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ABSTRACT

Immersive authoring tools have emerged as key enablers for
trainers-designers to create Virtual Reality Learning Systems
(VRLS) without requiring extensive programming skills. However,
the design of such tools presents significant challenges in terms of
interaction, usability, and interface complexity. These challenges
underscore the need to validate an appropriate design interface to
ensure these tools can be effectively utilized by non-technical users.
This study evaluates the usability of an immersive authoring tool for
VRLS using interactive panoramic videos. Two types of interfaces
were compared: one that integrates storyboarding and rendering vi-
sualization, and one that separates these functionalities. Quantita-
tive and qualitative data were collected from 24 participants divided
into two groups. The results indicated that the separated interface
was more effective, efficient, and satisfactory, particularly for more
complex scenarios. Moreover, the integrated interface led to more
pronounced symptoms of cybersickness while motivation levels did
not differ significantly between the two groups. These findings
highlight that integrating all functionalities into a single interface
may not always be the best approach, especially for complex tasks,
as it can lead to decreased usability and increased physical discom-
fort.

Index Terms: immersive authoring tool, virtual reality learning
systems, usability, panoramic videos, user experience, storyboard-
ing, rendering visualization.

1 INTRODUCTION

The advent of Virtual Reality Learning Systems (VRLS) has signif-
icantly transformed the landscape of educational technology. These
systems utilize the immersive capabilities of virtual reality to create
engaging and interactive learning environments [24]. To facilitate
the creation of these systems, authoring tools have been developed
[9, 27], enabling trainers-designers to build VRLS without requir-
ing extensive programming knowledge. These tools are essential
for allowing non-technical users to design, develop, and personal-
ize various types of digital content.

Among these authoring tools, a notable distinction can be made
between traditional Windows, Icons, Menus, Pointer (WIMP) inter-
face tools and immersive authoring tools. While traditional WIMP
tools rely on conventional desktop interfaces, immersive authoring
tools allow trainers-designers to create interactive content within
the virtual reality environment itself [32]. This capability provides
a unique advantage, as it enables trainers-designers to instantly vi-
sualize the results of their work from a perspective identical to that
of the learner, thereby facilitating a more effective and engaging
content creation process [7].

VRLS use interactive panoramic videos to build virtual environ-
ments that create a stronger sense of presence for learners [5]. This
approach not only enhances the immersive experience but also re-
duces the technical skill requirements associated with 3D environ-
ment modeling for trainers-designers [18]. Therefore, it is neces-
sary that immersive authoring tools provide an integrated and intu-
itive authoring environment that covers designing, managing sce-
narios, configuring interactions, and testing results [6]. Proper user
interface and interaction design are essential to achieving this goal.

Therefore, ensuring the usability of these tools is an important
aspect that warrants careful consideration. A thorough assessment

is needed to understand their impact on effectiveness, efficiency,
and user satisfaction. By identifying design solutions that reduce
obstacles and complexities in creating and interacting with virtual
environments, we can mitigate cognitive overload in certain scenar-
ios. Notably, few studies have focused on evaluating how different
interface designs affect cognitive load and cybersickness, particu-
larly in complex virtual reality environments. This gap highlights
the need for research comparing various interface designs to pro-
vide a more comprehensive understanding of their impact on us-
ability in immersive systems.

This study presents experiments that develop VRLS with scenar-
ios of varying complexity, using two different types of interfaces:
one that integrates storyboarding and rendering visualization, and
one that separates these functionalities. Through the collection and
analysis of quantitative and qualitative data, this study evaluates
user effectiveness, efficiency, satisfaction, cybersickness, and moti-
vation.

In Section 2, we review the current state of immersive authoring
tools, beginning with a discussion on authoring tools for VRLS,
highlighting usability challenges and technical complexities. We
then shift focus to immersive authoring tools that use interactive
panoramic videos, exploring how these tools facilitate scenario cre-
ation while maintaining user engagement and immersion. Section
3 introduces our research hypotheses, comparing the usability of
integrated and separated interfaces on an immersive authoring tool
that has been customized to meet the specific objectives of the ex-
periment. Section 4 outlines the experimental design, detailing par-
ticipant selection, the tasks performed, and the evaluation methods
for measuring usability, cybersickness, and motivation. Section 5
presents the experimental results, including quantitative and qual-
itative data, with a focus on task completion, execution time, sat-
isfaction, motivation, and cybersickness symptoms. Section 6 pro-
vides a detailed discussion of these findings, comparing them to
prior studies and offering observations on the usability of different
interface types. Finally, Section 7 concludes the paper by summa-
rizing the key results and proposing directions for future research
to further enhance the usability of immersive authoring tools in ed-
ucational contexts.

2 BACKGROUND AND RELATED WORK
2.1 Authoring tools for virtual reality learning systems

An authoring tool is defined as a software system that allows non-
programming users to design, develop, and personalize various
types of digital content. In the context of digital education, it pro-
vides an intuitive user interface and automation features to sup-
port the creation of educational content, define learning activities
and assessments, and manage interaction and collaboration between
learners and educational content [10, 21, 23].

To provide a comprehensive classification of tools used for cre-
ating VR/AR environments, Nebeling & Speicher [22] categorized
existing platforms into five classes based on two criteria: (1) the
skills and resources required, and (2) the level of fidelity in AR/VR.
Their review evaluated a total of 18 tools, covering a wide range
from basic authoring platforms to complex development environ-
ments. While some of these tools, such as Unity3D and Un-
real Engine, require advanced programming skills, others, such as
HoloBuilder and Proto.io, are more accessible to non-technical de-
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signers. This distinction is essential for selecting the appropriate
tools based on user needs and technical capabilities.

Several studies offer solutions to simplify and make the design
of interactive scenarios in virtual reality more accessible, focusing
on trainers-designers with limited programming skills. The SAVE
(SAfety Virtual Environment) authoring tool allows trainers to col-
laboratively create and test virtual environments, both on traditional
interfaces for scripting and in VR for rendering visualization [15].
This dual approach significantly reduces development and adapta-
tion time but also presents communication challenges during col-
laboration, which can lead to cognitive overload for the trainer us-
ing the VR interface, especially when the complete structure of
complex scenarios cannot be fully memorized.

Another study on collaborative design introduced the Spacetime
authoring tool to control interactive empowerment while facilitat-
ing flexible collaboration among multiple users [30]. The results
showed that trainers-designers tend to regularly review previously
completed design work. The choice between simultaneously dis-
playing complete or partial scenario information and interaction in-
formation can influence the trainer’s perception and decisions re-
garding the actions required to build the scenario.

A solution to reduce the technical complexity of the scenario
creation process is to break down tasks into specific requirements
[31]. This can make it easier for non-technical users to develop in-
teractive VR scenes, making usability assessments more objective.
While the web-based authoring tool VREUD [31] is built on top of
the A-Frame library, the immersive authoring tool FlowMatic [32]
employs Functional Reactive Programming (FRP) diagrams to fa-
cilitate behavior creation. Research has demonstrated significant
usability advantages compared to traditional interface tools, thanks
to a more intuitive interface and a reduced learning curve for novice
developers.

For FlowMatic, although immediate feedback is considered an
advantage, it can also pose difficulties when trainers-designers ac-
cidentally trigger interactions while adjusting prototypes. This ne-
cessitates a distinct mechanism to switch between editing mode and
execution mode.

In summary, while various authoring tools for VR/AR environ-
ments have been developed, they often present challenges for non-
technical users, particularly in terms of usability and the need for
technical skills. Understanding these limitations and the strengths
of existing tools is crucial. This analysis provides a foundation to
identify gaps and opportunities for improvement in the design of
immersive authoring tools. By examining the usability and user ex-
perience issues highlighted in previous studies, this research aims
to develop an interface that simplifies the creation of interactive
scenarios and reduces cognitive overload, thereby enhancing the
effectiveness of immersive authoring tools.

2.2 Authoring tools using interactive panoramic videos

Specific studies on panoramic videos also offer interesting perspec-
tives. Addo et al. [1] explored design methods for integrating in-
teractions into panoramic videos, emphasizing the importance of
immediate user feedback to maintain engagement and immersion.
Their work showed that real-time visualization of modifications in
a virtual environment significantly improves the accuracy and effi-
ciency of educational scenarios.

Coelho et al. [8] presented a collaborative immersive tool en-
abling real-time creation of VR experiences, highlighting the im-
portance of real-time collaboration to improve the efficiency of cre-
ative processes. Another study evaluated three different interfaces
(desktop, immersive, and tangible) for creating 360-degree multi-
sensory videos [7], they demonstrated that immersive and tangible
interfaces offer better user satisfaction and presence compared to
traditional desktop interfaces, which allow for faster task comple-
tion due to users’ familiarity with keyboards and mice. In 2022,

they conducted a systematic review of authoring tools for virtual
reality experiences, analyzing 29 studies, identifying the strengths
and weaknesses of different approaches, and emphasizing the need
to develop more intuitive and integrated tools to improve the user
experience [9].

As a result, it is necessary to examine and evaluate different
user interface designs to determine the most appropriate design ap-
proach to improve the usability of authoring tools when creating 3D
interactive scenarios. This study focuses on the seamless integra-
tion of storyboarding and rendering visualization in an immersive
authoring tool using panoramic videos, which is expected to enable
effective creation and adjustment of scenarios.

3 RESEARCH HYPOTHESIS

In the context of this research, the design of the immersive author-
ing tool for VRLS using panoramic videos includes two primary
functionalities: (1) The Storyboarding function allows trainers-
designers to create and organize different elements of the scenario,
such as scenes and transitions between them, through simple drag-
and-drop operations. These transitions define the flow of the sce-
nario, enabling users to build complex, branching narratives. (2)
The Rendering Visualization function enables trainers-designers to
add and customize additional objects within the panoramic videos.
Users can adjust properties such as size, color, and behavior, pro-
viding flexibility in creating interactive and dynamic VR environ-
ments.

We consider two interface approaches for these functionalities:
integrated and separated. The integrated interface combines story-
boarding and rendering visualization into a single workflow, while
the separated interface divides these tasks into distinct modules, al-
lowing users to focus on one task at a time. Both approaches are
implemented entirely within the VR environment. Understanding
these differences is crucial for evaluating their impact on usability.
Our experiment explores how these interface approaches affect user
performance, satisfaction, and overall experience.

Our first hypothesis (H1) suggests that differences in the inter-
action interface, whether integrated or separated for storyboarding
and rendering visualization, will lead to differences in usability be-
tween them. Previous research on multi-layer interface design indi-
cates that integrated interfaces can enhance efficiency by reducing
the effort required to switch between tasks, providing a more seam-
less user experience [26]. However, this benefit could be limited by
the potential for cognitive overload when handling more complex
tasks. On the other hand, separated interfaces allow users to con-
centrate on individual tasks, which can improve task effectiveness
[20]. Based on these findings, we expect to observe differences in
usability, with integrated interfaces favoring efficiency and sepa-
rated interfaces favoring effectiveness.

Our second hypothesis (H2) suggests that there will be no signif-
icant difference in cybersickness symptoms between the two inter-
face conditions, both of which involve using a VR headset. Cyber-
sickness is primarily caused by factors such as sensory mismatch,
frame rate, latency, and field of view [25]. Both the integrated and
separated interfaces in this study operate within the same VR en-
vironment, using identical hardware and display settings. The key
difference between the interfaces lies in the amount of data or ob-
jects displayed at any given time, rather than in the visual or sensory
signals. Since these factors are the primary contributors to cyber-
sickness, we do not expect a significant difference in symptoms
between the two interface conditions.

Our third hypothesis (H3) assumes that participants using the
integrated interface will be more motivated than those using the
separated interface in this experiment. Seamless interaction within
virtual environments can enhance user engagement and motivation
by minimizing task-switching and providing a more fluid experi-
ence [28]. Integrated interfaces may help maintain focus by reduc-
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ing workflow interruptions. In contrast, separated interfaces could
require more task-switching, which might affect user motivation.

4 METHOD
4.1 Participants

The participants in the experiment, ranging in age from 21 to 56
with an average age of 34, were divided into two groups corre-
sponding to two types of VR interfaces, with each group consisting
of 12 participants. The age distribution was balanced between the
two groups. All participants were proficient in French, ensuring ad-
equate understanding of the information presented in the language
and the ability to engage in conversations throughout the experi-
ment.

In terms of prior experience with virtual reality (VR), 12.5% re-
ported using VR headsets daily, 12.5% weekly, 16.67% monthly,
and 58.33% had used them less frequently. Regarding VR applica-
tions, participants were allowed to select multiple categories. The
most common uses included training and simulation (55%) and
video games (45%), followed by cultural discovery (cinema, mu-
seums, etc.) at 20%.

The experiment was approved by the Research Ethics Commit-
tee of Anonymous University. All participants provided informed
consent before participating in the study, including details on confi-
dentiality rights, potential benefits, and risks. They were informed
about their right to withdraw from the study at any time without
any consequences, and all data were anonymized to ensure confi-
dentiality.

4.2 Immersive authoring tool Wixar

Wixar [29] is a multi-platform authoring tool, offering a range
of options for creating scripted content for interactive panoramic
videos. We used version 2.0-beta.1 of Wixar, released in November
2023. The application design process by the trainers-designers in-
cludes three phases: 1) Adding media resources, such as panoramic
videos, audios, and 360 images, 2) Integrating and configuring the
interaction objects and scenario, and 3) Releasing applications.

In this experiment, different panoramic video scenes were pro-
vided, and an overview of the scenario to be played was presented
to the participants beforehand.

The devices used in this experiment included: two Meta Quest
2 headsets equipped with the Wixar 2.0-beta.1 VR authoring tool
with minor display adjustments between the two versions.

4.3 VR interfaces

Wixar VR interfaces are designed with a focus on ease of use and
consistency. This ensures that both groups of participants (those
using the integrated and separated interfaces) can interact with the
system seamlessly. The VR interfaces allow trainers-designers to
manage 360-degree videos and interactive scenes directly within
the virtual environment. The toolbar provides options for access-
ing scenario management tools and configuring the environment
(as shown in Fig. 1). Regardless of the interface type, the inter-
action processes, such as selecting resources, editing scenarios, and
testing, remain uniform across both groups.

Trainers-designers are presented with a 360-degree view of the
environment, which can be explored simply by rotating their head
or body. Additional objects have the same customizable interface
across both types of interfaces (Fig. 2), ensuring that all interactions
follow the same consistent steps.

Key difference in content display: despite the consistency in the
toolset and interaction processes, a key difference between the in-
tegrated and separated interfaces lies in the way the scenario infor-
mation is displayed.

For participants using the integrated interface, the scenario infor-
mation is shown on a transparent panel that overlays the 360-degree
environment. This transparent design allows trainers-designers to

Figure 2: Color picker of additional object (button)

access and review the scenario information without obstructing
their view of the panoramic video and other additional objects
within the virtual environment. This helps maintain a continuous
sense of immersion, as trainers-designers can still interact with the
environment while accessing scenario details (Fig. 3).

In contrast, participants using the separated interface experience
a different approach to scenario information display. When the sce-
nario information panel is opened, a full overlay is activated (Fig. 7
a), which temporarily blocks out the 360-degree environment, in-
cluding the panoramic video and any additional objects (Fig. 7 b).
This requires trainers-designers to focus solely on the scenario de-
tails without any distractions. They can switch between the envi-
ronment and the scenario panel through the scenario option on the
toolbar (Fig. 1).

The preview mode allows trainers-designers to review their
scenarios in real-time within the VR environment, ensuring that
changes made to the interactive elements can be visualized imme-
diately. Additionally, the use of simple drag-and-drop operations
when creating or editing scenes (Fig. 4), combined with clear nav-
igation options, allows for a consistent user experience. These fea-
tures were designed to ensure that both groups of participants expe-
rience a cohesive and intuitive workflow, despite the differences in
the way content is displayed.

4.4 Scenario and procedure

A technical presentation of the equipment and software was con-
ducted using an explanatory video. The participants were equipped
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Scenes

Figure 3: Transparent panel displaying scenario information in the
integrated interface
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Figure 4: scene creation and editing using drag-and-drop operations

with an Oculus Quest 2 headset, and the Wixar 2.0-beta.1 applica-
tion was launched.

To begin, a tutorial invited the participants to perform a demon-
stration mission to familiarize themselves with the interface, fea-
tures, and basic requirements of the experiment.

The mission context is to create a VR application allowing new
students to visit a university building using pre-recorded panoramic
images and videos. These images and videos need to be linked
together by adding additional objects to each scene (rendering vi-
sualization) and configuring the scenario (storyboarding). Fig. 5 is
a simple diagram of the building and the scenario pathway.

secretariat

{canteen

Hall A comidor HALL “
B ~
door door 2 "
] | study
. H room
Amphitheater
Reception Entrance to
desk the building

Figure 5: Simple map of the building

The scenario is divided into three missions: (1) The first mis-
sion involves creating a simple linear scenario where the path starts
from the entrance, goes through the central corridor, and reaches the
building’s hall. This scenario requires minimal decision-making
and straightforward navigation. (2) The second mission intro-
duces a branching scenario where, from the hall, additional objects
(Fig. 7b) allow access to different areas such as the secretariat of-
fice, the canteen, and the study room, then return to the hall. This
scenario requires more interaction and decision-making as partici-

pants must create different branches. (3) The final mission involves
a looping scenario where participants start from the hall, go through
a long corridor to reach another area, and encounter a door that al-
lows access to the amphitheater before returning to the hall through
another door. This scenario is the most complex, requiring partici-
pants to manage cyclic navigation and multiple decision points.

Each participant group performed tasks on each different type of
interface. The first group (G1) used an integrated interface: story-
boarding is accessible simultaneously with rendering visualization
(Fig. 6). Participants could add, modify, and delete additional ob-
jects while editing the scenario. On the other hand, for the other
group (G2) using the separated interface (Fig. 7), these tasks had to
be performed separately.

Figure 6: Interface of G1 integrating storyboarding and rendering
visualization

a. Storyboarding interface of G2

b. Rendering visualization interface of G2

Figure 7: Interface of G2 separating storyboarding from rendering
visualization

At the end of the three sequences, participants were asked to
complete feedback questionnaires.

4.5 Data collection and measures

Before the start of the activity, a demographic questionnaire was
administered to the participants to gather information about their
personal characteristics, such as age, gender, education level, and
prior experience with virtual reality and authoring tools. An algo-
rithm was developed and integrated into Wixar 2.0-beta.1 to collect
quantitative data on user behavior during task execution. These data
included operations related to the creation, deletion, and movement
of objects. The data were then analyzed to compare the effective-
ness and efficiency between the two types of interfaces.

After the activity, we used the NASA-TLX scale [14], trans-
lated into French by Ganier et al. [11], to assess the workload in-
volved. Cybersickness (SSQ) was evaluated using the French ques-
tionnaire proposed by Kennedy et al. [17]. The F-SUS scale is the
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French version of the System Usability Scale (SUS) [4] proposed
by Gronier & Baudet [12]. The participants’ motivation was as-
sessed using the Situational Motivation Scale (SIMS) [13], French
version proposed by Mener [19].

The obtained data was then analyzed to evaluate the usability of
the two different types of interfaces during participant interactions.
According to ISO 9241-11 [16], usability encompasses three key
criteria: (1) Effectiveness, (2) Efficiency and (3) Satisfaction.

Usability, therefore, is measured by how well users can per-
form tasks accurately and completely (effectiveness), how resource-
efficiently they can achieve these tasks (efficiency), and how satis-
fied they are with the process and outcome (satisfaction). Specifi-
cally, in this experiment, effectiveness was related to the number of
errors made during the participant’s scenario execution, with fewer
errors indicating higher effectiveness. Efficiency was measured by
the time required to complete the tasks in relation to the quality
of the work achieved, with less time and higher quality indicating
higher efficiency. Satisfaction was assessed using the F-SUS ques-
tionnaires, with an adjective rating scale [2] was used to interpret
the SUS scores.

5 RESULTS

The quantitative and qualitative data collected were standardized to
select the appropriate parameters, then analyzed using SPSS (ver-
sion 25, IBM Corp). A Shapiro-Wilk test was first performed to
check for normality of the data distribution. If the p-value was
greater than 0.05 for both groups, the data were normally dis-
tributed, and a Student’s T-test was performed for the bivariate
correlation test. If at least one of the groups had a p-value less
than 0.05, indicating a non-normal distribution, a non-parametric
Mann-Whitney test was used instead. The data were collected from
two experimental groups, each consisting of 12 participants, corre-
sponding to the two types of VR interfaces.

5.1 Effect of the Interactive Interface on Effectiveness

In both groups, no errors were recorded on the first two scenarios.
However, the final scenario (S3) indicated that some participants
were unable to complete the entire task list. The Mann-Whitney test
on the number of errors committed on S3 for the two groups showed
that the integrated interface G1 (M=0.83, SD=0.937) made more er-
rors compared to the separated interface G2 (M=0.17, SD=0.389),
indicating a significant difference (p=0.031). This demonstrates
that the separated interface G2 was more effective, as fewer errors
were made, reflecting higher accuracy and completeness in achiev-
ing the specified goals.

5.2 Effect of the Interactive Interface on Efficiency

In terms of execution time, the separated interface G2 completed
the tasks faster than the integrated interface G1 in scenarios S1 and
S3 (see Fig. 8).

The Levene’s test for S1 (p=0.009) indicated a statistically sig-
nificant difference in variances between the two groups. Following
this, the Student’s T-test (p=0.016) showed a statistically signifi-
cant difference in the means of the two groups. The Mann-Whitney
test (see Tab. 1) indicated a significant difference between the in-
tegrated interface G1 and the separated interface G2 in terms of
execution time for S3 (p=0.004), but no significant difference for
S2 (p=0.686).

To further analyze efficiency, we examined the relationship be-
tween the time required to complete the tasks and the quality of
work achieved, represented by the number of errors. In scenario
S2, there was no significant difference in time, and the quality of
work (errors) was also similar. However, in scenarios S1 and S3,
where the separated interface G2 completed the tasks faster, they
also made fewer errors (S3), indicating higher effectiveness. This
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Figure 8: Distribution of execution time (seconds) differences for the
integrated interface G1 and the separated interface G2 by sequence

Table 1: Statistical significance tests between the integrated inter-
face G1 and the separated interface G2 for execution time differences
across 3 missions

Group p(SW) pMWU) p(Levene) p (T-Test)
Gl .389
S1 @ 231 - .009 .016
Gl 477
S2 @ 006 .686 - -
Gl .008
S3 a2 013 .004 - -

correlation suggests that the separated interface G2 was able to
achieve better results in less time, demonstrating higher efficiency.

5.3 Satisfaction

The results of the F-SUS questionnaire showed no significant differ-
ence between the integrated interface G1 (M=66.54, SD=19.97) and
the separated interface G2 (M=75.21, SD=16.6). Despite the wide
diversity of opinions indicated by the significant standard deviation
values, the SUS Means suggested that the G2 system offers a higher
level of user satisfaction. This conclusion is based on the compar-
ison of F-SUS scores between the two groups. According to the
adjective rating scale described by Bangor et al. [2], a SUS score
from 71.4 to below 85.5 is considered ”"Good” usability, while a
score from 50.9 to below 71.4 is considered "OK”. Therefore, the
higher mean SUS score for the separated interface G2 indicates a
better perceived usability compared to the integrated interface G1.

5.4 Cybersickness

The SSQ developed by Kennedy et al. [17] is widely used to mea-
sure symptoms associated with cybersickness, including nausea,
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oculomotor disturbances, and disorientation. In 2011, Bouchard et
al. [3] revisited the factor structure of the SSQ and proposed a two-
factor model, consolidating symptoms into two categories: nausea
and oculomotor disturbances. Their analysis showed that several
items from the original questionnaire overlapped across multiple
factors, indicating that the boundaries between symptom categories
were less distinct than initially thought. They argued that this sim-
plified model is better suited for civilian applications, especially in
virtual reality systems, which are increasingly used in professional
training, immersive video games, and educational environments.

In this study, the results of the SSQ, which measured symptoms
of nausea and oculomotor disturbances, showed that the symptoms
appeared slightly more pronounced in the integrated interface G1
(Fig. 9).

MNausee
Oculemeteur
2

Group Group

Figure 9: Distribution of differences in indices measuring symptoms
of nausea and oculomotor disturbances between the integrated in-
terface G1 and the separated interface G2

Indeed, the Shapiro-Wilk normality test led to a Mann-Whitney
evaluation on nausea symptoms, revealing that participants in
the integrated interface G1 experienced significant symptoms
(p=0.037). However, there were no significant differences in oculo-
motor disturbances, as the results of the Levene’s test (p=0.615) and
the T-Test (p=0.35) showed no statistically significant differences in
variances or means between the two groups (Tab. 2).

Table 2: Evaluation of cybersickness symptoms

SSQ Group p(SW) pMWU) p(Lev) p(T-Test)
Gl .029
Nausea G2 007 .037 - -
Gl 254
Oculomotor G2 205 - .615 35

5.5 Motivation

The results of the SIMS questionnaire helped identify the type of
user motivation through the Situational Motivation Scale Fig. 10).
Regarding intrinsic motivation, identified regulation, external regu-
lation, and amotivation, there was no significant difference between
the integrated interface G1 and the separated interface G2 (Tab. 3).

6 DiscussION

The results of our study supported our first hypothesis (H1), show-
ing significant differences in usability between the two types of in-
terfaces. Specifically for effectiveness, participants using the sep-
arated interface made fewer errors, particularly in complex scenar-
ios (S3). In terms of efficiency, the separated interface allowed for
faster task completion in scenarios S1 and S3, indicating better per-
formance. Satisfaction levels were also higher for the separated
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Figure 10: Distribution of differences in Situational Motivation Scale
indices between the integrated interface G1 and the separated inter-
face G2

Table 3: Evaluation of motivation types between the integrated inter-
face G1 and the separated interface G2

Group SW  MWU Levene T-Test

Intrinsic motivation g; (Z)Zg - 574 373

Identified regulation g; gg; - 361 736

External regulation g; ‘3‘5’57 - 821 .806
Amotivation gé (3;(5)431 076 - -

interface, as reflected by higher SUS scores based on the adjec-
tive rating scale [2]. These findings underscore that the separated
interface offers substantial advantages in effectiveness, efficiency,
and user satisfaction, particularly for complex tasks where cogni-
tive overload with the integrated interface can lead to increased er-
rors.

Our findings align with the work of Nebeling & Speicher [22],
who highlighted the difficulties non-technical designers face in us-
ing integrated tools for prototyping VR experiences. The cognitive
overload observed in the integrated interface group can be attributed
to the simultaneous management of storyboarding and rendering
visualization, which is consistent with the challenges discussed by
Yigitbas et al. [31] regarding the complexity of immersive author-
ing tools.

In terms of cybersickness (H2), contrary to our hypothesis, the
results showed that the integrated interface led to more pronounced
symptoms of nausea compared to the separated interface. A possi-
ble explanation is the longer usage time in the integrated interface
group. As highlighted in the efficiency analysis, participants using
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the integrated interface spent more time interacting with the system.
Rebenitsch & Owen [25] suggest that extended use of VR systems
correlates with higher incidences of cybersickness. In this case, the
cognitive load from managing multiple tasks simultaneously, com-
bined with the longer usage time, likely contributed to the more
pronounced symptoms observed.

Regarding motivation (H3), contrary to our hypothesis, the situ-
ational motivation scale revealed no significant difference between
the two groups. This indicates that interface design alone may not
have a measurable impact on user motivation. Wang & Lindeman
[28] found that Hybrid Virtual Environments (HVEs) can improve
task performance through smoother transitions and task synchro-
nization, but these improvements do not necessarily lead to changes
in motivation. Similarly, in our study, while the interface design
likely influenced usability, it did not appear to affect intrinsic mo-
tivation. This outcome suggests that other factors beyond interface
design may play a more critical role in shaping user motivation in
immersive environments.

Despite these promising results, our study has some limitations.
The study focused solely on scenario design for panoramic videos,
which may not reflect the usability of the interfaces in other VR
contexts. For future research, it would be relevant to explore the
effects of these interfaces in different VR contexts and to include
a greater variety of tasks and scenarios. Moreover, the study could
be extended to examine how the integration of additional features,
such as collaborative elements or artificial intelligence tools, could
further improve the effectiveness and efficiency of immersive au-
thoring tools. A longitudinal analysis could also provide valuable
insights into the evolution of user satisfaction and performance over
an extended period.

While the results of this study are focused on the immersive au-
thoring tool used in the design of VRLS based on panoramic videos,
they suggest potential benefits for other immersive application do-
mains. The spatiotemporal storyboarding and rendering visualiza-
tion approaches evaluated in this research could offer valuable in-
sights for the design of interfaces in fields such as architectural and
urban planning, where designers must manage complex spatial re-
lationships and interactions. Additionally, immersive therapy ap-
plications, which require precise control over interactive environ-
ments, could benefit from similar interface designs to enhance user
experience and effectiveness. Cultural heritage preservation is an-
other promising area, where immersive tools can be used to cre-
ate interactive and educational experiences for users, utilizing spa-
tiotemporal visualization to represent historical and cultural con-
texts. Although further research is required to generalize these find-
ings to other immersive tools, the interface approaches evaluated
here hold potential for broader application in various immersive de-
sign fields.

7 CONCLUSION

The primary objective of our study was to evaluate and compare the
usability of two types of VR interfaces for an immersive authoring
tool based on panoramic videos: one that separates storyboarding
and rendering visualization, and the other that integrates these func-
tionalities. By performing the same tasks to design interactive sce-
narios, quantitative and qualitative data were collected to assess the
usability, cybersickness and motivation for each interface.

The results of the experiment indicate that the separated interface
facilitated better performance in executing more complex scenar-
ios compared to the integrated interface. The satisfaction level in
the group using the separated interface was higher than that in the
group using the integrated interface. These results are particularly
significant for more complex scenarios, where cognitive overload
appears to be reduced due to the separation of the storyboard and
visualization tasks.

In conclusion, this research highlights the importance of inter-

face design in improving the usability of immersive authoring tools.
Separated interfaces seem to offer significant advantages in terms
of performance and user satisfaction, especially for complex tasks,
making it a promising direction for the future development of im-
mersive authoring tools.
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