
Citation: Verdelho Trindade, N.;

Leitão, P.; Gonçalves, D.; Oliveira, S.;

Ferreira, A. The Role of Situatedness

in Immersive Dam Visualization:

Comparing Proxied with Immediate

Approaches. Computers 2024, 13, 35.

https://doi.org/10.3390/

computers13020035

Academic Editor: Miguel

Correia Melo

Received: 31 December 2023

Revised: 13 January 2024

Accepted: 16 January 2024

Published: 27 January 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

computers

Article

The Role of Situatedness in Immersive Dam Visualization:
Comparing Proxied with Immediate Approaches †

Nuno Verdelho Trindade 1,* , Pedro Leitão 2, Daniel Gonçalves 1 , Sérgio Oliveira 3,* and Alfredo Ferreira 1

1 Instituto de Engenharia de Sistemas e Computadores: Investigação e Desenvolvimento em Lisboa (INESC-ID),
Instituto Superior Técnico, University of Lisbon, 1649-004 Lisbon, Portugal;
daniel.j.goncalves@tecnico.ulisboa.pt (D.G.); alfredo.ferreira@tecnico.ulisboa.pt (A.F.)

2 Computer Science and Engineering Department, Instituto Superior Técnico, University of Lisbon,
1649-004 Lisbon, Portugal; pedro.de.leitao@tecnico.ulisboa.pt

3 Laboratório Nacional de Engenharia Civil, Concrete Dams Department, 1700-066 Lisbon, Portugal
* Correspondence: nuno.verdelho.trindade@tecnico.ulisboa.pt (N.V.T.); soliveira@lnec.pt (S.O.)
† This paper is an extended version of our paper published in the International Conference in Graphics and

Interaction 2023 (ICGI 2023), Tomar, Portugal, 2–3 November 2023.

Abstract: Dam safety control is a multifaceted activity that requires analysis, monitoring, and struc-
tural behavior prediction. It entails interpreting vast amounts of data from sensor networks integrated
into dam structures. The application of extended reality technologies for situated immersive analysis
allows data to be contextualized directly over the physical referent. Such types of visual contex-
tualization have been known to improve analytical reasoning and decision making. This study
presents DamVR, a virtual reality tool for off-site, proxied situated structural sensor data visualization.
In addition to describing the tool’s features, it evaluates usability and usefulness with a group of
22 domain experts. It also compares its performance with an existing augmented reality tool for the
on-site, immediate situated visualization of structural data. Participant responses to a survey reflect
a positive assessment of the proxied situated approach’s usability and usefulness. This approach
shows a decrease in performance (task completion time and errors) for more complex tasks but no
significant differences in user experience scores when compared to the immediate situated approach.
The findings indicate that while results may depend strongly on factors such as the realism of the
virtual environment, the immediate physical referent offered some advantages over the proxied one
in the contextualization of data.

Keywords: situated analysis; proxied situated visualization; immediate situated visualization; virtual
reality; augmented reality; immersive analytics; dam safety control; structural health monitoring

1. Introduction

Dams are an excellent example of engineering expertise. They serve a crucial role
in managing water resources. These infrastructures fulfill various functions, including
water storage, flood mitigation, and hydroelectric power generation. Concrete dams, in
particular, are engineered to endure considerable water pressures and maintain long-term
stability [1]. Characterized by their unique structural features, concrete dams possess
high resistance to erosion, corrosion, and seismic forces, vital in ensuring the safety of
communities downstream. Preserving their integrity and ensuring their safety are critical
concerns [2].

Dam safety control is a multifaceted process that includes detailed analysis, continuous
monitoring, and predictive modeling of various dam components [3]. This process is critical
for ensuring the dam’s safety and optimal functionality. It involves systematically tracking a
range of parameters, each vital to the dam’s stability and performance [4]. These parameters
can encompass water levels, structural and foundational stresses, displacements within the
dam and its foundation, movements in joints and cracks, as well as the measurement of

Computers 2024, 13, 35. https://doi.org/10.3390/computers13020035 https://www.mdpi.com/journal/computers

https://doi.org/10.3390/computers13020035
https://doi.org/10.3390/computers13020035
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/computers
https://www.mdpi.com
https://orcid.org/0000-0001-6621-0287
https://orcid.org/0000-0002-5121-6296
https://orcid.org/0000-0003-3309-5897
https://orcid.org/0000-0001-9278-142X
https://doi.org/10.3390/computers13020035
https://www.mdpi.com/journal/computers
https://www.mdpi.com/article/10.3390/computers13020035?type=check_update&version=2


Computers 2024, 13, 35 2 of 22

environmental factors like air temperature. Additionally, it can include monitoring concrete
strains, foundation uplift pressures, and dynamic accelerations [5].

The control of dam safety frequently involves the abstraction and interpretation of
extensive datasets encompassing structural, hydraulic, and geotechnical parameters. These
datasets originate from sensor networks strategically placed within dam structures and
their adjacent areas [6]. The analysis of this data is typically abstracted in two-dimensional
charts [7,8] and conducted using conventional displays, keyboards, and mice. However,
these traditional methods often present the data in isolation, without visual contextualiza-
tion with the relevant dam region. Such an approach may limit understandability [9].

Using technologies such as virtual reality (VR) or augmented reality (AR) for visu-
alizing dam data may have advantages over conventional means, especially when allied
with realistic digital models. It can enable immersive situated analysis, where the data are
framed within the visual context of the object being examined (the dam). In that scope,
Satriadi et al. [10] classified situated visualization as proxied situated visualization (also
designated proxsituated) and immediate situated visualization depending on the type of
situatedness perceived by the user. The first uses technologies like VR to enable data visual-
ization over a proxied representation of the physical referent (the dam) and the surrounding
environment. The second uses technologies like AR or mixed reality (MR) to represent data
directly over the real/immediate physical referent. Both of these situatedness modalities
offer an increased analysis contextualization, which can potentially improve analytical
reasoning and decision making [11].

Desktop visualization and analysis have been deeply embedded in the workflows
of dam safety control professionals. While desktop 3D analytical programs allow for
interactive analysis, the visual contextualization they offer consists, in the most optimistic
scenario, of displaying spatial information superimposed on a 3D representation of the dam
on a 2D screen. Such an approach limits the depth and spatial relationship perception [12].
VR has been acknowledged [13] for offering increased depth and spatial perception. As
such, it can be used as a complement or alternative to traditional visualization to improve
how dam experts interpret and relate spatial information to the physical structure of dams.
In that scope, immersive analytics [14] (the analysis of data in immersive environments)
has been known to support engagement and decision making and improve contextual
understanding of the data compared to conventional analysis [11,15].

This work presents DamVR, an interactive proof-of-concept VR prototype tool that
takes the first steps to proxied situated data visualization in dam safety control. This tool was
developed at the Institute of Systems and Computer Engineering: Research and Development
in Lisbon (INESC-ID) in cooperation with the Concrete Dams Department (CDD) at the
Portuguese National Laboratory for Civil Engineering (LNEC). INESC-ID is a research and
development organization in the fields of computer science and electrical and computer
engineering. LNEC is responsible for the safety control of most of the Portuguese concrete
dams. One is the Cabril Dam, a double-curvature concrete arch dam in the Zêzere River in
Portugal. This dam was used as a case study for evaluating DamVR.

The tool was designed to facilitate the visualization of the temporal progression of dam
structural behavior, encompassing occurrences such as seismic events. It is targeted towards
structural engineers and other professionals engaged in dam safety control activities. The
tool offers these professionals an immersive platform for the proxied situated exploration
of time-dependent data. This capability allows for the in-depth analysis of dam behavior
without requiring physical presence at the dam site.

The exploration process is conducted within visual representations that accurately
reflect dam contexts, featuring, preferentially, realistic three-dimensional digital models of
dams and their surrounding landscapes. This tool allows users to virtually traverse dam
structures, including access to their internal components and sensor networks from which
the data originate. It allows selecting specific sensors, such as accelerometers or plumblines,
enabling users to visualize and analyze the chronological evolution of key metrics, like
horizontal displacements, that are recorded with these devices (Figure 1).
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Apart from presenting DamVR, this work addresses the evaluation of the tool’s per-
formance and usability by 22 domain experts. Furthermore, it extends prior research by
Verdelho Trindade et al. [16–18] and Leitão [19] by comparing the performance of DamVR
to an existing AR tool (DamAR) for on-site visualization, with similar features, in similar
tasks. This comparison enables the assessment of the performance differences between a
proxied situated approach that uses VR and an immediate situated approach that uses AR. As
it will be addressed in Section 2.1, existing research work primarily focuses on comparing
situated approaches (either proxied situated or immediate situated) with non-situated ones.
Unlike this existing research, the present study reports on a comparison between the two
different modalities of situatedness in similar tasks concerning sensor data visualization.
As such, this study’s contributions include a novel tool that represents a first step towards
developing a fully-fledged immersive proxied situated analysis system for dam safety
control. They also include a performance comparison between proxied and immediate
situated tools in the context of dam safety control data visualization.

Figure 1. Overview of DamVRs’ interface (mockup) exemplified for the Cabril Dam. Users can
visualize the sensor networks in dam structures. When they select a specific device, floating panels
with the evolution of measured values over time, air temperatures, and water levels are shown.
Translation to English (from Portuguese) of text in panels: ‘Temperatura média diária’: ‘Average air
temperature’, ‘Voltar’: ‘Back’, ‘Reiniciar’: ‘Reset’ (top panel); ‘Cota de água’: ‘Water height’, ‘Medida
pelo Sensor de Cota de Água’: ‘Measured by the Water Height Sensor’ (middle panel); ‘Deslocamentos’:
‘Displacements’, ‘Medidos pela marca geodésica KL295 (Sinal Positivo para Montante/Sinal Negativo para
Jusante)’: ‘Measured by the geodetic mark KL295 (Positive Sign to Upstream/Negative Sign to
Downstream)’, ‘Deslocamento Radial’: ‘Radial Displacement’, ‘Deslocamento Tangencial’: ‘Tangential
Displacement’ (bottom panel).

2. Related Work

The growing demand for robust safety control mechanisms has largely influenced
recent developments in dam engineering. There has been a significant focus in scholarly re-
search on improving dam-related data’s visualization, abstraction, and analysis, employing
extended reality (XR) technologies [20]. Central to these studies is the situated visualization
of dam-specific data. Consequently, much of this research involves the creation of detailed
models and simulations of dams and their corresponding hydrographic basins. Advanced
techniques such as using unmanned aerial vehicles (UAVs) and light detection and rang-
ing (LiDAR) are frequently employed for precise spatial data collection. Moreover, these
models are often designed to integrate seamlessly with building information modeling
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(BIM) systems and extensively use data derived from sensors [21]. This section begins
by reviewing the relevant literature that addresses the core concepts of situatedness in
immersive data visualization. It then proceeds to explore previous research that has applied
these concepts specifically to the visualization of dam-related data.

2.1. Situated Visualization

Immersive situated visualization consists of the visual representation of data in their
spatial and semantic contexts [22]. This representation is carried out in the form of virtual
elements integrated into or superimposed directly on the object being observed [23,24]
(or on a virtual representation of that object [10]). The theme of situated visualization has
been the focus of multiple research works in recent years [25–28]. ElSayed et al. [29,30]
addressed how AR technologies could be used for situated analysis in applications where
data embedded in the physical environment were relevant. They focused on interaction
and visualization techniques that could better scope results within the object of anal-
ysis. They also came up with a context-aware model [31,32] that allowed a seamless
transition between the physical space and the information being analyzed. Furthermore,
ElSayed et al. [31] evaluated this model in the context of shopping analytics tasks. They
showed that the situated approach had advantages in terms of speed and accuracy com-
pared to conventional non-situated means. Abao et al. [33] also addressed the usefulness
of situated analytics in shopping scenarios. They designed a mobile AR application that
allows users to view nutritional characteristics superimposed on food products in a su-
permarket. The application allows us to personalize the analysis for users with health
conditions, like diabetes, to allow them to select healthier products.

An AR tool that provides professional aid for farmers’ daily fieldwork was proposed
by Zheng and Campbell [34]. The mobile AR tool offers an analytics environment that
allows users to visualize soil condition data superimposed on real agricultural terrain.
Alallah et al. [35] addressed situated video analytics. They focused on developing visual-
ization and interaction techniques that would allow a more effective exploration of video
data in situated contexts. Berger [36] explored situated analytics in the context of the
visualization of air-quality record datasets. They studied how using audio and sonification
techniques could better convey information by improving data perception.

An MR toolkit for in situ temporal data analysis was developed by Buschel et al. [37].
The toolkit is directed at the situated analysis of user interactions and trajectory data. The
visualization is carried out using 3D virtual trails and heatmaps. A similar open-source
toolkit for situated analytics was presented by Fleck et al. [38]. The analysis of trajectories
in situated immersive environments was also addressed by Lin et al. [39]. They compared
co-located and situated real-time visualizations in basketball free-throw training. With that
objective, they developed a system that allows immediate visual feedback on a player’s
shot performance. Their results show that situated visualization can help athletes refine
shots better. Guarese et al. [40] addressed the situated analysis of electromagnetic radiation
data for detecting external interferences or anomalies. They developed a prototype that
allows users to visualize 3D field topologies of different radiation frequencies inside an
anechoic chamber.

The process of adapting existing analytics desktop systems to situated analytics mobile
platforms was discussed by Zhao et al. [41]. They focused on how interaction and view
management techniques could be effectively translated into an AR environment. For that
purpose, they compared the effectiveness of situated AR and conventional desktops in
scatterplot and storyline visualizations. Ens and Irani [42] discussed how situated analytics
could enable everyday analysis tasks to be performed in situ at a convenient place and
time. They addressed the most effective ways that information could be superimposed
into reality using virtual windows in AR environments. Likewise, Wen et al. [43] examined
the effects of different data view layout representations on situatedness by conducting
a comparative user study. Moreover, Kurzhals et al. [44] discussed the advantages of
using eye tracking in evaluating situated visualizations as an extension of gaze-based
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methodologies. They propose that such a technique can provide new insights into users’
perceptions and interactions in AR.

Situated analysis environments do not necessarily mandate the use of AR. Realis-
tic virtual proxies for physical referents can effectively be used in VR environments for
mimicking the real object of analysis, as explained by Satriadi et al. [10]. Such an ex-
ample of proxsituated visualization is the immersive analytics VR system developed by
Nouri et al. [15]. The system is directed at the situated analysis of building facade durability.
It allows users to analyze in a situated virtual environment how biocide availability is
affected by rain, the facade’s geometric structure, or the building’s orientation.

The previously presented work primarily analyzes and compares situated approaches
versus non-situated ones. For the comparison, they use either proxied situated or immediate
situated approaches. As stated earlier, the present study differentiates these by comparing
the two distinct modalities of situatedness.

2.2. Extended Reality in Dam Engineering

Previous research has explored the application of immersive environments to en-
hance engagement and participation in the context of dam-related activities. For instance,
Spero et al. [45] conducted a study focusing on the realistic modeling and simulation of dam
failures. They aimed to convey dam safety risks to the general public and policymakers.
They recreated historical dam disasters using precise hydraulic and structural simulation
models supplemented by spatial data acquired through drone technology to achieve this.
Janovsky et al. [46] also contributed to this field by employing VR to demonstrate the
landscape impact of dam projects to the public. They utilized historical maps to create
an immersive environment representing a 1670 km2 basin, simulating its geomorphic
changes over 60 years. Furthermore, Macchione et al. [47] investigated the use of VR
for risk communication in scenarios involving urban flood hazards due to dam failures.
They developed a detailed simulation of a hydrographic basin grounded in LiDAR data.
This model, designed for use within an immersive environment, aims to foster the active
participation of stakeholders in flood management planning.

Several studies have concentrated on effectively transferring data from engineering de-
sign components to immersive environments. A notable example is the research conducted
by Lin and Chen [48], who devised a method to streamline the conversion of technical
CAD drawings of gravity dams into three-dimensional models for VR applications. Sim-
ilarly, Zhao and Zhang’s work [49] focused on developing VR models to simulate the
construction process of dams. Their approach utilized technical drawings to replicate
various construction phases precisely, including foundation excavation stages. The synergy
between BIM and three-dimensional models for XR was explored by Wang et al. [50]. They
proposed a framework to transform technical drawings into virtual elements suitable for
immersive environments. This system was tested in the context of inspecting a steel slit
dam. Additionally, the visualization of experimental data pertaining to groundwater flow
in scaled-down dam models was investigated by Marques et al. [51]. They employed AR to
overlay flow lines, computed using the finite element method, onto physical models. This
technique effectively demonstrates the seepage phenomena [52] in embankment dams.

The application of XR for enhancing data visualization in inspecting and managing
dam construction has been extensively studied. Lin et al. [53] investigated the use of XR
technologies in the quality control of earth and rockfill dam construction. They developed
an AR system to assess the quality of earth compaction in real time, utilizing data from
positional sensors on compaction roller machines. Wang et al. [54] explored productivity
management in dam construction projects, specifically focusing on cable cranes. They
adopted an AR-based method to track and optimize the movement of crane buckets,
aiming to reduce operational costs. Ren et al. [55] examined the use of AR in inspecting dam
construction, particularly in the context of concrete arch dams. Their approach involved
structural feature extraction and matching to identify positional discrepancies. The system
enables inspectors with AR headsets to view the construction overlaid with the project’s
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design plan. Zhong et al. [56] employed AR to simulate the construction schedule of core
rockfill dams. Their method overlaps digital models of the various construction phases,
as per the design plans, onto the physical site to detect discrepancies. This technique was
applied in a large-scale hydropower project in southwest China.

Recent research has also emphasized the utilization of XR technologies for monitoring
dam safety. Wang et al. [57] explored the application of VR in the monitoring of dams, both
during the construction phase and post-construction. They developed an immersive VR
environment enabling users to navigate the dam’s structure. This system provides a visual
representation of the location of structural sensors and allows for the tracking of the data
recorded. The employment of AR for maintaining dam components, such as pipework,
valves, and appurtenant structures, was investigated by Goff et al. [58]. They created a
mobile AR system designed to aid inspectors in locating equipment, recording measure-
ments, and documenting incidents. Verdelho Trindade et al. [16,17] concentrated on the
on-site visualization of structural health monitoring data, overlaying them onto the actual
structure of the dam using AR technologies. Their approach included displaying sensor
networks on the dam face and visualizing the progression of the structural displacements
measured. Additionally, Leitão [19] developed a VR tool offering similar functionalities.
However, unlike the on-site tool addressed by Verdelho Trindade, this tool is directed at
off-site visualization. It allows dam engineers to visualize structural data contextualized
within realistic representations of dams without having to travel to the site. These latter
two tools formed the foundation of the current study.

In the context of dam engineering information visualization, technologies like AR and
MR allow the superimposition of relevant data to the object of analysis in the real world. In
contrast, VR allows dam engineers to visualize and contextualize data in an off-site virtual
representation of the real world without having to travel to often remote locations. Realistic
virtual environments are associated with an increased sense of presence (the feeling of
‘being there’) [59], hardly attainable using conventional tools like 2D screens. This sense
of presence has been known to improve understandability [60,61]. As already mentioned,
such immersive environments have also been associated with improved depth and spatial
relationship perception [12,13], which can be relevant in obtaining insights concerning the
relation between the data and the physical constructs of the dam.

3. System Overview

The system proposed, named DamVR, is a VR prototype tool developed for situated
immersive data analysis specifically targeted towards dam safety control. Its primary
objective is to visualize the evolving structural behavior of dams, including the response
to seismic events. The prototype is aimed at professionals engaged in dam safety control
activities, such as civil and structural engineers. It focuses on integrating data visualization
within the visual context of the object of analysis (the dam).

Within the virtual environment, users can navigate dam structures and surrounding
areas. The system lets users control the visibility of different sensor networks, which are
then highlighted on dam structures. An ‘X-ray’ feature is also incorporated, allowing users
to render specific sections of the structure semi-transparent, thereby revealing the internal
sensors (Figure 2).

DamVR can encompass a variety of sensor networks, including geodetic marks,
plumblines and their coordinometer bases, GNSS antennas, uniaxial and triaxial accelerom-
eters, leveling marks, and water elevation sensors [5]. Such types of sensors are widely used
in concrete dams to register structural displacements, accelerations, and water levels [62].
These sensors are depicted using realistic representations of their typical geometry. For
our case study, the Cabril Dam, the sensors were arranged to have precise orientation
and positioning relative to the structure. For now, the DamVR prototype functionality is
restricted to the types of sensors mentioned above. While the representation of different
sensor networks (e.g., strain meters) would be feasible, it would imply the creation of
new 3D sensor representations and modifying the existing idioms/charts (or creating
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new ones if idiom chart types other than line charts were needed). Upon selecting one of
these sensors, the system displays panels containing detailed information, including visual
representations of the temporal evolution of the sensor’s recorded data.

This section elaborates on the system’s general architecture, detailing its implementa-
tion and outlining the features and functionalities of its user interface.

Figure 2. DamVR’s ‘X-ray’ overview of the sensor network inside the structure of the Cabril Dam.

3.1. Architecture

The DamVR system was developed utilizing the Unity game engine and programmed
in the C# language. These technological choices ensured maximal compatibility across
various VR headset models. The architecture of DamVR, as illustrated in Figure 3, comprises
several key components:

• An immersive environment replicating hydrographic basins, allowing free user move-
ment. This environment serves as a spatial reference during data analysis;

• Detailed representations of dams and their surrounding landscape, which includes
the primary structure, the terrain, and bodies of water;

• Sensor network models, encompassing geodetic marks, plumblines, GNSS equipment,
and accelerometers.

• An array of floating panels within the VR environment. These panels display charts of
displacements, vibrations, and accelerations and provide information about
selected elements;

• A database containing structural health monitoring information as well as model
geometrical and positional data;

• A VR headset with controllers;
• A management module tasked with interpreting data from the database. This module

also translates the positional data from the VR equipment into the immersive envi-
ronment and ensures consistent synchronization between the dam models, the sensor
networks, and the informational panels.

The positional and interaction data are transmitted between the VR device (headset
and controllers) worn by the user and the management module. This module maps the
user’s input to a corresponding interaction in the immersive environment, setting its
position and orientation in the virtual world. Within the DamVR system, as users engage
with the sensor networks and select individual sensors, the management module initiates a
process to retrieve and interpret the relevant data from the database. These extracted data
are subsequently visualized on the designated panels, primarily through charts depicting
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the measured values’ temporal progression. Further interaction with these panels, such as
selecting a specific time frame on the charts, prompts the management module to adjust
the temporal scope of the data. It achieves this by requesting a specific subset of data from
the database corresponding to the selected time frame. This functionality ensures that the
information presented to the user is contextually appropriate and temporally accurate.

Figure 3. DamVR system architecture.

3.2. User Interface

In the virtual environment of DamVR, users are positioned within digital replicas
of hydrographic basins, enabling interaction with sensor arrays inside and outside dam
structures. They have the freedom to navigate the environment using controller-based
locomotion [63]. Additionally, for traversing longer distances within the virtual space,
DamVR incorporates a teleportation-based locomotion feature.

Selection within the immersive environment is carried out using raycasting [64]. This
technique is materialized with the projection of visible beams from the VR controllers.
Users can direct these beams towards the interface components they wish to select and
engage with. For instance, in the context of teleportation, users can aim the beam em-
anating from the right controller to a desired location within the model to initiate their
transport to that position. The user interface within DamVR consists of several key elements:
the model of the dam and its surroundings, the sensor networks, floating informational
panels, and idiom panels. A comprehensive description of these interface components is
presented below.

3.2.1. Model

The model comprises three primary elements: the dam, the surrounding terrain,
and the water bodies (Figure 4). Unlike the model, other system components, like sensor
networks, can be easily adapted to different dams by directly modifying their corresponding
values in the database. Likewise, the water bodies, namely the reservoir (upstream) and
the river (downstream), can be adapted to different dams directly by configuring their
geometrical and positional characteristics in the database. The river is represented by a
static plane, while the reservoir, with its variable water level, requires a more intricate
geometry. A programmatically generated flat mesh is used to dynamically adapt the
reservoir’s intersection with the dam structure, accounting for fluctuating water levels.

However, creating a model of a dam structure and surrounding terrain requires
a more elaborate process. This process includes, in general, the following steps: data
acquisition, data preparation and cleaning, 3D mesh creation, texture mapping, material
application, and integration of the model in the Unity environment. The database must also
be configured with the model’s dimensional limits and positional characteristics. These
steps are described for our specific case study, the Cabril Dam, below.
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The virtual model of the Cabril Dam, our case study, was derived from a point cloud ob-
tained through 3D scanning field campaigns conducted by LNEC. The acquired point cloud
data underwent additional processing to eliminate noise, outliers, and artifacts, enhancing
the data’s quality and accuracy. The next phase involved surface reconstruction. A mesh
of the dam structure was generated through surface-based reconstruction methods [65].
The mesh underwent additional refinement to improve its quality, including smoothing,
decimation, and hole filling. The next step entailed texture application to the 3D model.
This texture was created from a photo mosaic, assembled using images captured by a
multisensor laser scanner. The texture mapping process then involved assigning these
photographic textures to the 3D object.

(a)

(b)

Figure 4. The representation of the Cabril Dam in DamVR (a) and an overview of the large-scale
terrain surrounding the dam (highlighted in orange is the immediate area of the Cabril Dam) (b).
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The completed model was subsequently imported into the graphical engine. Its
positional characteristics were then configured to reflect real-world settings. The modeling
of the surrounding landscape followed a similar methodology. An initial terrain mesh was
created using elevation data, which was then adjusted to align seamlessly with the dam
model using Unity’s terrain tools. For the terrain texture, a mosaic of aerial photographs
was used. This base layer of texture aimed to mimic the real-world terrain hues closely. A
secondary layer comprising 3D elements like trees, bushes, and rocky outcrops was added.

3.2.2. Sensors

Within the immersive environment, the representation of sensor networks is a cru-
cial aspect of user interaction. The prototype includes an extensive variety of sensors
and measuring devices. Unlike some existing XR applications [16,17] that opt for sym-
bolic representations of sensors, DamVR adopts a different approach by depicting this
equipment realistically. This representation method ensures a more detailed and authen-
tic simulation of the sensor networks, enriching the overall user experience within the
virtual environment.

The prototype incorporates three distinct categories of sensing equipment: sensors
for measuring structural displacements, sensors for detecting accelerations, and sensors
for monitoring water levels. The first category encompasses geodetic marks, plumblines,
GNSS equipment, and leveling marks. The second category consists of uniaxial and triaxial
accelerometers, along with data acquisition units. The third category is represented by
water elevation sensors (Figure 5).

Figure 5. Models of different elements of the sensor network: uniaxial accelerometer (top left),
triaxial accelerometer (top center), data acquisition unit (top right), leveling marks (bottom left),
water elevation sensors (bottom center), and GNSS equipment (bottom right).

Certain sensors, located externally to the dam structure, are constantly visible to users
positioned in front of the dam’s downstream face. Others, located within the structure,
are initially not visible. These occluded sensors can be revealed using an ‘X-ray’ feature
(Figure 2), which is activated by directing the selection beam towards a specific section of
the structure. This action renders the targeted portion semi-transparent, thereby exposing
the embedded sensors. When a sensor is highlighted by the selection beam, it is visually
accentuated with a bright color. This visual cue signifies that the sensor is ready to be
selected. This interactive approach allows for a comprehensive and detailed exploration of
the sensor networks integrated within dam structures.
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3.2.3. Panels

Upon selecting a particular sensor within the DamVR environment, the system shows
an interactive panel that provides detailed information about the chosen sensor (Figure 6).
The data presented on this panel encompasses several key attributes of the sensor. These
attributes include the sensor’s identification name (for example, ‘FPI4’), its type (such as
‘plumb line’), its orientation (e.g., ’inverted’), and its relative position within the structure
(for instance, ‘position 4’). Additionally, the panel features toggle buttons that allow users to
access various sets of information. These include the sensor’s operational data, additional
descriptive details about the sensor, and instructions for navigating the interface.

(a) (b)
Figure 6. Selecting a triaxial accelerometer located inside the structure of the Cabril Dam in DamVR (a)
and navigating the corresponding idiom. Translation to English (from Portuguese) of text in panel:
‘Acelerómetro MN na galeria sob a zona fendilhada’: ‘MN accelerometer located in the gallery below the
cracked area’ (header); ‘Tempo’: ‘Time’, ‘Aceleração Radial’: ‘Radial Acceleration’ (tooltip) (b).

Activating the sensor readings button within DamVR initiates the display of a new
panel in the immersive environment. This panel features a collection of interactive two-
dimensional idioms that graphically represent the temporal evolution of measured physical
quantities. Selecting the option for additional information provides insights into the types
of physical quantities measured by the selected sensor, including the most recent recorded
value for each quantity and the corresponding date of recording. This panel also shows the
dates and epicenters of any recorded earthquakes for accelerometers. The help panel offers
straightforward instructions for user interaction with the system. It includes diagrams that
clarify the function of each controller button, covering various aspects of navigating the
immersive environment and manipulating different panels.

The panels are designed with consistent interaction features. When a user points
the selection beam at a panel, its border becomes highlighted, indicating its readiness for
interaction. Users can then engage with the panel in various ways. For instance, pressing
the trigger button on the controller while aiming at the panel allows users to grab and
reposition it within their surrounding space, tailoring the virtual environment to their
preferences and needs. The dragging mechanism for panels is designed to maintain a
constant distance between the panel and the user. Additionally, the panel is programmed
to automatically orient itself so that its front side continuously faces the user, enhancing
readability. While a panel is being actively dragged, the user can change its distance relative
to themselves and the panel.

3.2.4. Idioms

Upon activation of the sensor readings panel in DamVR, users are presented with a
series of interactive two-dimensional idioms that depict the evolution of physical quantities
measured over time. For all sensors except accelerometers, this includes a vertical arrange-
ment of three different idioms: a line chart for average daily air temperature evolution, an
area chart for upstream water level, and a line chart for radial and tangential displacements.
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In the specific case of the accelerometers, the panel displays a unique idiom. This is a line
chart that represents sensor readings across various time-localized seismic events. The
chart shows a single line indicating radial acceleration for uniaxial accelerometers, while
for triaxial accelerometers, it includes lines for radial, tangential, and vertical accelerations
(Figure 6b).

The idioms are designed with multiple interactive features. For instance, users can aim
the selection beam at a point on a chart to request detailed information about a particular
measurement, such as the value of horizontal displacement at a specific time. This action
triggers a tooltip displaying the relevant timestamp and physical quantity value. Additionally,
the charts are equipped with functionalities for both panning and zooming. Users can also
zoom into a precise timeframe using a specialized brush-like interaction tool.

A crucial aspect of these idioms is that they share a common timeline on their horizon-
tal axis. This shared timeline is instrumental for dam engineers as it allows for correlating
specific measurements with concurrent water level and air temperature conditions. Isolated
data, like a single displacement reading, gain increased interpretive value when consid-
ered in tandem with these additional parameters. Furthermore, the bound nature of the
timelines across the idioms ensures that interactions such as panning or zooming in one
chart are concurrently reflected in the other charts.

4. Evaluation

The prototype was evaluated through a user study with 22 participants from whom
informed consent was obtained. This study aimed to assess the system’s performance.
With that objective, domain experts tested the prototype by carrying out a set of predefined
tasks (Figure 7). They were requested to complete a feedback questionnaire assessing the
prototype’s usability and usefulness characteristics. During the test sessions, quantitative
and qualitative data were recorded. The results were analyzed and compared with the
ones obtained in an existing study pertaining to an AR tool, DamAR, with similar func-
tionalities [16,17]. This existing tool uses mobile touch devices (like smartphones and
tablets) to display on-site using screen-based visualization, sensor data superimposed on
the dam. DamAR represents an immediate situated approach as it uses the physical referent.
In opposition, DamVR represents a proxied situated approach as it uses a representation of
the physical referent. The methodology adopted for the evaluation also matched the one
used by Verdelho Trindade et al. in the existing study.

Figure 7. Domain expert user interacting with DamVR using a VR headset and controllers.

4.1. Materials and Methods

The study was conducted with an experimental group of dam engineering experts
from LNEC. It took place at CDD facilities. Initially, the participants filled out a con-
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sent form and a characterization questionnaire with demographic information and their
professional experience regarding the safety control of dams. They were then asked to
perform predefined tasks using the VR prototype. The hardware setup consisted of a Meta
Quest/Oculus VR headset connected to a desktop computer. This computer had an Intel
Core i7-8700 CPU @ 3.20 GHz processor, 16 GB of RAM, and an NVIDIA GeForce GTX
1060 3 GB graphics card. A monitor, keyboard, and mouse were also used (for filling out
questionnaires).

Each participant was asked to perform a set of two tasks. To ensure the relevance of
the study to practical scenarios, the proposed tasks were modeled after routine activities
carried out by CDD engineers. The first task (T1) had a broad scope, allowing the user to
interact with the different interface levels. For that task, the participants were asked to
determine the displacement value measured in a specific type of sensor at a specific position.
It required the participant to find the sensor by navigating through the environment, find
the correct position for that sensor, browse the panels, and explore the idioms to determine
the asked value. The second task (T2) had a narrower scope. It focused on evaluating the
visibility of the sensors in the virtual environment and determining the ease of recognizing
and differentiating each type of sensor. In this task, the user was asked to determine the
designation of a sensor located at a recognizable position of the dam.

During the tests, a set of objective metrics was registered. They included the time
required to complete each task (measured in seconds) and the number of errors made
by the participants. A time limit for completing each task was set, representing the time
that a dam engineer would predictably take to complete the same task using a more
conventional method (a desktop computer, monitor with keyboard and mouse). It was
established from interviews with domain experts. As participants interacted with the
prototype, they were encouraged to adopt the think-aloud verbal protocol [66] by expressing
their thoughts while performing the tasks. These metrics were registered using screen and
audio recordings. After finishing the tasks, the participants removed the VR equipment
and were asked to complete a final questionnaire composed of system usability and dam
safety control suitability (usefulness) questions. The questionnaire had 22 questions and
used a five-level Likert scale for agreement (1: Strongly disagree and 5: Strongly agree)
(Appendix A). This custom (non-standard) questionnaire was tailored to address both
general and specific characteristics of the prototype. It was designed to obtain relevant
insights concerning aspects such as the interface adequacy or the sensors’ and charts’
representation effectiveness. The possible limitations of this questionnaire are addressed in
Section 4.3.

4.2. Results and Discussion

The group of 22 domain experts was composed mainly of dam engineers (86%), and
14% were structural engineers. From the dam engineers, 42% belonged to the Modelling and
Rock Mechanics Unit, 26% to the Applied Geodesy Unit, 21% to the Monitoring Unit, and 11%
to other dam-related research units outside the CDD. All the participants currently worked
or had been involved in safety control activities. Only 32% of the participants had former
contact with VR, and a mere 14% had used VR in a professional scope.

The results obtained from the individual user-experience questionnaire responses were
framed in seven categories: visual quality of the models (C1), intuitiveness of the interface
(C2), discernibility of the different sensors (C3), immersive sensation (C4), usefulness in
the field of dam safety control (C5), realism of the environment (C6), and comfort of use
(C7). These reflect the different system usability and dam safety control suitability aspects
that were addressed. The obtained scores for each category (M (SE); Mdn (IQR)) were close:
C1: 4.74 (0.021), 5.00 (0.20); C2: 4.67 (0.025), 5.00 (0.69); C3: 4.66 (0.025), 5.00 (0.88); C4: 4.55
(0.027), 5.00 (1.00); C5: 4.48 (0.031), 5.00 (1.00); C6: 4.45 (0.032), 5.00 (1.00); and C7: 4.45
(0.029), 4.80 (1.00). These results are shown in Figure 8.
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C6: Realism

C5: Usefulness

C4: Immersiveness

C3: Discernibility

C2: Intuitiveness

C1: Visual quality

4.0 4.5 5.0
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Figure 8. Distribution of participants’ scores for each user-experience category (horizontal axis values
restricted to 4–5 for improved visibility of the differences between category scores).

The high scores obtained across all categories (MC1−C7 = 4.57; MdnC1−C7 = 5.00)
support the prototype’s positive usability and usefulness. The result obtained in the
‘intuitiveness’ category may indicate a small interface learning curve, even for inexperienced
VR users (68%). The scores in the ‘visual quality’ and ‘realism’ categories highlight the
potential benefits of immersive situated visualization in safety control analysis. Such
benefits are possibly a result of the ability to frame the data within the visual context of
the dam.

Regarding objective metrics, the time necessary to complete T1 was significantly higher
than the time to complete T2 (MdnT1 = 97, IQRT1 = 47.75 (s); MdbT2 = 16, IQRT2 = 12.25 (s)).
This difference can be explained by the fact that T1 had a broader scope and a significantly
higher expected interaction time. However, more users (95%) completed T1 successfully
than T2 (91%) (within the time limit of 200 s for T1 and 30 s for T2).

We wanted to find out if the participants’ varying degrees of familiarity with VR had
influenced their performance. With that objective, Spearman correlation coefficients were
computed to assess the monotonic relationship between the familiarity of participants
and both the time spent and number of errors (in tasks T1, T2). We found mostly weak
correlations between the pairs of variables, apart from a moderate [67] positive correlation
between familiarity and T1 time ([familiarity, T1 time], rs(22) = 0.431, p = 0.045; [familiarity,
T2 time], rs(22) = −0.09, p = 0.69; [familiarity, T1 errors], rs(22) = 0.014, p = 0.95; [familiarity,
T2 errors], rs(22) =−0.047, p = 0.835). As such, the results on the influence of familiarity
with VR on participants’ performance are inconclusive. Further research is needed to
determine the exact nature of this relationship. Moderate correlations (Spearman) were
also found between the age of participants and aspects of their performance ([age, T1
time], rs(22) = 0.471, p = 0.027; [age, T2 errors], rs(22) = −0.492, p = 0.153), but only weak
correlations for other aspects ([age, T2 time], rs(22) = −0.315, p = 0.69; [age, T1 errors],
rs(22) = 0.179, p = 0.424).

One of this study’s main objectives was to compare the results obtained with the
proxied situated approach and those obtained in the previous immediate situated/screen-
based visualization study. Although the groups that evaluated the two prototypes shared
most of their participants (they were mostly made of dam experts working in the same
department at LNEC), the tests were carried out at a significant temporal distance [16]. So,
we first wanted to address their statistical similarity. With that objective, we carried out
Mann–Whitney and Levene tests to address the statistical similarity and the homogeneity
of variances between the groups of participants. We considered age, education, gender,
and familiarity using XR technologies as the relevant variables for these tests. The results
show that there are not enough statistically significant differences between the two groups
(U = 238, p < 0.930 (age); U = 240, p < 0.970 (education); U = 231, p < 0.743 (gender);
U = 223, p < 0.611 (XR familiarity)). The results also show that the groups are similar in
terms of variance (the assumption of homogeneity of variances is met) (F = 0.068, p = 0.796
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(age); F = 3.904, p = 0.055 (education); F = 0.465, p = 0.499 (gender); F = 0.053, p = 0.818
(XR familiarity)).

Given that the experimental samples had no statistically significant differences, we
wanted to compare the proxied situated/VR and immediate situated/screen-based visual-
ization approaches in relevant aspects of user experience. With that objective, five of the
previously defined categories were addressed: C1, C2, C3, C5, and C7. ‘Immersiveness’
and ‘realism’ (C4, C6) were left out of the comparison because of their lack of relevancy
in the scope of the immediate situated/screen-based visualization approach. In addition to
the scores obtained with the proxied situated approach (shown above), the results obtained
for each relevant category with the immediate situated approach (M (SE); Mdn (IQR)) were:
comfort (4.59 (0.016); 4.60 (0.40)), usefulness (4.60 (0.019); 4.67 (0.67)), intuitiveness (4.82
(0.013); 5.00 (0.33)), discernibility (4.76 (0.018); 5.00 (0.33)), and visual quality (4.84 (0.012);
5.00 (0.17)). The results show similar scores in both reality/situatedness modalities, with
a marginally but consistently higher score for the immediate situated/screen-based visual-
ization approach across the considered categories (Figure 9). To understand the statistical
significance of category score differences between prototypes, Wilcoxon Signed-Rank tests
were carried out, with a prior assessment of the distribution non-normality (using a Shapiro–
Wilk test). The results offer no evidence against the supposition of no statistically significant
difference between the sets of category scores (C1: p = 0.434 (W = 59.5); C2: p = 0.534
(W = 55.5); C3: p = 0.503 (W = 30.0); C5: p = 0.413 (W = 39.0); C7: p = 0.509 (W = 41.5)).

The linear relationship between the scores of different categories in each modality
was also assessed. With that objective, Pearson correlation coefficients were computed.
Strong [67] positive correlations were found between the five categories in the proxied
situated approach (r(22) = [0.88, 0.96], p < 0.001) and moderate to strong correlations were
found in the immediate situated/screen-based visualization approach (r(22) = [0.43, 0.82],
p < 0.001, 0.05).

3

4

5
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or
e

Comfort (C7) Discernibility (C3) Intuitiveness (C2) Visual quality (C1)Usefulness (C5)

Proxied Situated Immediate Situated

Figure 9. Comparison of the distributions of participants’ scores for each user-experience category
with the proxied situated/VR and the immediate situated/screen-based visualization prototypes (vertical
axis values restricted to 3–5 for improved visibility of the differences between modalities).

Regarding the comparison of objective metrics, for T1, the comparison of the registered
times with the ones obtained in the previous immediate situated study (Figure 10) shows
significantly higher task completion times for the proxied situated study (MdnT1,Proxied = 97,
IQRT1,Proxied = 47.75 (s); MdnT1,Immediate = 20, IQRT1,Immediate = 9.00 (s)). For T2, the com-
pletion times were similar (MdnT2,Proxied = 16, IQRT2,Proxied = 12.25 (s); MdnT2,Immediate = 16,
IQRT2,Immediate = 10.00 (s)). To understand the statistical significance of T1 completion time
differences between approaches, a Wilcoxon Signed-Rank test was carried out, with a prior
assessment of the distribution non-normality (using a Shapiro-Wilk test). The results offer
evidence against the supposition of no statistically significant difference between the two
sets of completion times, with p < 0.001 (W = 254).
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Figure 10. Comparison between the time participants took to complete T1 and T2 both with the
proxied situated/VR and immediate situated/screen-based visualization prototypes.

The significant deviation between the performance of the proxied situated and the
immediate situated/screen-based visualization approaches for T1 may be attributed to a
multiplicity of factors. Such factors include the distinct situatedness modalities (proxied vs.
immediate), reality types, interaction modality differences (touch vs. tracked controllers)
or the different levels of immersiveness, among others. The immediate situated/screen-
based approach offers advantages in the contextualization of data (even if the realism and
immersiveness of the proxied situated prototype were highlighted by the participants).

Concerning the number of errors made by the participants, T1 had a higher number
of errors than T2. Less than half (48%) of the participants completed T1 without making
any mistakes. In contrast, 95% of the participants completed T2 without any errors. Fur-
thermore, 42% of the participants completed both tasks without making mistakes. The
comparison of the registered number of errors with the previous immediate situated/screen-
based visualization study (Figure 11) shows a higher number of errors for the proxied
situated study for both tasks.
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Figure 11. Number of errors/mistakes that participants made in T1 and T2, both with the proxied
situated and immediate situated/screen-based visualization prototypes.

4.3. Limitations and Future Work

This study’s interpretation of results must be contextualized within the scope of its
methodological constraints and the reasoning behind specific decisions. A primary limitation
is the relatively small sample size. The study was confined to a narrow scope, potentially
expandable to a broader range of participants (for instance, engineers from fields beyond
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dam engineering). However, the choice was made to maintain a controlled experimental
environment with a smaller yet more homogeneous sample of domain experts.

A methodological limitation is the adoption of a non-standard protocol for the user-
experience survey. Employing a widely recognized questionnaire, such as the System
Usability Scale (SUS)—despite the survey used being quite similar—would have facilitated
more straightforward generalization and comparison of the results. A notable limitation
lies in comparing the results of the VR prototype with those from another study conducted
earlier at a significant temporal distance. Despite the temporal gap, it is noteworthy that
both prototypes shared a similar experimental user sample. The interfaces of the two
prototypes also exhibit significant differences, reflecting their distinct reality modalities
and interaction mechanisms.

It is also essential to recognize that this VR prototype represents just an initial step
towards creating an advanced immersive proxied situated analysis system for dam safety
control. Future research directions could address the limitations mentioned above and
explore further enhancements. These enhancements might include the development of pho-
torealistic dam models, deeper integration with BIM, and the establishment of collaborative,
sensor-rich environments for more comprehensive safety control data analysis.

5. Conclusions

This study presents DamVR, a novel prototype tool for immersive proxied situated
analysis specifically tailored for dam safety control. It examines the tool’s diverse features,
application contexts, advantages, and limitations. Furthermore, it discusses the assessment
of the prototype by domain experts through an individual survey aimed at evaluating user
experience. The results of this survey indicate that DamVR is intuitive and comfortable to
use, even for individuals without prior experience in VR. It also reveals that the prototype
successfully creates a realistic and immersive environment, which is advantageous for con-
textualizing dam safety control tasks. Additionally, its performance results are compared
with findings from a previous study on an immediate situated/screen-based visualization
tool. This comparative analysis shows that while DamVR achieves similar task completion
times for simpler tasks, it encounters performance challenges with more complex tasks.
Likewise, its usage shows no improvements in the number of user mistakes compared
to the immediate situated/screen-based visualization version. The results also show that
the proxied situated approach used in the VR tool had a slight decrease in scores across
all relevant user experience categories compared to the immediate situated/screen-based
approach. The findings indicate that while results may depend strongly on factors such
as the realism of the virtual environment, the immediate physical referent offered some
advantages over the physical referent proxy in the contextualization of data. However,
differences between approaches were slender in several aspects, suggesting that introduc-
ing features like environment photorealism in the proxied situated approach may further
reduce such differences. The current proof-of-concept version of DamVR transposed some
of the features of 3D analytical programs to immersive environments by leveraging recent
advancements in VR technology. Future developments will focus on implementing ad-
vanced analytics functionalities. These can take advantage of aspects that are not easily
attainable using traditional visualization means. Such aspects include spatial annotations,
hands-free natural manipulation, and haptic feedback cues, offering a richer multi-sensory
data analysis experience.
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Appendix A. Questionnaire Questions

This appendix includes the set of questionnaire questions given to participants, trans-
lated into the English language. The original (in Portuguese) can be found in Leitão [19],
pp. 88–90. The questionnaire has 22 questions and uses a five-level Likert scale for agree-
ment (1: Strongly disagree and 5: Strongly agree).

Feedback Form
This questionnaire lasts approximately 2 min, and aims to record your opinion about

the test you just carried out, as well as the general functioning of the prototype. All
information obtained from this questionnaire will be treated confidentially and will be used
solely for academic purposes. We appreciate your availability and time to participate.

Regarding the prototype:
(select only one option on each line)

1-Strongly
disagree

2 3 4 5-Strongly
agree

It has a friendly interface ◦ ◦ ◦ ◦ ◦
It’s comfortable to use ◦ ◦ ◦ ◦ ◦
It’s easy to use ◦ ◦ ◦ ◦ ◦
I consider the prototype useful
for sensor data analysis

◦ ◦ ◦ ◦ ◦
I see potential in this prototype
to be useful in the future in sup-
porting dam safety control tasks

◦ ◦ ◦ ◦ ◦

Regarding the tasks:
(select only one option on each line)

1-Strongly
disagree

2 3 4 5-Strongly
agree

It was easy to perform task A
(comparing the values in the
graph)

◦ ◦ ◦ ◦ ◦

It was easy to perform task B
(identify geodetic mark)

◦ ◦ ◦ ◦ ◦

https://doi.org/10.54499/UIDB/50021/2020
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Regarding the sensors:
(select only one option on each line)

1-Strongly
disagree

2 3 4 5-Strongly
agree

It’s easy to distinguish between
each type of sensor

◦ ◦ ◦ ◦ ◦
It’s easy to distinguish between
different sensors of the same
type

◦ ◦ ◦ ◦ ◦

It’s easy to select each sensor ◦ ◦ ◦ ◦ ◦
It’s easy to identify the
name/reference of sensors

◦ ◦ ◦ ◦ ◦
The sensors have adequate di-
mensions

◦ ◦ ◦ ◦ ◦

Regarding the interactive menu:
(select only one option on each line)

1-Strongly
disagree

2 3 4 5-Strongly
agree

It’s easy to use ◦ ◦ ◦ ◦ ◦
It has adequate colors and icons ◦ ◦ ◦ ◦ ◦
It has adequate dimensions ◦ ◦ ◦ ◦ ◦

Regarding the data charts:
(select only one option on each line)

1-Strongly
disagree

2 3 4 5-Strongly
agree

The charts are easy to read ◦ ◦ ◦ ◦ ◦
It was easy to find the desired
information

◦ ◦ ◦ ◦ ◦
The colors and dimensions are
adequate

◦ ◦ ◦ ◦ ◦
The data visualization features
(zoom and pan) are easy to use

◦ ◦ ◦ ◦ ◦

Immersiveness and realism:
(select only one option on each line)

1-Strongly
disagree

2 3 4 5-Strongly
agree

The representation of the Cabril
Dam is realistic

◦ ◦ ◦ ◦ ◦
The representation of the area
surrounding the dam is realistic

◦ ◦ ◦ ◦ ◦
I felt immersed in the experience ◦ ◦ ◦ ◦ ◦
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