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Abstract

:

Visually pleasing materials and furnishings may be an important component of pleasant, restorative indoor spaces, where people can rest, relax, and recover from stress. We conducted two studies to examine human preferences for different wooden desk materials and designs. In Study 1, 77 participants evaluated the visual appearance of 20 wooden materials and 18 desk designs, in which desk elements and their arrangements were systematically varied. The three highest rated wooden materials and desk designs from Study 1 were combined in 18 new desks evaluated by 80 participants in terms of visual appearance in Study 2, where we systematically varied the type of material, amount of material, and desk design. The results show that preference for different materials and desks varies greatly from person to person, but several evaluated items are on average preferred to others. Study 1 shows that certain materials, desk elements, and the arrangements of those elements received higher preference ratings than others. Study 2 indicates that the type of material, amount of material, and desk design all play a significant role in human preference for the visual appearance of desks. Researchers and designers can build on these findings to create aesthetically appealing indoor environments that have the potential to positively impact human wellbeing.
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1. Introduction


A large body of evidence suggests that building occupants feel and function better when exposed to nature in indoor spaces [1,2]. After being in contact with elements of nature, such as potted plants and photos of landscapes, occupants tend to exhibit improved affective states, lowered physiological arousal, and enhanced cognitive performance. Due to these effects, environments that contain elements of nature are thought to be restorative, as they restore human functioning and wellbeing after it has been diminished by stress and effort [2,3]. Bringing nature indoors is an intervention that can be particularly useful for office workers, as they can be at a heightened risk of experiencing stress [4] and may spend most of their working hours in indoor spaces. Indeed, a recent review reported that implementing nature into the office environment improves worker wellbeing and productivity [5].



The positive effects that people experience when in contact with (elements of) nature are reflected in human environmental preferences: people consistently prefer natural over built environments, especially individuals who are in higher need of restoration due to stress [6,7]. This suggests that environmental preference can be used as a proxy indicator of environmental restorativeness: settings that occupants find attractive may be more likely to provide restorative effects.



Compared to other approaches of bringing nature to indoor spaces, the current literature has largely overlooked the possibility that wood—a natural material—could positively impact building users. Wood can complement other elements of nature used indoors by bringing naturalness to structural and functional elements of the building, such as furniture, flooring, stairs, and handrails. Many studies suggest that contact with wood could impact building occupants positively: people perceive wood as natural [8], tend to prefer wood over other common materials [9] and, after being exposed to wood, may experience less stress and perform better on tests of cognitive functioning [10,11,12,13,14]. Applying wood indoors could be particularly promising for office workers, who spend much of their time in contact with desks.



However, not all studies have found positive effects of wooden furnishings [15,16]. This could in part result from studies testing different types of wood, applied in various colours, patterns, amounts, and layouts [10]. For example, previously studied materials include birch-, oak-, and walnut-veneered furniture, as well as solid spruce and fir wood, and wood’s coverage in studies ranges from a small wooden desktop [16] to wood applied to most of the room [17]. Identifying the most effective wooden materials and their applications is further complicated by other unique characteristics of previously studied wooden settings: wood emitted noticeable scents in some studies [15,17], but not in others [12,16], and participants were exposed to wooden environments for different amounts of time, from 90 s [18,19] to 75 min [12]. So far, studies on human responses to interior spaces furnished with wood have not clarified which wooden materials to select and how to apply them in indoor settings to increase the likelihood of providing positive effects for building occupants.



Due to the apparent connection between preference and restorative effects, studies investigating human preferences for wooden materials could provide clarity and guidance for researchers, architects, designers, and other stakeholders who want to create restorative indoor spaces. However, most of the existing research has examined how people perceive one or a few types of wood compared to other everyday materials [20,21,22,23], whereas fewer studies have compared human perception between different types of wood. The few existing studies that did compare different wooden materials in terms of human preference either observed no difference between the evaluated wooden materials [23] or found that people prefer wooden surfaces that are perceived as more homogenous [24,25] and closer to red on the green–red colour component [26]. The preference for specific wooden qualities, however, may greatly depend on the intended application of the wood. For example, people might prefer lighter and glossier wooden materials for no particular application [27] but favour darker wood for an outdoor tabletop [26] and wood with a matte surface for handrails [28]. Due to the many and diverse wooden materials and possibilities for their indoor application, human preferences for wood applied in indoor spaces remain underexplored.



The ambition to create office desks that could be part of restorative environments is further complicated by the numerous possibilities of designing a desk but few evidence-based design guidelines that could positively impact human wellbeing. Existing desk-design guidelines focus on ergonomic aspects, which suggest creating desks with adjustable height, sufficient width, adequate knee space, and rounded edges [29]. However, desks that follow these recommendations can still vary in many aspects, such as the type of desk legs and the presence or absence of drawers and shelves. The design possibilities can lead to desks with diverse aesthetic and functional qualities, and the more visually appealing designs are, in principle, more likely to lead to restorative effects. Currently, however, it is not clear how the visual appearance of desks is related to the preferences of people. To the best of our knowledge, human preferences for different desk designs have not yet been examined and reported in a peer-reviewed article. It is also not known to what extent to incorporate wooden materials in desk designs to make desks more visually appealing to users. People seem to prefer a medium amount of wood coverage in a room [30], but it is unclear whether the desired wood coverage is similar in a single piece of furniture, such as a desk.



In summary, from the existing studies, it cannot be determined which wooden materials and desk designs are preferred in terms of visual appearance and, in turn, more likely to provide restorative effects to office workers. However, as office employees may spend most of their working hours at a desk, having such knowledge may lead to an effective, efficient, and scalable passive intervention that could increase worker wellbeing and productivity. The first steps of developing such an intervention are the objectives of this study, which aims to investigate which wooden materials and desk designs are the most visually appealing to people, and how the preferred wooden materials and desk designs can be best integrated to produce aesthetically pleasing desks.



The present research consists of two studies: In Study 1, we examined the preferences of people for selected images of wooden materials and desk designs. The most preferred materials and designs from Study 1 were used to create a new set of (images of) desks that combined different desk designs, wooden materials, and amounts of wooden materials. The preferences of people for these new desks were examined in Study 2. The methodology of the two studies is summarised in Figure 1.




2. Study 1


2.1. Materials and Methods


2.1.1. Wooden Materials


The selection of wooden materials tested in this study was based on existing studies investigating human preferences for and responses to wooden materials and settings. We identified 17 relevant articles [13,16,19,20,21,22,24,25,26,31,32,33,34,35,36,37] and extracted a list of 22 unique wood species that had been reported. Our goal was to present each unique wood species as one untreated wooden material, regardless of whether the original study had tested the wooden material that had been untreated, treated, or both. From the list of identified wooden materials, we excluded (1) silver fir, due to its considerable resemblance to the more commonly reported Norway spruce, and (2) Hinoki (Japanese) cypress, due to the unavailability of the image in the online database from which the images were later collected. The images of the resulting 20 wooden materials (Figure S1) were extracted from the website https://www.wood-database.com (with permission from the website owner, accessed date 13 June 2021).




2.1.2. Desk Designs


We identified 12 vendors of office desks with the online store available in Slovenia. Of those 12 vendors, the online stores of 4 offered the possibility to sort products by popularity. At each of those four websites, we visited the section with desks and sorted them by popularity. We extracted five desk designs from each of the four vendors, resulting in 20 desk designs in total. From these 20 desk designs, we identified common design components that fell into three categories: (1) type of desk legs, (2) type of storage, and (3) arrangement of desk legs and storage. In the first category, we identified three types of desk legs: poles (round legs), board, and square support. In the second category, we identified three types of storage: drawers, single-door cabinet (“cabinet”), and single-door cabinet with a shelf at the top (“shelf”). In the third category, we identified three distinct arrangements of desk legs and storage: the same type of legs were used at both sides of the desk (“both-stand desks”), one side of the desk had some type of legs and the other side of the desk had some type of storage (“one-stand-one-storage desks”), or both sides of the desk had some type of storage (“both-storage desks”).



Based on these identified patterns, we first created digital models of the three types of legs and three types of storage, and then we created desk designs with all possible arrangements of these elements, with the following exceptions: (1) if only desk legs were used in the desk, both sides of the desk must have had the same type of legs, and (2) different elements (i.e., types of legs or storage) were combined only once, without repeating that same combination in the mirror image of the desk design (e.g., if we prepared a desk design with poles on the left and drawers on the right, we did not prepare a desk design with poles on the right and drawers on the left). This process resulted in 18 distinct desk designs (Figure S2). The models of desks were designed in SketchUp Make 2017 [38] and rendered with the SketchUp extension Raylectron 4 [39]. The dimensions of each digital desk model were in the approximate ratio of 2 (length) × 1 (width) × 1 (height) (i.e., 160 cm × 80 cm × 70 cm). The desk models were given a light wood texture (instead of a neutral white) due to the resulting higher quality of the rendered images. Two types of legs—poles and square legs—were coloured with a light metal silver colour.




2.1.3. Survey


In Study 1, the participants first provided preference ratings for 20 wooden materials, and later for 18 desk designs. When presented with each image of the wooden material, participants responded to the question “How do you like the appearance of the material in the image as a material for visible surfaces of an office desk?”, and when presented with the image of each desk design, subjects responded to the question “How do you like the appearance of the desk design in the image?” Each question was responded to on a 7-point rating scale (1—dislike a lot, 2—dislike, 3—somewhat dislike, 4—in between, 5—somewhat like, 6—like, 7—like a lot). The instructions emphasised that the participants should focus on stating their preference for the appearance (and not the functionality) of the rated items. Before rating each wooden material and desk design, the participants were able to first see all images of wooden materials and later desk designs in one large grid of images, to familiarise themselves with the rating task ahead of them. In the survey, the images of the wooden materials did not contain the names of the wood species. All images were presented in the same (random) order to all participants.



The survey was implemented in the 1KA survey platform [40] and run in August 2021. The participants typically needed 5–10 min to complete the survey, which was administered in both Slovenian (Supplementary Materials S1) and English language (Supplementary Materials S2). For the purposes of the survey, the images of the wooden materials and desk designs were processed (i.e., cropped and arranged to a grid) with the R package magick [41].




2.1.4. Participants


Participants were invited to the online survey through the internal and external (social media) communication channels of the InnoRenew CoE research institute (conducting research on renewable materials and healthy environments) and through the personal social media accounts of the first author. At the beginning of the survey, the subjects provided informed consent to participate in the study, after they had been informed about the study’s purpose and procedure, the rights of the participants, and the data management practices.



In total, 83 people responded to the Study 1 survey. All 83 respondents completed the first part of the survey (on preference for wooden materials), whereas 77 of those also completed the second part of the survey (on preference for desk designs). Of the 77 respondents who completed the entire survey (and for whom the demographic data are available), 6 were below 25 years old (8%), 55 (71%) were between the ages of 25 and 44, 15 were aged above 44 (20%), and 1 person (1%) did not wish to disclose their age. Forty-two participants identified as female (55%), thirty-four identified as male (44%), and one respondent (1%) did not wish to disclose their gender. Education and work were unrelated to wood or design in 47 respondents (61%), related to wood in 25 respondents (32%), and related to design in 5 respondents (7%).




2.1.5. Statistical Analysis


The data were processed, analysed, and visualised in R 4.0.2 (R Core Team, 2021) using RStudio 1.4.1106 [42,43], with the packages rstatix [44], ordinal [45], emmeans [46], imager [47], colordistance [48], spacesXYZ [49], flextable [50], ggtext [51], gridextra [52], and the tidyverse [53] collection of packages. Descriptive statistics are reported as means and standard deviations (SD).



Images of wooden materials were processed with the R package colordistance [48] to express the colours of the materials in the three parameters of the CIELAB colour space: L* (lightness), a* (red–green component), and b* (yellow–blue component).



To quantify the colour variability within images, each image was first separated into 900 non-overlapping segments, each 200 pixels in size. For each segment, the average colour was computed by selecting 20 random pixels, identifying their L*a*b values, and calculating the means of those values. Using these means, we calculated Delta E—a measure of colour difference in the CIELAB space [49,54,55]—between all unique pairs of the 900 segments (900 × 899/2; 404550 total comparisons). The mean of these Delta E values was then calculated for each image, representing the degree of colour variability within the image (the higher the mean Delta E, the higher the colour variability). The relationship between these Delta E means and the preference ratings was then examined visually and using Spearman’s rank correlation coefficient.



We also quantified colour differences between the images of wood, using the approach described in the colordistance R package documentation [48,56]. This approach bins pixels of an image into a select number of bins, each with a specific colour and size. The colours of each image can thus be represented on a histogram. The difference in colour between images can be calculated with several metrics that compare the colour histograms of the images. We used the (recommended) Earth mover’s distance, which calculates the minimum cost of transforming one colour distribution into another. Higher Earth mover’s distance values denote greater colour differences [57]. The mean Earth mover’s distance was then calculated for each material (i.e., the material’s average colour distance to all other materials), and the association between these mean distances and preference ratings was examined visually and using Spearman’s rank correlation coefficient.



Cumulative link mixed models (fitted with the function clmm [58] from the R ordinal [45] package) [45,59,60] were used to examine how specific wooden materials, desk designs, desk elements, and the arrangements of desk elements affect the preference ratings of people. These models aim to explain the latent continuous variable (i.e., degree of preference) that underlies the ordinal variable (i.e., discrete preference ratings), based on a set of predictor variables treated as fixed effects (i.e., specific desk designs) and subjects treated as random effects. The main models (i.e., those fitted on all data instead of subsets of data) at first included demographic variables as predictors (i.e., age, gender, and a variable indicating whether the respondent’s education was related to wood or design). These models were then compared with the versions of the models that excluded the demographic variables. As there were no significant differences between the models with and without demographic variables (as tested with analysis of variance), we report the simpler models with fewer predictors.



If the model detected a statistically significant effect of a predictor variable, post hoc comparisons were conducted with the R package emmeans [46]. Due to the exploratory nature of the study, the p-values were not adjusted for multiple comparisons, as we aimed to decrease the possibility of Type II error (i.e., false negatives). This means that the possibility of a Type I error (i.e., false positive) was increased, so the results should be interpreted with caution. The results of post hoc comparisons are reported as exceedance probability (EP): the probability of the item (e.g., specific desk design) being rated as liked (i.e., the probability of having a rating of at least 5—“somewhat like”—on the scale of 1 to 7). For models with more than one factor as predictors,, the EPs were averaged over the levels of the other factors.



We first fitted the model and calculated the EPs separately for all 20 wooden materials and 18 desk designs as predictors, which showed us how individual wooden materials and desk designs compare to one another in terms of the preferences of people. We continued with the model examining the role of the arrangement of desk elements, where desks were grouped according to three distinct arrangements: (1) both-storage desks, where both sides of the desk contained an element intended for storage; (2) both-stand desks, where both sides of the desk contained a leg element; or (3) one-stand-one-storage desks, where one side of the desk contained a storage element and the other a leg element. Finally, we fitted models that explored the roles of specific desk elements (e.g., drawers, poles) in human preferences. The latter models were fitted on specific subsets of data, because some desk elements (e.g., cabinet) were not present in some subsets of data (e.g., desks with both elements used as a stand). A separate model with specific desk elements as predictors was thus fitted for each group of desks based on the arrangement of their desk elements (i.e., both-storage, both-stand, or one-stand-one-storage desks), resulting in three separate models examining the role of desk elements in preference.



To determine the statistical power of our data and our analytical approach to consistently detect the effect that we observed, we conducted a post hoc power analysis using simulations. The simulation was performed in R. We selected a representative model with one independent variable with three groups and one dependent variable to base our simulation on. We simulated new data based on the probabilities observed in our data and fitted a new model to the simulated data. We tracked whether the new model detected a statistically significant (p < 0.05) coefficient for a selected group with p < 0.05 in the original model. We ran 1000 simulations and found that in 99.7% of the cases the simulated outcome matched the expectation from our model, indicating that our model was sufficiently powered to detect significant differences with our data.





2.2. Results


2.2.1. Wooden Materials


Preference for Wooden Materials


Most of the rated materials received a similar mean preference rating, which was typically between approximately 4 (“in between”) and 4.5 (between “in between” and “somewhat like”). Oak, maple, and guibourtia were the highest-rated materials, with mean preference ratings of 4.87 (SD = 1.48), 4.63 (SD = 1.41), and 4.53 (SD = 1.39), respectively (Figure 2, Table S1). The preference ratings of the remaining materials decreased gradually; their mean preference ratings were between 4.47 and 3.81 (SD between 1.40 and 2.04), except for the three lowest-rated materials (aspen, pine, and spruce), which had mean preference ratings between 3.39 and 3.10 (SD between 1.51 and 1.67).



The variability of individual preference ratings within the materials was high; for all materials, the ratings ranged across most or all of the seven possible ratings (from 1—“dislike a lot” to 7—“like a lot”). All of the materials, except for birch, received at least one rating of “like a lot”, while only three materials did not receive a rating of “dislike a lot”: maple, guibourtia, and Japanese cedar. The variability of the ratings was especially high for ebony and relatively low for lauan, but still spanning the entire range of possible ratings in both materials.



The model with the individual wooden materials as predictors and the preference rating as the outcome is available in Table S2. Statistically significant differences between pairs of materials (with the total of 190 paired comparisons) most often occurred in pairs with one of the four lowest-rated materials (i.e., aspen, pine, spruce, and chestnut) or the highest-rated material (i.e., oak) (in 72 of 80 pairs with statistically significant differences), with the remaining eight pairs including birch, guibourtia, maple, radiata pine, teak, and lauan (Table S3).




The Role of Wood Colour in Preferences for Wooden Materials


The analysis of colour distances between materials (i.e., Earth mover’s distances) showed that ebony stands out from the rest, with relatively large colour distances to most other materials in the study. Other materials with somewhat large colour distances to the remaining materials included aspen, walnut, spruce, pine, and guibourtia, with the (mean) colour distances gradually decreasing for the other materials (Figure 3, Table S4).



There was no noticeable overall relationship between the mean colour distances of the materials (with reference to all other materials) and their preference ratings (Figure S3), and the Spearman’s rank correlation coefficient between the two variables was not statistically significant (rs = 0.30, p = 0.225). The only notable exceptions were the three lowest-rated materials (aspen, pine, and spruce), which had a relatively high colour distance to colours of the other materials.



The analysis of colour variability within materials, as examined with the mean Delta E values, indicated that the colour varied the most within poplar, elm, and pine, and the least within red cedar, birch, and walnut (Table S5). There was no obvious association between preference ratings and colour variability within materials (rs = 0.01, p = 0.962, Figure S4).





2.2.2. Preference for Desk Designs


Most of the desks received mean preference ratings between slightly below 4 (“in between”) and slightly above 4.5 (between “in between” and “somewhat like”). The desks that received the highest preference ratings were board-cabinet, board-drawers, square-drawers, and board-board, with mean preference ratings of 4.70 (SD = 1.51), 4.68 (SD = 1.51), 4.56 (SD = 1.54), and 4.56 (SD = 1.74), respectively (Figure 4, Table S6). The mean preference ratings of the other materials gradually decreased and were between 4.52 and 3.31 (SD between 1.36–1.81), with aspen, pine, and spruce being the lowest-rated materials.



The variability of individual preference ratings within the desk designs was generally high, spanning throughout the entire range of possible ratings for all designs, although in many cases only one or few ratings were in the extreme parts of the scale. The board-shelf desk design had a somewhat lower variability of preference ratings compared to the other designs.



Of the six highest-rated desks, five were in the group of one-stand-one-storage desks, and four contained the board element. All six desks from the both-storage desk group were among the seven lowest-rated desks.



The model with desk designs as predictors and the preference rating as the outcome is available in Table S7. Post hoc analysis showed that 79 out of the total 153 comparisons between desk designs were statistically significant. Many of the significant differences predictably appeared within pairs that included the highest- and lowest-rated desk designs, but they also occurred within pairs with other desk designs (Table S8).




2.2.3. The Role of the Arrangement of Desk Elements in Preference for Desk Designs


The model examining the role of the arrangement of desk elements (i.e., both-stand, both-storage, one-stand-one-storage) in preference is available in Table S9. Post hoc analysis showed that both-stand desks (EP = 0.51, 95% CI [0.44, 0.59]) and one-stand-one-storage desks (EP = 0.53, 95% CI [0.47, 0.59]) were similarly likely to be rated as liked (both-stand desks − one-stand-one-storage desks = −0.02, 95% CI [−0.08, 0.04], p = 0.51). Both-storage desks (EP = 0.34, 95% CI [0.28, 0.39]) were significantly less likely to be rated as liked than both-stand desks (both-stand desks − both-storage desks = 0.18, 95% CI [0.11, 0.24], p < 0.001) and one-stand-one-storage desks (both-storage desks − one-stand-one-storage desks = −0.20, 95% CI [−0.25, −0.15], p < 0.001).




2.2.4. The Role of Individual Desk Elements in Preference for Desk Designs


The role of specific desk elements in preference was analysed separately for both-storage desks, both-stand desks, and one-stand-one-storage desks.



The Role of Desk Elements within Both-Storage Desks


The model examining the role of specific desk elements in preference within both-storage desks is available in Table S10. Post hoc analysis showed that a both-storage desk was significantly more likely to be rated as liked if the shelf element was not present (shelf not present: EP = 0.21, 95% CI [0.06, 0.36]; shelf present: EP = 0.12, 95% CI [0.01, 0.23]; difference = 0.09, 95% CI [0.01, 0.17], p = 0.020). The preference ratings of both-storage desks did not significantly differ based on the presence or absence of the remaining two elements: cabinet (cabinet not present: EP = 0.16, 95% CI [0.03, 0.28]; cabinet present: EP = 0.18, 95% CI [0.04, 0.31]; difference = −0.02, 95% CI [−0.08, 0.04], p = 0.501) and drawers (drawers not present: EP = 0.16, 95% CI [0.03, 0.28]; drawers present: EP = 0.18, 95% CI [0.04, 0.31]; difference = −0.02, 95% CI [−0.08, 0.04], p = 0.553).




The Role of Desk Elements within Both-Stand Desks


The model examining the role of specific desk elements in preference within both-stand desks is available in Table S11. Post hoc analysis indicated that the desks containing the board element (EP = 0.62, 95% CI [0.48, 0.75]) were similarly likely to be rated as liked as desks containing the square element (EP = 0.57, 95% CI [0.43, 0.70]; board − square = 0.05, 95% CI [−0.08, 0.18], p = 0.462). The desks containing board or square elements were more likely to be rated as liked than the desks containing poles (EP = 0.37, 95% CI [0.24, 0.50]; board − poles = 0.25, 95% CI [0.12, 0.38], p < 0.001; poles − square = −0.20, 95% CI [−0.33, −0.07], p = 0.003).




The Role of Desk Elements within One-Stand-One-Storage Desks


The model examining the role of specific desk elements in preference within one-stand-one-storage desks is available in Table S12. Post hoc analysis revealed that the desks containing the board element (EP = 0.66, 95% CI [0.56, 0.75]) were more likely to be rated as liked than the desks containing the square element (EP = 0.57, 95% CI [0.47, 0.67]; board − square = 0.08, 95% CI [0.01, 0.16], p = 0.030). The desks containing board or square elements were more likely to be rated as liked than desks containing poles (EP = 0.44, 95% CI [0.34, 0.54]; board − poles = 0.21, 95% CI [0.14, 0.29], p < 0.001; poles − square = −0.13, 95% CI [−0.21, −0.06], p < 0.001).



The desks containing cabinets (EP = 0.59, 95% CI [0.49, 0.68]) and drawers (EP = 0.57, 95% CI [0.48, 0.67]) were similarly likely to be rated as liked (cabinet − drawers = 0.01, 95% CI [−0.06, 0.08], p = 0.728), whereas the desks containing the shelf (EP = 0.51, 95% CI [0.41, 0.61]) were somewhat less likely to be rated as liked, but the differences were not statistically significant (cabinet − shelf = 0.07, 95% CI [0.00, 0.13], p = 0.053; drawers − shelf = 0.06, 95% CI [−0.01, 0.13], p = 0.113).






2.3. Discussion


2.3.1. Preference for Wooden Materials


The findings suggest that people’s preferences for wooden desk materials vary significantly, and that no individual material can satisfy most tastes. However, some materials—especially oak and maple—were favoured more often, and other materials—such as aspen, pine, or spruce—were liked less than others. There were no obvious overall relationships between the colour and preference ratings of materials once the three lowest-rated materials were excluded. Interestingly, these three materials were lighter in colour, which partially contrasts with the findings of Fujisaki et al. [27], who observed that people evaluating the aesthetics of wooden materials not intended for any particular use preferred materials with a lighter colour. Perhaps participants in our study associated very light colour with wooden materials that are commonly used in construction (e.g., spruce), which they did not consider particularly suitable for use in furniture, such as desks. It should be emphasised, however, that outside of the three lowest-rated materials, there was no trend indicating that darker materials were generally preferred, as was the case in the study by Lipovac et al. [26], which examined preferences for outdoor tabletop materials.



Interestingly, in the same study by Lipovac et al. [26], materials made of oak—one of the materials among the most preferred in our study—were associated with lower preference, and materials made of pine, radiata pine, and spruce—the materials among the least preferred in our study—tended to be more preferred (although the trend was not statistically significant).



These patterns of results suggest that the preferences of people for different wood species and colours importantly depend on the context of wood use. Future studies could build on these results and systematically vary certain aspects of wooden materials (e.g., colour hue, intensity of the grain pattern, etc.) to identify the most important aesthetic qualities of wood in different contexts of use.




2.3.2. Preference for Desk Designs


Both-storage desks were less preferred than both-stand desks and one-stand-one-storage desks, with no significant differences between the latter two. The shelf element was clearly associated with lower preference within both-storage desks and showed a tendency towards being associated with lower preference within one-stand-one-storage desks. The remaining two storage elements—cabinet and drawers—were not significantly associated with preference within either group (i.e., both-storage, one-stand-one-storage) of desks. The poles element was associated with lower preference within both both-stand desks and one-stand-one-storage desks, whereas the board element was associated with higher preference ratings than the square element within the one-stand-one-storage desks, but not within the both-stand desks.



This is the first study that we are aware of to examine human preferences for the aesthetics of desk designs. The findings suggest that desks with certain desk elements and their arrangements are on average more preferred than others. Future studies should build on these results, to advance our understanding of desk elements and their arrangements that have the potential to appeal to the greatest number of people.






3. Study 2


3.1. Materials and Methods


3.1.1. Desks with Different Designs and Types and Amounts of Wood


From the results of Study 1, we extracted the three highest-rated wooden materials and the three highest-rated desk designs (according to the mean preference ratings). The mean preference ratings of square-drawers and board-board desk designs were tied in 3rd place in Study 1; this tie was resolved by selecting the material with the lower SD for further study in Study 2. Based on the highest-rated wooden materials and desk designs, we created new images of desks that combined and systematically varied different wooden materials, desk designs, and amounts of wood coverage. Specifically, each of the three desk designs was prepared in one of three options of wood coverage (i.e., no wood—white, medium amount of wood, all wood) using each of the three highest-rated wooden materials. This resulted in 21 new desks (Figure S5).



The details of the specific desk designs were based on the desk designs identified on the websites of online vendors (Section 2.1.2): (1) the square legs remained non-wooden even in the “all wood” condition, as they are typically made of metal; (2) in the “medium amount of wood” condition, wood was applied to desk parts to which it is normally applied when the desk includes some wood but is not fully wooden (many desks in this condition contain more wood than implied by the term “medium”).




3.1.2. Survey


The Study 2 survey was similar to the second part of the Study 1 survey (preference for desk designs; see Section 2.1.3 for a detailed description). The respondents were presented with 21 desk designs and asked “How do you like the appearance of the desk in the image?”, to which they responded using the 7-point rating scale used in Study 1. The Study 2 survey ran between September and November 2021, and the respondents needed about five minutes to complete the survey. The procedure, languages, online survey platform, and other characteristics of the survey were otherwise the same as in the Study 1 survey.




3.1.3. Participants


Eighty people completed the Study 2 survey. Eight participants were below the age of 25 (10%), 51 (64%) were aged 25–44, 20 were aged above 44 (25%), and 1 person (1%) did not wish to disclose their age. Forty-three participants were female (54%), thirty-three were male (41%), two identified as non-binary (3%), and two (3%) did not wish to disclose their gender. Education and work were unrelated to wood or design in 56 respondents (70%), related to wood in 21 respondents (26%), and related to design in 3 respondents (4%).




3.1.4. Statistical Analysis


The statistical analysis was similar to the analysis of the second part of the Study 1 results (preference for desk designs; see Section 2.1.5 for a detailed description). We first fitted a cumulative link mixed model with all 21 desks as predictors and the preference rating as the outcome, which showed us how the desks compared to one another in terms of preference. We continued with the model that contained desk design and material as predictors of preference. Finally, we fitted a model that, in addition to the latter two predictors, included the wood amount as a predictor. This model was fitted to the subset of data within desks that have at least some wood (i.e., are not white). The main models (those fitted on all data instead of subsets of data) did not include demographic variables as predictors, as the models with demographic variables did not significantly differ from the simpler models without them. As in Study 1, the results of post hoc comparisons are reported as EPs, and for models that have more than one factor as predictors, the EPs were averaged over the levels of other factors.





3.2. Results


3.2.1. Preference for Desks


The desks received a relatively wide range of mean preference ratings—from slightly above 3 (“somewhat dislike”) to slightly below 5 (“somewhat like”) (Figure 5). The highest-rated desks were board-drawers made with oak, board-drawers made with maple, board-cabinet made with oak, and board-cabinet made with maple (all four desks completely made of wood), with mean preference ratings of 4.79 (SD = 1.69), 4.61 (SD = 1.57), 4.41 (SD = 1.70), and 4.40 (SD = 1.71), respectively. The lowest-rated desks were square-drawers made of maple (all wood) and three desks made of guibourtia—board-drawers (medium amount of wood), square-drawers (all wood), and board-cabinet (medium amount of wood)—with mean preference ratings of 3.73 (SD = 1.55), 3.49 (SD = 1.48), 3.28 (SD = 1.58), 3.18 (SD = 1.52), respectively.



The variability of individual preference ratings within the desks was typically high and spanned throughout the entire range of possible ratings for all desks, with one desk—board-drawers made entirely of guibourtia—displaying even more variability in preference ratings than the other desks.



The four highest-rated desks were all made entirely of wood, and they all contained the board element. All three white desks were among the highest-rated half of desks (i.e., top 11 desks), whereas all six desks made of guibourtia were among the lowest-rated half of desks (i.e., bottom 10 desks).



The model with individual desks as predictors and the preference rating as the outcome is presented in Table S13. Ninety-two comparisons of pairs of desks (out of the total of 210 comparisons) were statistically significant, mostly within pairs that included the two highest- and five lowest-rated desks, but also within pairs that included other desks (Table S14).




3.2.2. The Role of Material and Desk Design in Preference


The model examining the role of desk design and material in preference is presented in Table S15. Post hoc analysis of the role of materials in preference showed that maple (EP = 0.44, 95% CI [0.37, 0.51]), oak (EP = 0.48, 95% CI [0.40, 0.55]), and the white material (EP = 0.47, 95% CI [0.39, 0.55]) were similarly likely to be rated as liked, with no significant differences between them (maple − oak = −0.03, 95% CI [−0.09, 0.02], p = 0.196; maple − white = −0.02, 95% CI [−0.09, 0.04], p = 0.477; oak − white = 0.01, 95% CI [−0.05, 0.07], p = 0.732). Guibourtia (EP = 0.31, 95% CI [0.25, 0.38]) had a significantly lower probability of being rated as liked compared to all three remaining materials (guibourtia − maple = −0.13, 95% CI [−0.18, −0.08]; guibourtia − oak = −0.16, 95% CI [−0.21, −0.11]; guibourtia − white = −0.15, 95% CI [−0.21, −0.09]; all p < 0.001).



Post hoc analysis of the role of desk design in preference showed that the board-drawers desks (EP = 0.48, 95% CI [0.41, 0.55]) were more likely to be rated as liked than the board-cabinet desks (EP = 0.42, 95% CI [0.35, 0.49]; board-cabinet − board-drawers = −0.06, 95% CI [−0.11, −0.01], p = 0.012), and both desk designs were more likely to be rated as liked than the square-drawers desks (EP = 0.37, 95% CI [0.30, 0.44]; board-drawers − square-drawers = 0.11, 95% CI [0.07, 0.16], p < 0.001; board-cabinet − square-drawers = 0.05, 95% CI [0.01, 0.10], p = 0.027).




3.2.3. The Role of Wood Amount in Preference


Table S16 presents the model examining the role of wood amount in respondent preferences. Post hoc analysis showed that desks made entirely of wood (EP = 0.44, 95% CI [0.37, 0.51]) were rated similarly to desks without any wood (EP = 0.47, 95% CI [0.39, 0.55]; all wood − no wood = −0.03, 95% CI [−0.09, 0.03], p = 0.351), and both types of desks had a higher probability of being liked than desks with a medium amount of wood (EP = 0.39, 95% CI [0.32, 0.45]; all wood − medium wood = 0.05, 95% CI [0.01, 0.10], p = 0.011; medium wood − no wood = −0.08, 95% CI [−0.14, 0.02], p = 0.007).





3.3. Discussion


The highest-rated desk design was board-drawers, followed by board-cabinet and square-drawers, with the preference for each desk design differing significantly from the next. Maple, oak, and the white material were similarly liked, and they were all liked more than guibourtia. This somewhat contrasts with the results of two other studies, which observed that wood tends be more appealing to people than some other common materials when used for desktops [23] and handrails [28]. In these two studies, the participants were able to see and touch the materials, and the tactile experience may have contributed to the generally high preference for wooden materials. This could explain the somewhat diverging findings between these studies and the present study, in which the participants could only see the images of the materials. Another explanation may be that preferences for materials are context-specific. That is, people may prefer wood in some situations or for some products, but be ambivalent or prefer other materials for different uses.



The desks made entirely of wood were rated similarly to desks without any wood, and both types of desks were preferred to desks with a medium amount of wood (i.e., desks with mixed materials). The preference for wood coverage could thus be different for desks than for rooms, where the opposite trend was observed: a medium amount of wood in a room seemed to be preferred to a room furnished without any wood (i.e., white room) and a room made entirely of wood [30]. Alternatively, users may have preferred those desks less due to the specific way in which the materials were mixed, and not because of the specific amounts of the materials or the fact that the materials were mixed.



Because the rated desks were perfectly balanced in terms of features—they included all possible combinations of desk designs, wooden materials, and amounts of wood—we can easily compare the roles of the different features in the preference of desks. The highest-rated desk design (i.e., board-drawers) increased the probability of the desk being liked by about 11% relative to the lowest-rated design (i.e., square-drawers), whereas the presence of guibourtia decreased the probability of the desk being rated as liked by about 13–16% relative to the three higher-rated materials. This suggests that the material may play a slightly more important role in the overall evaluation of a desk than the desk design. It should be noted, however, that the desk designs in Study 2 were very similar; if they had differed substantially, their role may have been greater and more important than the role of the materials.



The desks made entirely of wood were about 6% more likely to be rated as liked than desks with a medium amount of wood. This suggests that the amount of wood plays a noticeable role in preference, but not necessarily as important as that of the materials and desk designs. As we are not aware of any studies examining a similar topic, we cannot compare our results with existing findings. Future studies are encouraged to build on our findings by investigating human preferences for desks consisting of different combinations of wooden materials and desk designs.





4. General Discussion


The two studies reported in this article show that human preferences for wooden materials and desks vary widely: any given material or desk tends to be (very) liked by some people and (very) disliked by others. Still, some wooden materials and desks are on average more preferred and can serve as a starting point for both designers and researchers who wish to understand how interior spaces impact the occupants.



Comparing the results of Study 1 and Study 2 reveals an interesting pattern. The top three wooden materials and desk designs in Study 1 had very similar preference ratings; however, when the same wooden materials and desk designs were tested in Study 2, their preference ratings clearly differed. In Study 2, guibourtia was rated noticeably lower than oak and maple, and the top three rated designs all received ratings that were significantly different from one another.



This pattern of results could be explained by possible differences in the use of the preference rating scale by the participants in the two studies. Study 1 included numerous and diverse wooden materials and desk designs, and it is not surprising that the variability of their visual characteristics led to variability in their preference scores. Because of this wide range of preferences, the rated items in Study 1 that were similar (but not the same) in terms of preference might have received the exact same rating, so the larger differences in preference could be properly captured by the scale. In contrast, Study 2 had fewer unique wooden materials and desk designs, which might have allowed participants to use the rating scale in a way that captured even the smaller differences in preference between the rated items (i.e., the differences that could not have surfaced in Study 1).



Another explanation for the pattern of results when comparing Study 1 and Study 2 is related to the presentation of the wooden materials and desk designs, which differed between the two studies. In Study 1, the participants rated a wooden material that would be used for a desk, whereas in Study 2 they rated a desk that incorporated the material. The rated desk designs were all made of the same material in Study 1, whereas they included different materials applied in different amounts in Study 2. The wooden materials and desk designs may interact, so that the preference for a specific wooden material or desk design depends significantly on other properties of the desk in which the material or design is applied.



Taken together, the results of both studies suggest that despite the variability of preference ratings, (1) people can discriminate between a variety of (sometimes similar) wooden materials and desks in terms of preference, and (2) preference for a particular desk cannot necessarily be predicted from separate preference assessments of the desk design and wooden material that comprise that desk.



The findings of the two studies can be seen as initial steps towards designing furnishings that are part of restorative indoor environments—pleasant, comfortable spaces that can positively impact human wellbeing. Visually appealing furnishings are likely an important element of restorative indoor environments, and desks are among the furnishings that might be used frequently, especially in offices. Future studies could build on our findings to not only expand our understanding of preference for different desk features, but also to examine preferences for other types of furnishings, and how different types of furnishings could be integrated into a coherent whole that occupants will find appealing.




5. Limitations


As we aimed to systematically vary the desk elements and their arrangements in the tested desks, the number of unique elements had to remain small to keep the total number of desks manageable for the study. As a result, the resulting desks were relatively simple in terms of design. We did not consider many desk design features that might influence human preference, such as material thickness, height-to-width ratio, or type of handles.



Because the appearance of the tested wooden materials varied widely, any notable patterns between wood colour properties and preference were unlikely to emerge (and did not).



Another limitation is related to the presentation of the rated items: the wooden materials and desk designs might have been perceived differently if seen in person rather than in images. This might be especially true for the rendered images of desks made of different wooden materials, where the quality of the rendering (instead of the actual appearance of the wood) may have influenced the results.



It should be noted that several of the rated items in our study yielded similar average scores. Even when the differences between the average scores of some items were statistically significant, the differences might be too small to translate into meaningful effects in real-world terms. Readers are urged to interpret our results while considering the specific rating scale employed in the study.




6. Summary and Conclusions


This study examined the preferences of people for different wooden desk materials, desk designs, and desks that combine different designs and materials. In general, the results show considerable variability in preference ratings, suggesting that no single material or desk can satisfy all tastes. Still, the results suggest that some wooden materials and desks are more liked than others, and that the material, design, and amount of wood all play an important role in preference. It seems that both-storage desks are less liked than both-stand and one-stand-one-storage desks, and that desks containing the shelf and poles elements are less liked than desks containing other elements (i.e., cabinet, drawers, square, board). Board-cabinet seems to be a particularly liked desk design. Some wooden materials—especially oak and maple—seem to be more liked than others, and some other materials—especially spruce, pine, and aspen—appear to be less liked than others. Desks with the white material were rated similarly to desks with oak and maple, and they were liked more than desks with guibourtia. The preference for the desk seemed to be higher when it was made entirely of wood or without any wood than when it was made with a medium amount of wood (i.e., when the materials were mixed).



As furniture is a relatively easy way to introduce natural materials to built environments, using wooden furniture for this purpose may make sense. Designers can take hints from our results, but they must be cautious to select or design furniture that matches the preferences of users, which we have shown vary considerably. Involving users in selecting their furniture may produce the best outcomes in terms of restorativeness.



We encourage future studies to systematically explore which indoor furnishings and features users prefer, and how the functional and design elements of the built environment are associated with the restorative qualities that they can provide.
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Figure 1. The methodology of the two studies presented in this article. 
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Figure 2. Preference ratings for wooden materials (ordered from the highest to lowest mean preference rating, represented with the diamond shape). 
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Figure 3. Colour distance between wooden materials (higher number/browner colour indicates a larger distance between colours). 
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Figure 4. Preference ratings of desk designs (ordered from the highest to lowest mean preference rating, represented with the diamond shape). 
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Figure 5. Preference ratings of desks (ordered from the highest to lowest mean preference rating, represented with the diamond shape). “BD” = board-drawers, “BC” = board-cabinet, “SD” = square-drawers; “Mid” = medium amount of wood, “All” = all wood. 
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