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Introduction: This paper explores the feasibility of using virtual reality (VR)
environments to evaluate the technical characteristics of displays. Based on a
literature review, we analyze key display parameters, such as resolution, refresh
rate, and luminance, as well as human perception and evaluation methods.
Methods: An experimental study was conducted comparing the perception of
these parameters in a physical environment and in two virtual reality cases, using
high- and low-resolution VR headsets.
Results and discussion: The results show that the perception of luminance and
refresh rate variations is reliable in VR environments, especially with high-
resolution headsets, while the detection of resolution differences remains limited.
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1 Introduction

1.1 Context

Immersive technologies like Virtual Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR) are common in the automotive industry, especially for rapid prototyping.
Instead of building multiple physical prototypes, engineers can now work with digital
models, which saves both time and money. These tools make it possible to adjust designs
instantly, encourage smoother collaboration between teams, and help reduce errors as well
as the environmental footprint linked to traditional prototyping. At the same time, the
growing number of screens being integrated into vehicles creates new challenges. Engineers
must assess how these displays fit into the cockpit and how they affect ergonomics and the
overall user experience. Thanks to virtual mockups, it is now possible to simulate screen
layouts in realistic driving conditions, giving designers the ability to evaluate visibility,
accessibility, and integration with the rest of the vehicle’s components. This raises a central
research question: can VR headsets be used as reliable tools for evaluating the technical
characteristics of in-vehicle displays? While standards and perceptual models are well
established for direct display assessment, their transposability into immersive environments
remains uncertain. Addressing this gap is crucial, since VR could provide engineers with
controlled, reproducible, and cost-effective environments for early evaluation of display
performance in realistic driving conditions. Through this study, we aim to examine whether
it is possible to simulate screen characteristics in Virtual Reality and analyze them as if they
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were studied in the real world. This paper begins with a review of
related work, followed by a presentation of our experimental
procedure, and concludes with a discussion of the results.

1.2 Related work

1.2.1 Conventional display performance metrics
The quality of a display is generally characterized by key physical

parameters such as luminance (cd/m2), contrast (the ratio between
maximum and minimum luminance), refresh rate, response time,
and color gamut. Luminance and contrast directly affect readability
and visual comfort. Measurement protocols are defined by
standards, as detailed in documents like Commission
Internationale de l’Éclairage (2018) and International
Organization for Standardization (ISO) (2008b), with reference
values specified for specific applications, such as projection
systems as mentioned by Society of Motion Picture and
Television Engineers (2011). At the perceptual level, models
describe how these physical values relate to human visual
sensitivity, as presented by Barten (1999) and Daly (1993).
Temporal parameters like refresh rate and response time
influence fluidity and reduce motion blur, which is a critical
factor in immersive displays, as argued by Chang et al. (2020).
These fundamental factors establish the limits for distinguishing
differences between various display technologies.

1.2.2 Specific constraints and challenges of
Head-Mounted Displays

The relevance of display parameters changes significantly in
Head-Mounted Displays (HMDs) used in Virtual Reality (VR),
which introduce specific optical and temporal constraints not
found in conventional monitors. HMD design involves unique
geometric and optical considerations, such as the optical axis
alignment, inter-pupillary distance (IPD), and lens-induced
distortions, as highlighted by Melzer and Moffitt (1997).
Furthermore, modern optical architectures (e.g., freeform lenses,
waveguides, pancake optics) modify the light path, thereby affecting
perceived luminance uniformity, contrast, and chromatic
aberrations, as shown by Kress (2020).

At the spatiotemporal level, factors such as pixel fill factor
(related to the Screen-Door Effect), per-pixel latency, and
response time strongly impact motion clarity and perceived
image quality in VR, a subject emphasized by Zhao et al. (2022).
Virtual reality also introduces the vergence-accommodation
conflict, a major source of visual fatigue, as demonstrated by
Hoffman et al. (2008), and application latencies that can
potentially lead to simulator sickness. While VR offers the
advantage of testing in controlled and reproducible environments
(Masia et al., 2013; Tregillus et al., 2019), these hardware-level
characteristics are essential for defining the fidelity of the simulation.

1.2.3 The influence of HMDs on simulated
display perception

A crucial discussion is required on the validity of evaluating a
simulated display (such as a car display) when it is viewed through
an HMD. The HMD-display does not merely present an image; it
acts as a limiting factor in the entire rendering pipeline,

fundamentally influencing the perception of the simulated
characteristics. The technical limits of the HMD define the
maximum range of differences an observer can perceive between
two simulated displays.

A major constraint is the Angular Resolution of the HMD,
typically measured in Pixels Per Degree (PPD). The PPD represents
the density of pixels available within one degree of the user’s field of
view (FOV). For an HMD to faithfully reproduce the high-
resolution details of a simulated car display, its PPD must meet
or exceed the visual acuity required to perceive those details.

If the PPD of the HMD is lower than the effective PPD of the
simulated display (i.e., the density of pixels that the car display
would present to the user’s eye in the real world), the HMD becomes
the bottleneck for perceived clarity. This low-density HMD will fail
to render the fine details (such as thin fonts, anti-aliasing, or subtle
graphical patterns) of the high-resolution simulated screen, resulting
in a loss of fidelity. As illustrated in Figure 1, the visual information
from a high-resolution virtual screen can be severely degraded when
viewed through an HMD with insufficient PPD.

An additional factor influencing perception is the slight
movement of the head during the VR task. Even if a single
HMD pixel covers multiple pixels of the simulated texture (pixel
bottleneck), these simulated pixels shift on the HMD screen with
small head movements, producing slight changes in the color of each
HMD pixel. This effect is similar to super-sampling anti-aliasing in
computer graphics, where each pixel integrates information from
multiple sub-pixels, providing additional visual cues. While this
partially mitigates the limitations of the pixel bottleneck, fine details
may still be partially blurred.

Furthermore, the HMD’s refresh rate imposes a strict temporal
constraint. If the refresh rate of the HMD screen is lower than the
refresh rate of the simulated display (e.g., simulating a 120Hz screen
on a 90Hz HMD), the HMD will be unable to display the fluidity
and temporal benefits of the simulated screen. This limitation can
mask differences in motion clarity and system responsiveness
between two simulated displays. The following table summarizes
how the physical properties of the HMD can constrain the perceived
quality of the display being simulated. Table 1 shows a summary of
the influence of the different characteristics of HMDs on the
simulated screen.

FIGURE 1
Illustration of the PPD bottleneck in HMDs. The diagram
highlights the loss of fidelity when a high-resolution simulated display
(blue pixel layout) is viewed through an HMD with insufficient Angular
Resolution (black HMD screen layout).
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1.2.4 Human perception and thresholds
Human retinas are composed of rods and cones, which

together provide sensitivity to light, contrast, and color. Rods
are essential for vision in low light conditions, while cones
enable color discrimination and perception of fine spatial
details (Kolb, 2003; Dowling, 2012). Visual perception therefore
depends on several complementary mechanisms. Contrast
sensitivity, described by Campbell and Robson (1968) and
modeled by Barten (1999), varies with spatial frequency. Color
vision relies on the combined activity of L, M, and S cones, which
have distinct spectral sensitivities (Stockman and Sharpe, 2000;
Brainard and Stockman, 2010). Visual acuity defines the ability to
distinguish fine details, while field of view (FOV) defines the size of
the visible space. These factors establish natural thresholds that
limit the perception of display differences. From the point of view
of this study, these perceptual thresholds are crucial: if the
resolution or luminance of a VR headset does not exceed the
limits of the human visual system, then it will restrict the user’s
ability to assess the differences between screen feature.

1.2.5 Methods for display assessment
Display evaluation traditionally combines instrumental

measurements and human-based assessments. Instrumental
protocols, defined by International Organization for
Standardization (ISO) (2008a) and Commission Internationale de
l’Éclairage (CIE) (2018) standards, provide objective measurements
of luminance, contrast, uniformity, and response time. However,
these values do not directly predict user experience. To address this
gap, perceptual models such as Daly (1993) visible difference
predictor have been developed to link physical data to visual
detection thresholds. Subjective methods include psychophysical
approaches (Pelli and Bex, 2013; Barten, 1999), paired
comparisons, and Mean Opinion Score (MOS). These methods
measure perceptual quality but often lack reproducibility between
observers. Standardized tests (still images, video sequences, Gabor
patterns, optotypes) are commonly used to assess contrast detection,
motion blur, or latency (Pinson and Wolf, 2004).

Each approach has advantages and limitations: instrumental
methods are objective but insensitive to perceptual phenomena,
while psychophysical and subjective methods capture perception
better but are time-consuming and observer-dependent.

1.2.6 Synthesis
To recap, display quality is determined by measurable physical

characteristics, such as brightness, contrast, refresh rate, and color
accuracy. These parameters interact with the limitations of human
visual perception. Complementary instrumental and psychophysical

methods exist for evaluating displays, but their transferability to
virtual reality is unclear. Virtual reality both limits and enriches
perceptual assessment: while headset optics and resolution can
distort measurements, virtual reality offers the possibility of
realistic, controlled, and cost-effective simulations. This raises the
question of whether virtual reality can be used to evaluate the
technical characteristics of a display. This study fills this gap by
testing the ability of virtual reality headsets to reproduce perceptual
differences in resolution, refresh rate, and luminance, thus
examining their relevance for evaluating displays in the
automotive context.

1.3 Research question and hypothesis

The current state of the art highlights several gaps and
uncertainties regarding the ability of virtual reality to evaluate the
technical specifications of a display. From this review, the central
research question emerges: Can the technical characteristics of
displays be evaluated in virtual reality in the same way as in real-
world environments? To address this, we propose testable
hypotheses and research questions that structure the rest of
this work.

H1: Differences in display quality can only be assessed when the
pixel density of the VR headset exceeds that of the simulated
display, so that small variations become perceptible in high-
density headsets but remain indistinguishable in lower-
density ones.

H2: Variations in refresh rate will be perceived similarly across all
headsets, as long as the headset’s display refresh rate is higher
than the one being evaluated.

H3: Variations in brightness will be perceived in a similar way
across all headsets, provided that the headset’s luminance
range is greater than the range being assessed.

2 Materials and methods

2.1 Study design

2.1.1 Definition of screen characteristics
The characteristics selected for this study, summarized in

Table 2, were chosen to cover the key technical parameters
influencing perception. standard 24-inch monitor was selected as
the reference display, as it represents a commonly available
screen type.

TABLE 1 Influence of HMD parameters on the evaluation of a simulated display.

HMD parameter (Limiter) Impact on simulated display Key consequence

Contrast/Max luminance Contrast range and brightness Bounds the maximum perceived contrast

Angular resolution (PPD) Sharpness/Detail resolution Affects the legibility of small elements

Refresh rate/Latency Temporal fluidity and responsiveness Cannot display the true temporal performance of the simulated screen

Aberrations/Distortions Chromatic and geometric fidelity Compromises the accuracy of color/shape evaluation
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No currently available VR headset would allow us to properly
conduct this experiment, given the complexity of accurately
simulating resolution differences on a high-pixel-density display.
Therefore, we selected a 24-inch 1080p monitor, a standard model,
to ensure reproducibility of the experiment across different
environments. This monitor has a pixel density of 63.5 PPD,
significantly lower than the screens used in our vehicles
(95.7 and 98.3 PPD), making it possible to study the effects of
varied resolutions in a controlled context. The goal of the
experiment is to assess whether a VR headset, such as the Quest
3, with an estimated pixel density of 25 PPD, can detect resolution
changes on a screen with a higher pixel density. We compared the
experience using a headset with lower pixel density and one with
higher pixel density, allowing us to measure the impact of resolution
in distinct configurations.

The refresh rate was set to 30 fps to represent standard
audiovisual content, reduced to 15 fps to simulate decreased
motion smoothness, and increased to 60 fps to reproduce the
fluidity of video game experiences. Brightness was varied by
adjusting the background color (100%, 75%, and 50%), enabling
the evaluation of participants’ sensitivity to luminance differences in
an immersive environment.

The two VR headsets used in this study offered different display
qualities. The Varjo XR3, with a central resolution of 70 pixels per
degree (PPD), provides a pixel density higher than the evaluated
display, allowing the perception of fine details. In contrast, the
Oculus Quest 3, with about 25 PPD, delivers lower resolution,
which limits fine-detail perception in this context. Lower
resolutions were also included to replicate the characteristics of
in-vehicle displays of similar size. Main features of the HMD are
resumed on Table 3. This setup allowed us to examine how headset
quality influences the perception of the technical parameters listed
in Table 2. To replicate the real evaluation room as accurately as
possible, we created a virtual model in Blender using the exact room
dimensions and incorporating CAD files of the furniture and
equipment. This approach allowed us to preserve spatial
relationships and visual cues present in the physical
environment. The VR application was developed in Unity
2022.3.15f1 using the Built-in Render Pipeline. Although this
environment reproduced the geometric and spatial layout of the

real setup, its lighting and material rendering were not physically
accurate. Therefore, the virtual scene should not be considered a
fully realistic representation. Instead, it provided a controlled
geometric replication of the evaluation space, allowing
comparable viewing conditions while acknowledging limited
photometric fidelity. The realism of the virtual environment was
not explicitly evaluated in this study; however, we attempted to
minimize the impact of this limitation by reproducing the real
environment as faithfully as possible in terms of geometry, scale,
and spatial arrangement. Figure 2 presents a comparison between
the real and virtual environment.

2.1.2 Assessment patterns
To assess the perception of different display characteristics, we

designed a test pattern inspired by standard calibration test patterns,
in particular the International Display Standardization Manual
(IDSM) published by the Society for Information Display (2023).
As illustrated in Figure 3, this pattern combines static and dynamic
elements to provide a variety of visual cues. Motion was
incorporated to evaluate refresh rates, while the pattern is reshe

TABLE 3 Technical specifications of HMD diplays.

HMD characteristics Varjo XR3 Quest 3

Resolution Peripheral: 2880x2720px per-eye & Focal: 1920x1920px per-eye (70 PPD) 2064x2208px per-eye (25 PPD)

Refresh rate 90 Hz 120 Hz

FOV 115° horizontal & 90° vertical 103° horizontal & 96° vertical

FIGURE 2
Environments used for the assessment. (a) Environment used for
the physical assessment. (b) Virtual representation of the room.

TABLE 2 Technical specifications of screen evaluated.

Display characteristics Base Variant 1 Variant 2

Resolution 1920 × 1080px (63,5 PPD) 960 × 540px (31,8 PPD) 1280 × 720px (42,4 PPD)

Refresh rate 30 fps 15 fps 60 fps

Brightness 100% (#FFFFFF) 75% (#C0C0C0) 50% (#808080)
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textures used in the evaluation were created in three resolutions:
1920× 1080, 1280× 720, and 960× 540 pixels, corresponding to the
display resolutions we intended to evaluate. A limitation of this
study is the pixel bottleneck: each pixel of the HMD covers multiple
pixels of the simulated texture, which reduces the effective resolution
and can blur fine details. Reducing the resolution of the simulated
texture decreases the number of simulated pixels mapped to each
HMD pixel, which slightly mitigates the bottleneck effect.
Nevertheless, fine details remain partially blurred, and the
textures were designed to include multiple elements to allow the
evaluation of each technical characteristic. Even at the lowest
resolution (960× 540), the main structures of the test image
remain recognizable, making it very unlikely that any
characteristic cannot be evaluated. This ensures a valid
assessment of the perceptual effects of display resolution in VR.
Figure 3 illustrates the different elements of the test pattern, which
are detailed in Table 4.

2.2 Experimental procedure

To determine if virtual reality allows screens to be evaluated
under conditions comparable to a physical test, each participant
conducts two successive evaluations, one in a physical environment
and the other in VR, using one of two headsets randomly selected
before the start of the experiment.

Each participant performed two successive evaluations (in
random order), one in the real environment and the other in
virtual reality, with one of the two headsets selected at random at
the start of the experiment. The overall sequence and structure of
the experiment can be seen in Figure 4. Variations in resolution,
refresh rate, and brightness were introduced via video sequences,

allowing the parameters to be dynamically modified independently
of the medium (screen or headset). To avoid any prediction effects,
each sequence was played between one and three times at random.
In a first study, several parameters were simultaneously changed,
which made it difficult to identify the perceived parameter. For this
reason, the procedure was adjusted with a second study to
systematically alternate between a reference animation (1080p,
30fps, 100% brightness) and a stimulus that varied only one
parameter at a time.

For each experimental condition, each feature was tested
three times per participant. When a change was perceived, the
participant was asked to press a button on the controller, which
recorded their reaction time, as well as errors and non-responses.
For each experimental condition, each feature was tested three
times per participant. When a change was perceived, the
participant was asked to press a button on the controller,
which recorded their reaction time. Reaction times were
measured to quantify the interval between the appearance of a
feature change and its detection by the participant: a short
reaction time indicates that the change was easily detectable,
whereas a longer reaction time suggests it was more difficult to
perceive. In addition, special values were assigned in specific
cases: a value of −1 was recorded when a participant failed to
detect a change, and a value of −2 was recorded when the
participant pressed the button multiple times for the same
feature change, which was considered an error.

2.2.1 Population and sampling
During a first study (study A), 36 participants, aged between

24 and 57 years, were asked to detect variations in characteristics on
the physical screen. Participants were requested to bring their
corrective glasses if they had any vision issues. Of these
36 participants, 11 were women and the remaining 25 were men.
A second study (study B) was then conducted with 19 new
participants, including five women and 14 men, using an
adjusted protocol. The participants were randomly assigned to
four groups corresponding to the experimental conditions, with
their order of evaluation described in Table 5 and their distribution
detailed in Table 6. Both series were retained, and we plan to verify
subsequently whether the results are sufficiently similar to be
considered as a single combined dataset.

FIGURE 3
Evaluation pattern used.

TABLE 4 Explanation of the different effect on the pattern used for the
assessment.

ID Explanation

A Alternating black circles with white outlines to accentuate visual contrasts

B A sequence of letters whose size gradually changes to test the perception of
fine details

C A sequence of circles sharing the same center, used as static visual markers

D An animated ruler moving horizontally across the screen to provide a
dynamic reference point

E An animated disc with fade effects to test luminance variation detection

F An animated vertical gauge that starts at the bottom and gradually rises,
then falls back down

G A disc, part of which gradually erases itself like a watch second hand

Frontiers in Virtual Reality frontiersin.org05

Visbecq et al. 10.3389/frvir.2025.1719546

https://www.frontiersin.org/journals/virtual-reality
https://www.frontiersin.org
https://doi.org/10.3389/frvir.2025.1719546


3 Results

3.1 Statistical preprocessing of data

In order to determine whether the data from the two sets of
measurements could be grouped together for each device (screen,
Varjo, Oculus), we first checked their statistical properties.
Normality was tested using the Shapiro-Wilk test, and
homogeneity of variances was tested using the Levene test.
Finally, the Mann-Whitney test was applied to assess the
existence of significant differences between the series within
each condition.

The results indicate that, for all conditions and series, the
distributions deviate significantly from a normal distribution
(p< 0.001), confirming the need to use non-parametric methods.
Levene’s test reveals a significantly different variance between the
two series for the “screen” condition (p � 0.0257), while the ‘Varjo’
and “Oculus” conditions show no significant differences (p � 0.0772
and p � 0.4235, respectively). In addition, the Mann-Whitney test
highlights significant differences between the two series for all
devices: p � 2.75 × 10−16 for the screen, p � 0.0132 for the Varjo,
and p � 0.0412 for the Oculus.

A comparison of the reaction time distributions between the
two series reveals a statistically significant difference (p< 0.05).
Times observed in the second series are consistently shorter than
those in the first, suggesting that the detection task is generally
easier when performed in relation to a stable reference stimulus.
Although the reaction times were shorter in the second series,
the difference is not statistically significant (p> 0.05). This
suggests that the task is easier when completed against a
stable reference stimulus. The p-values for each device are
summarized in Table 7.

These observations indicate that the data from the two series
cannot be considered as coming from the same statistical set for any
of the experimental conditions. Consequently, all subsequent
analyses were conducted separately for each series and each
device, thus ensuring a rigorous and specific interpretation of the
observed effects.

3.2 Overall device performance

Results presented in Table 8 indicate that regardless of the device
tested (physical screen, Varjo, or Oculus), the proportion of correct
responses decreases between the study A and study B, while the
proportion of non-responses tends to decrease. These trends reflect a
shift in detection strategies depending on the experimental context.
However, there are marked differences between devices: the physical
screen is the most stable reference, Varjo offers intermediate
performance, and Oculus appears to be the most inconstant.

Table 9 shows that reaction times systematically increase
from the Screen to the Varjo, and then to the Oculus across

TABLE 5 Different experimental conditions used.

ID Experimental procedure used

A1 Start with screen & HMD used is Varjo

A2 Start with HMD & HMD used is Varjo

B1 Start with screen & HMD used is Oculus Quest 3

B2 Start with HMD & HMD used is Oculus Quest 3

TABLE 6 Distribution of participants for the assessments.

A1 A2 B1 B2 Total

Study A 9 9 9 9 36

Study B 5 5 4 5 19

TABLE 7 p-values from the comparison of total responses between study A
and study B for each device.

Device p-value (RT study A vs. study B)

Screen 2.75 × 10−16

Varjo 0.013

Oculus 0.041

FIGURE 4
Figure describing the experimental procedure.
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both study series, indicating a progressive decrease in
performance in immersive VR environments. Mean and
median reaction times are generally shorter in Study A, where
multiple display characteristics could change simultaneously,
making differences easier to detect and allowing participants
to adapt more quickly. In contrast, Study B always returned to
baseline characteristics and only one feature was altered at a time,
limiting perceptual cues and resulting in longer reaction times as
well as greater variability, as reflected by the higher standard
deviations. The Screen yields the fastest and most consistent
responses, the Varjo is slightly slower but remains relatively
stable, while the Oculus shows the longest and most variable
reaction times, reflecting increased perceptual and cognitive load
associated with immersive simulation and lower visual fidelity.
Overall, these results indicate that VR, particularly with lower-
performance headsets, introduces a measurable perceptual delay
and affects the consistency of users’ responses.

Based on the results obtained, we compaired each HMD with
the screen. And we can generate these heatmaps for each study
(Study A and Study B) highlighting the characteristics for which
VR headsets can reliably be used. These visualizations are visible in
Figure 4 and in Figure 5, and can help to identify which technical
aspects of a display can be effectively assessed in immersive
environments.

3.3 Study A: Dynamic sequence

In the first study, participants had to detect a change in technical
characteristics within a dynamic sequence (e.g., switching from
1080p30fps to 540p30fps, then to 1080p75lum). The results
confirm the superiority of the physical screen, with medians
between 0.553 and 0.652 s and moderate variability. The Oculus
had higher reaction times, up to 1.034 s in 1080p15fps, and
significant dispersion, particularly for 720p30fps. The Varjo fell
between the two, with performance close to that of the screen and
more stable than the Oculus. Variations in brightness (50 lum,

75 lum) are most easily detected: with the Oculus, the median drops
from 0.963 s (1080p30fps) to 0.611 s (1080p30fps50lum). Higher
frame rates (up to 60fps) generally improve detection, without
systematically exceeding the 30fps reference. Changes in
resolution (540p, 720p) do not induce any systematic trend.
Finally, extreme times (>3 s) appear in all conditions, reflecting a
few exceptionally slow responses. The detailed results of the
significant differences observed between the conditions are
presented in Table 9. Reaction times for each visual characteristic
across devices are illustrated in Figure 6.

3.4 Study B: comparison with a standard

In the study B, participants had to detect a visual change
compared to a reference stimulus (1080p30fps) presented at a
distance of 1 m. The physical screen gives reference times for the
comparison (medians 0.553–0.652 s, with moderate variability). The
Oculus showed longer times (up to 1.034 s in 1080p15fps) and
marked variability, while the Varjo was closer to the screen with

TABLE 8 Summary of errors, non-responses, and average reaction times for each device and series.

Study A Study B

Screen Varjo Oculus Screen Varjo Oculus

Participant errors 190 129 199 165 120 148

No reaction 141 121 100 59 20 86

Participant reactions 1070 501 430 590 240 189

TABLE 9 Summary of mean, median, standard deviation of reaction times for each device and series.

Study A Study B

Screen Varjo Oculus Screen Varjo Oculus

Mean 0.7442 0.8126 0.9114 0.8753 0.9114 0.9890

Median 0.6034 0.6673 0.7216 0.7143 0.7112 0.7913

Standard deviation 0.4586 0.4427 0.5591 0.4875 0.5448 0.6013

FIGURE 5
Heatmap representing the characteristics evaluable in VR for the
study (A). Heatmap representing the characteristics evaluable in VR for
the study (B).
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more stable performance. Fluctuations in brightness (50 lum,
75 lum) are the most detectable changes: with only 0.611 s
(1080p30fps50lum) for the Oculus. Increasing the frame rate also
improves detection, with no systematic advantage over 30fps.
Resolution variations (540p, 720p) do not produce a clear effect.
As with the study A, exceptionally long times (>3 s) appear with all
devices. The Varjo offers a solid compromise, and the Oculus is the
most variable. The detailed results of the significant differences
observed between the conditions are presented in Table 10. Reaction
times for each visual characteristic across devices are illustrated in
Figure 7. Table 11 shows the comparisons for which we found a
difference of more than 0.3 seconds in terms of reaction times.

3.5 Comparative overview of series

A comparison between the two studies reveals a consistent
hierarchy among the devices: the physical screen remains the one
on which the assessment was easiest, followed by the Varjo, while the
Oculus shows more variable and generally less favorable results. The
main differences concern the nature of the tasks: in the study A, the
difficulty stems from continuous detection, while in the comparison
with a standard, the task is facilitated by the existence of a stable
reference. In both cases, variations in brightness and frame rate
appear to be the easiest to detect, while changes in resolution prove
to be more ambiguous.

FIGURE 6
Reaction time by devices for each stimulus for the first serie.

TABLE 10 Significant comparisons of reaction times for the first assessment series. Only differences greater than approximately 0.3 s are shown for clarity.

Condition Group 1 Group 2 Mean difference (s) Adjusted p-value 95% CI (s)

720p30fps Oculus Screen 0.6475 0.001 0.324–0.971

720p30fps Oculus Varjo 0.4122 0.0246 0.042–0.782

540p30fps Oculus Screen 0.4486 0.0039 0.121–0.776

TABLE 11 Significant comparisons of reaction times for the second assessment series. Only differences greater than approximately 0.3 s are shown for
clarity.

Condition Group 1 Group 2 Mean difference (s) Adjusted p-value 95% CI (s)

1080p30fps Oculus Screen 0.5183 0.001 0.296–0.740

1080p30fps Oculus Varjo 0.4068 0.001 0.147–0.667

1080p15fps Oculus Screen 0.7133 0.0226 0.082–1.345

1080p15fps Oculus Varjo 0.8414 0.0266 0.079–1.604

1080p60fps Oculus Screen 0.9335 0.0019 0.299–1.568

1080p60fps Oculus Varjo 0.8593 0.0215 0.104–1.615

720p30fps Screen Varjo −0.9203 0.0018 −1.542–−0.298
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4 Discussion

This study aimed to evaluate the ability of immersive
environments to reproduce the conditions for evaluating a physical
display. The results highlight a clear hierarchy among the devices and
confirm our expectations bases on theoritical calculations: the Varjo
headset comes closest to the performance of a real display, while the
Oculus shows more variable performance and is generally less
accurate at detecting technical changes. Some characteristics are
particularly discriminating: variations in brightness and frame rate
are most easily detected by participants, while changes in resolution
did not produce a systematic effect. To improve the accuracy and
richness of the evaluations, it would be useful to modify the test
pattern used to include colored elements, allowing for the evaluation
of color perception and colorimetric fidelity in VR environments.

Regarding the initial hypotheses, the study shows that the high
resolution of the Varjo does indeed allow for more precise perception of
variations in resolution (H1 validated), while variations in frequency and
brightness are detectable in a similarmannerwith both headsets (H2 and
H3 validated). However, this study has limitations: the sample size is
small and the experimental conditions are specific to our configuration.
The results cannot yet be generalized to all virtual environments or all
types of headsets. Future investigations could include a larger number of
participants, a greater diversity of VR devices, and the evaluation of other
visual characteristics such as colorimetry or dynamic contrast.

Overall, the results suggest that VR environments, particularly with
high-resolution headsets such as the Varjo, are a credible alternative for
certain screen evaluations, while highlighting the continuing superiority
of direct physical evaluation for the most accurate measurements.
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