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Abstract: Sense of time is crucial for perceiving and engaging with the physical environment. Patients 
with time perception disorders, such as depression or schizophrenia, are diagnosed and treated through 
time manipulation using various VR applications. This paper presents a novel approach to manipulating 
time perception in a virtual landscape using five distinct virtual landscapes, systematically scaled from 
largest to smallest, with scale as the sole variable, while maintaining consistency in all other aspects. 
We assessed time perception in 20 participants across eight categories – time estimation duration, the 
passage of time, vection, general boredom, general presence, spatial presence, involvement, and expe-
rienced realism – by applying the Subjective Time, Self, and Space (STSS) and the Igroup Presence 
Questionnaire (IPQ). The research indicates that scaling the grid patterns in a virtual landscape sub-
stantially manipulates time perception, resulting in a gain in perceived time. A decrease in the scale of 
the grid patterns significantly accelerates the perception of time passage, and a strong positive correla-
tion exists between the perception of time passage and vection. Future research could focus on creating 
holistic and immersive scaled environments to help individuals with a fear of heights adapt more effec-
tively. Integrating design factors such as materials, form, cognitive tasks, or virtual human representa-
tions could provide deeper insights into their combined effects on time perception. Consequently, the 
findings of this research emphasize the potential for these insights to revolutionize therapeutic ap-
proaches for mental health disorders, optimize landscape and urban planning and design, and enhance 
the realism and immersion of video games and virtual reality platforms. 

Keywords: Virtual reality, virtual landscape, time perception, scaled grid patterns, zeitgebers, 
Human-Computer Interaction (HCI)

1 Introduction

Sense of time is fundamental to perception and engagement with the physical environment, 
as it enables interactions and understanding, especially through its plasticity that allows for 
the manipulation of time perception (BANSAL et al. 2019). The perception of time is a signif-
icant factor and a reflection of our overall well-being (LANDECK et al. 2020). Accordingly, 
disruptions in time perception, which are often described as feeling 'stuck in time,' can indi-
cate significant mental health concerns (VOGEKEY & KUPKE 2007) and pose a major chal-
lenge in neurophysiology studies of conditions such as depression and schizophrenia (BAN-
SAL et al. 2019). Virtual landscape (VL) is effective in treating and diagnosing these disorders 
(WALLACH et al. 2009, GONÇALVES et al. 2012, LINDNER 2020); however, the conditions for 
accurately identifying time perception manipulation have yet to be determined (UNRUH et al. 
2021). 

Although physical time is defined and measured objectively, psychological time is subjective 
and encompasses our perceptions of duration, pace, and the sequence of events (ZAKAY 
2014). Within this framework, psychological time can be divided into two distinct concepts: 
the 'passage of time,' perceived as continuous, and the 'structure of time,' which organizes 
events to differentiate between past, present, and future (UNRUH 2021). Since landscapes can 
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manipulate our experience of the passage of time, the perception of time has been fundamen-
tal to design practice and the creation of landscape spatial planning (DUEMPELMANN & HER-

RINGTON 2014). In this context, virtual landscapes serve a critical role in the decision-making 
process within landscape spatial planning (GRIFFON et al. 2011). The passage of time is ma-
nipulated by various external signals known as zeitgebers, which help adjust an organism's 
biological clock (LANDECK et al. 2024). Moreover, immersive VL offers a flexible approach 
to exploring human time perception, as it enables the manipulation and control of key varia-
bles that cannot be altered in the physical landscape (BOGON et al. 2023).  

Accordingly, a study offered a proof-of-concept by demonstrating how virtual sun move-
ments can affect cognitive functions and time judgments (SCHATZSCHNEIDER et al. 2016). It 
has been revealed that doubling the speed of the virtual sun did not significantly alter time 
passage, but a significant effect occurred in the cognitive task conditioned on it. VAN DER 

HAM et al. (2019) conducted a study where participants watched video clips in VL and the 
physical environment to compare time duration estimates. Their findings indicated no signif-
icant differences in how time was perceived between them. LANDECK et al. (2020) proposed 
a system that allows for systematic manipulation of time perception in VL, categorized into 
four elements: zeitgebers, environments, virtual humans, and interaction. Research con-
ducted in 2021 differentiated virtual zeitgebers into short-term and long-term types, empha-
sizing exploring color in the short-term segment. The research indicates that while color alone 
does not remarkably affect time perception, its combination with music emerges as an effec-
tive manipulation method (LIU et al. 2021). Moreover, the study explored the impact of avatar 
embodiment on time perception across three settings: an avatar in VL, without an avatar in 
VL, and in a physical environment (UNRUH et al. 2021). According to this research, embodied 
VL provides a safe way to manipulate perceived time, place, and boredom. Without a virtual 
body as a distractor, people not only become more bored but also focus more on time itself, 
leading to the experience of an even more extended waiting time. While the passage of time 
significantly correlated with vection (LANDECK et al. 2023a), it was inversely related to bore-
dom (LANDECK et al. 2023b). LANDECK et al. (2024) reported that virtual tunnel simulation 
research indicated that the subjective passage of time was perceived as faster at higher speeds, 
and the quicker the subjective passage of time. 

With the growing availability of VR technology and its applications and increasing consumer 
interest, it is crucial to understand how time is perceived in a VL as more users will use it in 
the future (SCHATZSCHNEIDER 2016). To effectively implement these tools in practical appli-
cations, it is crucial to understand how media-related effects manipulate time perception 
(LANDECK et al. 2023). So far, although many factors manipulating time perception in VL 
has been identified and researched, the impact of a design-based approach has not been thor-
oughly investigated. Scaling, a fundamental manipulation method (SAFFO et al. 2024), has 
not been adequately applied and highlights a significant research gap in understanding time 
perception in VL. Addressing these gaps, the findings of this paper can inform the develop-
ment of more immersive and effective designs for manipulating time perception in VL. The 
results of this paper provide valuable insights into manipulating time perception, paving the 
way for advancements in therapeutic processes, landscape and urban design optimization, 
and the development of more immersive and realistic gaming and virtual reality experiences.  
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2 Methodology 

2.1 Experimental Design 

We utilize the Metachron framework as a foundational tool to systematically manipulate and 
assess time perception in VL. According to SCHATZSCHNEIDER et al. (2016), zeitgebers in 
the physical environment are categorized into seven subcategories: absolute, relative, natural, 
artificial, social, external, and internal. By comparison, LIU et al. (2021) classify zeitgebers 
within VL into two main categories: short-term and long-term. This research extends LIU's 
(2021) focus on color by incorporating additional elements such as scale, form, and material, 
as discussed in the study by KIM et al. (2023).  

 

Fig. 1: Time perception control 

Scaling, as a key method for dynamically manipulating perceptions (SAFFO et al. 2024), was 
employed as an experimental design tool. This approach aims to understand participants’  
time perception in VL comprehensively. Through experimental design in VL, we assessed 
time perception across eight distinct categories: time estimation duration, the passage of time, 
vection, general boredom, general presence, spatial presence, involvement, and experienced 
realism. WEARDEN (2015) highlights the importance of considering time duration estimation 
and the passage of time as separate constructs. Given the interdependence of space and time 
in human perception (HELSON & KING 1931, JONES & HUANG 1982, SARRAZIN et al. 2004, 
UNRUH et al. 2021), vection was included as a key measure. Further, users often overestimate 
waiting times, which is commonly associated with general boredom (ZAKAY 2014). Addi-
tionally, spatial presence, general presence, involvement, and experienced realism are essen-
tial factors for understanding the relationship between presence and time in VL (UNRUH et 
al. 2021). 

2.2 Zeitgeber Design 

The experiment design in VL is based on the principles of short-term zeitgebers, explicitly 
focusing on the scale. We apply the grid system to scaling, as the grid, a widely recognized 
structural tool for spatial organization, is a predetermined geometric framework that enhances 
spatial awareness (BOKIL 2015). As the grid divides space or time into regular units (LUPTON 
2014), tracking and manipulating time perception simplifies. We created five scaled grid pat-
terns to assess their impact on participants' perception of time. The control variables for these 
VL include a velocity of 4 km/h, a time duration of 30 seconds (LANDECK 2023), and path 
dimensions of 33.3 meters in length (L1) and 2 meters in width (W1), ensuring a consistent 
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layout across the experimental conditions. We scaled the independent variables in the VL as 
follows: V1 with a scale of 1600, featuring a unit length of 2 meters (Unit 1); V2 with a scale 
of 800, featuring a unit length of 1 meter (Unit 2); V3 with a scale of 400, featuring a unit 
length of 0.5 meters (Unit 3); V4 with a scale of 200, featuring a unit length of 0.25 meters 
(Unit 4); and V5 with a scale of 100, featuring a unit length of 0.125 meters (Unit 5). This 
systematic scaling allows for a comprehensive analysis of how varying dimensions manipu-
late participants' perceptions of time. 

2.3 Procedure 

First, the researcher informed participants of the research’s details and asked them to sign a 
consent form. Demographic questionnaires collected participants’ ages, education level, oc-
cupation, and VR experience. The researcher provided an overview of the experiment's core 
principles, covering the head-mounted display (HMD) and its functioning. Participants were 
informed they would be removed from the experiment if they experienced discomfort

Fig. 2: The procedure for the VL research 

The researcher introduced a familiar VL for participants to become accustomed to, transi-
tioning them to the main experimental VL once they indicated comfort. The experiment con-
sisted of five VL (v1, v2, v3, v4, v5), each representing a scaled variation of grid patterns. 
At the beginning of the experimental series, the trials were randomized for 20 participants 
using a pseudo-randomizer (HAAHR 1998) to prevent any unintended influence of a specific 
sequence on participants' perception of time. After each trial environment, participants were 
asked to complete the Subjective Time, Self, and Space (STSS) (JOKIC et al. 2018) and the 
Igroup Presence Questionnaire (IPQ) (SCHUBERT et al. 2001) to record their immediate feed-
back. Upon experiment completion, participants were dismissed.

2.4 Software and Hardware 

The VL for this experiment was created using Unreal Engine 5. The system used for modeling 
included 16GB of RAM to support efficient operation. DirectX 12 was implemented as the 
graphics API for rendering, and the Meta Quest 2 was employed as the HMD device to facil-
itate VL's interaction with and navigation for time perception research. 

2.5 Participants 

A total of 20 participants with an average age of 23.3 (SD = 2.65) years were recruited (thir-
teen females and seven males). The Ethics Committee of Istanbul Technical University ap-
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proved this study. The majority of the participants were students holding undergraduate de-
grees, primarily in architecture (55.56%) and landscape architecture (38.89%), with the re-
maining (5.56%) representing other departments. More than half of the participants (50%) 
indicated prior experience with an HMD in VL. In total, 45% of participants reported playing 
digital games within the last 6 months. Of this 44.44%, 33.33% played less than 1 hour per 
week on average, while 11.11% played more than five hours weekly. None of the participants 
exhibited visual impairments, nor were any excluded due to simulator sickness, frequent eye 
closure, or the use of corrective eyewear. 

2.6 Data Methodology 

 

Fig. 3: Experiment environment 

 

Fig. 4: The overall structure of the experiment  

2.6.1 Data Collection and Processing 

We collected quantitative data in the data collection section to enable objective comparisons 
across the different VLs. Categorical data provided clear distinctions in the analysis by clas-
sifying each VL (v1, v2, v3, v4, v5). We also collected repeated measures data from partici-
pants across all VL to identify individual differences. The data processing section includes 
three main measurement components: (1) direct estimation, (2) STSS, and (3) IPQ question-
naires. Table 1 indicates all the collected dependent variables.   
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Table 1: Dependent variables 

 

In this research, we implemented the STSS questionnaire to examine how scaling grid pat-
terns in a VL manipulates participants' perception of time. Two items from the STSS were 
previously adapted (LANDECK et al. 2024) to assess the experience of the passage of time: 1) 
Time Duration Estimation – “Intuitively (without further thinking), how long did the trial last 
(in seconds)?” and 2) The Passage of Time – “How fast did time pass for you?” (based on 
TOBIN et al. 2010). In addition, the following items were included: 3) Vection (the sense of 
movement) – “Did you feel like you were moving?” to assess the intensity of the illusion of 
self-motion (LANDECK et al. 2023) and 4) General Boredom – “How much boredom did you 
experience most of the time?” (LANDECK et al. 2023). Higher values reflect an increased 
awareness of body and spatial perception. The latter two questions were answered using a 
vertical mark on a horizontal Visual Analog Scale (VAS) ranging from 0 = extremely slow 
to 100 = extremely fast for question two, and 0 = no, not at all to 100 = yes, very intensely 
for question three. On the other hand, since space and time are interdependent phenomena in 
human perception (HELSON & KING 1931, JONES & HUANG 1982, SARRAZIN et al. 2004, 
UNRUH et al. 2021), we also assessed presence using the IPQ. The IPQ consists of the sub-
scales General Presence, “In the virtual landscape, I felt like I was really there,” Spatial 
Presence, “I felt like the objects in the virtual landscape surrounded me,” Involvement “I was 
completely captivated by the virtual landscape,” and Experienced Realism “How real did the 
virtual landscape seem to you?”. The items of the subscales are rated on a five-point Likert 
scale (1-5). Our choice is supported by its successful application in previous both real and 
virtual waiting time experiments and zeitgeber experiments on time perception and its recog-
nition as a standard technique in experimental studies (IGARZÁBAL et al. 2021, UNRUH et al. 
2021, LANDECK et al. 2023, LANDECK et al. 2024). 

2.6.2 Statistical Analyses 

All STSS items, as well as the STSS ratings and IPQ ratings, were analyzed on the interval 
measurement scale (BOONE & BOONE 2012, PFEIFER et al. 2016, JOKIC et al. 2018, UNRUH 
et al. 2021). Previously, LANDECK et al. (2024) applied Repeated Measures ANOVA to as-
sess changes in time perception across different experimental conditions. Following this ap-
proach, we used Repeated Measures ANOVA to analyze variations in time perception across 
scaled grid patterns landscapes and obtained the core characteristics of each condition, in-
cluding Mean (M), Standard Deviation (SD), and F-value (F). We applied One-Way ANOVA 
to test the effect of a single independent variable on the dependent variable and examine how 
different conditions in the VL influenced participants' time perception. We conducted post-
hoc tests to analyze group differences further. We used Partial Eta-Squared (η²ₚ) to measure 
the effect size of the observed differences, following the approach outlined by UNRUH et al. 
(2021). We also used Tukey HSD after ANOVA to identify which groups demonstrated sig- 
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nificant differences. In line with LANDECK et al. (2023), we applied Pearson’s correlations to 
examine the relationships between duration estimation, the passage of time, and sections 
across each scaled grid pattern in the VL. 

3 Results 

Below, we present a detailed analysis of the findings across each subcategory, including time 
duration estimation, the passage of time, vection, general boredom, and correlation, high-
lighting their contributions and interrelations within the context of our research. For a com-
plete description of the conditions, see Table 2. The study reveals that scaling the grid pat-
terns in VL significantly affects time perception and manipulates the passage of time. A de-
crease in the scale of the grid patterns significantly accelerates the perception of time passage, 
resulting in an increased gain in time, as shown in Figure 5. 

Table 2: Statistics of experimental conditions 

 

3.1 Time Duration Estimation 

 

Fig. 5: Time duration estimation and time gain – passage of time – vection – general bore-
dom 
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For the dependent variable of time duration estimation (judgment in seconds), the scaled grid 
patterns in the VL (p < 0.0002) had a very highly significant effect. A post hoc analysis 
indicated that the partial eta-squared (η²ₚ = 0.113) reflects a large effect size, as shown in 
Table 2. Participants reported the most extended duration in the V1 (1600% scale, M = 29.6,  
SD = 13.6) and the shortest duration in the V5 (100% scale, M = 10.2,  SD = 5.7), as presented 
in Figure 5. These results suggest that scaling grid patterns in VL can effectively manipulate 
time duration estimation; larger grids such as those in V1 are perceived to lengthen it, while 
smaller grids like those in V5 are perceived to shorten it. Consequently, the V5 environment 
resulted in a more significant time gain, while V1 demonstrated the least gain, as presented 
in Figure 5.

3.2 Passage of Time 

The VL's scaled grid patterns significantly affected the dependent variable of time passage 
(p < 0.0001). A post hoc analysis indicated that the partial eta-squared (η²ₚ = 0.313) reflects 
a large effect size, as shown in Table 2. Participants reported the fastest perception of Time 
Passage in the V5 (100% scale, M = 84.5, SD = 10.8) and the slowest in V1 (1600% scale, 
M = 35.0, SD = 17.6), as detailed in Table 2. The Tukey HSD analysis reveals significant 
differences among VL, particularly V5, which demonstrates pronounced differences in time 
passage when compared with other VL (V1, V2, V3, and V4), evidenced by significant p-
values (p < 0.000). This indicates a marked reduction over time from V1 to V5. A consider-
able difference exists between V1 and V4 (p < 0.005), as shown in Table 5. Other combina-
tions of VL did not show essential differences (p > 0.05). 

 

Fig. 6: Simetatistic of experimental condition 
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3.3 Vection 

The VL's scaled grid patterns significantly affected the dependent variable of vection (p < 
0.0001). A post hoc analysis indicated that the partial eta-squared (η²ₚ = 0.291) reflects a 
large effect size, as shown in Table 2. Participants reported the strongest sensation of Vection 
in V5 (100% scale, M = 91.1, SD = 9.76) and the weakest in V1 (1600% scale, M = 42.7, SD 
= 18.7), as detailed in Table 2, indicating that more minor scales significantly enhance the 
feeling of motion. These results suggest that scaling grid patterns in virtual environments can 
effectively manipulate motion sensations. Denser grid scales amplify these sensations, likely 
because of the proximity and frequency of visual cues.  

3.4 General Boredom 

For the dependent variable of general boredom, scaled grid patterns in the VL did not demon-
strate profound interaction (p > 0.05). Grid patterns scale does not significantly affect bore-
dom levels. 

3.5 Correlation 

Table 3: Tukey HSD comparison and correlation 

 

On the other hand, a strong positive correlation exists between the perception of time passage 
and vection in VL (p < 0.000), with higher levels of vection associated with a faster percep-
tion of time passage, as shown in Table 5. The correlation between vection and time passage 
perception peaks in V4 (r = 0.988) but diminishes in V5 (r = 0.886), although it remains 
significant. This indicates that following V4 (200% scale), scaling down the grid pattern di-
mensions diminishes spatial perception and creates an optical illusion that integrates multiple 
grids into a singular spatial entity.

4 Discussion and Conclusion 

The findings of this research highlight the significant role of scaled grid patterns in manipu-
lating time perception within VL. By systematically adjusting the scale of grid patterns, we 
demonstrated how time perception could be accelerated. A decrease in the scale of the grid 
patterns significantly accelerates the perception of time passage, revealing a strong positive 
correlation between this perception and vection. 

The results of this research enhance our theoretical framework on time perception manipula-
tion in virtual landscapes and provide potential practical applications across various domains. 
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In the context of landscape design, scaled grid patterns could influence how people experi-
ence time in cities. Denser grids could facilitate quicker movement in commercial areas, 
while sparser grid structures may induce a slower pace in more open public spaces. Addi-
tionally, adjusting grid size and density could serve as a strategy for controlling traffic on 
major streets, as more compact, dense layouts may create a sense of acceleration, encourag-
ing vehicles to reduce speed. 

Despite these contributions, the study has limitations, including its focus on grid scaling as 
the sole variable and a relatively small participant pool. Future research could address these 
limitations by incorporating additional design elements, such as materiality, form, cognitive 
tasks, or virtual human representations, to offer a more comprehensive and immersive under-
standing of time perception. A significant limitation of the present study is the lack of relia-
bility testing in physical landscapes, which is crucial for validating the generalizability of the 
findings. By addressing this critical gap in design-based research, these results provide a 
foundation for future studies to explore more integrated approaches, incorporating additional 
spatial and cognitive factors to enhance both virtual and physical landscapes. However, this 
study offers valuable potential as a reference for landscape architects seeking to manipulate 
time perception and spatial experience within virtual landscapes.  
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