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	Abstract 

Multi-sensory perception is essential for individuals or communities to appreciate urban historic areas fully. Recognizing non-physical aspects such as sound, smell, and tactile sensations based on human senses is crucial for enhancing the relationship between individuals and their environment. Discussions on heritage conservation extend beyond physical aspects evaluated visually to encompass non-physical elements. This article presents five questions covering the definition, influencing factors, types and categories, and methods for multi-sensory perception research. Furthermore, this article aims to explain gaps in multi-sensory research in urban historic areas to determine what and how future heritage conservation studies should be conducted. The research employs content analysis methods to analyze discussions from selected literature and the opinions of the authors of these articles regarding the benefits of multi-sensory research in urban historic areas. Multi-sensory perception significantly influences the diverse sensory experience of intangible aspects in an environment, enriching urban heritage conservation approaches.
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INTRODUCTION
The paradigm shift and expansion of cultural heritage studies in the future are taking place in anticipation of the evolving environment [1]. The shifting and expanding discourse highlights emerging notion on public perceptions and experiences of buildings and places in urban areas [2]. Perception and experience, based on subject perceptions, are integral to appreciating the non-physical aspects of an environment, such as sound, smell, and tactile aspects [3]–[7]. Appreciating the non-physical aspects of an environment using sensory means facilitates individual preferences for environments experiencing changes in activity, economy, and culture [8], [9]. Multi-sensory perception provides a better opportunity to describe and appreciate developing historic urban areas [10]–[14].
Discussions on the management of cultural heritage areas so far have primarily focused on the physical (tangible) aspects and have yet to consider significant non-physical (intangible) aspects [15]. Physical and visual attributes are not the sole considerations in determining the significance of particular urban historic areas experiencing environmental transformation [16], [17]. If only the physical approach is emphasized, the objective of conserving values and meanings based on the relationship between humans, social structures, and their environment will never be fully achieved [17]. 
In the context of the urban heritage conservation approach, efforts are no longer limited to maintaining the physical authenticity of artefacts [18]. Discussions on conservation approaches for historic urban areas emphasize creating quality urban spaces through unique experiences incorporating historical identity [18], [19]. Individual experiences of the area's distinctive character are crucial in conserving historic urban areas transformed by urban development and modernization [20]. 
The increasing complexity of urban development and modernization dynamics demands attention to how observers perceive these phenomena through unique sensory experiences. In this regard, the urban heritage conservation approach must pay more attention to positive aspects that are felt and understood based on individual or community perceptions when appreciating historic urban areas [18], [21], [22].

This article aims to uncover the essential principles of multi-sensory perception that can enrich the urban heritage conservation approach. The questions in this article address the definition of multi-sensory perception, the factors influencing sensory perception, sensory types and categories, methods, and the issues arising in the context of multi-sensory perception discussed in conservation in historic urban areas. 
The answers to these critical questions are based on the author's opinion after reflecting on a literature survey of multi-sensory research and urban heritage studies in heritage conservation. Furthermore, the responses to these five questions can help identify and describe the development needed to identify gaps in multi-sensory research in urban heritage conservation areas.
METHOD

This research is based on the author's discussion of the results of a literature review of selected research publication articles. The articles selected were from online databases and digital libraries addressing the topic of multi-sensory perception in urban historic areas. This publication search used the keywords "multi-sensory AND perception AND cultural and urban heritage" in the Google Scholar online database.
The next step was to discuss and select the collected publications. Based on these discussions, the researcher selected twelve articles that addressed multi-sensory perception in urban historic districts, as shown in Table 1. The selected papers were analyzed using content analysis on the five research questions the researcher created, constituting the unit of analysis in this study (Figure 1). Five discussion topics based on the research questions the researcher created include a definition of multi-sensory perception, factors influencing sensory perception, sensory types and categories, methods, and the issues arising in the context of multi-sensory perception discussed in conservation in historic urban areas. 
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Figure 1. Research methodology diagram process
RESULTS AND DISCUSSION
What is Multi-sensory Perception? 
The discussion of multi-sensory perception began in the 1960s when Kevin Lynch initiated and developed a visual sensory method that relates the memory of a place to the study of a city [23]. This discussion then expanded into various disciplines, including environmental psychology, sociology, geography, cartography, ethnography, urban anthropology, cultural studies, and geographic information systems [14]. Furthermore, Pallasmaa and Steven Holl discussed the influence of other senses in architecture, namely hearing and touch, on appreciating an environment [24].
Merleau-Ponty, in his seminal book "The Phenomenology of Perception," defines sensations caused by external factors, also known as stimuli, as the basic units of perception [25]. Multi-sensory perception in an environment involves considering the senses  [26]. By considering the sensations experienced in a specific place, at a particular time, and under certain conditions, a comprehensive understanding of the experience of a place is obtained [26].
Table 1. List of selected articles on multi-sensory topics in urban historic areas
[image: image4.emf]NO  YEAR  AUTHOR  TITLE  

1  2011  La Malva, et  al  Livingscape   multi - sensory experience in  urban historical places: subjective  assessment from the local people and  quality of the urban environment  

2  2015  Bruce, et al  Analyzing   olfactory and auditory  sensescapes   in English cities: Sensory  expectation and urban   environmental perception  

3  2015  La Malva, et  al  Livingscape: A Multi - sensory Approach to  Improve the Quality of Urban Spaces  

4  2016  Carolina  Vasilikou  Sensory Navigation in the City Centre.  Perceptual paths, sense walks and  interactive atmospheres  

5  2016  Deepashree  Choudhury  Sensory Experience of Architecture:  Creating Meaningful Spaces  

6  2017  González, et  al  Urban multisensory laboratory, an approach  to model urban space human perception  

7  2019  Tianyao  Zhang, et al  Restorative Effects of Multi - Sensory  Perception in Urban Green Space: A Case  Study of Urban Park in Guangzhou, China  

8  2019  Nitidara, et al  The Human Perception based on Memory  Recall of the Multi - sensory Stimuli in  Outdoor Urban Space  

9  2020  Wojnarowska,  et al  Odour nuisance and urban residents' quality  of life: A case study in Kraków's in Plaszow  district  

10  2020  Boumezoued,  et al  Pedestrian itinerary choice: between multi - sensory, affective and syntactic aspects of  the street pattern in the historic quarter of  Bejaia, Algeria  

11  2020  Muleya &  Campbell  A multisensory approach to  measure public  space quality in the city of Bulawayo,  Zimbabwe  

12  2020  Samadi, et al  Qualitative Assessment of the Sensory  Dimensions of Space in Historical Bazaars  from the Users’ point of view (Case Study:  Q azvin Bazaar)  

 


Multi-sensory perception extends visualization to sensing the city through other sensory modalities, aiming to avoid the dominance of visual or ocular centrism [27]. It is also a human process of directly responding to stimuli from various sensory modalities when experiencing an event in an environment [28]. 
According to Lotfi and Zamani (2015), the primary senses perceive environmental information through visuals, sounds, smells, and tactile sensations; they collectively shape environmental experiences [24]. The environment perceived through multi-sensory aspects contributes to the spatial understanding of an environment [29] and fosters its users' social, cognitive, and emotional development [30], as shown in Figure 2.
What Factors Influence Multi-sensory Perception?
Robbins, Judge, and Langton (2007), in their book Organizational Behavior: Concepts, Controversies, Applications, state that there are internal and external factors that influence perception [31]. According to Hirschman and Holbrook (1982), individuals not only respond to multi-sensory impressions of external stimuli but also to internal judgments that produce multi-sensory images within themselves [32]. Internal factors have two things that affect perception, namely (1) limited senses and (2) human psychology, while external factors also have two things, namely (1) characteristics of targets/objects and (2) locations and activities [31]. 
These internal and external factors are the main factors analyzed in many studies of multi-sensory perception in historic urban areas, such as in Figure 3. Internal factors discuss the individual's proximity to the location of the historic urban areas, the background of the subject, the understanding of the location of the historic urban areas, the physical condition and health of the subject, and the experience of sensing memories of the urban historic areas. In comparison, external factors discuss the spatial characteristics of historic urban areas and the diversity of activities carried out at historic locations.
What are the Types and Classification of Multi-sensory?
Human senses include sight, hearing, smell, taste, touch, temperature, kinesthesis, balance, synthesis, pain, joints, and muscles [14], [33]. According to J. Smith in his book On The Soul (1931), human senses often felt in daily activities include sight, hearing, smell, taste, and touch [34].
Bell (2012), in his book Landscape, Pattern, Perception, and Processing, states that environmental perception is multi-sensory, which can be classified into the near sense (tactile/touch) and far sense (sight, hearing, and smell) [35], [36]. Touch and smell provide information about near space, the space directly around a person's body. The visual and auditory systems can receive data over a broader range or vast geographical area [37]. In several studies of multi-sensory perception in cultural heritage areas, the multi-sensory classification of far space, namely vision and hearing, is most widely used. The senses of near space, i.e., smell and touch, are less discussed, as seen in Table 2.
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Figure 2. Sensation in the multi-sensory perception of an environment diagram
Table 2. Classification of multi-sensory elements in the area of historic urban areas
	Element Classification
	Uni-sensory
	Multi-sensory

	near space
	Olfaction [38]–[42]; 

Touch [43]
	-

	far-space
	Hearing [44]–[46]; 

Sight [47]
	Hearing and Sight [48], [49]

	Combined near and far space
	-
	Hearing and smell [50], [51];  

Hearing and touch [52]; 

Hearing, sight and touch [28], [53]–[56]; 

Hearing, sight and smell [57], [58]; 

Hearing, sight, smell and touch [24], [59]–[65]; 

Hearing, sight, smell, touch and taste [26], [66], [67]
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Figure 3. The development of factors (internal and external) of multi-sensory perception in the context of historic urban areas diagram
What Approaches, Data Collection, and Analysis Methods Are Used?
Mixed Methods Approach
In the context of multi-sensory perception research in historic urban areas, researchers looked qualitatively at the influence and assessment of multi-sensory perception to determine which sensory elements needed to be protected and maintained [36], [38], [39], [42], [46]. Several other researchers looked for multi-sensory elements that fit the character of an urban historic areas [28], [34], [49], [51]. Other researchers validated the assessment quantitatively, measuring and recording sound levels based on decibels, lux of light, and temperature to further strengthen the findings of the initial qualitative assessment results [28], [48].
Incorporating qualitative and quantitative approaches into mixed methods has several combinations and objectives. A technique widely used in multi-sensory perception research in urban historic areas is exploratory mixed methods. This method aims to look for previously unknown factors [68] in the relationship of individuals with the sensory environment in urban historic areas, as seen in Figure 4.
Data Collection

The use of mixed methods affects the process of collecting sensory data, namely: (1) carried out in the field directly and relying on memory from the user; and (2) conducting document studies and asking for expert opinions assessing the quality of the sensory environment. The goal is to discover the opinions and subjective evaluations of individuals and groups on the perception of the sensory environment in an environment.
To obtain data from direct sensing based on individual memory is carried out by first distributing questionnaires to users of one heritage environment, either with open questions [23], [37], [38], [65], or with closed questions [5], [26], [28], [41], [42], [46], [48], [52], [53], [69], or by combining closed and open questions [36], [54], [61], [66], [70]. The next step is conducting field surveys, which consist of two stages. It starts with assessing perceptions of the sensory environment using direct filling of questionnaires or interviews with users based on what is perceived directly in the field [41], [44], [48], [52], [55], [66]. The final step is to identify areas by foot, measurement, recording, segment division, selection of circulation path patterns, and selection of objects or locations that are considered representative of a particular sensory environment in a heritage area [26], [28], [36], [69]–[71].
Researchers collect information from several literature sources and conduct structured interviews with experts to study the appreciation of the sensory environment's quality. This activity aims to create measurement methods, variables or criteria for assessing individual multi-sensory perceptions of one environment [26], [53], [72], and perceptual responses, and characteristics of multi-sensory elements from several previous studies [38], [53], [57].
Discussions and interviews with both users and experts are also carried out to obtain experiences, opinions, or responses related to sensory environment assessments [5], [42], [57], [60], as well as validation of variables or criteria from document or literature reviews that become initial hypotheses [28], [53]. These data collection steps depend mainly on the purpose of the study. Figure 5 displays data collection methods for multi-sensory research in urban historic areas.
Data Analysis
A mixed-methods approach is employed to study multi-sensory perception within urban historic areas, combining qualitative and quantitative analyses to facilitate the data analysis [42], [66]. Researchers use content analysis methods in several qualitative studies to analyze data, including statements and responses regarding the quality of the sensory environment obtained from interviews, document reviews, and literature. They employ these methods to map and categorize the data.
For quantitative studies, analysis of data such as measurement results and answers to closed-question questionnaires is carried out in two ways: the first is to perform statistical analysis [54], such as ANOVA analysis (Analysis of variance), carried out to determine the significance and difference of two multi-sensory element assessment data and their context [40], [52]. Several researchers use SEM (Structural equation modeling) analysis to measure and analyze the relationship between observed variables and latent variables of multi-sensory elements or environments that relate to the context [28], [48], [61].
The second way is by conducting laboratory testing using simulations of the sensory environment of one place [46], [48], [58], and conducting field testing by measuring and assessing the perception of multi-sensory elements by individuals directly at the location of urban historic areas [50]. Researchers carried out stages of analysis on several multi-sensory studies in urban historic areas, as shown in Figure 6.
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Figure 4. Mixed exploratory methods in multi-sensory research of historic urban areas diagram
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Figure 5. Data collection for multi-sensory elements diagram
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Figure 6. Data analysis for multi-sensory elements diagram
What Issues Develop in the Discussion of Multi-sensory Perception Research in Urban Heritage Areas?
In general, the topics that emerge and develop in multi-sensory perception research in urban heritage contexts are divided into four discussions in Figure 7, consisting of (a) subjects or individuals, (b) spatial, temporal, and activity context, (c) the development of multi-sensory perception of specific concepts and methods, and (d) the correspondence between sensory elements and the environment.
Subject/individual

Discussion of the influence of individual backgrounds and experiences on perception in the sensory environment is essential in multi-sensory perception research. Human psychological factors [31], as well as personal traits like age, gender [58], educational background, economic background, social background, and cultural background [59], [61], all have an impact on how a person interprets the sensation of this sensory stimulus. An individual's daily experience of sensory perception of an environment significantly influences and contributes to the evaluation of the environmental quality of heritage areas [66].
Spatial, temporal, and activity context
A spatial environment's quality and physical arrangement can influence visitor 
behavior and perceived sensory environment assessments [44], [73]. Multi-sensory perception is also influenced by temporal perception [74] and how specific weather conditions (cold and hot) can affect sensory environmental assessments of outdoor activities [43], [52]. Sensory environment perceptions of residents' cultural activities carried out by residents [44], [75], and walking activities in one environment [69] will influence individual behavior. The spatial, temporal, and activity context conditions will significantly affect the quality of the multi-sensory perception assessment of an environment. Each place, time, and activity will provide a different sensory environment.
Development of Multi-Sensory Perception on Certain Concepts and Methods

Multi-sensory perception is also widely used in developing several concepts and methods to improve the quality of historic areas, especially for their users. Some developments in the idea of multi-sensory perception of historic urban areas, such as:
· According to O'Dell (2005), multi-sensory perception is part of the experiencescape. It is an element of Intangible Cultural Heritage (ICH) that involves the interaction of multi-sensory perception experiences most felt by users (residents and tourists) as a basis for consideration of cultural heritage area development strategies based on subjects or individuals [75].  

· The tranquility perception or Tranquility Perception Scale (TPS) is an inclusive concept that refers to the desired quality of the environment to create calmness and inner peace by paying attention to attractions, activities, and multi-sensory experiences [53]. 

· The concept of affective atmosphere or affective environment refers to the sense generated by the interaction and movement of individuals/humans in specific spaces and places to perceive the space they inhabit based on other activities and actors in that space [76] and also based on visual, aesthetic, social (multiple sensory experiences), and spiritual dimensions [57]. 

· The concept of sensescape was coined by Porteous (1985), reflecting the idea of a sensory-built environment by extending the range of sensory interaction with a place beyond visual consumption alone. Hence, we can define it as a collection of visualscape, smellscape, tastescape, and hapticscape [24], [67]. 

· [image: image10.png]The concept of living scape addresses the environmental quality of open spaces based on multi-sensory properties and is perceived and assessed together with all sensory, environmental, and cultural aspects [70]. Elements of the living scape include urban blight, environmental sound quality (soundscape), environmental lighting quality (lightscape), quality of ambient temperature (thermal scape), and user response. The living scape methodology can improve urban orientation or assess pleasant and less pleasant spaces for residents and visitors in one area [54].
Correspondence of Sensory and Environmental Elements
Correspondence between multi-sensory elements, or cross-modal correspondence, refers to systematic perceptions and associations based on interactions between two or more sensory components [77], [78]. In general, researchers are interested in the problem of binding multi-sensory elements, focusing on the role of spatial and temporal factors in modulating the integration of multi-sensory elements [78]. Research on relationships and correspondence (suitability, compatibility) between multi-sensory elements (crossmodal) in one particular environment still needs to be discussed. Correspondence between multi-sensory elements, or cross-modal correspondence, refers to the systematic perception and association of the interaction of all sensory factors into the appreciation of one environment at a given location, time, and activity.
Figure 7. The development of the topic of perception of multi-sensory elements in the context of urban heritage diagram
CONCLUSION

The five questions in this article address the definition of multi-sensory perception, the factors influencing multi-sensory perception, and the commonly used approaches and methods of data collection and analysis. Additionally, this article reveals the issues that arise in multi-sensory perception research in historic urban areas.
The explanation of the definition of multi-sensory perception in the answer to the first question indicates the importance of extending from visual dominance (uni-sensory) to a whole-sense approach (multi-sensory). Expansion of visual dominance can create environmental experiences through direct responses from the sensations of various sensory modalities in experiencing a single event that can optimize spatial understanding.
Spatial understanding based on multi-sensory perceptions influenced by the subject's background, place conditions, time, and activities will provide a complete picture to improve the relationship and attachment between individuals and historic urban areas. Increasing an individual's attachment to place is the unification of aspects of an individual's background as internal factors and elements of place, time, and activity as external factors, discussed in the answer to the second question.
Division of categories based on sensory type in answer to the third question, there is a division between far-space elements consisting of hearing and vision and near-space elements, namely smell and touch. However, in understanding multi-sensory perception, all sensory components will be interconnected, not limited to the categories created, especially in creating attachments between individuals and urban historic areas.
The answer to the fourth question, which discusses the multi-sensory perception research method approach in urban historic areas, explains the advantages of mixed methods in several studies. The blended approach starts with a qualitative approach that explores how individuals perceive these sensory elements, places, times, and activities based on specific backgrounds. Furthermore, for quality assessment, the quantity of the sensory environment was validated using quantitative approaches as one of the efforts to confirm individual perceptions qualitatively. Both of these approaches require a data collection process by directly feeling and measuring sensory sensations in the field.
In general, according to the answer to the fifth question, researchers are interested in the problem of binding multi-sensory elements, focusing on the respective roles of spatial and temporal factors in modulating the integration of multi-sensory elements in one environment [76]. However, it is necessary to discuss further the relationship and correspondence between multi-sensory elements in a particular domain, which refers to an individual's perception of an environment according to time and activity [75], [76]. It is crucial to consider the involvement of sensory diversity experiences, as the role of different senses in multi-sensory perceptions varies across different environmental contexts [53].

Overall, multi-sensory perception research in historic urban areas or urban heritage studies aligns with expanding discourse and ways of thinking about management processes oriented towards public perception (subject-based) for appreciating non-physical aspects (intangible) of historic urban areas. Multi-sensory perception is a direct response to an environment that changes based on an individual's background and the sensations all his senses feel. Immediate reactions to the individual's perceptions greatly influence the appreciation and experience of a sense of place. Multi-sensory perception can be particularly a powerful tool for reading and understanding a single environment and contributing to planning and design of historic urban areas (Figure 8).

[image: image9]
Figure 8. Multi-sensory topics discussion in the context of urban historic areas
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