely tied to the material: the learner is simply asked to drag-and-drop
boxes into their appropriate place in the sequence.

Memory Aid .
Learning new material often involves memorizing facts, a task which can be challenging for learners.
There are many strategies that can help learners address this need. We focus on the common strategy
of mnemonics, a memorization approach where each item to remember is associated with a word
that begins with the same �rst letter, and the sequence of words forms a sentence. With on-the-�y
generation we are no longer restricted to commonly used mnemonics whose coverage is scarce.
Instead, given the input material, Gemini is used to �rst identify elements in the material that are
hard to memorize. Then a mnemonic is generated with two requirements in addition to the constraint
of being a valid mnemonic: form a coherent and easy to remember sentence, and form a sentence
that has close semantic association with the material to be remembered.

Visual Illustrations .
Visual learning is broadly recognized as a powerful medium, and many textbooks include explanatory
diagrams and drawings. It is natural to use AI image generation tools to produce such visuals. However,
our initial exploration found that even the most advanced AI image generation models struggle to
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