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Material texture significantly influences how people perceive built environments, yet empirical evidence supporting its impact on spaciousness perception is limited. This study aimed to explore how people perceive building materials through sense in the absence of visual attention and how texture meanings affect indoor spaciousness perception. Conducted with 160 participants (90 males, 70 females, mean age ±SD: 22 ± 5 years), the study comprised three phases: baseline tactile assessment, blindfolded navigation in a lab and exposure to real-world environments. Findings revealed the skin’s ability to discern textural quality without visual cues, with slightly rough wall surfaces consistently perceived as more spacious. Moreover, the association between wall texture and perceived space varied, with subjective aspects influencing spaciousness in relatively spacious rooms, while objective factors played a larger role in less spacious settings. This study provides insights into sensory referral processes, warranting further investigation into the potential psychological impacts of textures.
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1 INTRODUCTION
For Exploring prehistory provides vital insights into the roots of human evolution, in early societies, people were used to having textured caves with rough walls (Ramadan et al., 2019). They would have touched and interacted with materials such as rocks, animal hides, plant fibres and more for millions of years. Contemporary humans, despite residing in non-cave environments, share common sensory experiences shaped by the diverse building materials and textural qualities present in modern constructed spaces.
For the examples, the study conducted by Marschallek et al. (2023) utilized functional near-infrared spectroscopy (fNIRS) to investigate the neural correlates of active fingertip exploration and subsequent aesthetic judgments of material surfaces. Results showed that smoother textures were rated as more pleasant, with corresponding increased activation in contralateral sensorimotor areas and left prefrontal regions. Metzger et al. (2022) has investigated the perceptual haptic representation of materials arises from the efficient encoding of vibratory patterns felt during tactile exploration. They trained a computer program to recognize these vibrations and found it could tell materials apart accurately and results show that the way the computer learned to understand materials was similar to how our brains do it. (Wong and Ng, 2021; Garcia and Brown, 2018; Garcia and Rodriguez, 2019; Lee and Kim, 2018) have investigated how haptic perception influences people’s experiences in urban landscapes and found that tactile qualities of urban materials play a significant role in shaping perceptions of safety, comfort and aesthetic appeal. It is found that materials with tactile diversity and sensory richness are preferred for enhancing the user experience and promoting social interaction in public environments (Szczesniak, 1963). Furthermore, (Chen and Li, 2022; Ye and Li, 2023). (Garcia and Rodriguez, 2019; Kim and Lee, 2019; Tan H. and Wong, 2016) have found that tactile qualities and material selection contribute to people’s engagement with built environment, shaping their perception and experience covering a various aspects including atmosphere, user experience, sense of harmony, connection with nature, favouring, spatial perception and behaviour. The studies conducted by (Tiller et al., 2010; Kim et al, 2020; Tan L. and Wong, 2016) examined the relationship between material perception and emotional response in interior design and results highlighted materials with warm textures tend to evoke positive emotions, contributing to a sense of comfort and coziness, enhancing the overall quality of urban spaces. Also, it is found that rough texture evokes feelings of warmth and comfort, while smooth textures are associated with a sense of sleekness (Johnson and Smith, 2016).
Moreover, blind individuals commonly rely on tactile sensations to perceive textural qualities, and previous studies conducted by (Heller, 1989; Taylor and Lederman, 1973; Heller, 2004; Alary et al., 2009; Johnson and Hsiao, 1992; Baumgartner et al., 2015) have extensively examined how the blind community comprehends spatial environments. However, Visual clues (VC) serve as the predominant mode of information extraction within our perceptual framework. Architectural spaces and the overall quality of the built environment are predominantly apprehended through visual cues.
Nevertheless, there exists a gap in the current body of research, as no study has thoroughly explored how individuals with normal vision perceive building material’s textures without visual cues. Not only that, until now the theoretical exploration of building materials has predominately focused on the fundamental characteristics of material texture (Szczesniak, 1963), the technology behind their composition (Borch, 2004) and their non-visual expression applications (Liu et al., 2019).
Therefore, despite numerous experiments conducted on blind individuals demonstrating their ability to sense and navigate through spatial environments, little attention has been directed toward investigating the perceptual capabilities of sighted individuals in the absence of visual information. This research aims to address this gap by specifically focusing on individuals who regularly interact with typical architectural spaces.
Bridging this research gap, the study explores the relationship between wall textures and spatial perception using a multi-sensory approach, providing valuable insights into how architectural elements influence human experiences which is crucial for informing architectural design practices aimed at creating environments that promote wellbeing and satisfaction. Ultimately findings challenge the reliance on visual elements in architectural design, proposing that texture can be strategically used to enhance the perception of space. By understanding the psychological impact of texture, architects and designers can create more inclusive environments that lead to designing spaces that feel more spacious without increasing physical dimensions, potentially reducing material use and construction costs, including those with visual impairments.
Furthermore, incorporating textures that enhance the perception of spaciousness in interior design can significantly contribute to the sustainability. By using materials that create a sense of larger space within smaller rooms, architects and designers can reduce the need for expansive floor plans. This approach not only optimizes the use of available space but also leads to lower energy demands for heating, cooling and lighting as smaller, well-designed spaces require less energy to maintain comfortable conditions. Consequently, leveraging texture to influence spatial perception aligns with sustainable building practices, promoting energy efficiency while minimizing the environmental impact of construction and operation.
2 MATERIALS AND METHODS
To facilitate the aim of this study, a unified experiment was structured into three sequential parts and it aimed to explore the consistency of findings across varied experimental conditions while bridging the gap between controlled laboratory settings and real-world applications.
2.1 Participants
There were three studies conducted in this research and recruited participants separately for each study. In Study 1, fifty healthy participants (20 males, 30 females, mean age ±SD: 22 ± 5 years) were initially involved. However, twelve participants were subsequently excluded due to their preconceived notions about the interior of the box, as detailed below. Subsequently, Study 2 enlisted the participation of a hundred new individuals (64 males, 36 females, mean age ±SD: 22 ± 5 years). Study 3 involved the voluntary participation of ten students. The predetermined sample size for each experiment (n = 12) was based on the considerations of previous similar studies (Julious, 2004).The experimental protocol received approval from the Ethics Review Committee of the Faculty of Medical Sciences, University of Sri Jayewardenepura. The study adhered to the ethical standards outlined in the declaration of Helsinki. Prior to each experiment, all participants provided written informed consent and followed the guidelines set by the Ethics Review Committee.
2.2 Experimental design
Study 1, focused on the textural sensation of the hand towards building materials. Figure 1 depicts the experimental setup employed and three boxes were constructed using distinct building materials characterized by varying textural qualities: Wall putty (smooth finish), Sand (Semi-Rough Finish), and Aggregate ±20 mm (rough finish), along with a 250-W infrared light bulb. Stimulation was administered at three different intensity levels, spanning a range from off to high, by connecting the bulb to one of three dimmers. The dimmer switches were initially set at 0% (no stimulation), 40% (low intensity), and 100% (high intensity) of their range and remained unchanged throughout the study. To ensure consistency, the depth of the hand was marked before the study, emphasizing participants not exceeding the designated box depth. Participants who reported touching the box walls were excluded from the study. The participant’s most capable hand (right/left) was placed one foot inside the box. Before putting the hand, one foot was marked on the participant’s hand by using a hair band. A standardized questionnaire addressing the textural quality of the box touched by participants was administered after the study and collected data was analysed using descriptive analysis.
[image: Figure 1]FIGURE 1 | study 1; baseline tactile assessment. (A) Soft finish (B) semi rough finish (C) rough finish walls.
In study 2, we built three rooms of the same size (3′X3′X8′) with three different textural qualities such Wall potty (smooth finish), Sand (Semi Rough Finish) and Aggregate ±20 mm (rough finish) shown in Figure 2 which aimed total body perception of the textural quality. A door was created for each room with the same textural quality and then placed next to each other (Tan L. and Wong, 2016). After making the mockup all three boxes were located in a hidden open hall near the main entrance of the building to make participants alien to the room. Then participants gathered outside of the hall to measure their blood pressure and see any complications. If the blood sugar level is normal and the participants are ready to participate in the survey their eyes were closed by using an eye mask. And they were directed to different textured rooms. Participants were randomly put inside the textured room and given the questionnaire by using a voice recorder to reduce any complications during the survey. And their answers were recorded and analysed. We did not use any infrared lights or energy ray simulations thinking of the health repercussions of the procedure. But we did the testing during daytime when the average temperature was 74°F–90°F and the humidity ranged between 69% and 75%. However, all other environment parameters were tested both inside and outside of the test specimens by using probes. In the first part of this study, we asked to participants to rate the space of three different rooms. And in the second part of this study, as mentioned in the objectives, to unravel the relationship between observer interpretation of material texture spatial qualities and its effects on perception, we examined how building material’s associational meaning impacts an individual’s perceptual spaciousness. To find the relevant terms for describing the associational meaning of texture, the author has reviewed (Winkenbach and Salesin, 1996; Li, 2014; Elkharraz et al., 2014; Leder et al., 2004; Sun et al., 2013; Carbon and Jakesch, 2012) references that describe various properties of material texture. Based on the literature (Wang et al., 2020) 8 relevant semantic scales were selected. All the participants from the first part of study 2 were used and asked to rate the scene using 8 semantic scales as shown in Figure 3. The author has used a five- level scoring system: 1 for extremely left-end adjectives, to 5 for extremely right-end adjectives.
[image: Figure 2]FIGURE 2 | Study 2; Blindfolded navigation in a lab setting; (A) Smooth finish, (B) Semi rough finish, (C) Rough finish.
[image: Figure 3]FIGURE 3 | Sementic descriptive scales for materials texture in Architecture.
In study 3. in addition to the comprehensive behavioural tests conducted within controlled environments, a supplementary study was conducted to explore the tactile and visual perceptions of individuals in real-world settings. This observational study aimed to capture the subtle nuances experienced during transitions among spaces featuring walls with distinct textures, specifically rough, textured to smooth surfaces. A total of ten real-world locations were selected to ensure a diverse representation of wall textures, including but not limited to public buildings, commercial spaces and residential areas. The first participants were blindfolded and transported to the location without a visual clue of the space as shown in Figure 4. Participants engaged in naturalistic observation, facilitating an exclusive focus on tactile and auditory senses during transitions. Insights were collected through open-ended participant reflections, capturing their impressions, feelings and any notable observations concerning the perceived shifts in wall textures. visual and sound recorders were utilized to aid in documenting these reflections.
[image: Figure 4]FIGURE 4 | study 3; explore the tactile and visual perceptions of individuals in real world setting.
3 RESULTS
In study 1, focused on whether the human hand can sense the building material without any visual clue. Hence, we created three boxes with three different surface materials as explained in the methodology section. And then blindfolded participants were asked to put their hands inside the box. According to the results shown in Figure 5, the human hand can identify the building surface materials used to build the surfaces of the box without any visual clue. The provided tables present accuracy rates for correct and incorrect judgments in the evaluation of three construction materials (Wall Putty, Sand, and Aggregate) across different surface conditions, namely smooth, semi-rough, and rough. In table A, the accuracy percentages for Wall Putty (smooth), Sand (semi-Rough), and Aggregate (Rough) are 68%, 70% and 74% for correct judgments, respectively, with corresponding incorrect judgment rates of 32%, 30% and 26%. The first stage was without any thermal simulation or infrared rays to simulate the heat intensity of the apparatus. The second stage of study 1 is with infrared simulation and has given some signals to the skin to understand the surface of the building materials without any visual clue. Table B indicates slightly improved accuracy with percentages of 70%, 75% and 82% for correct judgments and 30%, 25% and 18% for incorrect judgments across the same material-surface combinations. Finally, table C demonstrates further enhancements in accuracy, revealing correct judgment rates of 76%, 88% and 95%, and incorrect judgment rates of 24%, 12% and 5% for Wall Putty (smooth), Sand (semi- Rough), and Aggregate (Rough), respectively. These results highlighted that the human hand can accurately identify the building surface materials used to build the surfaces of the box without any visual clue.
[image: Figure 5]FIGURE 5 | results of study 1.
In study 2, focused on the effect of the different wall textures on human perceived spaciousness and the degree of influence dependent on the associated meaning of material texture without visual cues. The first part of study 2, tested whether the three different wall textures can influence the observer’s perception of spaciousness. The Kruskal Wallis test was performed to examine the differences of spaciousness between rooms at varying wall textures and results shown in Table 1 indicated that there were statistically significant differences (p < 0.00) between the three rooms such; Wall potty (smooth finish), Sand (Semi Rough Finish) and Aggregate ±20 mm (rough finish).
TABLE 1 | Independent-sample kruskal-wallis test summery for study 2.
[image: Table 1]Since the Kruskal-Wallis test indicates significant differences among the three rooms, post-hoc test (pairwise comparisons) was performed to identify which wall texture differs. As Table 2, the results show the spaciousness in rooms with aggregate (Room C) and wall potty (Room A) and also rooms with aggregate (Room C) and Sand (Room B), were highly significantly different (p < 0.00), indicating that Room C had a significantly lower spaciousness rating compared to Room A and Room B. However, there was no significant different with Sand (Room B) and Wall potty (Room A). Therefore, this lack of significant difference suggests that participants perceived the spaciousness of Room A and Room B similarly. Given these results, Room B’s perception as the most spacious can be attributed to the fact that it was not significantly difference from Room A in terms of spaciousness, yet it was significantly more spacious than Room C. Therefore the pairwise comparison evidence supports the conclusion that Room B (Sand-Semi Rough Finish) had the most favourable spaciousness rating among the three rooms.
TABLE 2 | Pairwise comparison of room type results for experiment 2.
[image: Table 2]The results from the first part of study 2, reveal that the textural impact on perceptual spaciousness varies depending on the type of building material texture. However, these variations were obtained without the relying on the visual cues. Therefore, it was evident that texture perception evokes the associational meaning of the building materials. As mentioned in the methodology section, a second part of study 2 was conducted. The normality test was conducted to assess the distribution of the variables at the significant level (α) of 0.05. Since data was not normally distributed as shown in Table 3, Spearmen’s correlation analysis was used separately for three rooms, Wall potty (smooth finish), Sand (Semi Rough Finish) and Aggregate ±20 mm (rough finish) and the results are shown in Tables 4–6 respectively.
TABLE 3 | Tests of normality.
[image: Table 3]TABLE 4 | Correlation - room a.
[image: Table 4]TABLE 5 | Correlations–room B.
[image: Table 5]TABLE 6 | Correlations–room C.
[image: Table 6]As per Table 4, there was a moderate negative correlation between temperature (Temp) and surface roughness (SR) which is shown as statistically significant (p < 0.05), indicating that as temp decreases, SR tends to increase. Also, there was a strong positive correlation between comfort (Com) and preference (Pref) which is shown as statistically significant (p < 0.05), indicating that as comfort increases, preference tends to increase. However, other Correlations between the variables were not statistically significant.
Table 5 shows, in Room B, Temp was negatively correlated with Comfort, suggesting that lower temp was associated with a lower level of comfort at highly statistically significant (p < 0.05). Comfort was positively correlated with preference, indicating that higher comfort is associated with higher preference at highly statistically significant (p < 0.05). However, the relationship between temperature and preference approaches significance, indicating a potential trend where lower temperatures are associated with lower preference. Although other Correlations between the variables were not statistically significant.
Table 6, In Room C, There was a significant negative correlation between comfort and surface roughness (SR), suggesting that as comfort decreases, surface roughness tends to increase, highly significant positive correlation between comfort (Com) and preference (Pref), indicating that higher comfort is associated with higher preference and significant negative correlation between surface roughness (SR) and preference (Pref), suggesting that as surface roughness increases, preference tends to decrease. However, correlations between temp and other variables are not statistically significant.
Study 3 provided tangible evidence of participants discerning wall texture differences during blindfolded transitions. Photographic documentation enhances the credibility and visual impact of the findings. We gathered data as mentioned in the methodology and the results revealed that individuals were able to sense variations in wall textures during transitions between spaces with different tactile qualities. Participants consistently reported heightened awareness of their surroundings when blindfolded, emphasizing the reliance on non-visual sensory cues. The qualitative reflections highlighted the participants’ ability to distinguish between rough, textured, and smooth surfaces based on sense and auditory cues, showcasing a heightened sensitivity to the nuances of their environment. The findings significantly enriched the research by offering a practical validation of the findings observed in the controlled laboratory setting and it underscored the importance of non-visual sensory modalities in shaping individuals’ perceptions of their environment, particularly during transitions in real-world settings. Moreover, the study sheds light on the adaptability of human sensory systems, showcasing the capacity to rely on alternative cues when visual information is restricted.
4 DISCUSSION
According to the above results, it is suggested that the type of wall texture significantly influences the perceived spaciousness of indoor spaces. Specifically, Room B with Sand (Semi Rough Finish) contributed to a heightened sense of spaciousness. Interestingly, Room A with Wall Putty (smooth finish) was perceived similarly to Room B, indicating that a smooth wall texture did not significantly diminish the perceived spaciousness compared to the semi-rough texture of Sand. In contrast, Room C with Aggregate (rough finish) was consistently rated as having significantly less spaciousness compared to both Room A and Room B. This suggests that rough wall textures, such as Aggregate, may have a constraining effect on the perception of spaciousness.
Moreover, participants who identify sand (semi-rough-finished) walls as comfortable and most favourite tend to be perceived as more spacious, while those who consider aggregate (Rough Finished) walls a high level of roughness which leads to decreased comfort and preference tend to be less spacious. The room with wall putty (Smooth finished) was spacious but had less perceived spaciousness than Room B (Semi-rough) among participants who associated the smoothness of the wall putty with a higher temperature. The higher temperature could have led to reduced sense of spaciousness, as previous studies suggests that warmer environments may feel more enclosed or confining (Van Hoof, 2008; Tiller et al., 2010). Conversely, Room B with its semi-rough sand texture, was perceived as more spacious where lower temperatures were associated with a higher level of comfort, and it contributed to the perception of increased spaciousness. It is evident that the perception of spaciousness is influenced by the associational meaning of material textures.
The study conducted by Wang et al. (2020) investigated the influence of wall materials on perceived spaciousness in an indoor environment. They found that the effect of texture on perceptual spaciousness varies depending on factors such as the type of material texture and room size. Moreover, they indicated that the perception of spaciousness is influenced by the observer’s associational meaning of material texture. Our study 2, while consistent with this study conducted by Wang et al. (2020) in suggesting that different texture walls and the observer’s associational meaning of textures can indeed impact the perception of space, uniquely isolates the effect of material texture, independent of room size. By controlling for room size and concentrating exclusively on material texture, our study provides a more nuanced understanding of how texture alone influences perceived spaciousness. This approach enables a deeper exploration of the psychological and sensory mechanisms at play, thereby advancing the understanding of material texture as a distinct and influential factor in spatial perception.
Similarly, the study conducted by Stamps, 2006 examined the impact of wall textures on perceived spaciousness. However, unlike their study, where rough walls were associated with increased spaciousness, this study found that rough walls made rooms less spacious while semi-rough walls made rooms more spacious.
While previous studies were done by (Stamps, 2006; Castell et al., 2020; Oberfeld et al., 2010; Coşgun, Yıldırım, and Hidayetoglu, 2022; Bokharaei and Nasar 2016) have extensively explored factors such as wallpaper patterns, lightness of ceiling, floor, colours, room size, window size and amount of furniture in relation to perceived spaciousness, this study provided unique insights into the role of wall textures in shaping perception of space.
5 CONCLUSION
This study delved into the relationship between wall textures and perceived spaciousness, employing controlled experiments to explain key findings. Firstly, it was discovered that rooms with semi-rough wall finishes were consistently perceived as more spacious compared to those with smooth or rough finishes, highlighting the nuanced impact of texture on spatial perception. In contrast to smooth finishes, which may present a potentially constrictive appearance, or rough finishes, which can create a sense of harshness and enclosure, semi-rough textures offer an intermediate level of tactile and visual variation. This intermediate texture introduces sufficient depth and complexity to the surface, which can enhance the perception of spatial openness.
Such findings underscore the significance of textural choice in environmental design, indicating that the strategic selection of wall finishes can effectively augment the perceived spaciousness of interior environments. This approach not only has implications for improving spatial perception but also suggests potential benefits for sustainability by potentially minimizing the necessity for physically larger spaces, thereby supporting more efficient and environmentally conscious architectural practices.
Additionally, participants demonstrated an ability to accurately sense variations in wall materials without visual cues, suggesting a tactile sensitivity that contributes to the overall perception of space. These findings provide designers with valuable insights, emphasizing the importance of thoughtful material selection in spatial design to optimize occupants’ comfort and wellbeing.
Moreover, the study underscores the potential implications for architectural practice, offering recommendations for creating more comfortable and inviting indoor environments. Designers can leverage the findings to strategically select wall textures that enhance perceived spaciousness and contribute to a positive user experience. Furthermore, the exploration of material texture’s influence on spatial perception opens avenues for further research, particularly in understanding the long-term effects of exposure to specific textures on occupants’ overall wellbeing. By continuing to investigate these relationships, designers can develop evidence-based guidelines for promoting psychological health and comfort through thoughtful material design in architectural spaces.
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