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Abstract: This study employed a virtual reality-based discrete choice experiment to investigate
university students’ preferences for lighting and acoustic conditions in virtual classrooms. Fifty-four
students participated, evaluating 15 choice sets with varying lighting and acoustic conditions. The results
revealed nuanced preferences, with females showing similar preferences to males for lighting and
acoustics, but higher expectations for VR environments. Age differences were significant, with
participants aged 25-45 being more engaged. Optimal conditions were identified as bright ambient
lighting (500-1000 lux), neutral lighting colour temperatures (4000-4700K), moderate background noise
(25-45 dBA), and minimal intrusive noise (10-25 dBA). Nine interaction effects between lighting and
noise levels were found to influence the user experience. This research demonstrates the efficacy of VR
in simulating real-world environments and provides valuable insights for architects, engineers, and
educators to create more user-centric and effective educational environments, both physical and
virtual. The findings have practical implications for integrating virtual reality in future educational
settings.
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1. Introduction

In the wake of the COVID-19 pandemic, educational institutions are emphasizing the importance of
Indoor Environmental Quality (IEQ) in classrooms, recognizing its impact on students' cognitive and
emotional well-being. IEQ, which includes factors such as temperature, visual ambiance, acoustics, and
air quality, is crucial for enhancing academic achievement and overall student satisfaction. This study
seeks to delve into students' preferences for classroom environments, aiming to make them more
student-centric, humane, and sustainable.

Recent trends have shifted from traditional in-person studies to virtual simulations, with Virtual
Reality (VR) emerging as a powerful tool for simulating real-world classroom settings in a controlled
manner. This approach provides a deeply immersive experience, allowing for a detailed exploration of
occupants' preferences concerning lighting and acoustic conditions. The integration of VR with Discrete
Choice Experiments (DCE) offers a novel and efficient method to capture and analyze these preferences,
providing more realistic scenarios and enhancing the reliability of findings. However, the use of VR to
explore university classroom environments and the interaction effects between lighting and acoustic
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conditions is still limited in academic research. This study employs the VR-DCE method to investigate
these aspects, aiming to provide actionable insights for educators and architects to optimize learning
spaces and improve student experiences in post-pandemic education settings.

2. Literature review

The literature review presents an exhaustive evaluation of existing research, shedding light on
classroom indoor environment quality (IEQ), with a specific focus on lighting and acoustics in classroom
settings. Moreover, the potential of virtual reality in simulating classroom environments and the
emerging methodology of VR-DCE have been scrutinized. Figure 1 visually encapsulates the intersection
of IEQ, VR, and DCE. This three-circle analysis grants a comprehensive perspective on the study's focus,
emphasizing their role and synergy of these elements in study classroom environment.
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Figure 1. An intersectional analysis of IEQ, VR, and DCE (Source: authors)

Extensive research has been conducted on the Indoor Environmental Quality (IEQ) of university
classroom environments, primarily using post-occupancy evaluation methods. These studies deeply
assess various factors, including indoor air quality (Liu et al., 2019), thermal comfort (Sarbu and Pacurar,
2015), lighting conditions (Wang et al., 2014), acoustics (Yang and Mak, 2017), furniture design (Castilla
et al., 2017), and ergonomics (Yang et al.,, 2013). There is a broad consensus emphasizing the
importance of ensuring adequate ventilation, effective temperature control, appropriate lighting levels,
refined acoustics, and ergonomically designed furniture. Moreover, continual feedback is crucial for
improving classroom design and management strategies.

Research on classroom environments indicates that lighting and acoustics condition significantly
influence student mood, attention, and comprehension (Yang and Mak, 2017). Studies on acoustics
highlight the disruption caused by poor sound conditions on learning, emphasizing the need for
controlled noise levels and clear sound . These studies primarily used questionnaires to collect
qualitative data on subjective experiences related to lighting and acoustics. Further, cognitive
neuroscience suggests that visual and auditory senses interact significantly, affecting how sensory
stimuli are perceived. This cross-modal interaction has led to research in built environments focusing on
the combined effects of light and sound on perception and performance.

In studies on occupants' Stated Preferences about the environment, a commonly employed stated
performance method is the Discrete Choice Experiment (DCE). Virtual Reality (VR) offers a more realistic
and immersive environment, providing participants with an experience that closely mimics real-life
situations. This realism can enhance the accuracy of choices made in DCEs. The immersive nature of VR
not only leads to higher engagement but also yields more reliable responses. Traditional DCEs might be



A discrete choice experiment approach towards students’ preferences of the lighting and acoustic
condition in a virtual classroom

constrained by the limitations of physical setups or the narrow scope of scenarios they can present. VR,
however, overcomes these constraints. Thus, integrating VR with DCE can significantly improve the
quality of experiments by providing richer insights and more accurate results.

3. Methodology

3.1. Discrete choice model

The Discrete Choice Model (DCM) is employed to analyze student preferences for different lighting and
acoustic conditions in classrooms, using a structured choice process involving decision makers,
alternatives, attributes, and decision criteria. Students select their preferred classroom environment
from various scenarios featuring distinct lighting and acoustic settings. The DCM encompasses a utility
model and a choice model. The utility model posits that students choose options that maximize their
personal satisfaction and perceived enhancement of the learning experience. The choice model
examines how variations in lighting and sound influence student preferences, providing insights into the
relative importance of each attribute. This methodological approach allows educators and designers to
understand and optimize classroom environments to improve both comfort and educational outcomes.

The utility model in the Discrete Choice Model (DCM) posits that a decision-maker chooses the
option that maximizes perceived utility (U), composed of a systematic utility component (V) and a
random error component (g). The decision to choose one option over another hinges on the systematic
utility difference being greater than the random error difference. The systematic utility (V) is calculated
by summing the impacts of various attributes of the choices, with coefficients (B) that quantify the
influence of each attribute. Interaction effects between attributes are also considered, providing a more
complex and nuanced analysis of how combined attributes influence choices.

The choice model extends this by assuming that error terms follow a Gumbel distribution, leading to
a logistic distribution of the error differences. This foundation supports the binomial Logit model (BL) for
two-choice scenarios and expands into the multinomial Logit model (MNL) when multiple options are
considered. The MNL takes into account the exponential sums of the utilities of all possible options.
Using maximum likelihood estimation, the model quantifies the influence of each attribute on choice,
allowing for precise analysis of decision-making processes and attribute significance in multichoice
scenarios.

3.2. Experiment

The VR-based Discrete Choice Experiment (VR-DCE) focused on understanding preferences for different
classroom environments by examining attributes like lighting and noise. In this study, critical attributes
such as natural and artificial light, along with various noise types, were identified for analysis through an
extensive literature review and consultations with classroom users including students, teachers, and
facility managers. Initially, a full factorial design was considered, which generated 81 possible
alternatives based on four attributes with three levels each. However, due to constraints in the VR
setting, this number was reduced using the Ngene software and the Modified Federov algorithm,
resulting in a more manageable set of 15 choice sets (comprising 30 scenarios) (Figure 2) that minimized
overlap and ensured utility balance. A virtual reality classroom was then meticulously constructed and
calibrated to simulate realistic lighting and sound conditions. This setup facilitated the execution of the
experiment and subsequent data collection, where participants' preferences were systematically
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recorded. The collected data were used to estimate parameters reflecting the influence of the various
identified attributes on choice decisions, providing insights into optimal classroom environment
configurations. This streamlined process not only ensured manageable data handling and realistic
simulations but also provided meaningful insights into the preferences for classroom environments.

Attribute Levels Describe
Classonnjl Gl 2 Dim lighting (Low) Some indoor lighting on (0-200lux)
Ligh Moderate lighting (Medium) Allindoor lighting on (200~500lux)
ighting intensi
ghting y Allindoor lights with additional bright
Bright lighting (High)
source’® (500~1000lux)
Cold (Low) Warm light source (3000K - 4000K)
Lighting color temperature Neutral (Medium) Neutral light source (4000K - 4700K)
Warm L (High) Cool light source (4700K - 5700K)
Weak noise (Low) Noise from equipment™ (10-25 dB)
Classroom 1 Classroom 2 Background noise Moderate noise (Medium Noise from equipment (25~454B)
Medium iimteasiy RS Highlintensity Strong noise (High) Noise from equipment_(45-60db
Low intrusive noise (Low) Sporadic and irregular noise’® (0-20 dB
Intrusive noise Medium intrusive noise (Medium; Sporadic and irregular noise (0-20 dB
Accident noise High noise Low noise
Strong intrusive noise (High; Sporadic and irregular noise (0-20 dB

Which environment do you prefer? (o) O

Notes: The term "additional bright source*® " refers to the intense sunlight coming from outside the classroom. "Noise from
equipment "™ pertains to the sounds produced by devices such as air conditioners, fans, and other equipment. " Sporadic and

Continue irregular noise**" refer to the unexpected ring or construction noise.

Figure. 2. Example of virtual reality platform choice task summary (source: authors)

The development of the virtual classroom involved using the Unity 3D engine to create a detailed
and immersive environment based on actual measurements of a university classroom. This model was
enhanced with realistic texturing and rendering and experienced through an Oculus Quest 2 headset for
high-quality stereoscopic visualization. For calibration, light settings were fine-tuned using Unity and
then verified with Dialux software to ensure accurate representation of both natural and artificial light
sources. Sound calibration involved recording actual classroom noises, categorizing them, and adjusting
their playback through the VR system to match real-world loudness and fidelity accurately. These steps
ensured that the virtual classroom provided a realistic and immersive user experience.

The VR-DCE experiment was conducted in three main stages. Initially, participants were briefed on
the experiment's purpose and procedures, signed a consent form, and received training on VR
equipment usage. The main experiment consisted of 15 sets, each offering two choices for 25 seconds,
followed by 10 seconds for decision-making, with all choices being recorded. After the VR sessions,
participants completed a questionnaire to collect demographic data and provide feedback on their VR
experience, focusing on satisfaction with the virtual environment's dimensions, lighting, and acoustics
(Figure 3).
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Figure 3. The procedure of the VR-DCE Experiment

The VR-DCE experiment utilized the Multinomial Logit (MNL) model to analyze how different levels
of light and sound influence participant choices, employing effect-coded data.
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4. Results

4.1. Description of participants and evaluation of VR experience

In the present study, a total of 54 participants were involved, as shown in Figure 5a, consisting of 28
females (51.9%) and 26 males (48.1%). Participants were segmented into four age groups: 18-24 years
(n=36, 66.7%), 25-34 years (n=11, 20.4%), 35-44 years (n=6, 11.2%), and 45-54 years (n=1, 1.9%). The
vast majority (81.5%) had previous experience with virtual reality (VR), although their levels of
familiarity varied. The familiarity with VR ranged as follows: none (n=6), slight (n=23), moderate (n=12),
substantial (n=10), and extensive (n=3). Post-experiment, participants assessed the virtual
environment's quality, considering model's scale accuracy (dimension), lighting fidelity, and noise
realism, using a 7-point Likert scale. Participants had varied prior VR experience, influencing their
feedback which favored noise realism significantly over lighting quality. Satisfaction levels differed by
gender, with males generally reporting higher satisfaction in all attributes, evident through significant p-
values in statistical tests. Age differences showed less satisfaction in older groups for model dimensions
and lighting, yet no statistical significance was found in these age-related variations. The VR-DCE
experiment assessed preferences across four key attributes: Lighting Intensity, Color Temperature,
Background Noise, and Intrusive Noise. Preferences for high Lighting Intensity and medium Color
Temperature were notable. While Background Noise had a balanced preference distribution, a
significant majority preferred low Intrusive Noise. Follow-up tests highlighted no significant gender
differences in attribute preferences, but significant age-related differences were detected across all
attributes, suggesting that age influences VR settings preferences more markedly than gender. These
findings offer valuable insights into user experience optimization in VR environments by highlighting the
influence of demographic factors on perception and preference.

4.2. Participants’ choices in VR-DCE experiment

Table 1 presents the results of the VR-DCE experiment, outlining the participants’ choices distribution of
across different levels of four key attributes: Lighting Intensity, Lighting Color Temperature, Background
Noise, and intrusive Noise. Notably, 'High' Lighting Intensity garnered the most preference (36.30%),
whereas 'Medium' was the predominant choice for Color Temperature (34.07%). Background Noise
displayed a relatively uniform distribution across 'Low' (28.40%), 'Medium' (30.86%), and 'High'
(30.00%). Intrusive Noise saw a majority preference for 'Low' (41.98%).

Table 1. The choices of participants across various levels of four attributes

Attributes Levels Count Percentage
None 87 10.74%
Low 182 22.47%
Lighting Intensity

Medium 247 30.49%

High 294 36.30%

None 87 10.74%

Low 203 25.06%

Lighting Color Temperature

Medium 276 34.07%

High 244 30.12%

Background noise None 87 10.74%

Low 230 28.40%
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Medium 250 30.86%
High 243 30.00%
None 87 10.74%
Low 340 41.98%
Intrusive noise
Medium 241 29.75%
High 142 17.53%

4.3. Fitness of models

In this study, three multinomial logit (MNL) models were developed to analyze preferences in VR-based
discrete choice experiments within university classrooms. Model 1 (Equation 1) focuses solely on light
and noise attributes, yielding a Log-Likelihood of -712.93 and a McFadden's R2 of 0.1991. Model 2
(Equation 2) incorporates individual differences such as gender and age, improving the fit with a Log-
Likelihood of -702.91 and a McFadden's R2 of 0.2103. Model 3 (Equation 3), offering the best fit,
includes interaction effects between light and noise levels and individual differences, achieving a Log-
Likelihood of -672.03 and a McFadden's R2 of 0.2473.

Attirbutes
——

Model 1: log(p) = B1nXin (1)
Attirbutes  Individual
Model 2: 1og(p) = BinXin + BnXon @
Attirbutes  Individual  interactive
Pkl -y
Model 3: 1og(0) = BinXin + BnXon + BanXan @)

The progression from Model 1 to Model 3 demonstrates the significant role of individual differences
and interaction effects in understanding VR preferences. The analysis shows that as the model
complexity increases, the influence of the "no-choice" option decreases, while the importance of
lighting intensity and intrusive noise grows, underscoring their heightened relevance in the presence of
interaction effects. In contrast, the impacts of lighting color temperature and background noise remain
fairly constant across the models. These findings emphasize the need to consider both individual
characteristics and the interplay between different attributes when analyzing preferences in educational
VR settings.

No-Choice 71 36.90%

Instrusive noise 24.44%

Background noise 15.19%
14.92%
I 0.01%
lighting color temperature 8.35%
8.40%
16.99%
Lighting intensity 15.12%

14.98%
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

mModel 3 wModel 2 = Model 1
Figure 4. The attributes importance ranking among three models

4.2. Analysis of visual and auditory comfort preferences

This study employs Model 3 to analyze VR-based classroom preferences, revealing a detailed breakdown
of attribute importance: environmental attributes account for 34.92%, individual differences 26.88%,
and interaction effects 24.89%. The data indicates a dislike for low lighting intensity and color
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temperatures, with preferences leaning towards higher lighting intensity and moderate color
temperatures. Background noise is preferred at medium levels, whereas low intrusive noise is favored,
highlighting sensitivity to auditory conditions.

Age significantly influences preferences, particularly in the 25-44 age range, whereas gender shows
minimal impact. The study also uncovers significant interactions among lighting and noise levels; for
example, moderate lighting combined with moderate background noise significantly increases
preference, emphasizing the importance of balanced environmental conditions. Conversely, settings
with high levels of noise or extremely low or high lighting are generally disliked.

These findings suggest that VR classroom settings should prioritize adjustable lighting and noise
levels to accommodate varying age groups and enhance overall user experience, steering clear of
extremes in environmental conditions to maintain a conducive learning atmosphere.

5. Discussion

5.1. Lighting and acoustic preferences

This investigation into VR-based classroom environments reveals distinct preferences for moderate
environmental conditions, aligning with established standards and prior research. Specifically,
participants show a preference for background noise levels within the 25-45 dB range, consistent with
ISO 13779's designation for a neutral acoustic environment in office settings. Extremes in noise levels,
either too low or too high, are generally disfavored, aligning with previous studies that highlight
occupant aversion to such conditions. Furthermore, intrusive or irregular noises are particularly
unwanted, with a clear preference for minimizing these disruptions. Regarding lighting, there is a
preference for moderate color temperatures between 4000-4700K, which is supported by research
linking these levels to improved productivity and well-being. However, unlike some studies that favor
lower luminance levels, this study indicates a preference for higher luminance levels (500-1000 lux),
suggesting potential benefits for engagement and learning in VR classrooms that merit further
exploration.

5.2. Individual preferences and interactive effect

This study explores gender and age influences on environmental preferences in VR settings, finding
uniform preferences across genders despite prior evidence suggesting women are more sensitive to
auditory and visual stimuli. The broad range of experimental conditions might have masked subtle
gender-specific differences. Age notably impacts preferences, especially among middle-aged individuals
(25-45 years), who display distinct sensitivities to environmental attributes, potentially due to their life
stage and developed sensory perceptions.

The research confirms the importance of interactions between environmental factors such as
lighting and noise, aligning with previous findings. For example, interactions between low-frequency
noise and lighting conditions have been shown to affect cognitive performance [25], and low lighting
levels can increase noise annoyance. These interactions suggest that extreme environmental conditions
can amplify sensory experiences, supporting concepts from environmental psychology about peak
experiences and stress thresholds. Physiologically, this is similar to phenomena like the McGurk Effect,
where sensory modalities influence each other, indicating that environmental variables such as lighting
and noise not only have individual effects but also synergistically impact overall perception. This study
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underscores the complexity of environmental preferences, highlighting the need for nuanced
consideration of multiple factors in VR settings.

6. Conclusion

This study employed Virtual Reality-based Discrete Choice Experiment (VR-DCE) methods to assess
university students' preferences for lighting and acoustic conditions in indoor classrooms. Utilizing a
sample of 54 college participants, the study found VR to be effective in simulating real-world
environments, with distinct preferences influenced by gender and age. Females displayed higher
expectations for the VR environment, while males showed consistent preferences. Age notably
influenced preferences, especially among those 25-45 years old. Preferred conditions included higher
luminance levels (500-1000 lux) and moderate color temperatures (4000K-4700K), with medium
background noise levels (25-45 dB) also favored over higher levels (45-60 dB). The study revealed seven
significant interactions between lighting and noise, suggesting that extreme conditions can amplify
sensory experiences. These findings highlight the importance of customized environmental designs in
educational settings to accommodate individual differences, introducing the "barrel effect", where
deficits in one environmental factor can degrade overall conditions, underscoring the need for holistic
design approaches.
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