N
N

N

HAL

open science

SAMPO, a Scenario Authoring Model for Virtual
Reality with Pedagogical Objectives: An Authoring
Perspective

Mathieu Risy, Bruno Arnaldi, Valérie Gouranton

» To cite this version:

Mathieu Risy, Bruno Arnaldi, Valérie Gouranton. SAMPO, a Scenario Authoring Model for Virtual
Reality with Pedagogical Objectives: An Authoring Perspective. Communications in Computer and

Information Science, In press, 12. hal-04829546

HAL Id: hal-04829546
https://hal.science/hal-04829546v1
Submitted on 10 Dec 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-04829546v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

SAMPO, a Scenario Authoring Model for Virtual
Reality with Pedagogical Objectives: An
Authoring Perspective

Mathieu Risyl0009—0004—6248—9988] Bryno Arnaldil0000-0002-9351-2747) o
Valérie Gouranton[0000—0002—2868—8826]

Univ. Rennes, INSA Rennes, Inria, CNRS, IRISA, France
{first-name}.{last-name}@irisa.fr

Abstract. How domain experts without expertise in VR development
can be direct actors in the creation of Virtual Reality Environments for
Training (VRET)? In order to facilitate a more hands-on approach to
scenario authoring for domain experts, this paper proposes an extension
of the Scenario Authoring Model with Pedagogical Objectives (SAMPO)
for Virtual Reality. It expands SAMPO with accessible activity prerequi-
sites, pedagogical guidance triggers, and learning activity selectors. This
paper adopts the domain experts’ authoring perspective to describe the
authoring process.

Keywords: Virtual Reality - Scenario - Pedagogy - Authoring - Welding
Use Case.

1 Introduction

The authoring of scenarios for Virtual Reality Environments for Training (VRET)
is challenging for teachers and trainers. While VRETs offer compelling educa-
tional benefits [12], their authoring remains inaccessible without robust Virtual
Reality (VR) development expertise [2]. As a result, they are typically developed
by VR experts at the initiative of a domain expert (Figure 1a). We argue that
domain experts should be able to author VRET scenarios directly (Figure 1b),
as they are responsible for the pedagogy and have knowledge of the learning
content.

In Virtual Environments, we consider that a scenario is a characterization of
the events that can happen and requires monitoring. It can describe user actions,
interactions, and the behavior of the environment. Every VR application contains
scenarios, whether they are explicitly defined or unfold at runtime. Furthermore,
as educational tools, VRETs include implicit or explicit pedagogical decisions. It
is essential that domain experts have control over the integration of pedagogical
elements within the environment to foster their autonomy in authoring VRET
scenarios.

In current models, scenarios authored during the VRET development phase
typically remain the only available options. We argue that a pedagogical tool
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should be able to evolve according to the needs of domain experts and learners.
Thus, domain experts should be able to author new scenarios to add to the
application.

In previous work, we presented the Scenario Authoring Model with Pedagog-
ical Objectives (SAMPO) [25] to allow domain experts to author pedagogical
scenarios directly using VR-compatible pedagogical specifications. Its modular
architecture enables the coexistence of multiple pedagogical scenarios to support
pedagogical variability. It aims to foster the reuse and edition of a VRET during
its life cycle to become an evolving educational tool.

In this paper, we propose an extension of SAMPO to ensure that author-
ing is a straightforward and logical process for domain experts. We propose an
authoring perspective focusing on the scenario flow to illustrate how domain
experts can create VRET scenarios tailored to their needs. Some of these contri-
butions aim to respond to the limitations we set out in the previous work [25].
We present the authoring process of SAMPO, as a general workflow, and detail
the authoring of each specification. This work is illustrated by a welding use
case.
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(b) Pedagogy-oriented design approach

Fig. 1: Design approaches to Virtual Reality Training Environment (VRET)

2 Related Work

This section describes the integration of pedagogy in VRETs and highlights
related work on scenario authoring for VRET.

2.1 Pedagogical Integration in VRET

Every Virtual Reality Environments for Training (VRETSs) contains pedagogical
decisions whether expressed explicitly or implicitly. Most VR and AR training
applications do not state an explicit pedagogical approach, or guiding pedagog-
ical principles [13,21,24]. Among the VRETs citing a specific approach, most
refer to the learning theory of constructivism [22] or theories that derive from
its principles. The prevalence of this theory can be explained by the compati-
bility of constructivist principles with the VR learning affordances [12]. It en-
courages engaging learners in contextualized experiential learning. A few works
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prefer lecture-based learning which is less compatible with constructivism theo-
ries [6]. VR is also often used for short duration and lends well to micro-learning
approaches. “ VR nugget” [15] combines generic VR patterns such as “decompos-
ing”, or “tagging” models to construct courses with on-demand VR interactions.

While learning approaches inform the educational design of a VRET, di-
rect pedagogical authoring requires machine-interpretable pedagogical specifi-
cations. Planning a training session in a virtual environment is often done by
segmenting it into interconnected learning activities [26]. The IMS Learning De-
sign [18] “Play-Act-Learning Activity” structure has been integrated multiple
VRET models [20,9]. More atomic description into tasks and actions [16,14,7]
is also often used to model short interventions and precise procedures. Collabo-
rative Virtual Environments (CVE) often model notions such as “Roles” [10] or
“Teams/organization” [8] to represent differences between actors (role) in educa-
tional social contexts. These specifications model differences in resource access
and behaviors for pedagogical agents or multiple users.

2.2 Pedagogical Scenario Authoring

Scenario authoring encodes the events that need monitoring and can unfold in a
virtual environment. The expressivity of a scenario depends on the representa-
tion of virtual environment events and processes. Authoring learning scenarios
embarks additional constraints centered on the learner experience in the VRET.
Differences in representation often indicate differences in the educational goal
or focus of the scenario type. This section discusses types of scenario authoring
used in VRET and the variability they can offer.

Procedural scenarios specify sequences of events that can happen successively
or concurrently [11]. They are often used in professional training to describe
procedures as well-specified sequences of tasks and actions [14]. To overcome
complexity and reusability issues caused by authoring only with primitives of
the virtual environment, scenario models have proposed higher-level building
blocks. Providing pre-planned interaction categories [9,15] can allow quick and
easy authoring of a succession of simple actions, but is quickly limited to 3D-
model manipulation. Enriching the environment with semantics created directly
by domain experts adds custom behaviors and relations shared by elements with
similar semantic properties [5]. They represent the environment behavior and are
used as new atomic elements to author scenarios, like in the models GVT [14]
or MASCARET [g].

Specifications representing domain-specific relations, such as semantics, are
the basis of knowledge-based scenario models. Models like VR-WISE [17] use
ontologies written by domain experts to define the semantics of the application. It
allows the environment to act using domain-specific logic [8]. However, scenarios
remain constrained by the procedural logic, which becomes unsuitable when
the complexity explodes, or when intermediate steps are either unimportant or
difficult to model.

On the opposite end, emergent scenarios rely essentially on domain-specific
knowledge. They model only the behavior of the environment to let the scenario
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emerge. In HUMANS [19], the pedagogical content is provided by agents’ rea-
soning based on semantic information, causality, and domain knowledge. While
this provides a reactive and ecological environment, pedagogical authoring is
scarcely constrained by the domain expert.

Goal-based scenarios use goals as loosely connected scenario points that need
to be achieved [23]. Goals are represented as constraints and specific states of
the environment or the user. They are also often linked by causal links [7] and
preconditions, like in Steve VRET [16]. Goal-based authoring provides a more fa-
miliar authoring language, while allowing the domain expert to keep pedagogical
control over the situations.

The Assessment-based approach [26] is a specific type of goal-based ap-
proach that allows a more flexible authoring centered on pedagogical objectives.
Progress within the scenario is conditioned by the validation of assessments de-
fined by the domain expert. Thus, assessments, the scenario key points, can take
multiple forms such as setting the environment in a specific state, providing a
correct answer, or following the steps of a procedure.

2.3 Toward a scenario approach for VRET

Current VRET scenario models have been able to achieve ecological and com-
plex learning environments. However, we have not yet identified models that
allow for the complete authoring of VRET scenarios by domain experts, ensure
pedagogical coherence, and support pedagogical variability.

To the best of our knowledge, very few assessment-based approaches exist,
however, they present an interesting hybrid type of scenario authoring that is
closer to domain experts’ pedagogical practices. They show promising capabili-
ties for a pedagogically coherent authoring model accessible to domain experts.

3 Use Case

SAMPO is constructed as a domain-independent model to apply to any edu-
cational context. Nonetheless, such a model must be instantiated to validate
its approach with domain experts. This section describes the instantiation of
SAMPO on a welding training application in VR that features three scenarios.
This use case is then used to illustrate the properties of the model in the rest of
the paper.

3.1 Welding Training Application in VR

The welding training application was designed in collaboration with domain
experts who teach courses with actual welding practice. Its objectives are to
introduce undergraduate students to safety practices and welding basics about
Metal Inert Gas (MIG) welding,.

The application features two environments that contain multiple pedagogical
guidance, error handlers, and evaluations to allow domain experts to adapt the
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(a) Error-spotting environment. (b) Welding station environment.

Fig.2: Environments of the VR welding training application use case. Figures
reproduced from Risy et al. 2024 [25] with permission.

application to the training context. The error-spotting environment (Fig-
ure 2a) helps identify clothing unsuited for safe welding practice and risks posed
by loose hair. The welding station environment is a functional MIG weld-
ing station to teach about safety equipment, welding station setup, and simple
welding practice.

The application currently features three scenarios. Domain experts can au-
thor new ones to answer different pedagogical objectives.

— Safety-focused scenario teaches about safe welding practice while not fo-
cusing on the workstation setup or the correctness of the welding gesture. It
prevents learners from committing errors.

— Practice-focused scenario teaches about welding gesture and workstation
preparation. It expects learners to demonstrate safe welding practices with-
out prompting it.

— Welding-effects scenario gradually adds the intimidating effects of welding;:
metal fusion, electric arc, and sparks. It helps explain protective equipment
and progressively immerse learners.

In addition, domain experts can access a monitoring interface to author sce-
narios, choose the scenario for each connected learner, and provide immediate
feedback on learners’ progression. It contains an accessible authoring interface
to author pedagogical scenarios (Section 4.5). Then, the domain expert can de-
cide the scenario to play for each learner connected to the monitoring interface.
Finally, the domain expert has access to the progression toward the pedagogical
objectives (Section 4.3) of each learner, receives warnings if an error scenario is
triggered (Section 4.4), and are notified if a learner asks for help.

3.2 Implementation

The application was developed using Unity and Unity plug-in Xareus®. Xareus is
an enriched Petri net-based scenario engine [5,11] with a graphical scenario au-
thoring tool. SAMPO was implemented in C+#, using classes for its specifications
and extending Xareus’ sensors/effectors logic.

! https://xareus.insa-rennes.fr/
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4 Scenario Authoring using SAMPO

In this section, we start by giving overviews of SAMPO pedagogical principles
and the general workflow for the authoring process of the domain expert. Then,
we detail each phase of the authoring process.

4.1 SAMPO Pedagogical Principles

The Scenario Authoring Model with Pedagogical Objectives (SAMPO) aims to
involve domain experts as direct authors of the scenarios and behavior of their
VRET (Figure 1). It uses Pedagogical Specifications written by domain experts
as comprehensible building blocks for the application’s educational scenarios.
While most scenario models focus on a singular scenario, SAMPO modular ap-
proach enables the coexistence of different Pedagogical Scenarios in the same
application. Thus, fostering polyvalence and reusability for VRETs.

SAMPO scenarios use an assessment-based approach [26], where progression
depends on learners demonstrating skills and behaviors described by the Peda-
gogical Specifications. These specifications are authored using the Constructive
Alignment learning theory [3] and express domain experts’ pedagogical objec-
tives as observable criteria. Thus, the VRET always behaves to guide learners
toward the pedagogical objectives, while making the distinction between learner
progress and pedagogical decisions. A domain expert represents these decisions
by writing Pedagogical Scenarios. They enable SAMPO to change the learning
experience depending on learners and teaching objectives. Finally, SAMPO in-
cludes a Monitoring component to support domain experts’ involvement during
the training session. It provides feedback on the learner’s progression toward the
pedagogical objectives and alerts the domain expert of errors made. In addition,
it provides the means to interact with the VRET outside of scenario execution.

A learning scenario defined in SAMPO is a combination of three types of
scenarios (Figure 3):

— Reference Scenario: Expected standard of what learners should be able
to do if the pedagogical objectives are reached.

— Error Scenarios: Errors cases and learner difficulties (time, accuracy, hes-
itations) that need to be monitored and can entail pedagogical intervention.

— Pedagogical Scenarios: Represent pedagogical decisions by adapting the
learning experience. Provide pedagogical guidance, handle error scenarios,
and order learning activities.

Using the welding application use case (Section 3), the reference scenario imple-
ments every assessment observing the application of safety measures and welding
knowledge. Error scenarios represent errors that can be corrected, such as weld-
ing with the gas bottle closed, and situations that can’t, such as touching a
burning metal plate. Finally, pedagogical scenarios represent the focus of train-
ing sessions, for example, one can teach only about safety, deactivation welding
practice assessments, guidance, and errors. This structure improves the VRET’s
educational capabilities and range of use by giving it the capacity to evolve
according to teachers’ and learners’ needs during its life cycle.
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Fig.3: Main components of SAMPO. Figure adapted from Risy et al. 2024 [25]
with permission.

4.2 Authoring process principles

Handing VRET authoring over to domain experts requires giving them a clear
perspective on the authoring capabilities at their disposition. The authoring pro-
cess can be broken into three categories from the domain expert’s perspective:
“Specification Authoring”, “Scenario Design”, and “Pedagogical Scenario Author-
ing” (Figure 4). While each category relies on elements from the previous one,
this does not prevent adopting an iterative approach by adding relevant ele-
ments when needed. In fact, the domain experts we consulted naturally used
this approach when discussing authoring.

The model allows domain experts to instantiate most components, and be
fully autonomous in authoring Pedagogical Scenarios. The specifications we pro-
pose seek to foster domain expert autonomy while being generic enough to design
VRETs tailored to domain experts’ needs and pedagogical approaches. Thus,
detailed implementation aspects are out of the scope of this paper to avoid un-
necessary constraints on the VRET. Such implementation could be conducted
by a domain expert experienced in VR development, a VR expert, or automatic
implementation.

The Specification Authoring phase ensures the application can fulfill the do-
main experts’ pedagogical objectives. Domain experts instantiate Pedagogical
Specifications used by scenarios, directly in the VRET. These specifications ori-
ent the design process and allow clear communication in the case of collaborative
design. In addition, Assessments created in this phase are the building blocks
used by the Reference Scenario to measure the learner’s advancement and Ped-
agogical Guidance needs.

The Scenario Design phase implements the learning reference and the ped-
agogical content to help achieve it. Domain experts define expected events and
behaviors as well as typical Error Scenarios. Then, they specify a range of error
handling, adaptive logic, and Pedagogical Guidance available in the Pedagogical
Scenarios Authoring phase.

The Pedagogical Scenario Authoring phase results in scenarios created with
different educational objectives and approaches. Domain experts define which
elements from “Scenario Design” are used by the Pedagogical Scenario, the order
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of Learning Activities, and the conditions to proceed from one activity to the
next. Finally, domain experts can use previously defined elements to get enriched
feedback on the learner’s progression through the Monitoring Component (Fig-
ure 3). While “Specification Authoring” and “Scenario Design” phases are likely
to happen in a fixed period, this continuous phase allows iteration and evolution
of the Pedagogical Scenarios over time.

Specifications Authoring €@ Scenario Design () 5)

Select ILOs of the scenario Focus.

Instantiate ILOs & ILOs Levels. Instantiate Error Scenarios.
« Define trigger

* Define Corrective Measures

Instantiate Learning Activity Selectors.
* Select the End-Conditions
« Order the Learning Activities

Instantiate Assessments from ILOs.

Instantiate Learning Activities.

« Select Assessments implemented in the activity

« Select Assessments representing functional and
pedagogical prerequisites of the activity

Define Error Handler.

Select relevant Pedagogical Guidance & trigger.

Define Pedagogical Guidance.

* Select trigger types. Select relevant Error Handlers.

Domain Expert Authoring

Instantiate Warnings triggered by Error Scenarios.

Reference Implementation e Pedagogy Implementation @
Implement Error Scenarios.

Reference Scenario implementation from the
Pedagogical Specifications.

Implement Error Handler.

Instantiate and implement Pedagogical Guidance.

Implementation

Implement prerequisites automatic activation.
Implement Activity Selection logic if needed.

Fig. 4: Description of the authoring process with SAMPO

4.3 Specifications Authoring

Specification Authoring allows the domain expert to embed pedagogical require-
ments directly and explicitly in the VRET. The first step is to describe these
specifications (Figure 5a) using a familiar yet VR-compatible vocabulary, de-
rived from the Constructive Alignment learning theory (Figure 5b). Then, link-
ing these specifications to the virtual environment makes them directly usable
by VRET’s scenarios. During this authoring phase the domain expert specifies:

1. Intended Learning Outcomes (ILOs): Observable description of peda-
gogical objectives and expected level of proficiency for a given scenario.

2. Assessments: Implementation of observation metrics required to measure
the learner’s progression toward the associated ILO. Assessments are used
to form objective-based scenarios and condition the pedagogical logic.

3. Learning Activities: Learning context that enables learners to achieve
pedagogical objectives.

4. Prerequisites: Educational and functional requirements of a Learning Ac-
tivity.

ILOs. Intended Learning Outcomes are defined as “statements, written from
the student’s perspective, indicating the level of understanding and performance
they are expected to achieve as a result of engaging in the teaching and learning
experience” [4]. In essence, they provide reliable and observable criteria that can
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Fig. 5: SAMPO pedagogical specifications based on Constructive Alignment. Fig-
ures reproduced from Risy et al. 2024 [25] with permission.

be implemented in an automated training environment to measure the learner’s
progress toward the expected level of proficiency. The domain expert instantiates
ILOs and writes their content using natural language.

An ILO can be further subdivided into several levels of proficiency. The levels
are associated with a learning taxonomy, such as Bloom’s revised taxonomy [1],
to qualify the cognitive task they represent. Table 1 illustrates an ILO on welding
practice, divided into three levels of competence.

Assessments. The domain expert instantiates Assessments to validate an ILO
or ILO Level. By observing the learner’s progression toward pedagogical objec-
tives, Assessments can be used to qualify learning. Assessments naturally derive
from their ILO’s description. They interface the Virtual Environment with sce-
narios, and thus, are an essential part of scenario logic. For example, Table 1
illustrates Assessments implemented in a welding application to validate an ILO.
The domain expert may decide that a pedagogical response should be triggered
if the validation of an Assessment is lower than a specified threshold.

Learning Activity. The domain expert writes Learning Activities to provide
educational contexts where learners can achieve pedagogical objectives. Thus,
Learning Activities are the smallest scenario unit a learner can complete. Each
activity is linked to a subset of the ILOs representing its objectives and is val-
idated by Assessments of these ILOs. For example, in the welding application,
Table 1’s ILOs and Assessments are implemented in an activity describing basic
welding practice with a single metal plate. Alongside this activity, other Learning
Activities provide context for learning about welding station setup and protec-
tive equipment. The Learning Activity segmentation of scenarios allows domain
experts to easily enable, disable, and organize scenarios’ sections without im-
pacting the others.

Prerequisites. Prerequisites represent states of the virtual environment that
should or need to be reached before the beginning of a Learning Activity. Func-
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Table 1: ILO and associated Assessment example. Basic welding practice for a
welding training application.

Basic welding practice
Time: After preparation of the welding station and application of safety measures.
ILO Assessments

- E The learner is able to: Weld linearity measurement.
3| £|- Move the welding torch in a straight line. |Compare gesture parameters
2 § - Maintain constant and appropriate speed, |to the standard.
Hl2| height, and angle.
2 & |The learner is able to: Observe if deviations from the
g’% - Correct the welding parameters during standard decrease in the same
3 w:: practice if they deviate from the standard.|welding practice.

The learner is able to: Improvement of weld quality
f § - Evaluate the weld quality visually after  |scoring. Relies on lower-level
g% practice. Assessments.
3 |- Correct their next practice using the

identified errors.

tional prerequisites are mandatory domain-specific conditions required for start-
ing an activity. Pedagogical prerequisites represent states that preferably should
be reached by the learner before the Learning Activity takes place. Using the
example of a “Welding practice” activity, a functional prerequisite would be “ac-
tivated welding generator”, and a pedagogical prerequisite would be “wearing
protective equipment”. While another Learning Activity “Welding station prepa-
ration” allows this state to be reached, the domain expert may want to start the
scenario without handling the preparation.

Domain experts can easily add prerequisites to a Learning Activity by indi-
cating any Assessments as functional or pedagogical prerequisites. Prerequisites
are not only used to indicate precedence on a sequence of actions but rather that
an automation mechanism must be implemented to reach the desired state. In
education, domain experts often decide to start "mid-action", assuming previous
steps are known or will be learned later. Thus, handling prerequisites ensures
any Learning Activity can be started directly. In addition, prerequisites allow
domain experts to decide whether pedagogical prerequisites should be automat-
ically handled if not previously done by the learner.

4.4 Scenarios Design

The “Scenario Design” phase implements the Reference Scenario, the Error Sce-
narios, and prepares the educational content for “Pedagogical Scenarios Author-
ing”. The Reference Scenario is the scenario that considers a theoretical learner
who validates the Assessments from every ILOs in every Learning Activity. In
essence, implementing the Reference Scenario consists of implementing the con-
tent described in the Specification Authoring phase (Section 4.3) and does not
require any further action from the domain expert. From this base, the domain
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expert authors an array of Pedagogical Guidance to help learners attain the
Reference Scenario, and Error Scenarios to represent deviations from it.

Error Scenarios. Error Scenarios represent and monitor typical errors that
may have, either or both, consequences on the environment and corrective mea-
sures. In SAMPO, the definition of an error includes any behaviors that demon-
strate the non-mastery of an ILO. This also encompasses learner difficulties, such
as hesitation, or taking too long while not committing any mistake. The Domain
Expert decides which events constitute an error, and the conditions that trig-
ger the associated Error Scenario. Such conditions can be defined in the Virtual
Environment or rely on Pedagogical Specifications. For example, an Assessment
lower than a threshold or failing to meet the prerequisite of a Learning Activity
may trigger an Error Scenario.

Declaring an Error Scenario is used to notify Pedagogical Scenarios and Mon-
itoring that an eventual pedagogical action is required. This action is manifested
as an Error Handler to represent consequences, if any, and provide help if needed.
In addition, Error Scenarios may include potential corrective measures to resume
the Reference Scenario. For example, in MIG welding training, the Error Sce-
nario “Gas Bottle is Closed During Welding” contains a simple corrective step:
allowing the learner to stop welding and open the gas bottle.

The purpose of Error Scenarios is not to cover every erroneous behavior.
However, remaining deviations from the reference can be caught by non-validated
Assessments, and still be associated with a Pedagogical Guidance.

Error Handlers. Error Handlers represent the consequences of an error, and
may trigger pedagogical guidance. In essence, they are short scenarios used by
the Pedagogical Scenario to respond to the triggering of an Error Scenario. Er-
ror consequences often differ between an ecological situation and an educational
context. Thus, the same Error Scenario can have multiple handlers. For example,
the “Gas Bottle is Closed During Welding” Error Scenario from the welding ap-
plication can be handled in several ways depending on the Pedagogical Scenario.
Welding could be blocked while corrective measures have not been applied. Al-
ternatively, the ecological consequences could be represented, namely increasing
spark production and degrading weld quality. In addition, guidance explaining
the error may be provided in either case.

Unless specified by the domain expert, the Pedagogical Scenario uses “do
nothing” as the handler for Error Scenarios.

Pedagogical Guidance. Pedagogical Guidance encompasses every means pro-
vided to guide the learning process while not being necessary to validate the
Reference Scenario. Authoring Pedagogical Scenarios defines the activation and
use of guidance. When creating a new Pedagogical Guidance, the domain ex-
pert links it with ILOs or Assessments it is related to. This informs both the
guidance’s content and the objectives it helps achieve. For example, to guide
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learning about basic welding practice (Table 1), relevant Pedagogical Guidance
may take the form of a “ghost welding torch” (Figure 6) moving with correct
speed, height, and angle, to demonstrate the expected gesture. In addition, the
domain expert selects the guidance trigger types to specify possible activation
available to Pedagogical Scenarios. Four trigger types are distinguished:

— Reactive: Triggered by an Assessment value, an Error Scenario, or the ac-
tivation of another Pedagogical Guidance.

— Planned: Triggered at a specified time, independent of Pedagogical Speci-
fications. It can also specify permanently activated guidance.

— User: Explicit guidance request by the learner. Foster learner autonomy by
providing control over the learning process.

— Monitoring: Triggered by another user through the Monitoring interface.

In the “ghost welding torch” example, the choice of a trigger is informed by
the Pedagogical Scenario purpose. “Planned” trigger can be used to explain the
gesture, “Reactive” trigger to correct learners’ when needed, or “User” trigger to
let learners decide if they need the guidance.

Pedagogical Guidance is not restricted to adding elements to the Virtual
Environment. Blocking actions and possibilities to avoid unwanted behavior,
such as errors, is also an important form of guidance that can be implemented.

Performance evaluation |

P
Distance 0.0 mm ‘ace yp,
Angle o 9host Ur torcy, Wy

b L /e the
7 ir

Delta 0.0 mm eco, 7
\rregularity [} we/din;":s oreer, 'S Upy,
re; ),

Fig. 6: “Ghost welding torch” Pedagogical Guidance and weld quality feedback.
Figure adapted from Risy et al. 2024 [25] with permission.

4.5 Pedagogical Scenarios Authoring

The Pedagogical Authoring phase allows domain experts to compose training ses-
sions tailored to their needs by authoring Pedagogical Scenarios. In essence, Ped-
agogical Scenarios represent a set of pedagogical decisions to adapt the learning
experience. Authoring a Pedagogical Scenario requires that the domain expert
defines its "Focus", a subset of the ILOs used to ensure pedagogical coherence.
Then, the domain expert instantiates Learning Activity Selectors to define the
activities the learner can go through and their order. Learning Activity Selector
allows the construction of linear and multi-linear scenarios. Once the activities
are specified, the domain expert can choose the error handler, pedagogical pre-
requisite handler, Pedagogical Guidance, and trigger used by the Pedagogical
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Scenario. Finally, the domain expert can set up Warnings to get enriched feed-
back on the learner’s progression through the Monitoring Component (Figure 3).

Focus. The core of each Pedagogical Scenario is composed of its “Focus”. This
specification contains the relevant subset of ILO levels for the scenario (Figure 7)
to guarantee pedagogical coherence. Defining a focus facilitates authoring by au-
tomatically filtering available Assessments, Pedagogical Activities, Pedagogical
Guidance, and Error Scenarios.

PEDAGOGICAL SPECIFICATIONS

Pedagogical -
Objectives Training Course
Sub-objectives -
Error Scenario
ILO Module o Reference [ (\7,
. - gger | Corrective
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Learning Prerequisites
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Fig. 7: Detailed view of SAMPO. Figure adapted from Risy et al. 2024 [25] with
permission.

Learning Activity Selectors. Pedagogical Scenarios are responsible for struc-
turing the Learning Activities presented to the learner. Consequently, we propose
the addition Learning Activity Selector (LAS) class to SAMPO.

In authoring a Pedagogical Scenario, the domain expert adds at least one
LAS to each Learning Activity. Each LAS specifies its internal conditions that
trigger either the next activity or the end of the scenario. Five types of end-
conditions are distinguished in a way that maximizes the authoring capability
of the domain expert.

— Assessments: Specific state defined by a subset of the activity’s Assess-
ments to which are associated thresholds.

— Monitoring: Proceeding to another activity is triggered by an external user
through the Monitoring interface.

— Learner selection: The learner chooses from a set of available activities.
The means of selection are application-specific.

— Random: Randomly pulls an activity among a set. The domain expert can
add weights to the options.
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— External Logic: Uses custom logic to output the next Learning Activity.
For example, this selector could interface a machine-learning model.

We argue for the possibility of authoring multi-linear scenarios to answer the
need for powerful educational scenarios. Consequently, multiple LAS can coexist
in the same activity. However, adding multiple LAS poses the risk of ambiguous
or simultaneous resolution. To solve these situations, we propose LAS need to
be ordered by priority to "arbitrate" these cases.

Warnings. Warnings are custom notifications defined by the Domain Expert,
sent through the Monitoring interface as the result of a specific Error Scenario
being triggered. This system is especially useful in cases where the domain expert
cannot monitor a learner the whole time and need to react. For example, if
multiple learners are in a scenario at once.

5 Conclusion

This paper presents a methodology for domain experts to become active partic-
ipants in authoring of VRET scenarios using the SAMPO authoring model. The
model also demonstrates how VRETSs can be used as effective educational tools
that facilitate pedagogical variability. In order to facilitate a more hands-on ap-
proach to authoring for domain experts, the SAMPO model has been expanded
to include accessible activity prerequisites, pedagogical guidance triggers, and
learning activity selectors. The main focus of this paper is on authoring capabil-
ities for teachers and trainers who lack a background in VR development. There-
fore, we describe the three-part authoring process of domain experts and the ped-
agogical specifications used to construct the modular scenarios with SAMPO.
We demonstrate how pedagogical coherence is ensured by integrating Construc-
tive Alignment principles as the foundation for the specifications. This enables
the Scenario Design phase to implement pedagogical content and error scenarios
in a way that elicits pedagogical variability. It is possible to create pedagogical
scenarios at any stage of the process, including after the development phase of
the VRET.

In future work, we intend to investigate scenario authoring with dynamic
adaptation to learners. With the modular scenario architecture of SAMPO, sce-
nario blending, and dynamic scenario changes represent promising ways for ex-
ploration. In addition, while domain experts can monitor multiple learners at the
same time, learners do not share the same instance of the application. As teach-
ing is also often done collaboratively, we will extend SAMPO to Collaborative
Virtual Environments.
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