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Abstract: Learning Management Systems have long been associated with expectations of pedagogical
transformation in higher education. However, their generic and management-oriented design limits
their capacity to support authentic disciplinary practices, particularly in experimental sciences, where
tasks such as data modelling or experimental design require dedicated scaffolding. In response,
Learning Experience Platforms (LXP) have emerged, emphasizing content production and
interaction. This paper argues for the relevance of discipline-oriented LXP through the case of
LabNBook, a digital authoring environment for laboratory teaching. The platform integrates tools
supporting experimental work, collaborative scientific writing, feedback, and assessment within a
unified workspace. Drawing on usage data and research studies, the paper examines patterns of
use, factors influencing teachers’ adoption, and processes of appropriation. Results show that such
platforms function as active workspaces supporting collaborative and iterative learning based on
feedback and revision. Adoption is constrained by integration costs and institutional factors and
tends to emerge through teacher-driven initiatives. Sustained use fosters evolving pedagogical
practices and improved alignment between learning objectives, activities, and assessment. These
findings highlight the role of discipline-oriented platforms in complementing LMS and enabling
pedagogical innovation.

1. Introduction

As with many digital technologies, the introduction of Learning Management Systems (LMS) in higher
education was initially associated with strong expectations of pedagogical modernization. In many
countries, and notably in France, governmental recommendations and institutional policies have
portrayed LMS as key levers for transforming teaching practices (Dubrac & Djebara, 2015), with the
explicit aim of encouraging the adoption of learner-centred approaches (Duguet & Morlaix, 2018).
However, so-called “traditional” LMS — even when explicitly grounded in socio-constructivist claims —
have largely fallen short of these ambitions, and in some cases have even proven counterproductive
(Cabero-Almenara et al.,, 2019; Finnegan & Ginty, 2019; Hotrum, 2005; Mantoro et al., 2017).
Predominantly mobilized as tools for managing resources, activity sequences, and student cohorts,
they tend to confine learners to a passive role as mere consumers of information and content. As a
result, outcomes have generally been disappointing in terms of both student engagement and durable
pedagogical transformation.

Some studies suggest that future learning platforms should more actively engage students in problem-
solving activities that support meaning-making, while simultaneously providing teachers with tools to
design learning scenarios aligned with clearly identified disciplinary learning objectives. Over the past
decade, a new generation of platforms — referred to as Learning Experience Platforms (LXP) — has
emerged in response to these limitations (Cockrill, 2021). Although no clear consensus exists on their



defining characteristics, LXP are commonly described as an evolution of traditional LMS, shifting the
focus toward interaction and active involvement of both teachers and learners in the production and
exchange of content. Unlike generic LMS, LXP typically integrate coherent sets of tools that support
discipline-related activities, emphasize learning processes, and enable users to create and modify
content more freely (Gillet et al., 2022). From this perspective, they appear to offer greater educational
potential by promoting richer interactions and more active forms of learner participation.

Do we really need yet another category of learning platforms? In this position paper, we argue that,
although the proliferation of digital tools in higher education is a legitimate concern, discipline-specific
environments are necessary to support authentic disciplinary practices — practices that traditional LMS,
oriented toward generic activity and resource management, fail to adequately accommodate. To
support this claim, we draw on the case of LabNBook, a Learning Experience Platform that extends
beyond LMS by embedding discipline-specific authoring tools, enabling collaborative scientific writing,
and supporting new forms of pedagogical activity.

The paper first examines the specific needs of science education and limitations of existing digital
solutions, then presents LabNBook as an illustrative example of a discipline-oriented LXP, and finally
discusses empirical evidence from usage and research that supports the relevance of such
environments.

2. Background and Initial Motivations

In higher education, laboratory work involves the resolution of complex problems that combine practical
activities with theoretical reasoning (Hofstein & Lunetta, 2004). Throughout this process, students are
required to produce written documents at multiple stages, both during scheduled sessions and outside
class: preparation for the laboratory session, recording of experimental data and observations, and
subsequent synthesis, analysis, and interpretation of results. These writings are traditionally organized
into laboratory notebooks and final reports, whose structure is closely aligned with disciplinary
conventions, such as standardized representations of experimental protocols or data tables. Because
laboratory activities are generally carried out in groups, students are expected to co-author these
documents, coordinating their contributions and taking into account instructors’ feedback.

From the teachers’ perspective, laboratory teaching increasingly relies on pedagogical teamwork
(Vangrieken et al., 2015), which makes it essential for instructors to work collaboratively to design
learning activities, scaffold students’ writing and reasoning, monitor progress, and provide timely
feedback.

However, the tools commonly used to produce and exchange laboratory documents provide limited
support for these requirements. Traditional paper-based notebooks and reports make it difficult for
teachers to scaffold students’ writing through structured document design and are poorly suited to
collaborative and iterative work. Digital documents created with word processors or spreadsheets and
submitted via email or a LMS offer only marginal improvements, largely corresponding to a simple
substitution of medium rather than a transformation of practice. Even cloud-based collaborative
documents, while facilitating co-editing, offer little support for structuring disciplinary writing or for
engaging students in iterative revision processes, as teacher feedback is typically provided outside the
shared editing environment.

In professional scientific contexts, researchers increasingly rely on Electronic Laboratory Notebooks
(ELN) to document experimental work and support collaboration (Higgins et al., 2022). However, these
tools are difficult to transpose to educational settings, as they are designed for professional workflows,
include functionalities that are largely irrelevant for learning purposes, and do not account for the
distinct roles of teachers and students.

Taken together, these observations highlight the lack of tools specifically designed to address the
combined challenges of laboratory teaching: supporting structured disciplinary writing across in-class
and out-of-class contexts, enabling genuine collaborative authorship, and fostering iterative revision
based on teacher feedback. Drawing inspiration both from LMS — particularly for monitoring student
activity — and from Electronic Laboratory Notebooks — regarding support for scientific practices —



LabNBook was developed to fill this gap. It provides a digital laboratory notebook tailored to
experimental science education, designed to ensure continuity between in-lab and out-of-class work
while addressing the specific pedagogical requirements of laboratory-based learning.

3. LabNBook as a Discipline-Oriented Learning Experience Platform

To address the limitations identified above, this section presents the design rationale of LabNBook as
a discipline-oriented platform, highlighting the key choices underlying its development. LabNBook was
designed as a digital authoring environment for laboratory courses in experimental sciences. Its core
objective is to support both students and teachers throughout the experimental process, from
preparation to analysis and reporting. In many respects, LabNBook can be characterized as a Learning
Experience Platform (LXP), differing from traditional LMS by positioning students as active producers
of structured content while providing teachers with tools to organize, monitor, and guide learning
activities.

In LabNBook, laboratory reports (Figure 1) are conceived as aggregations of documents, each
corresponding to a stage of the experimental process and created using a dedicated authoring tool
(d’Ham, 2020). To support this, the platform integrates a coherent set of five tools tailored to
experimental science content: formatted text and equations (TinyMCE, MathField); scientific diagrams
and image annotation (Zwibbler); executable Python code (JupyterLite); structured experimental
protocols; and experimental datasets with fitted models. The integration of these tools within a single
workspace anchors the platform in its disciplinary domain and facilitates the production of authentic
laboratory notebooks or scientific reports.

Two tools developed specifically within LabNBook play a central role in scaffolding student learning.
The protocol editor allows teachers to configure experimental actions as modular building blocks,
enabling students to progressively construct experimental procedures in a way comparable to block-
based programming environments. The data processing tool supports the modelling of experimental
data using parameterized functions, with the possibility for students to manually adjust parameters in
order to better understand their role within the model. To our knowledge, tools integrating such
pedagogically oriented features — explicitly designed to scaffold experimental reasoning and modelling
within an educational laboratory context — are not available in existing digital learning or laboratory
platforms, making these components distinctive and innovative contributions of LabNBook.
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Figure 1: Screenshot of the learner's workspace in LabNBook. The report structure, defined by the teacher,
includes two sections, each showing the icons of the available authoring tools. In the second section, the learner
has added a dataset document with a graph showing data points and fitted models. The right-hand panel provides
access to communication tools (shared resources, tasks, comments, messages, and annotations).

Collaborative writing is supported by features designed for co-authoring, including real-time awareness
of collaborators’ activity, a planning tool, version management, and comment threads attached to each
document section. Teacher-student interaction is further facilitated by continuous access to student
productions and integrated communication tools.

From the teacher’s perspective, LabNBook provides functionalities to structure reports according to
targeted learning objectives and desired levels of scaffolding, organize student teams, and monitor
activity synchronously or asynchronously through the use of specialized learning analytics dashboards.
Teachers can provide feedback using a memory-based annotation system that facilitates the reuse of
comments in similar pedagogical contexts. Assessment is supported through an advanced rubric-
based grading tool, enabling both formative and summative feedback, as well as self- and peer-
assessment. Teachers may also choose to share the structured activities they design with colleagues.

An lllustrative Implementation in Science Teaching

A representative use case of LabNBook was implemented in a first-year university electricity course
adopting a variant of Problem-Based Learning (Hoffmann et al., 2021). Conceptual discussions in large
groups are complemented by experimental work in smaller teams. For each problem situation, students
work in teams of six over a four-week period, alternating between collaborative sessions (problem
exploration, synthesis, report writing) and laboratory sessions conducted in pairs. Between sessions,
they complete individual or collaborative tasks, such as refining their written synthesis.

From the students’ perspective, LabNBook first serves as a laboratory notebook for recording,
analysing, and interpreting experimental measurements. In a second phase, it becomes a shared
authoring environment in which teams collaboratively write a structured report. This progression is
supported by the integration of discipline-specific tools within a single workspace.

For teachers, LabNBook is used to organize student teams, access students’ productions throughout
the process, and provide formative feedback during the writing phases. Continuous access to student
work enables teachers to intervene during the learning process, rather than limiting feedback to the
point of submission.

4. Evidence From Use and Research

This section presents empirical evidence drawn from both usage data and research studies conducted
on LabNBook, providing support for the relevance of discipline-oriented Learning Experience
Platforms. It first examines patterns of use through quantitative indicators, then analyses factors
influencing teachers’ adoption, and finally explores how sustained use leads to appropriation and, in
some cases, to substantial pedagogical transformation.

4.1 Patterns of Use: Quantitative Evidence from Deployment

LabNBook was initially developed as a research tool at the University Grenoble Alpes and made
available to educators in 2017. Its use grew steadily, reaching approximately 3,300 students per year
in 2021, and has remained stable since then. Over the most recent year of use (September 2024 to
July 2025), 250 teachers and 3,700 students from the University Grenoble Alpes were active users.

During this period, 8,600 laboratory reports were produced. The disciplinary distribution reflects the
platform’s strong anchoring in experimental sciences: 52% in physics, 23% in biology, 17% in



chemistry, and 6% in engineering sciences. All five production tools integrated into LabNBook were
actively used, indicating diverse forms of discipline-specific authoring. Reports were produced
predominantly in small collaborative groups: 50% were written in pairs, while 31% were produced by a
single student. Among reports involving multiple students, 83% include contributions from more than
one user account, providing further evidence of collaborative writing within the platform. Finally, 75%
of reports were developed over multiple sessions separated by at least four hours, indicating the
iterative nature of students’ work.

Interaction and feedback are also substantial, primarily between teachers and students, as students
typically rely on external tools for peer communication. Over the same period, 3,600 messages and
comments were exchanged within the platform, teachers produced 36,400 annotations on student
work, and 71% of reports were assessed using the rubric-based evaluation tool.

Taken together, these indicators suggest that a discipline-oriented Learning Experience Platform is not
used merely as a submission system, but as an active workspace supporting collaborative, iterative
writing, feedback, and assessment throughout the learning process. Although such platforms address
a specific disciplinary niche (3,700 student users compared with 57,000 students across the university),
their sustained use over time indicates that they meet a genuine need for teachers alongside traditional
LMS.

4.2 Diffusion: Determinants of Teachers’ Adoption of LabNBook

A Moodle plugin was released in 2020, allowing external institutions to connect to the University
Grenoble Alpes instance of LabNBook through their own Moodle environments. Over the most recent
year of use, this resulted in 2,300 student users enrolled in LabNBook from 12 universities and
engineering schools across France, Belgium, and Switzerland, as well as several French high schools.
In 2022, the source code was released under an open-source license, enabling institutions to deploy
their own instances. At the time of writing, three additional institutions, beyond University Grenoble
Alpes, have implemented a local instance.

Despite these efforts, diffusion beyond the home institution has remained relatively limited. This can
be interpreted through the Technology Acceptance Model (TAM; Scherer et al., 2019). Perceived
usefulness emerges as the primary determinant of adoption among teachers. Because LabNBook
addresses a specific disciplinary niche — laboratory teaching — its relevance is most apparent to
instructors responsible for such courses. Even within this group, however, its usefulness is not always
immediately evident, as teachers have often developed their own methods for managing student work.
In many cases, the pedagogical added value of LabNBook becomes apparent only through actual use,
particularly in supporting students’ scientific activity and facilitating feedback. Some teachers also
question the usefulness of discipline-specific tools designed for learning purposes rather than mirroring
professional scientific software.

Perceived usability constitutes a second key factor. While the basic use of the platform is not
considered particularly difficult, the main cost lies in the initial effort required to integrate LabNBook
into existing courses. This includes redesigning activities and, in some cases, revisiting pedagogical
scenarios to maintain pedagogical alignment. These efforts primarily affect teachers and correspond
to what is often described as a “switching cost” (Cockrill, 2021).

Finally, acceptability issues — closely related to the “Attitude Toward Using” construct in the TAM —
extend beyond individual teachers to institutional and social dimensions. Some teachers and students
express concerns about the accumulation of digital tools in higher education. At the institutional level,
information systems departments may delay or refuse deployment due to concerns about robustness,
security, data sovereignty, or long-term sustainability.

Two external variables identified in the TAM help explain the stronger adoption observed at the
platform’s home institution. First, sustained institutional support — including training provided by the
design team and teaching load reductions — helped mitigate the initial cost of appropriation. Second, a



favourable social environment emerged, in which teachers shared their experiences with colleagues
and students familiar with LabNBook encouraged its reuse in other courses.

These findings can be extended to the diffusion of other discipline-oriented Learning Experience
Platforms. Their adoption is likely to be constrained by a narrower target user base compared to
traditional LMS, competition with existing specialized tools, the switching costs associated with
integrating a new platform into established courses, and a range of acceptability issues. As a result,
widespread adoption is unlikely to follow a top-down, institution-driven model; rather, it is more likely
to emerge through bottom-up initiatives led by teachers within specific disciplines. However,
institutional support remains essential to enable this process, particularly by reducing adoption costs
and fostering conditions for sustainable use.

4.3 Appropriation: Pedagogical Transformations and Sustained Use

Research conducted between 2017 and 2020 examined teachers’ initial intentions and subsequent
uses of LabNBook (Planche et al., 2022; Wajeman et al., 2021). Beyond generally high levels of
satisfaction among both teachers and students, longitudinal analyses indicate that sustained use is
associated with differentiated forms of appropriation. Notably, teachers for whom the platform triggered
unanticipated pedagogical transformations typically reported particularly high levels of satisfaction. In
these cases, the emergence of new instructional possibilities — initially unforeseen — was perceived not
as a disruption, but as a meaningful extension of their pedagogical repertoire.

LabNBook is not integrated uniformly; rather, teachers appropriate the platform in ways that reflect
their disciplinary priorities, pedagogical intentions, and existing practices. This process can be
interpreted through the lens of instrumental genesis (Drijvers & Trouche, 2008; Rabardel & Bourmaud,
2003). As teachers and students progressively integrate the platform’s tools into their activity, these
tools become instruments that shape users’ thinking and practices (instrumentation). At the same time,
a complementary process of instrumentalization occurs, whereby users select, adapt, or repurpose
functionalities, sometimes in ways not anticipated by the designers.

From the perspective of instrumentation, several forms of pedagogical transformation can be observed.
For some instructors, LabNBook primarily affects the organization and orchestration of laboratory
activities: it reshapes how tasks are distributed (individual or collaborative), how experimental sessions
and writing phases are sequenced, and how in-class and out-of-class work are articulated.
Functionalities such as remote monitoring or iterative writing workflows lead to adjustments in
supervision and student engagement, while leaving disciplinary objectives largely unchanged.

For others, appropriation extends more directly to disciplinary practices. In several cases, instructors
redesigned tasks to better support scientific practices that are difficult to address through traditional
media. This sometimes resulted in a clarification or reformulation of learning objectives — for example,
explicitly distinguishing note-taking during experimental work from scientific reporting, and recognizing
report writing as a learning objective in its own right.

Over time, these evolving uses may also prompt reflection on pedagogical alignment (Biggs, 1996).
As teachers redesign tasks around tools, adjustments at the level of activity often require
corresponding revisions of learning objectives and assessment criteria. In this way, transformations
initiated through instrumentation can reshape the overall coherence of the instructional design. Rather
than imposing a predefined pedagogical model, LabNBook provides a structured environment that
makes relationships between objectives, activities, and assessment more explicit and therefore open
to reconsideration. Sustained use thus appears to be linked not only to improved laboratory
management, but also to the progressive alignment of disciplinary writing, experimental practices, and
feedback processes within a more coherent educational framework.

Instrumentalization processes also play a key role in the evolution of the platform. As users appropriate
LabNBook, they select functionalities in relation to their pedagogical aims and may use them in ways
not anticipated by the designers, thereby attributing new functional values to the platform. These
practices provide valuable insights for further development. For example, some teachers sought to



enable data sharing at the level of the whole class for statistical analysis. To achieve this, they assigned
a shared report to all students, asking them to copy and consolidate data across reports. This
workaround was later formalized into a new functionality allowing parts of a report to be shared across
a cohort.

Taken together, these findings show that the appropriation of a discipline-oriented Learning Experience
Platform is a gradual and transformative process. It reshapes both pedagogical practices and the tools
themselves through the interplay of instrumentation and instrumentalization. Beyond the case of
LabNBook, this highlights that such platforms should not be viewed as fixed technological solutions,
but as evolving environments whose educational value emerges through sustained use and iterative
adaptation by their communities.

5. CONCLUSIONS

The case of LabNBook highlights a structural limitation of generic digital platforms in supporting
discipline-specific pedagogies. Traditional Learning Management Systems (LMS) are designed for
flexibility and standardization across disciplines. While this architecture facilitates institutional
deployment, it often limits pedagogical depth. Core activities of experimental sciences — experimental
design, data modelling, iterative reporting, and collaborative scientific writing — remain only partially
supported in such environments.

The proliferation of platforms is not, in itself, the issue — provided that new platforms address unmet
pedagogical needs. Rather, the problem lies in the lack of environments that meaningfully scaffold
authentic disciplinary practices. LabNBook should therefore be understood not as “another platform”
competing with LMS, but as a complementary layer dedicated to discipline-based learning
experiences. It illustrates what a discipline-oriented Learning Experience Platform can offer: a coherent
integration of tools for production, collaboration, feedback, and assessment rooted in the epistemic
practices of a domain.

Do we need another Learning platform? Our answer is yes — but not another generic one. The
LabNBook experience suggests that specialization can enable pedagogical transformations that are
difficult to achieve within standardized infrastructures. By aligning tools with disciplinary activities, such
platforms foster stronger coherence between objectives, tasks, and assessment, creating conditions
for sustained pedagogical evolution among teachers and more authentic engagement for students.

This specialization, however, entails challenges related to adoption and sustainability. Diffusion studies
indicate that perceived usefulness before actual use, redesign costs borne by teachers, and
institutional concerns regarding robustness and long-term maintenance significantly shape adoption
decisions. These constraints suggest that the future of such environments may lie in shared
governance models and digital commons, in which institutions collaboratively sustain and evolve such
environments over time.

This specialization also raises questions regarding the transferability of the conclusions presented
here. To what extent does the idea that digital environments better support learning when aligned with
disciplinary practices apply across other educational contexts? This question is particularly relevant in
disciplines other than experimental sciences, where the need for structured writing and specialized
tools may be less pronounced. It should also be noted that LabNBook has been used primarily in higher
education. Consequently, the observed results should not be directly generalized to lower educational
levels, where students’ autonomy differs substantially.

Beyond their pedagogical contributions, Learning Experience Platforms also constitute valuable
research instruments for studying disciplinary teaching and learning. The richness of interaction traces
— far more fine-grained than those typically available in conventional LMS — opens new possibilities for
studying learning processes in authentic contexts. Such platforms can thus operate simultaneously as
learning environments and as infrastructures for design-based research.



Current research projects built around LabNBook focus on the development and study of:

— Learning analytics dashboards for fine-grained monitoring of student activity (Hoffmann et al.,
2022);

— Tools to support students in planning and regulating both collaborative and individual work
(Lecuyer-Chardevel, 2024);

— Guidance strategies and levels required for effective student experimental design;

— Simulation-based learning activities integrated with Al-driven tutoring systems for adaptive
feedback;

— Generative Al for action recommendations to support learning and well-being;
— Collaborative writing processes involving students and generative Al;
— Al-assisted automatic assessment of laboratory reports.

Taken together, these developments suggest that the question is not whether we need more digital
platforms, but what kind of platforms are required to meaningfully support disciplinary learning. The
LabNBook experience indicates that when digital environments are grounded in the epistemic and
practical structures of a discipline, they can become catalysts for both pedagogical transformation and
research innovation.
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