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				 A comparative study driven by spatial performance and VR toward wayfinding in architectural space: healthcare buildings as a case Study Un estudio comparativo impulsado por el rendimiento espacial y la Realidad Virtual hacia la orientación en el espacio arquitectónico: Edificios de atención médica como estudio de caso

			

		

		
			
				[image: ]
			

		
		
			
				[image: ]
			

		
		
			
				RESUMEN Los edificios de atención médica pueden ser complicados de navegar, causando estrés y pérdida de tiempo a los pacientes si no están planificados adecuadamente. Este estudio busca identificar la relación entre la disposición espacial en estos edificios y la orientación de los usuarios, utilizando Análisis de Secuencia Comportamental (BSA) y Sintaxis Espacial a través de Realidad Virtual Inmersiva (iVR). La metodología se basa en datos comportamentales y espaciales, probada en configuraciones experimentales en entornos de iRV. El análisis de sintaxis espacial se emplea para recopilar datos. Se realizaron experimentos con tareas de orientación en hospitales virtuales con diversas configuraciones de plano. Los datos conductuales del BSA se asociaron con los datos espaciales, obteniendo una comprensión completa del comportamiento de orientación. Los resultados indican que la disposición semi-centralizada con alta visibilidad es más eficaz en la orientación, mientras que la distribución descentralizada con baja visibilidad lo es menos.
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				ABSTRACT Healthcare buildings can be complicated to navigate, causing patients to experience stress and lose time if not adequately planned. This study aims to identify the relationship between the spatial layout in healthcare buildings and wayfinding for users, by utilizing Behavioral Sequence Analysis (BSA) and Space Syntax through Immersive Virtual Reality (iVR). The methodology is based on behavioral and spatial data and was tested by using the experimental setups in VR environments. Space syntax analysis is applied to collect spatial data. Experiments were conducted by assigning wayfinding tasks in virtual hospitals with various plan configurations. Behavioral data obtained from BSA was associated with the spatial data driven by the space syntax analysis to gain a comprehensive understanding of the participants’ wayfinding behavior. The results indicate that the semi-centralized floor plan layout with high visibility levels performs better in wayfinding while the decentralized layout with low visibility values performs worse.
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				VR has become a commonly used tool for wayfinding studies by allowing the creation of multiple physical environment setups in a virtual world. Although there are differences in behavior between real life and VEs, it offers major benefits in terms of experimental control and options to track behavioral responses (Diersch & Wolbers, 2019). It allows design errors to be tested and corrected before they are implemented in real life.

				VR systems are mainly categorized into three groups according to the degree of immersion: non-immersive, semi-immersive, and fully immersive (Onime et al., 2015). Semi-immersive VR puts the user partially inside the virtual world allowing them to be aware of the real world while immersive VR entirely transports the user with specialized gear. Non-immersive VR simply provides a virtual world through a screen.

				Immersive VR (iVR) offers the closest experience to reality among the types of VR. It aims to make the user feel like they are in that VE by providing a 360-degree image of the based on the user’s movement. When it comes to representing a real-life environment through VR, VE’s can’t exactly represent real life, but the details and material properties of the 3D model elements that make up the VE’s bring the environment closer to reality. A variety of studies focused on the effects of virtual and real environments on wayfinding experience. As the VR experience gets closer to reality, the similarity of the collected data with the data obtained from the real environment increases. The high potential of VR as an assessment tool for wayfinding studies was emphasized while spotting differences between real and VE’s (Kuliga et al., 2015).

				There is extensive literature on wayfinding with different focuses through VR that can be sorted as follows: user stress levels (Lin et al., 2019; Fei et al., 2022; Qi et al., 2022), wayfinding memory (Cao et al., 2019; Ewart and Johnson, 2021), architectural characteristics (Zhu et al., 2020), evacuation wayfinding (Shi et al., 2021, Mao et al., 2024), wayfinding behavioral data collection (Feng et al., 2022), signage (Al-Sharaa et al., 2022), and brain activity during wayfinding (Kalantari et al., 2022). 

			

		

		
			
				Wayfinding is the ability to find a way to a particular destination or location and to recognize the target when approaching it (Chen et al., 2009). Healthcare buildings are complex buildings with multiple interconnected units that may cause difficulty in wayfinding if inadequately planned. Permanent and temporary tenants of hospital buildings participate in a variety of scheduled and unscheduled activities that interact with each other and are dependent on social, spatial, environmental, and temporal aspects (Schaumann et al., 2020). Wayfinding difficulty causes temporary interactions between staff and patients, may disrupt the functioning of the building. Also, it causes emotional problems such as frustration (Deng et al., 2022). Studying user behavior in various environments is crucial for designing buildings that are easy to navigate.

				It can be assumed that two main factors affect wayfinding: human factors and environmental factors. Human factors can be grouped as follows: wayfinding cognition; wayfinding behavior; and individual and group differences (Jamshidi et al., 2020). The categorization of environmental factors by Weisman (1981) identifies four classes that influence wayfinding performance: visual access, the degree of architectural differentiation, the use of signs, and plan configuration. This study particularly focuses on the wayfinding behavior as a human factor, and visual access and plan configuration as environmental factors by using iVR to sequentially test three different hospital buildings in a virtual environment (VE), which would not be possible in real life.

			

		

		
			
				1. Introduction

			

		

		
			
				1.1. Wayfinding and spatial performance

			

		

		
			
				1.2. Wayfinding and virtual reality (VR)

			

		

		
			
				1.3. Behavioral sequence analysis (BSA) 
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				Plan configuration determines the overall circulation area, such as staircases, elevators, and corridors of a building. Space syntax theory, which consists of a set of analytical techniques for calculating spatial inter-relationships of spaces (Yamu et al., 2021), has been widely used in wayfinding studies to understand spatial performance better. With the help of space syntax analysis, some spatial aspects can be measured quantitatively such as visibility.

				A study that utilized space syntax theory shows that corridor characteristics are strongly related to visibility (Hadi et al., 2016). Schaumann et al. (2020) observed user interactions to improve the ward layout of a hospital to reduce staff–visitor interactions. Another study revealed that the spaces with high accessibility improve the wayfinding behavior of the users (Aksoy et al., 2020). Pouyan et al. (2021) emphasized that the hospital’s circulation patterns significantly affect the wayfinding strategies, and the sense of direction is higher in visible destinations. Chen et al. (2021) suggested that a symmetric tree-branch structure rather than a circular one in a healthcare building has better wayfinding performance. 

			

		

		
			
				Behavioral sequence analysis is a method for investigating how chains of behaviors are linked over time (Marono et al., 2020). It allows the analysis of each behavior in relation to each other. It is a method commonly used in ethology (Asher et al., 2009; Bels et al., 2022) or in criminology (Beune et al., 2010; Marono et al., 2017) but not common in architectural studies. It is important to understand chains of behaviors and how the architectural aspects of a space affect these occurrences to design human-centered buildings. 
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				Protocol analysis, based on observation to reveal the dynamics behind the way of thinking is a similar method to the BSA. It is commonly used to analyze the design thinking process and the strategies in architectural studies. It consists of a set of analyses based on verbal data, design sketches, and video recordings of the design process. Protocol analysis typically involves analyzing verbal data collected from think-aloud processes or reports, as well as actions taken during the design process and collaborative behaviors (Suwa & Tversky, 1997; Gül, 2009; Prats et al., 2009; Kim & Lee, 2016; Wang et al., 2024).

				Although BSA and protocol analysis are two closely related methods, this study focuses on physical wayfinding behavior rather than design processes and does not analyze verbal or collaborative interactions thus, utilizing BSA to analyze how environmental factors influence behaviors.

				There is a gap in the existing literature on wayfinding where spatial characteristics and human behavior can be associated. The literature also takes a superior approach, overlooking the details and relations between behaviors. However, iVR experiments can be used to collect more detailed behavioral data. 
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				2. Methods
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				Figure 1: Flowchart of the study.
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				The methodology associated wayfinding behaviors with spatial performance. Based on the literature, we categorized plan layouts and created simulated environments in VR by collecting architectural data. We transferred the data of these buildings to VR software for the experiment. The data on behavior and time were gathered by observing VR experiments. Then, utilizing space syntax tools, we conducted visibility analysis to collect C values. After associating the C values with the corresponding behavioral data, we interpreted the results both separately and as a whole.

				The study consists of the following steps seen in Figure 1: Preparing the VE’s, conducting the space syntax analyses, preparing the experiment setup and conducting the experiment, arranging the experiment data, and analyzing the experiment data.
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				Three real hospital buildings were chosen to test common space layouts for hospitals, based on specific selection criteria as follows:

				1. Floor plan layout typology: Weisman (1981) draws the ideal plan schemes for a better wayfinding experience that depicts the commonly used space layouts even today. Over time the space layouts and geometries of buildings have changed but still, common plan schemes, which have been used for a long time and whose functionality has been proven, remained use which can be listed in 3 main categories based on their circulation schemes: centralized, semi-centralized, and decentralized (Table 1). 

				The centralized layout has a main area with connected regular corridors, while the decentralized layout consists of irregularly distributed corridors. Based on this classification, three hospital buildings were chosen to examine the effects of plan layout typology on wayfinding.

				2. Floor plan area: As seen in Table 1, 2 of the 3 selected hospital buildings have similar areas used in the study (~10.000 sqm). 1 of the 3 hospital buildings has a bigger area used in the study (~33.000 sqm) to measure the effects of building area on wayfinding performance.

				3. Availability of open-source floor plan data: After examining hospital buildings available on the internet, the ones with clear, legible, and scaled floor plans were selected based on the given criteria.

				We only considered the first two floors (ground floor and first floor) for the experiment to avoid excessive time consumption and make tasks less tiring for participants. 

			

		

		
			
				These two floors contained all the necessary units in each building for wayfinding tasks. The buildings’ main elements and the elements that most affect people’s movement and vision were modeled to simulate 3D models in the VR environment without causing computational problems. These elements can be listed as follows: the main structure of the building, stairs, ramps, elevators, façade, signage, lighting elements, doors, windows, information desks, waiting areas seating furniture, and basic decorative items.

				Floor plan images were transferred to DWG format for 3D modeling and space syntax analysis using Revit software. The 3D models were then transferred to a virtual reality environment using Iris VR. 

			

		

		
			
				2.1. Preparing virtual environments

			

		

		
			
				2.2. Space syntax analysis

			

		

		
			
				Table 1: Selected hospital buildings along with their information. Weisman (1981); Archdaily (2023)
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				Space syntax analysis provides quantitative data about spatial characteristics of a space such as visibility or visual integration. Visibility analysis gives the degree to which one can see other parts of the building from a given location

				(O’Neil, 1991; Pinelo and Turner, 2010). In this study connectivity (C) values obtained from visibility analysis, which show the number of connections for each location were used as quantitative spatial data. DepthmapX was used for the space syntax analysis. 

				Table 2 shows that Rocio’s Hospital has significantly higher connectivity than the other two buildings due to its larger area. On the other hand, all three buildings, connectivity drops on the 1st floor due to large entrance areas on the ground floor and an increase in corridor count on the 1st floor as seen in Table 3.
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				Table 2: C values of hospital buildings.

			

		

		
			
				Table 3: Connectivity maps of hospital buildings
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					C values

				

				
					Ground Floor

				

				
					1st Floor

				

				
					min

				

				
					max

				

				
					min

				

				
					max

				

				
					Pars Hospital

				

				
					2

				

				
					336

				

				
					8

				

				
					135

				

				
					Radboudumc Hospital

				

				
					17

				

				
					591

				

				
					8

				

				
					219

				

				
					Rocio’s Hospital

				

				
					0

				

				
					1536

				

				
					1

				

				
					229

				

			

		

		
			
				Participants were assigned three different wayfinding tasks in each building in the same order to make them navigate through different routes in the buildings: entrance to a clinic, clinic to the laboratory, and entrance to a ward (Figure 3).

				Participants navigated through a hospital without prior information on the building or location, relying solely on signs and info desks. Signage was standardized across three buildings to avoid performance differences. If needed, participants could ask for directions. Participants’ routes and behaviors were recorded during the experiment to analyze their performances. They completed 9 tasks each in 3 hospitals, making it a total of 27 tasks.

			

		

		
			
				2.3. Experimental setups
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				Participants performed wayfinding tasks in VR hospital environments based on partial 3D models. Iris VR was used to transfer models into VE’s. Only three participants were included to limit the analyzed data. The participants’ ages varied between 25-30 and they had no prior VR experience. Two of them were architects while one was a publisher. All participants received a VR orientation and free time to practice VR at the beginning of the experiment to ensure consistency in the results. Oculus Quest 2 was used as the iVR tool with a headset and two controllers that provided mobility in VE’s (Figure 2). 
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				Figure 2: Images of the experiment setup. From left to right: The headset and controllers, the controllers in the VE, an example of signage, the entrance of Radboudumc Hospital, the entrance of Pars Hospital, the entrance of Rocio’s Hospital
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				Figure 3: Floor plans, main entrances and task routes 
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				2.4. Data arrangement

			

		

		
			
				2.5. Data analysis

			

		

		
			
				3. Results
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				The videos of the experiments were utilized to extract behavioral data for BSA, as well as time data. The motion maps of the participants were used to extract average speed data and also C values from visibility maps. 

				BSA requires a set of sequential actions and their respective codes. We grouped the behaviors observed during the experiment and assigned letter codes to behaviors as seen in Table 4. We analyzed the videos, recorded the behavioral sequences, and calculated the frequency of each behavior by duration.

				On the other hand, the visibility maps and the motion maps of the participants during each task were overlayed. This allowed us to gather C values for the locations where each behavior occurred. An example of a behavioral sequence for a wayfinding task, along with time and visibility data, is presented in Table 5. 

			

		

		
			
				The analysis is divided into three groups: (1) BSA, (2) analyzing the relationship between visibility and behaviors, and (3) analyzing the frequency of behaviors in each building. A total of 937 behaviors and 31 minutes 52 seconds are analyzed in this study.

				We used Behatrix, which is open-source software, to analyze sequential data and quantitative transition information. By using BSA, we identified the pairs of behaviors that occur in sequence most frequently. Behatrix uses a sequence of behavioral codes. The Behatrix input for the wayfinding task in Table 5 would be “afbpaiqnainaiqadinqjajfa”. We could track the number of transitions from the transition matrices for each hospital by these sequential codes.

				The second analysis explores how spatial characteristics affect wayfinding behavior by revealing at what visibility level, specific behaviors occur. We correlated the visibility and behavioral data of all the experiments regardless of hospitals. For this purpose, we utilized cross-tabulation through the use of SPSS software.

				The third analysis involves calculating the total duration of each behavior type in each hospital building to determine the most frequent behaviors based on floor plan typology.

			

		

		
			
				We will first present the results of the individual analyses and then provide an overall interpretation of the findings from this study. To begin, we have data on the completion time and distance traveled by participants in each building. We calculated the average speed by dividing the distance traveled by the task completion time (Table 6). Since the speed is dependent on the VR system, the data provided are only for comparative purposes. The study indicates that the participants achieved their highest average speed in Rocio’s Hospital, which has a semi-centralized plan layout with greater visibility and a larger floor area. Two of the lowest average speeds were recorded at Pars Hospital with a decentralized layout, low visibility, and smaller floor area.

				To examine the BSA results (Analysis 1) we need to look at the behavioral transition matrices and the count of the behaviors for each hospital (Table 7). These matrices show the transitions as follows; the transition from the code on the vertical axis to the code on the horizontal axis took place in the number of times specified at the intersections. The matrix of the Pars Hospital reveals that the most occurring behavioral pair is a-i indicating participants frequently paused to orient in space after walking forward. Also, the participants often paused for various reasons (i, j, k and l). Another frequent pair is j-a, pausing to look around and then walking forward. These transitions show that participants needed to pause frequently, especially to change their orientation. But after pausing they usually realized they were on the right path to the target and continued their way. Participants at Radboudumc Hospital usually adjusted their walking direction slightly and continued their way forward instead of stopping and changing their orientation frequently, unlike Pars Hospital. The frequent and slight change in direction may indicate the need for better observation 
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					Behavioral codes table

				

				
					Behavioral Group

				

				
					Behavior

				

				
					Code

				

				
					Description

				

				
					Walking

				

				
					walk forward

				

				
					a

				

				
					walking forward

				

				
					slight walk leftward

				

				
					b

				

				
					walking slightly leftward without stopping

				

				
					walk leftward (180 degrees)

				

				
					c

				

				
					turning back from left side and walking forward without stopping

				

				
					slight walk rightward

				

				
					d

				

				
					walking slightly rightward without stopping

				

				
					walk rightward (180 degrees)

				

				
					e

				

				
					turning back from right side and walking forward without stopping

				

				
					using circulation units

				

				
					pass through door

				

				
					f

				

				
					use stairs

				

				
					g

				

				
					use ramp

				

				
					h

				

				
					pause

				

				
					pause (orientation change)

				

				
					i

				

				
					pause to change orientation

				

				
					pause (search)

				

				
					j

				

				
					pause to look around and search for way

				

				
					pause (lock eye to signage)

				

				
					k

				

				
					pause to look at the signage

				

				
					Pause

				

				
					l

				

				
					pause for a short while without changing orientation, looking around or at a signage.

				

				
					orientation

				

				
					slight leftward orientation

				

				
					m

				

				
					orienting slightly to the left while stopping

				

				
					leftward orientation (90 degrees)

				

				
					n

				

				
					orienting to the left while stopping

				

				
					turn back from left side

				

				
					o

				

				
					turning back from left side while stopping

				

				
					slight rightward orientation

				

				
					p

				

				
					orienting slightly to right while stopping

				

				
					rigtward orientation (90 degrees)

				

				
					q

				

				
					orienting to the right while stopping

				

				
					turn back from right side

				

				
					r

				

				
					turning back from right side while stopping

				

				
					interaction

				

				
					info desk interaction

				

				
					s

				

				
					stopping in front of info desk and asking questions

				

			

		

		
			
				Table 4: The groups of behaviors and their codes

			

		

		
			
				Table 5: An example of a behavioral sequence observed in a 42 seconds wayfinding task, along with C values

			

		

		
			
				
					Partıcıpant 1 / pars hospıtal / task 1/ ınfo table

				

				
					Time(sec)

				

				
					Total seconds

				

				
					Behavior

				

				
					Code

				

				
					C Value

				

				
					start

				

				
					end

				

				
					0

				

				
					2

				

				
					2

				

				
					walk forward

				

				
					a

				

				
					182

				

				
					2

				

				
					5

				

				
					3

				

				
					pass through door

				

				
					f

				

				
					243

				

				
					5

				

				
					6

				

				
					1

				

				
					slight walk leftward

				

				
					b

				

				
					268

				

				
					6

				

				
					7

				

				
					1

				

				
					slight rightward orientation

				

				
					p

				

				
					265

				

				
					7

				

				
					8

				

				
					1

				

				
					walk forward

				

				
					a

				

				
					288

				

				
					8

				

				
					9

				

				
					1

				

				
					pause (orientation change)

				

				
					i

				

				
					283

				

				
					9

				

				
					10

				

				
					1

				

				
					rigtward orientation (90 degrees)

				

				
					q

				

				
					283

				

				
					10

				

				
					10

				

				
					0

				

				
					leftward orientation (90 degrees)

				

				
					n

				

				
					283

				

				
					10

				

				
					16

				

				
					6

				

				
					walk forward

				

				
					a

				

				
					265

				

				
					16

				

				
					16

				

				
					0

				

				
					pause (orientation change)

				

				
					i

				

				
					333

				

				
					16

				

				
					17

				

				
					1

				

				
					leftward orientation (90 degrees)

				

				
					n

				

				
					329

				

				
					17

				

				
					18

				

				
					1

				

				
					walk forward

				

				
					a

				

				
					325

				

				
					18

				

				
					18

				

				
					0

				

				
					pause (orientation change)

				

				
					i

				

				
					325

				

				
					18

				

				
					20

				

				
					2

				

				
					rigtward orientation (90 degrees)

				

				
					q

				

				
					325

				

				
					20

				

				
					21

				

				
					1

				

				
					walk forward

				

				
					a

				

				
					326

				

				
					21

				

				
					22

				

				
					1

				

				
					slight walk rightward

				

				
					d

				

				
					270

				

				
					22

				

				
					23

				

				
					1

				

				
					pause (orientation change)

				

				
					i

				

				
					236

				

				
					23

				

				
					24

				

				
					1

				

				
					leftward orientation (90 degrees)

				

				
					n

				

				
					236

				

				
					24

				

				
					25

				

				
					1

				

				
					rigtward orientation (90 degrees)

				

				
					q

				

				
					274

				

				
					25

				

				
					26

				

				
					1

				

				
					pause (search)

				

				
					j

				

				
					197

				

				
					26

				

				
					35

				

				
					9

				

				
					walk forward

				

				
					a

				

				
					171

				

				
					35

				

				
					36

				

				
					1

				

				
					pause (search)

				

				
					j

				

				
					145

				

				
					36

				

				
					37

				

				
					1

				

				
					pass through door

				

				
					f

				

				
					50

				

				
					36

				

				
					42

				

				
					6

				

				
					walk forward

				

				
					a

				

				
					30
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					Average Speed (m/s)

				

				
					Participant 1

				

				
					Participant 2

				

				
					Participant 3

				

				
					Pars Hospital

				

				
					1,16

				

				
					1,27

				

				
					1,06

				

				
					Radboudumc Hospital

				

				
					1,25

				

				
					1,15

				

				
					1,14

				

				
					Rocios Hospital

				

				
					1,26

				

				
					1,33

				

				
					1,20

				

			

		

		
			
				Table 6: The participants’ average speed based on hospital buildings, with red indicating the lowest and green indicating the highest speed. 

			

		

		
			
				Table 7: The behavioral transition matrices for each hospital. Red indicates the most occurring transitions

			

		

		
			
				
					Pars hospital transition matrix

				

				
					a

				

				
					b

				

				
					d

				

				
					e

				

				
					f

				

				
					g

				

				
					i

				

				
					j

				

				
					k

				

				
					l

				

				
					m

				

				
					n

				

				
					o

				

				
					p

				

				
					q

				

				
					r

				

				
					s

				

				
					a

				

				
					4

				

				
					10

				

				
					8

				

				
					0

				

				
					10

				

				
					2

				

				
					15

				

				
					10

				

				
					8

				

				
					7

				

				
					4

				

				
					3

				

				
					0

				

				
					3

				

				
					1

				

				
					0

				

				
					0

				

				
					b

				

				
					4

				

				
					1

				

				
					9

				

				
					1

				

				
					0

				

				
					0

				

				
					1

				

				
					1

				

				
					1

				

				
					1

				

				
					0

				

				
					0

				

				
					0

				

				
					1

				

				
					4

				

				
					0

				

				
					0

				

				
					d

				

				
					6

				

				
					4

				

				
					0

				

				
					0

				

				
					1

				

				
					1

				

				
					7

				

				
					1

				

				
					2

				

				
					2

				

				
					0

				

				
					1

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					e

				

				
					1

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					f

				

				
					10

				

				
					2

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					2

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					1

				

				
					0

				

				
					0

				

				
					g

				

				
					2

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					1

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					0

				

				
					i

				

				
					0
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				of the surroundings since this building’s symmetrical plan layout might be confusing. To differentiate between the symmetrical halves of the building, the participants required a more thorough observation. If we examine the matrix of Rocio’s Hospital, we observe a significant number of pauses and changes in orientation. Participants often needed to pause to orient in space and also slightly change their direction of walking. This may be the result of the large floor area and the high visibility values leading to confusion since many elements come into view at a single glance.

				Analysis 2, further examines the relationship between behavior and building visibility by using cross-tabulation between behaviors and C values. By looking at the visibility levels, we can determine which behaviors occurred the most. Table 8 shows the percentage of behaviors within each C value. A total of 937 behaviors are analyzed. We observe that participants tend to take more actions and frequently change their behavior during low visibility. They frequently change direction and pause often at these levels especially for orientation change and searching, exerting more effort than at high visibility levels. At high visibility levels, walking forward is the most observed behavior and pausing is mainly for orientation change not for search. The slight direction change when walking (b, d) is another notable ratio that is mostly seen at high visibility levels. 
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				Table 8: The cross-tabulation indicating the percentage of behaviors within each C value (0.00 represents the percentages between 0-0.05)
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				Analysis 3, focuses on the durations of the behaviors based on hospital building (Table 9). As expected, walking forward (a) is the most frequent behavior in all three buildings. Although Pars and Radboudumc hospitals have similar percentages for walking forward, Rocio’s Hospital has a much higher percentage. This suggests that participants were able to navigate Rocio’s Hospital with quick changes in direction or pauses, indicating an easier wayfinding experience compared to the other buildings.

			

		

		
			
				We observed that participants spent more time looking at the signage (k) in Pars Hospital compared to the other two hospitals. Slight changes in walking directions (b and d) are another commonly observed behavior in all hospitals, but Rocio’s Hospital has the lowest percentage. Radboudumc Hospital exhibits frequent pausing to search (j), while this behavior is observed least at Rocio’s Hospital. Turning back behavior (o and r) which indicates a decision change is mostly observed in Rocio’s Hospital followed by Radboudumc Hospital.
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				Table 9: The frequencies of the behaviors in each hospital (0 representing the seconds between 0-0.5)
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				Table 10: The spatial characteristics of the buildings and the results of the analyses

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

	
		
			[image: ]
		

		
			
				91

			

		

		
			[image: ]
		

		
			
				The sum of all the analyses along with the spatial characteristics of the buildings can be seen in Table 10. The decentralized and diffused plan layout of Pars Hospital results in low visibility levels. As a result, way finders frequently stop for long periods to search for their way without getting lost, resulting in the slowest average speed despite its smallest floor area. Radboudumc Hospital has an average floor area similar to Pars Hospital with its centralized and symmetrical floor plan layout. This leads wayfinders to often pause to search after orienting slightly while walking. It can be assumed that Radboudumc Hospital doesn’t offer a significant wayfinding experience to its users. Rocio’s Hospital despite having the largest floor area and a semi-centralized floor plan layout with the most corridor count has the best average speed data. Its large spaces on the ground floor provide high visibility values which leads wayfinders to slight orientation changes while walking without stopping to better observe surroundings. Even though the sharp decision change rate is the highest, wayfinders can reorient themselves quickly.

				To sum up we can assume that Rocio’s Hospital performed the best while Pars Hospital performed the worst overall. Radboudumc Hospital doesn’t show any significant results.

				In this study, we utilized BSA and space syntax analyses through an iVR experiment. We assigned three wayfinding tasks to participants in VE’s of three hospital buildings with varied plan configurations. The results indicate that the semi-centralized floor plan layout with high visibility levels performs better in wayfinding while the decentralized layout with low visibility values performs worse.

				Each plan layout type has its pros and cons, and there is no definitive judgment on any building or typology as entirely inefficient or optimal. We aimed to investigate how people navigate and how the environment affects their behavior. Pars Hospital guides its users with frequent stops and gradual decisions. The users take their time to search, proceed at a steady pace, and do not get lost. Radboudumc Hospital’s main disadvantage is its symmetrical layout with very similar two halves. This caused the participants to waste time by frequently examining their surroundings. Rocio’s Hospital has the quickest speed score with sharp and quick decisions through orientation changes. Rocio’s Hospital’s users who searched their way in a hurry, may have had a higher stress level. However, since this study doesn’t account for real-life crowds, its effects may lead to lower average speed scores in real life. But if we evaluate the scores of this study, Rocio’s Hospital performed the best with a semi-centralized plan layout and the largest floor area by lower decision behavior percentage (higher percentage of walking forward) compared to the other buildings.

			

		

		
			
				4. Discussion and conclusion
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				This study investigated the link between wayfinding behavior and spatial performance by conducting a thorough analysis of behaviors. We analyzed the impact of different spatial characteristics, such as floor area, plan layout typology, and visibility combined with various types of data, such as speed, behavior frequency, and behavior transition. We investigated how different characteristics, as well as their combinations, affect users’ wayfinding behavior and performance. This way, we could provide insights to improve hospital building design, reducing stress levels for users and time spent in the building.

				Wayfinding strategies or wayfinding stress were not examined in this study to reduce the scope and compare the data more accurately. For future studies, these topics can be associated with spatial characteristics through behavioral sequence analysis. Three participants provided 937 behaviors for analysis, but due to time limitations only three average speed data were available. Additional data would enhance the accuracy of the average speed evaluation.

				Conflict of Interests. The authors declare no conflict of interests. 

				© Copyright: Bahar Okuyucu and Sevil Yazıcı, 2024.

				© Copyright of the edition: Estoa, 2024.

			

		

		
			
				A comparative study driven by spatial performance and VR toward wayfinding in Aachitectural space: healthcare buildings as a case study

				Bahar Okuyucu and Sevil Yazıcı 

			

		

	
		
			
				92

			

		

		
			[image: ]
		

		
			
				ESTOA 26 / Vol 13 / 2024e - ISSN: 1390 - 9274 ISSN: 1390 - 7263

			

		

		
			
				Aksoy, E., Aydın, D., İskifoğlu, G. (2020). “Hastanelerde Plan şeması ve Yön Bulma Kararları arasındaki ilişkinin Analizi”. Analysis of the Correlation Between Layout and Wayfinding Decisions in Hospitals. https://doi.org/10.14744/megaron.2020.21797

				Al-Sharaa, A., Adam, M., Amer Nordin, A. S., Alhasan, A., Mundher, R., Zaid, O. (2022). Enhancing wayfinding performance in existing healthcare facilities using virtual reality environments to revise the distribution of way-showing devices. Buildings, 12(6), 790. https://doi.org/10.3390/buildings12060790 

				ArchDaily | Broadcasting Architecture Worldwide. (2001, March 3). ArchDaily. https://archdaily.com

				Asher, L., Collins, L. M., Ortiz-Pelaez, A., Drewe, J. A., Nicol, C. J., & Pfeiffer, D. U. (2009, September 9). Recent advances in the analysis of behavioral organization and interpretation as indicators of animal welfare. Journal of the Royal Society Interface, 6(41), 1103–1119. https://doi.org/10.1098/rsif.2009.0221

				Bels, V. L., Pallandre, J. P., Pelle, E., & Kirchhoff, F. (2022, May 24). Studies of the Behavioral Sequences: The Neuroethological Morphology	Concept Crossing Ethology and Functional Morphology. Animals,	12(11),	1336. https://doi.org/10.3390/ani12111336

				Beune, K., Giebels, E., & Taylor, P. J. (2010, June 30). Patterns of Interaction in Police Interviews. Criminal Justice and Behavior, 37(8), 904–925. https://doi.org/10.1177/0093854810369623

				Cao, L., Lin, J., & Li, N. (2019, January). A virtual reality based study of indoor fire evacuation after active or passive spatial exploration. Computers in Human Behavior, 90, 37–45. https://doi.org/10.1016/j.chb.2018.08.041

				Chen, C.-H., Chang, W.-C., & Chang, W.-T. (2009). Gender differences in relation to wayfinding strategies, navigational support design, and wayfinding task difficulty. Journal of Environmental Psychology, 29(2), 220–226. https://doi.org/10.1016/j.jenvp.2008.07.003 

				Chen, M.-S., Ko, Y.-T., & Hsieh, W.-C. (2021). Exploring the planning and configuration of the hospital wayfinding system by space syntax: A case study of Cheng Ching Hospital, Chung Kang Branch in Taiwan. ISPRS International Journal of Geo-Information, 10(8), 570. https://doi.org/10.3390/ijgi10080570 

				Deng, L., & Romainoor, N. H. (2022, September). A bibliometric analysis of published literature on healthcare facilities’ wayfinding research from 1974 to 2020. Heliyon, 8(9), e10723. https://doi.org/10.1016/j.heliyon.2022.e10723

				Diersch, N., & Wolbers, T. (2019, February 6). The potential of virtual reality for spatial navigation research across the adult lifespan. Journal of Experimental Biology, 222(Suppl_1). https://doi.org/10.1242/jeb.187252

				Ewart, I. J., & Johnson, H. (2021, June 10). Virtual reality as a tool to investigate and predict occupant behavior in the real world: the example of wayfinding. Journal of Information Technology in Construction, 26, 286 302. https://doi.org/10.36680/j.itcon.2021.016

				Feng, Y., Duives, D. C., & Hoogendoorn, S. P. (2022). Development and evaluation of a VR research tool to study wayfinding behavior in a multi-story building. Safety Science, 147, 105573. https://doi.org/10.1016/j.ssci.2021.105573 

				Gül, L. F. (2009, January). Evaluating Design Behavior when using Emerging Collaboration Technologies. Architectural Engineering and Desig Management, 5(3), 107–123. https://doi.org/10.3763/aedm.2008.0088

			

		

		
			[image: ]
		

		
			
				5. Bibliographic references

			

		

		
			
				Hadi, K., & Zimring, C. (2016, June 23). Design to Improve Visibility. HERD: Health Environments Research & Design Journal, 9(4), 35–49. https://doi.org/10.1177/1937586715621643

				Jamshidi, S., Ensafi, M., & Pati, D. (2020). Wayfinding in Interior Environments: An Integrative Review. Frontiers in Psychology, 11. https://doi.org/10.3389/fpsyg.2020.549628 

				Kalantari, S., Tripathi, V., Kan, J., Rounds, J. D., Mostafavi, A., Snell, R., & Cruz Garza, J. G. (2022, February). Evaluating the impacts of color, graphics, and architectural features on wayfinding in healthcare settings using EEG data and virtual response testing. Journal of Environmental Psychology, 79, 101744. https://doi.org/10.1016/j.jenvp.2021.101744

				Kim, K., & Lee, K. P. (2016, September). Collaborative product design processes of industrial design and engineering design in consumer product companies. Design Studies, 46, 226–260. https://doi.org/10.1016/j.destud.2016.06.003

				Kuliga, S., Thrash, T., Dalton, R., & Hölscher, C. (2015, November). Virtual reality as an empirical research tool — Exploring user experience in a real building and a corresponding virtual model. Computers, Environment and Urban Systems, 54, 363–375. https://doi.org/10.1016/j.compenvurbsys.2015.09.006

				Lin, J., Cao, L., & Li, N. (2019, January). Assessing the influence of repeated exposures and mental stress on human wayfinding performance in indoor environments using virtual reality technology. Advanced Engineering Informatics, 39, 53–61. https://doi.org/10.1016/j.aei.2018.11.007

				Mao, Y., Wang, X., Bai, Q., He, W., & Pan, G. (2024, January). Simulated interventions based on virtual reality to improve emergency evacuation under different spatial perception models. International Journal of Industrial Ergonomics, 99, 103545. https://doi.org/10.1016/j.ergon.2024.103545

				Marono, A., Clarke, D. D., Navarro, J., & Keatley, D. A. (2017, May 5). A Behavior Sequence Analysis of Nonverbal Communication and Deceit in Different Personality Clusters. Psychiatry, Psychology and Law, 1–15. https://doi.org/10.1080/13218719.2017.1308783

				Marono, A. J., Reid, S., Yaksic, E., & Keatley, D. A. (2020, January 2). A Behavior Sequence Analysis of Serial Killers’ Lives: From	Childhood Abuse to Methods of Murder. Psychiatry, Psychology and Law, 27(1), 126–137. https://doi.org/10.1080/13218719.2019.1695517

				O’Neill, M. J. (1991, September). Effects of Signage and Floor Plan Configuration on Wayfinding Accuracy. Environment and Behavior, 23(5), 553–574. https://doi.org/10.1177/0013916591235002

				Onime, Uhomoibhi, & Radicella. (2015). Chapter 11. MARE: Mobile Augmented Reality Based Experiments in Science, Technology and Engineering . In Online Experimentation: Emerging Technologies and IoT (p. 212). International Frequency Sensor Association Publishing.

				Pinelo, J., & Turner, A. (2010, September). Introduction to UCL DepthMap 10. depthmapX by varoudis. Retrieved November 12, 2023, from https://varoudis.github.io/depthmapX/ 

				Pouyan, A. E., Ghanbaran, A., Shakibamanesh, A. (2021). Impact of circulation complexity on hospital wayfinding behavior (case study: Milad 1000-bed hospital, Tehran, Iran). Journal of Building Engineering, 44, 102931. https://doi.org/10.1016/j.jobe.2021.102931

			

		

	
		
			[image: ]
		

		
			
				93

			

		

		
			
				Prats, M., Lim, S., Jowers, I., Garner, S. W., & Chase, S. (2009, September). Transforming shape in design: observations from studies of sketching. Design Studies, 30(5), 503–520. https://doi.org/10.1016/j.destud.2009.04.002

				Qi, F., Lu, Z., & Chen, Y. (2022, June 27). Investigating the Influences of Healthcare Facility Features on Wayfinding Performance and Associated Stress Using Virtual Reality. HERD: Health Environments Research & Design Journal, 15(4), 131–151. https://doi.org/10.1177/19375867221108505

				Schaumann, D., Putievsky Pilosof, N., Gath-Morad, M., & Kalay, Y. E. (2020, February 21). Simulating the impact of facility design on operations: a study in an internal medicine ward. Facilities, 38(7/8), 501–522. https://doi.org/10.1108/f-10-2018-0132

				Shi, Y., Kang, J., Xia, P., Tyagi, O., Mehta, R. K., & Du, J. (2021). Spatial knowledge and firefighters’ wayfinding performance: A virtual reality search and rescue experiment. Safety Science, 139, 105231. https://doi.org/10.1016/j.ssci.2021.105231 

				Suwa, M., & Tversky, B. (1997, October). What do architects and students perceive in their design sketches? A protocol analysis. Design Studies, 18(4), 385–403. https://doi.org/10.1016/s0142

				Wang, P., Miller, M. R., Han, E., DeVeaux, C., & Bailenson, J. N. (2024, January). Understanding virtual design behaviors: A large-scale analysis of the design process in Virtual Reality. Design Studies, 90, 101237. https://doi.org/10.1016/j.destud.2023.101237

				Weisman, J. (1981). Evaluating architectural legibility. Environment and Behavior, 13(2), 189–204. https://doi.org/10.1177/0013916581132004 

				Yamu, C., van Nes, A., & Garau, C. (2021). Bill Hillier’s Legacy: Space Syntax—A Synopsis of Basic Concepts, Measures, and Empirical Application. Sustainability, 13(6), 3394. https://doi.org/10.3390/su13063394

				Zhu, R., Lin, J., Becerik-Gerber, B., & Li, N. (2020, May). Influence of architectural visual access on	emergency wayfinding: A cross cultural study in China, United Kingdom, and United States. Fire Safety Journal, 113, 102963. https://doi.org/10.1016/j.firesaf.2020.102963

			

		

		
			
			

		

		
			
				A comparative study driven by spatial performance and VR toward wayfinding in Aachitectural space: healthcare buildings as a case study

				Bahar Okuyucu and Sevil Yazıcı 

			

		

	
		
			[image: ]
		

		
			
				94

			

		

	OEBPS/image/89.png





OEBPS/image/20.png





OEBPS/image/by-nc-sa.png





OEBPS/image/ORCID_iD.png





OEBPS/image/CROSSMARK_Color_square.png





OEBPS/image/Copia_de_a52613.png
Name

Information about selected hospital buildings

Total Area in the Study

Total Area (sqm) (Ground + 1st Floor) Circulation Area in the

Plan Layout Typology

(sqm) Study(sgm)
Pars Hospital 30,000 10.566 1546 3 - —
Decentralized
Radboudumc Hospital 45000 10.658 2336 [ ]
Cenralized
Rocio s Hospital 1) H “
55.300 33.300 8063 E T

l

et ————————l
Semi-centralized






OEBPS/image/116.png





OEBPS/image/72.png





OEBPS/image/88.png





OEBPS/image/figure-3_(4)6.jpg





OEBPS/image/figure-3_(4).png





OEBPS/image/133.png





OEBPS/image/60.png





OEBPS/image/figure-5-of-table-3.jpg





OEBPS/image/140.png
L
l-. | r | .:
l. lll ‘ |






OEBPS/image/119.png





OEBPS/image/87.png





OEBPS/image/figure-4-of-table-3.jpg





OEBPS/image/figure-3_(4)1.jpg
Level 1





OEBPS/image/91.png





OEBPS/image/figure-6-of-table-3.jpg





OEBPS/image/figure-1-of-table-3.png





OEBPS/image/86.png





OEBPS/image/30.png





OEBPS/image/41.png





OEBPS/image/59.png





OEBPS/image/155.png





OEBPS/image/figure-2-of-table-3.png





OEBPS/toc.xhtml

		
			
			


		
		
		PageList


			
						79


						80


						81


						82


						83


						84


						85


						86


						87


						88


						89


						90


						91


						92


						93


						94


			


		
		
		Landmarks


			
						Cover


			


		
	

OEBPS/image/figure-1_(4).jpg
PREPARING VIRTUAL SPACE SYNTAX ANALYZES

ENVIRONMENTS E
depthMapX
Built Hospital Building H
Floor Plans ———— ¥ » Space Syntax Analyzes ———> Connectivity Values
(open-source)
l( ........ & v
3D Models

Data Extraction

Virtual Environments

Wayfinding Tasks

EXPERIMENTAL SETUPS

Experiment
Raw Data Arranged Data

DATA ARRANGEMENT

DATA ANALYSIS





OEBPS/image/92.png





OEBPS/image/156.png





OEBPS/image/figure-2_(1).jpg





OEBPS/image/figure-2_(1)5.jpg





OEBPS/image/figure-3_(4)3.jpg





OEBPS/image/129.png





OEBPS/image/figure-3_(4).jpg
Ground Floor





OEBPS/image/93.png





OEBPS/image/120.png





OEBPS/image/figure-3-of-table-3.jpg





OEBPS/image/67.png





OEBPS/image/figure-2_(1)4.jpg





OEBPS/image/figure-3_(4)2.jpg
[endsoy sieg





OEBPS/image/figure-3_(4)5.jpg





OEBPS/image/22.png





OEBPS/image/175.png





OEBPS/image/94.png





OEBPS/image/18.png





OEBPS/image/figure-2_(1)3.jpg





OEBPS/image/figure-3_(4)4.jpg
[eydsoy swmpnogpey





OEBPS/image/130.png





OEBPS/image/figure-2_(1)1.jpg
!"






OEBPS/image/47.png





OEBPS/image/126.png





OEBPS/image/1.png
revista

5024 ES

HOUSIE STREET RELATIONSHIP

SLBEEL DI2LBICL

DAVID FONSECA ESCUDERO, NIEVES FERNANDEZ-VILLALOBOS, JUAN PEREZ MORA BOWEN, NICOLAS FERNANDEZ PEREZ, ANDRES
ROMAN GUERRERO, MARA SANCHEZ-LLORENS, CARLA CONCEICAO BARRETO, BAHAR OKUYUCU SEVIL YAZICI, URSULA FREIRE CASTRO,
LILIANA CAROLINA CORDOVA ALBOREC, CARLOS RIOS LLAMAS, ANDREA GOYES-BALLADARES, DIEGO BETANCOURT-CHAVEZ, ELIZABETH
MORALES#URRUTIA, JUAN PAREDES-CHICAIZA, RICHARD VALDIVIA-SISNIEGAS, DIEGO MANCILLA-BRAVO, VIVIAN CHICHIPE-MONDRAGON,
PAOLA CHICEHE-MAMANI, AYLIN VILCHEZ-DOMINGUEZ, MARIA VILLANUEVA FERNANDEZ, HECTOR GARCIA-DIEGO VILLARIAS, CARLOS L.
MARCOSJMICENZA GAROFALO, ANGEL ALLEPUZ PEDRENO, YOLANDA LOPEZ LOPEZ, PABLO CISNEROS ALVAREZ, MARIA AVILA RODRIGUEZ,
INMAGUFADA DELAGE GONZALEZ JUAN ANTONIO CALDERON TORRES, JULIA REY PEREZ, JOSE MANUEL ALADRO PRIETO, MARIANO A.
FERRETTI-RAMOS, SISKO RENDON, MARIA LOURDES GUEVARA ROMERO, BRENDA AGUILA GASPAR, MARIA DE LOURDES FLORES LUCERO

julio— diciembre





OEBPS/image/figure-2_(1)2.jpg





OEBPS/image/95.png





OEBPS/image/17.png





