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Abstract 

Population aging has increased the need to improve visual comfort in age-friendly resi-
dential interiors. However, limited empirical evidence is available on the combined per-
ceptual effects of correlated color temperature (CCT) and wood surface gloss in older 
adults. This study recruited 30 older adults and used a 2 × 3 within-subject design com-
bining two CCT levels (2700 K and 4000 K) with three wood surface gloss levels (low, 
medium, and high). Eye-tracking, paired-image preference selection, and psychological 
impression ratings were used to assess visual attention, choice behavior, and subjective 
perception in a wood-based residential interior. The 4000 K condition produced greater 
sustained visual attention and a higher selection proportion than the 2700 K condition. 
However, the two CCT levels showed different subjective advantages: 2700 K received 
higher ratings for Warmth and Relaxation, whereas 4000 K performed better in Natural-
ness, Interest, Desire to use, and Overall comfort. Wood surface gloss affected visual at-
tention and psychological impressions but showed no significant main effect on selection 
preference. Selected images also received consistently greater visual attention than unse-
lected images. These findings indicate that CCT and wood surface gloss influence older 
adults’ visual responses through different perceptual dimensions. The results support 
function-specific coordination of lighting CCT and wood surface treatment in age-friendly 
residential interiors rather than a single uniform configuration. 

Keywords: age-friendly design; correlated color temperature; wood surface gloss; eye 
tracking; visual comfort; psychological impressions 
 

1. Introduction 
1.1. Visual Comfort Needs of Older Adults in Residential Environments 

Against the background of global population aging, the comfort and safety of resi-
dential environments for older adults have become important issues in age-friendly de-
sign research. According to data from the United Nations Population Division, the global 
proportion of people aged 65 years and above is projected to increase from 9.3% in 2020 
to 16% by 2050 [1]. In China, data from the National Bureau of Statistics show that, by the 
end of 2024, the population aged 60 years and above had reached 310.31 million, exceed-
ing 300 million for the first time and accounting for 22.0% of the total population [2]. 
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Among them, people aged 65 years and above accounted for 15.6% of the national popu-
lation, indicating that China has entered a deeply aging society according to commonly 
used demographic criteria. Compared with younger adults, who usually spend a consid-
erable amount of time in workplaces, outdoor environments, and social settings, older 
adults, particularly retirees, spend a much larger proportion of their daily lives at home. 
Previous studies have shown that, compared with public spaces where people usually 
stay for shorter periods, the home environment is the place where older adults spend the 
longest time and experience the greatest cumulative exposure, with bedrooms and living 
rooms accounting for the largest proportion [3]. The living room integrates multiple func-
tions, including rest, social interaction, viewing, and daily activities. In addition, wood-
based surfaces, such as wooden flooring, television cabinets, and sideboards, are com-
monly concentrated in this space. Therefore, the living room can be regarded as a repre-
sentative setting for investigating the effects of correlated color temperature and wood 
surface gloss on visual comfort in residential environments. 

With increasing age, the decline of human physiological function is an irreversible 
process. Among these changes, alterations in the sensory system, particularly the deteri-
oration of the visual system, create specific requirements for indoor visual environments 
among older adults. Such environment-related needs, arising from age-related visual de-
cline, directly reflect the impact of visual deterioration on residential experience [4]. From 
a physiological perspective, proteins in the crystalline lens gradually aggregate and con-
dense with age, leading to pathological changes such as nuclear cataracts; in other words, 
the lens gradually becomes yellowed, thickened, and cloudy [5]. These changes directly 
obstruct the transmission and focusing of light on the retina and substantially reduce the 
amount of light entering the eye. Previous research has reported that a 60-year-old person 
may require approximately three times the ambient illuminance needed by a 20-year-old 
person, making older adults more susceptible to blurred vision and reduced contrast per-
ception under ordinary lighting conditions [6]. Aging eyes are also characterized by a re-
duced ability to adapt to light and by increased intraocular scattering, which significantly 
increases glare sensitivity. This not only reduces visual quality but also interferes with 
spatial orientation and weakens the perception of object contrast and color [7]. 

In addition to lighting conditions, the visual properties of interior materials may also 
influence older adults’ environmental perception. Age-related visual decline not only 
changes older adults’ perception of brightness, glare, and contrast, but may also further 
affect their psychological perception of and preference for interior materials. Psychologi-
cally, older adults may be less receptive to cold, hard, and highly reflective modern in-
dustrial materials, while showing a stronger preference for warm, soft materials with nat-
ural textures. Such materials can provide a higher level of comfort and emotional identi-
fication through both tactile and visual perception [8]. However, many existing residential 
design practices, furniture material selections, and related studies still tend to be based on 
the physiological characteristics of standard adults or younger users. This may reduce 
residential comfort for older adults and, in some cases, increase the risk of accidents such 
as falls. Therefore, how to optimize the home visual environment in accordance with the 
physiological and psychological characteristics of older adults has become an important 
issue requiring further investigation in the field of age-friendly design. 

1.2. Lighting Environment and Visual Comfort in Residential Interiors 

Comfort is a positive and subjective state of well-being that involves psychological 
satisfaction, emotional relaxation, and mental pleasure [9]. In the fields of architecture and 
design, spatial comfort is generally understood as a subjective perception shaped by the 
combined effects of physical, functional, and psychological factors, and is closely related 
to individuals’ cognition of space [10]. Research on comfort in residential environments 
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has made considerable progress across multiple fields, including building physics, envi-
ronmental psychology, and ergonomics. To clarify how different factors influence comfort 
and to identify their potential threshold effects, scholars have conducted systematic stud-
ies on thermal conditions, lighting, acoustics, odor, spatial form and layout, and material 
properties [11]. 

Within the subfield of lighting environment research, scholars have developed a rel-
atively well-established theoretical framework by systematically examining the physical 
properties of light. Evaluation systems have gradually been formed around key parame-
ters such as illuminance, CCT, glare, and luminance distribution, and have further ex-
panded to dimensions including circadian rhythm, emotional arousal, and sleep health 
[12]. Among these parameters, illuminance refers to the luminous flux received per unit 
area and directly affects visual comfort and cognitive performance. Previous studies have 
shown that, during reading tasks, the relationship between lighting comfort and brain 
activity can be explored through the time–frequency domain and nonlinear dynamic fea-
tures of electroencephalographic (EEG) signals under different illuminance levels [13]. 
CCT and spectral power distribution are important attributes for describing the color ap-
pearance and spectral composition of light. They not only influence visual perception but 
also contribute to non-visual physiological responses in humans [14]. Furthermore, stud-
ies have suggested that low glare, moderate illuminance, and warm or adjustable color 
temperatures are more conducive to enhancing relaxation and perceived safety in space, 
whereas uneven lighting or high luminance contrast may increase visual load and psy-
chological tension [15]. For older adults, different lighting colors may simultaneously af-
fect visual recognition, spatial atmosphere perception, and comfort experience. Therefore, 
it is necessary to further examine the effects of CCT on older adults’ visual and psycho-
logical responses in specific residential settings. 

1.3. Wood Surface Gloss and Age-Related Visual Perception 

However, light does not act on visual perception independently. Light must first fall 
on spatial interfaces and object surfaces and then be reflected into the human eye before a 
specific visual experience can be formed. Therefore, as the direct interface of interior 
space, material type and surface properties have a substantial influence on visual and psy-
chological responses. Different materials may elicit different perceptions of thermal sen-
sation, emotional responses, and functional preferences [16]. Material experience is also 
closely related to technical parameters, such as thermal diffusivity, surface gloss, and the 
hue and saturation of material color [17]. 

The influence of wood materials on indoor comfort is particularly evident in visual, 
tactile, and physiological responses. Previous studies have shown that wood surfaces are 
often perceived as warm because of their yellow-to-red hues, which can enhance visual 
warmth and psychological comfort. Wood may also improve comfort in residential and 
working environments through multisensory and physiological mechanisms [18]. A large 
body of empirical research has focused on the effects of the extent of wood use in interior 
environments on occupants’ psychological and physiological indicators. These studies 
generally suggest that the natural texture, warm color tones, and distinctive reflective 
properties of wood can help reduce blood pressure and relieve anxiety [19,20]. However, 
the diversity of wood applications on spatial surfaces cannot be fully defined by a single 
indicator. Existing studies have examined the effects of interior wooden interfaces on vis-
ual perception and psychological impressions from multiple dimensions, including wood 
coverage ratio, pattern and texture, color appearance, and product type. These findings 
provide an important reference for understanding the relationship between the physical 
properties of wooden interior spaces and psychological perception. 
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Beyond the overall comfort effects of wood, the mechanisms associated with its dif-
ferent visual attributes require further differentiation. Wood surface gloss primarily re-
flects the manner in which the material surface reflects incident light and is directly related 
to specular highlights, luminance distribution, reflection clarity, and potential glare 
[21,22]. Nevertheless, previous studies have often discussed these visual properties as 
components of overall material appearance, with insufficient attention paid to the inde-
pendent role of gloss as a reflective property [23]. 

Evaluations of surface gloss are also not fully consistent across age groups. For ex-
ample, research on young adults’ visual perception of wood surfaces has shown that both 
matte and high-gloss finishes may receive favorable evaluations [23]. By contrast, a study 
of older users’ responses to the gloss of polypropylene films found that satisfaction with 
matte surfaces was significantly higher than that with semi-gloss and high-gloss surfaces, 
suggesting that stronger reflections may reduce evaluations among older adults [24]. 
These findings indicate that previous results concerning surface-gloss preferences are not 
entirely consistent. Moreover, most studies have examined a single material attribute or 
employed a fixed lighting condition, and therefore provide insufficient evidence to ex-
plain the combined effects of lighting color and wood surface gloss on older adults’ visual 
attention and subjective comfort in interior environments. 

Because surface gloss influences visual judgment primarily through reflection and 
highlight cues, eye-tracking measures can provide behavioral evidence of older adults’ 
visual responses to material gloss. Existing eye-tracking studies have begun to examine 
the visual-attention characteristics of older adults in residential environments, and eye-
tracking technology can effectively reveal differences in their allocation of attention to in-
terior visual cues. For example, an eye-tracking study examining older adults’ fixation re-
sponses to different door-color combinations in residential interiors found that highly visi-
ble colors attracted visual attention more rapidly and prolonged viewing duration [25]. 

In contrast, eye-tracking studies related to material gloss have generally focused on 
general adult populations and have primarily investigated the visual cues used by observ-
ers when judging gloss. Previous research has shown that observers attend to surface 
highlights and regions of environmental reflection during gloss judgments, and that these 
fixation patterns are influenced by surface geometry and scene illumination [26]. Research 
on dynamic materials has likewise found that observers allocate greater attention to dy-
namic visual features associated with gloss when making gloss judgments [27]. However, 
few studies have specifically examined older adults’ perception of surface gloss in wood-
based residential scenes. Consequently, existing research remains insufficient to explain 
how wood surface gloss affects older adults’ visual attention and psychological evaluation 
under different CCT conditions. 

To address these limitations, the present study integrates two CCT levels and three 
wood surface gloss levels within a 2 × 3 factorial design, thereby enabling the independent 
and interactive effects of lighting color and surface gloss to be examined within the same 
experimental framework. 

1.4. Research Gaps and Research Questions 

In summary, previous studies have demonstrated the effects of lighting environ-
ments and wood materials on indoor visual comfort and psychological perception from 
the perspectives of illuminance, CCT, glare, the extent of wood coverage, wood color, and 
texture. Nevertheless, three research gaps remain. First, studies of the visual properties of 
wood have primarily focused on color, texture, the extent of wood coverage, and types of 
wood-based interfaces, whereas wood surface gloss—an attribute closely associated with 
reflection, luminance distribution, and glare—has received insufficient attention. Second, 
most existing studies of material perception have focused on general adult populations, 
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while empirical research addressing age-related visual decline in older adults remains 
limited. In particular, few studies have used eye-tracking data to examine differences in 
older adults’ visual attention to different levels of material gloss in residential environ-
ments. Third, previous studies have generally examined lighting parameters and material 
surface properties separately. CCT and wood surface gloss have rarely been incorporated 
into the same experimental framework, making it difficult to explain their independent 
and interactive effects on visual comfort among older adults in residential environments. 

Based on these research gaps, the present study adopts a 2 × 3 factorial experimental 
design combining two CCTs with three levels of wood surface gloss. Eye-tracking exper-
iments, preference selection, and subjective evaluation are employed to systematically ex-
amine older adults’ visual attention allocation, preference responses, and subjective psy-
chological impressions in wood-based residential interiors. Specifically, the study ad-
dresses the following research questions: 

RQ1: Do different CCTs significantly affect older adults’ visual attention, preference 
responses, and psychological impression ratings in wood-based residential interiors? 

RQ2: Do different levels of wood surface gloss significantly affect these responses? 
RQ3: Is there an interaction between CCT and wood surface gloss, such that the per-

ceptual effects of wood surface gloss vary under different lighting color conditions? 

2. Materials and Methods 
2.1. Participants 

This study adopted a within-subject 2 × 3 repeated-measures experimental design. 
Before the experiment, the required sample size was calculated using G*Power 3.1.9.7. 
The parameters were set as follows: a medium effect size of f = 0.25, a significance level of 
α = 0.05, a statistical power of 1 − β = 0.80, six repeated measurements, and a correlation 
among repeated measures of 0.50. The power analysis indicated that at least 19 partici-
pants were required for this study. Considering an approximately 20% dropout rate and 
the potential risk of data exclusion, 30 older adults were ultimately recruited and com-
pleted the experiment. The participants were aged 60–79 years. The lower age limit of 60 
years was selected because this study focuses on age-friendly residential environments in 
the Chinese context, where 60 years is commonly used as the threshold for older adult-
hood. The upper age limit was set below 80 years because adults aged 80 years and above 
are often considered a distinct oldest-old subgroup in gerontological research. This age 
restriction was not intended to imply that 80 years represents a physiological threshold 
for changes in visual function. 

All participants had basic reading and comprehension abilities and were able to com-
plete the experimental tasks and subjective evaluation questionnaires independently. The 
inclusion criteria were as follows: aged 60 years or above; normal or corrected-to-normal 
vision sufficient for viewing the screen stimuli; no severe color vision deficiency; and the 
ability to cooperate with eye-tracking calibration and the experimental procedure. The 
exclusion criteria were as follows: severe ocular disease, neurological disease, or cognitive 
impairment; inability to complete eye-tracker calibration; severe loss of eye-tracking data 
during the experiment; or incomplete task performance. Before the experiment, all partic-
ipants were informed of the study purpose, experimental procedure, and intended use of 
the data, and provided written informed consent. Participants were allowed to withdraw 
voluntarily at any stage of the experiment. 
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2.2. Experimental Apparatus 

The experiment was conducted in the eye-tracking laboratory at Nanjing Forestry 
University. Visual stimuli were presented on a Dell computer monitor (Dell Technologies, 
Round Rock, TX, USA) with a resolution of 2560 × 1440 pixels and a color depth of 32 bits 
to ensure consistency in image detail and color presentation. During the experiment, all 
participants completed all trials using the same display device, at the same viewing dis-
tance, and under the same experimental environment, thereby minimizing the potential 
influence of device differences and variations in ambient lighting on the experimental re-
sults. 

Stimulus presentation and response recording were controlled using the ErgoLAB 
Human–Machine–Environment Synchronization Platform, version 3.18 developed by Bei-
jing Kingfar International Inc. (Beijing, China). Eye-tracking data were collected using a 
Tobii Pro Fusion 250 eye tracker (Tobii Pro AB, Danderyd, Sweden). A standard calibra-
tion procedure was conducted for each participant before the experiment. When data drift 
or recording interruption occurred, recalibration was performed as necessary to ensure 
the validity and stability of gaze-point recording. Eye-tracking indicators were exported 
from the ErgoLAB platform for subsequent statistical analysis. The experimental appa-
ratus and laboratory environment are shown in Figure 1. 

 

Figure 1. Photographs of the experimental setup. (a) Eye-tracking device; (b) participant viewing 
the stimulus images; (c) experimental room; (d) host computer and data collection device. 

2.3. Stimulus Materials 

2.3.1. Indoor Spatial Scene Setting 

This study aimed to investigate the effects of different combinations of wood surface 
gloss and CCT in indoor spaces on older adults’ visual and psychological responses. A 
wood-based residential living room was selected as the experimental setting. To approxi-
mate the daily living environment of older adults, the living room scene included com-
mon furniture elements such as wooden flooring, a television cabinet, and side cabinets. 
It was also furnished with a sofa, floor lamp, curtains, television, and other interior ele-
ments to enhance the realism and everyday character of the space. 

Natural wood color, which is generally preferred by older adults, was selected for 
the wood materials. The overall interior design adopted a combination of wood-finished 
furniture and wooden flooring [28]. The scene model was constructed in SketchUp 2022, 
while rendering and lighting environment simulation were completed using Enscape ver-
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sion 3.5. Across all stimulus conditions, the overall spatial layout, viewing angle, furniture 
positions, material textures, background colors, and other non-experimental variables 
were kept consistent. Because the study used static rendered images presented on a 
screen, all stimuli were exported from the same model file using identical image resolu-
tion, camera viewpoint, exposure settings, and post-processing and rendering parameters. 
During the experiment, all stimulus images were presented on the same display device, 
while the monitor resolution, brightness, contrast, color mode, ambient laboratory light-
ing, and participant viewing distance were kept constant. Accordingly, the findings 
should be interpreted as responses to screen-simulated variations in lighting color and 
wood surface gloss rather than to actual lighting conditions in a physical environment. 

2.3.2. CCT Settings 

In this study, the lighting condition was set at two CCT levels: 2700 K and 4000 K. 
This setting was mainly based on the practical application range of residential lighting 
and the visual preference characteristics of older adults in residential contexts. A CCT of 
2700 K represents warm white light and is close to the spectral characteristics of traditional 
incandescent lamps. It is commonly used in home environments intended for relaxation, 
such as bedrooms and living rooms. A CCT of 4000 K represents neutral white light and 
is also widely applied in residential and public indoor spaces, where it generally provides 
relatively clearer visual perception. Both values fall within the mainstream CCT range of 
residential lighting and can produce distinguishable experimental manipulations while 
maintaining ecological validity [29]. Previous studies have also used 2700 K and 4000 K as 
representative CCT levels in investigations of indoor visual comfort to compare visual and 
psychological responses under warm-white and neutral-white lighting conditions [30]. 

CCT levels of 5000 K or above were not included in this study for two main reasons. 
First, age-related yellowing of the crystalline lens reduces the transmission of short-wave-
length light [31]. Therefore, light sources with higher CCTs, which usually contain a rela-
tively larger proportion of short-wavelength components, may be more likely to cause 
color perception deviations and visual discomfort among older adults. Second, the short-
wavelength-enriched characteristics of cool light sources may potentially interfere with 
circadian rhythm and sleep [32]. Older adults may be more sensitive to such effects be-
cause of age-related attenuation of circadian regulation [33], which makes high-CCT light-
ing less consistent with typical residential lighting scenarios. Therefore, this study selected 
2700 K as the representative warm-light condition and 4000 K as the representative neu-
tral-light condition, aiming to compare older adults’ perceptual differences toward wood-
based residential interiors under two typical residential lighting conditions. 

It should be noted that CCT describes only the chromatic appearance of a light source 
and does not fully characterize the lighting environment. In the rendering process, the 
number and positions of the luminaires, source intensity settings, scene exposure param-
eters, and camera viewpoint were held constant, while only the CCT of the light sources 
was varied. This procedure was intended to minimize potential interference from differ-
ences in lighting intensity, viewpoint, and image composition. Because the experiment 
used static rendered images presented on a screen rather than a physical lighting environ-
ment, illuminance was not measured as a physical quantity at the observer’s position. Ac-
cordingly, the effects discussed in this study should be interpreted as responses to simu-
lated lighting-color conditions in screen-based images rather than to actual illuminance 
conditions in residential environments. 

2.3.3. Surface Gloss Level Settings 

In terms of physical properties, gloss is not a binary attribute indicating the presence 
or absence of reflection. Rather, it reflects a continuous surface characteristic ranging from 
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complete diffuse reflection to strong specular reflection. Although previous studies have 
commonly described gloss perception using low, medium, and high categories [24], no 
standardized parameter thresholds currently define the correspondence between virtual 
rendering parameters and perceptual gloss levels for interior wood surfaces. Therefore, 
this study established a three-level gloss classification based on a design-oriented percep-
tual approach. Three researchers with backgrounds in human factors and material design 
independently evaluated the rendered materials, and the final low-, medium-, and high-
gloss categories were determined through expert discussion and consensus. These cate-
gories were then operationalized through controlled adjustments of surface roughness 
and specular highlight parameters within the virtual rendering environment. The low-
gloss condition was characterized by greater surface roughness and weaker specular high-
lights, the medium-gloss condition by intermediate roughness and specular highlights, 
and the high-gloss condition by lower roughness and stronger specular highlights. 

For interior wooden interfaces, changes in surface gloss not only affect the perceived 
material texture, but also alter local highlights, luminance contrast, and visual softness. 
Because this study used static rendered images as visual stimuli, the surface gloss levels 
were set based on an operational definition of visual appearance. Specifically, the reflec-
tive properties of the material surfaces were uniformly controlled in the model environ-
ment so that the wooden interfaces presented three stable visual states: clear highlights, 
moderate reflection, and soft reflection. During rendering, wood color, texture, viewing 
angle, luminaire position, spatial layout, and all other nonexperimental variables were 
held constant; only reflection-related material parameters were varied. The parameter 
ranges used to generate the three perceptual gloss categories are reported in Table A1 in 
Appendix A. 

The three-level gloss design was adopted to balance the range of experimental ma-
nipulation against the task burden imposed on older participants. The low-, medium-, 
and high-gloss levels covered the principal visual progression from weak to pronounced 
reflection and, together with the two CCT levels, formed the 2 × 3 factorial experimental 
conditions used to examine the main and interactive effects of CCT and wood surface 
gloss on visual attention and subjective evaluation. The classification was intended to pro-
vide controlled perceptual differences among stimuli rather than to reproduce standard-
ized industrial gloss grades. 

It should be noted that the gloss levels used in this study have not yet been calibrated 
on a one-to-one basis against standardized gloss units for physical wood finishes. Future 
studies could fabricate corresponding coated wood samples and measure their gloss units 
at 20°, 60°, or 85° in accordance with ISO 2813 [34] or ASTM D523 [35]. Surface reflectance 
and luminance-distribution measurements could also be incorporated to establish a quan-
titative correspondence between virtual rendering parameters and standardized gloss 
classifications for actual wood finishes. The coding of the six experimental conditions is 
shown in Table 1. To visually present the differences among the experimental conditions, 
Figure 2 shows the stimulus images corresponding to high, medium, and low wood sur-
face gloss levels under the two CCT conditions of 2700 K and 4000 K. 

Table 1. Experimental condition coding. 

Code CCT 1 Surface Gloss Description 
CH 4000 K High Neutral white light with high-gloss wood surface 
CM 4000 K Medium Neutral white light with medium-gloss wood surface 
CL 4000 K Low Neutral white light with low-gloss wood surface 
WH 2700 K High Warm white light with high-gloss wood surface 
WM 2700 K Medium Warm white light with medium-gloss wood surface 
WL 2700 K Low Warm white light with low-gloss wood surface 
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1 CCT = Correlated color temperature. 

 

Figure 2. Stimulus images under different CCT and wood surface gloss conditions. 

2.4. Experimental Procedure 

This study adopted a 2 × 3 two-factor within-subject experimental design. The core 
independent variables were CCT (CCT; two levels) and wood surface gloss (three levels). 
Through a full factorial combination of these two variables, six independent indoor visual 
stimulus conditions were generated. The rendered images corresponding to these six con-
ditions were then paired in all possible two-image combinations, resulting in 15 pairwise 
comparison trials. 

In each trial, two images with different CCT or wood surface gloss parameters were 
presented simultaneously on the left and right sides of the screen. To minimize the influ-
ence of extraneous variables, both the presentation order of the 15 trials and the left–right 
position of the images were randomized. This procedure was used to reduce potential 
order effects and side-selection bias. The experimental environment was kept quiet 
throughout the entire procedure. Figure 3 summarizes the experimental procedure. The 
specific procedure and tasks were as follows. 

(1) In the preparation and calibration stage, the experimental tasks and operating rules 
were explained to the participants, and written informed consent was obtained. Each 
participant sat directly in front of the monitor at a viewing distance of approximately 
60 cm. A multi-point gaze calibration procedure was then conducted to ensure the 
accuracy of eye-tracking data collection. 

(2) In the formal testing stage, a fixation point was first presented at the center of the 
screen for 2 s to guide participants’ gaze to the center. Subsequently, a pair of stimu-
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lus images was presented simultaneously on the screen. Each pair of images was dis-
played for 15 s. During free viewing, participants’ eye movements were recorded 
synchronously by the system. After viewing each pair, participants were required to 
select one of the two images based on their visual experience and perceived spatial 
comfort preference. To reduce visual interference before the next trial, a blank screen 
was inserted between trials and displayed for 3 s. 

(3) In the subjective evaluation stage, after completing the 15 pairwise comparison trials, 
participants rated the subjective psychological impressions of the six stimulus images 
viewed during the experiment. After the experiment, a brief interview was con-
ducted with each participant, focusing on which elements of the space they preferred 
most. The interview data were used to assist in interpreting the results of subjective 
evaluation and preference choices, but were not included as primary data for statis-
tical analysis. 

 

Figure 3. Overview of the experimental workflow. 

2.5. Evaluation Indicators and Dimensions 

This study evaluated visual response characteristics under different CCT and wood 
surface gloss conditions from two dimensions: eye-tracking indicators and subjective 
questionnaires. Eye-tracking indicators were used to objectively characterize participants’ 
attention allocation and information processing during stimulus viewing, whereas the 
subjective questionnaire was used to assess participants’ psychological impressions and 
overall comfort perception of the wood-based residential interior. 

2.5.1. Eye-Tracking Indicators 

Fixation refers to the process in which gaze remains relatively stable on a target to 
obtain visual information. Previous studies have shown that fixation duration can reflect 
an individual’s level of attention to specific information, and total fixation duration is im-
portant for evaluating the attractiveness of a target [36]. First fixation duration can, to 
some extent, reflect the difficulty of initial information extraction. Some eye-tracking stud-
ies have also indicated that fixation duration is associated with visual preference [37], and 
that a higher number of fixations indicates more concentrated attention [38]. 

Based on these considerations, this study selected five eye-tracking indicators: first 
fixation duration (FFD), total fixation duration (TFD), percentage of total fixation duration 
(TFD_pct), total fixation count (TFC), and percentage of total fixation count (TFC_pct). 
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The operational definitions and interpretations of the eye-tracking indicators are shown 
in Table 2. These indicators were used to collect data on participants’ visual processing 
from three aspects: initial attention, sustained attention, and proportional attention allo-
cation. TFD_pct and TFC_pct were calculated as the proportions of valid fixation duration 
and fixation count within the predefined image AOIs. Fixations outside the image AOIs 
were not included in the percentage calculation. 

Table 2. Objective eye-tracking measures and operational definitions. 

Indicator Abbreviation Operational Definition Interpretation 

First fixation duration FFD_s 
Duration of the first fixation on the 
stimulus image Reflects initial visual processing 

Total fixation duration TFD_s 
Sum of all fixation durations on the 
stimulus image Reflects sustained visual attention 

Percentage of total fixa-
tion duration TFD_pct 

Percentage of fixation duration allo-
cated to the stimulus image within a 
trial 

Reflects relative attention allocation 
in viewing time 

Total fixation count TFC_n 
Number of fixations on the stimulus 
image Reflects visual visit frequency 

Percentage of total fixa-
tion count TFC_pct 

Percentage of fixation count allocated 
to the stimulus image within a trial 

Reflects relative attention allocation 
in fixation frequency 

Note: FFD = first fixation duration; TFD = total fixation duration; TFC = total fixation count; pct = 
percentage. 

2.5.2. Subjective Evaluation 

The subjective evaluation consisted of two parts: preference choice and psychological 
impression evaluation. Preference choice was derived from the pairwise comparison task. 
In each trial, participants were required to choose the image that better matched their vis-
ual experience and spatial comfort preference from the two stimulus images presented 
simultaneously on the left and right sides of the screen. The selection frequency of each 
experimental condition was recorded, and the corresponding selection proportion was 
further calculated. A higher selection proportion indicated that the condition was chosen 
more frequently in the pairwise comparison task, reflecting participants’ relative prefer-
ence for that condition. 

The psychological impression evaluation included five psychological impression in-
dicators and one overall comfort indicator. The five psychological impression indicators 
consisted of naturalness, warmth, relaxation, interest, and desire to use, which were se-
lected based on the research purpose and relevant literature. In the study by Li, a literature 
review indicated that evaluations of wood-based living room spaces commonly involve 
perceptions of warmth, naturalness, relaxation, and desire to use. In studies on wood pref-
erence evaluation, interest is also commonly used as an evaluation dimension [39]. There-
fore, in accordance with the research objective of examining comfort perception in wood-
based residential interiors, this study used these five psychological impression indicators, 
together with overall comfort as a comprehensive evaluation indicator, to analyze differ-
ences in spatial comfort perception under different experimental conditions. All items 
were rated on a 7-point scale, with higher scores indicating stronger positive responses on 
the corresponding dimension. The operational definitions and interpretations of the sub-
jective evaluation measures are shown in Table 3. 
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Table 3. Subjective evaluation measures and operational definitions. 

Indicator Operational Definition Interpretation 

Selection frequency Number of times each condition was selected 
in the pairwise choice task 

Reflects relative preference frequency 

Selection proportion 
Ratio of selection frequency to total presenta-
tion frequency for each condition Reflects relative selection preference 

Naturalness Rating of perceived naturalness of the space Higher scores indicate stronger perceived 
naturalness 

Warmth Rating of perceived warmth of the space Higher scores indicate stronger perceived 
warmth 

Relaxation Rating of perceived relaxation of the space 
Higher scores indicate stronger perceived re-

laxation 

Interest Rating of perceived interest in the space 
Higher scores indicate stronger perceived in-

terest 

Desire to use Rating of willingness to stay in the space 
Higher scores indicate stronger willingness to 

stay 
Overall comfort Rating of overall comfort of the space Higher scores indicate higher overall comfort 

Note: Psychological impression items were rated on a 7-point scale, with higher scores indicating 
more positive evaluations. Selection proportion was calculated based on the pairwise choice task. 

3. Results 
3.1. Data Quality Check and Descriptive Statistics 

3.1.1. Sample Characteristics 

A total of 30 participants were recruited in this study, including 13 males (43.3%) and 
17 females (56.7%). Most participants were aged between 60 and 70 years. Specifically, 10 
participants were aged 60–65 years (33.3%), 15 were aged 65–70 years (50.0%), 2 were aged 
70–75 years (6.7%), and 3 were older than 75 years (10.0%). In terms of educational back-
ground, most participants had completed senior high school or technical secondary 
school, accounting for 21 participants (70.0%). In addition, 5 participants had completed 
junior high school (16.7%), and 4 had received a college education or above (13.3%). Re-
garding visual status, some participants had presbyopia or mild age-related visual 
changes, which are typical physiological characteristics of older adults. It should be noted 
that all participants met the inclusion criterion of having normal or corrected-to-normal 
vision sufficient for viewing the screen stimuli and successfully completed eye-tracking 
calibration. Therefore, their visual status did not prevent them from completing the ex-
perimental tasks. Detailed demographic information is presented in Table 4. 

Table 4. Participant characteristics (N = 30). 

Variable Category n % 

Sex Male 13 43.3 
Female 17 56.7 

Age group (years) 

60–65 10 33.3 
65–70 15 50.0 
70–75 2 6.7 
≥75 3 10.0 

Education level 
Junior high school 5 16.7 

High school/technical secondary school 21 70.0 
College degree or above 4 13.3 

Reported visual condi-
tions 

No reported visual problems 1 3.3 
Presbyopia 21 70.0 
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Myopia 8 26.7 
Astigmatism 2 6.7 
Amblyopia 1 3.3 

Age-related visual changes 3 10.0 
Note: Multiple responses were allowed for reported visual conditions. All participants had normal 
or corrected-to-normal vision sufficient for viewing the screen stimuli. 

3.1.2. Descriptive Statistics of Eye-Tracking Data 

The number of valid observations for all eye-tracking indicators was 900. The de-
scriptive statistics of each eye-tracking indicator under different combinations of CCT and 
wood surface gloss are presented in Table 5. Overall, the mean values of the eye-tracking 
indicators varied across the experimental conditions. 

Table 5. Descriptive statistics of eye-tracking indicators under different experimental conditions. 

CCT 
Surface 
Gloss FFD (s) TFD (s) TFD (%) TFC (n) TFC (%) 

4000 K High 0.19 ± 0.12 5.51 ± 2.08 53.76 ± 15.29 23.80 ± 8.40 54.01 ± 14.98 
4000 K Medium 0.19 ± 0.11 5.08 ± 2.10 50.37 ± 16.86 21.35 ± 8.02 49.92 ± 16.32 
4000 K Low 0.20 ± 0.12 5.34 ± 2.01 52.37 ± 17.02 23.03 ± 8.77 52.11 ± 16.06 
2700 K High 0.26 ± 0.46 5.11 ± 2.19 49.30 ± 16.96 21.34 ± 8.38 48.74 ± 16.73 
2700 K Medium 0.21 ± 0.13 4.75 ± 2.00 46.15 ± 15.31 20.45 ± 8.07 46.17 ± 14.83 
2700 K Low 0.21 ± 0.11 4.52 ± 1.85 42.72 ± 14.52 19.60 ± 7.50 42.80 ± 14.15 

Note: Values are presented as mean ± standard deviation. CCT = correlated color temperature; FFD 
= first fixation duration; TFD = total fixation duration; TFC = total fixation count;  

Except for first fixation duration (FFD_s), the overall levels of total fixation duration 
(TFD_s), percentage of total fixation duration (TFD_pct), fixation count (TFC_n), and per-
centage of fixation count (TFC_pct) were generally higher under the 4000 K condition than 
under the 2700 K condition. In particular, the combination of 4000 K and high gloss 
showed relatively higher mean values for most indicators, whereas the combination of 
2700 K and low gloss showed relatively lower mean values. These results suggest that, 
under the combination of neutral light and high surface gloss, participants tended to ex-
hibit longer visual dwell time, a higher proportion of fixation allocation, and a greater 
number of fixations. 

Different from the other indicators, FFD_s showed a slightly higher overall mean un-
der the 2700 K condition than under the 4000 K condition, with the highest value observed 
in the 2700 K and high-gloss condition. Overall, older adults’ visual attention allocation 
showed certain variations across the experimental conditions, and the combination of 
4000 K and high gloss presented relatively higher mean values for most eye-tracking in-
dicators. 

3.1.3. Descriptive Statistics of Subjective Data 

Table 6 presents the descriptive statistics of preference choices under different com-
binations of CCT and wood surface gloss. Overall, the selection proportions varied across 
the experimental conditions. The 4000 K–low gloss condition showed the highest selection 
proportion, at 62.0%, whereas the 2700 K–high gloss condition showed the lowest selec-
tion proportion, at 37.0%. 
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Table 6. Descriptive statistics of selection preferences under different conditions. 

CCT Surface Gloss 
Selection  
Frequency (n) 

Total  
Frequency (N) 

Selection  
Proportion (%) Rank 

4000 K High 83 150 55.0 3 
4000 K Medium 85 150 57.0 2 
4000 K Low 93 150 62.0 1 
2700 K High 56 150 37.0 6 
2700 K Medium 75 150 50.0 4 
2700 K Low 58 150 39.0 5 

Note: Total presentations for each condition = 150. Selection proportion was calculated as selection 
frequency divided by total presentations. 

According to the ranking results, the conditions with higher preference were mainly 
concentrated under the 4000 K condition, whereas the selection proportions of the combi-
nations under the 2700 K condition were generally lower. Within the same CCT condition, 
all three gloss levels under 4000 K exceeded 50%. In contrast, under 2700 K, only the me-
dium-gloss condition reached 50.0%, while both the high-gloss and low-gloss conditions 
were below 40%. 

When comparing the same gloss level across CCT conditions, the selection propor-
tions of high, medium, and low gloss under 4000 K were all higher than those of their 
corresponding conditions under 2700 K. This suggests that, at the descriptive level, the 
4000 K condition showed a higher overall preference. 

The descriptive statistics of subjective ratings under different combinations of CCT 
and wood surface gloss are presented in Table 7. Figures 4 and 5 further illustrate the score 
differences and distribution characteristics of the six evaluation indicators across the ex-
perimental conditions. Overall, the scores for all dimensions under the six conditions were 
higher than the midpoint of the scale, indicating that participants’ psychological impres-
sions of the wood-based interior space were generally positive. 

Table 7. Descriptive statistics of subjective psychological impression ratings. 

Condition Naturalness Warmth Relaxation Interest Desire to Use Overall Comfort 
CH 5.67 ± 0.80 5.47 ± 0.63 5.67 ± 1.65 5.97 ± 0.77 5.83 ± 0.70 5.10 ± 0.85 
CM 5.93 ± 0.69 5.73 ± 0.74 6.20 ± 0.85 6.27 ± 0.69 6.00 ± 0.74 5.30 ± 0.88 
CL 6.13 ± 0.63 5.97 ± 0.49 5.93 ± 1.11 5.87 ± 0.73 5.63 ± 0.72 4.90 ± 0.80 

WH 5.57 ± 0.68 5.73 ± 0.64 6.07 ± 1.39 5.90 ± 0.71 5.67 ± 0.71 4.60 ± 0.86 
WM 5.80 ± 0.76 5.87 ± 0.68 6.53 ± 0.51 6.00 ± 0.74 5.87 ± 0.78 4.80 ± 0.93 
WL 5.97 ± 0.67 6.07 ± 0.64 6.03 ± 1.27 5.73 ± 0.79 5.47 ± 0.73 4.40 ± 0.68 

Overall 5.84 ± 0.72 5.81 ± 0.66 6.07 ± 1.20 5.96 ± 0.75 5.74 ± 0.74 4.85 ± 0.88 
Note: Values are presented as mean ± SD. The ratings were based on a 7-point scale, with higher 
scores indicating more positive evaluations. 
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Figure 4. Heatmap of subjective psychological impression ratings under different CCT and surface 
gloss conditions. Different lowercase letters indicate significant differences between conditions 
within each psychological dimension based on pairwise Wilcoxon signed-rank tests with Holm cor-
rection (adjusted p < 0.05); conditions sharing at least one letter do not differ significantly. 

 

Figure 5. Radar charts of psychological impression ratings under different CCT and wood surface 
gloss conditions. Both panels use the same radial scale from 4.5 to 7.0 at 0.5-unit intervals. 

Among the five psychological impression dimensions, relaxation received the high-
est mean score (M = 6.07), followed by interest (M = 5.96), whereas desire to use received 
the lowest mean score (M = 5.74). In terms of the mean distribution across conditions, the 
medium-gloss condition showed relatively favorable scores in most dimensions. Specifi-
cally, the 4000 K–medium-gloss condition received the highest ratings for overall comfort 
(M = 5.30), desire to use (M = 6.00), and interest (M = 6.27). The 4000 K–low-gloss condition 
received the highest rating for naturalness (M = 6.13), while the 2700 K–low-gloss condi-
tion received the highest rating for warmth (M = 6.07). The 2700 K–medium-gloss condi-
tion showed the highest score for relaxation (M = 6.53). In contrast, the 2700 K–low-gloss 
condition showed the lowest score for overall comfort (M = 4.40), and the 2700 K–high-
gloss and 2700 K–medium-gloss conditions also showed relatively low scores for overall 
comfort, with mean values of 4.60 and 4.80, respectively. 

From the overall trend of the descriptive means, the scores for warmth and relaxation 
were generally higher under the 2700 K condition than under the 4000 K condition, 
whereas the 4000 K condition showed relatively higher scores for naturalness, interest, 
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and overall comfort. In terms of gloss level, the low-gloss condition showed relatively 
higher scores for naturalness and warmth, while the medium-gloss condition showed rel-
atively higher scores for relaxation, interest, desire to use, and overall comfort. Taken to-
gether, the subjective evaluation results preliminarily suggest that variations in CCT and 
wood surface gloss were associated with different psychological impressions of the wood-
based interior space. In particular, the medium-gloss condition showed advantages in 
most evaluation dimensions, while different CCT conditions appeared to influence the 
emphasis of subjective evaluation across dimensions. 

3.2. Effects of CCT and Wood Surface Gloss on Eye-Tracking Indicators 

Two-way repeated-measures ANOVAs with a 2 × 3 within-subject design were con-
ducted separately for FFD_s, TFD_s, TFD_pct, TFC_n, and TFC_pct. The results are pre-
sented in Tables 8 and 9. Overall, except for FFD_s, the other four indicators showed a 
consistent statistical pattern: the main effects of CCT and wood surface gloss were signif-
icant, whereas their interaction effects were not significant. This indicates that the effects 
of CCT and wood surface gloss on visual attention allocation were mainly reflected in 
their independent main effects, rather than in a significant interaction between the two 
factors. For FFD_s, neither the main effect of CCT, the main effect of wood surface gloss, 
nor their interaction effect was significant (all p > 0.05), indicating that first fixation dura-
tion did not differ significantly across the experimental conditions. 

Table 8. Results of the 2 × 3 repeated-measures ANOVA for eye-tracking indicators. 

Metric Effect F df p ηp2 

FFD_s 
gloss 2.728 (1.310, 37.988) 0.097 0.086 
CCT 1.931 (1, 29) 0.175 0.062 
gloss × CCT 1.847 (1.354, 39.259) 0.180 0.060 

TFD_s 
gloss 5.424 (1.527, 44.296) 0.013 0.158 
CCT 4.797 (1, 29) 0.037 0.142 
gloss × CCT 0.291 (1.658, 48.072) 0.708 0.010 

TFD_pct 
gloss 6.999 (1.421, 41.207) 0.006 0.194 
CCT 6.151 (1, 29) 0.019 0.175 
gloss × CCT 0.010 (1.411, 40.922) 0.968 0.000 

TFC_n 
gloss 4.330 (1.411, 40.916) 0.031 0.130 
CCT 6.218 (1, 29) 0.019 0.177 
gloss × CCT 0.813 (2, 58) 0.449 0.027 

TFC_pct 
gloss 6.789 (1.411, 40.928) 0.007 0.190 
CCT 7.717 (1, 29) 0.009 0.210 
gloss × CCT 0.045 (1.411, 41.014) 0.906 0.002 

Note: df denotes the corrected degrees of freedom; ηp2 denotes partial eta squared. The significance 
level was set at p < 0.05. 

Table 9. Estimated marginal means and post hoc comparisons for eye-tracking indicators with sig-
nificant main effects. 

Metric CCT EMM CCT Comparison Gloss EMM Post Hoc Comparison 

TFD_s 2700 K = 4.903; 4000 
K = 5.197 

4000 K > 2700 K, p = 
0.037 

Low = 4.635; Medium = 
5.221; High = 5.292 

Low < Medium, p = 0.027; Low vs. 
High, p = 0.064; Medium vs. High, p = 
1.000 

TFD_pct 
2700 K = 47.465; 4000 
K = 50.757 

4000 K > 2700 K, p = 
0.019 

Low = 44.434; Medium = 
50.834; High = 52.065 

Low < Medium, p = 0.020; Low < 
High, p = 0.027; Medium vs. High, p = 
1.000 
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TFC_n 
2700 K = 20.762; 4000 
K = 22.427 

4000 K > 2700 K, p = 
0.019 

Low = 20.026; Medium = 
22.182; High = 22.576 

No pairwise comparisons were sig-
nificant, all adjusted p ≥ 0.098 

TFC_pct 
2700 K = 47.156; 4000 
K = 50.765 

4000 K > 2700 K, p = 
0.009 

Low = 44.488; Medium = 
50.427; High = 51.966 

Low < Medium, p = 0.028; Low < 
High, p = 0.028; Medium vs. High, p = 
0.873 

Note: EMM = estimated marginal mean. Post hoc comparisons were Bonferroni-corrected. 

3.2.1. Sustained Attention Characteristics 

For sustained attention indicators, the results for TFD_s and TFD_pct were generally 
consistent. Figure 6 presents the estimated marginal means of CCT and wood surface 
gloss for the sustained attention indicators. 

  
(a) (b) 

Figure 6. Estimated marginal means of sustained attention indicators for the main effects of CCT 
and wood surface gloss. (a) Total fixation duration; (b) percentage of total fixation duration. Error 
bars indicate the standard error of the EMM, and brackets indicate Bonferroni-corrected pairwise 
comparisons. 

For TFD_s, the main effect of wood surface gloss was significant, F(1.527, 44.296) = 
5.424, p = 0.013, ηp2 =0.158. The main effect of CCT was also significant, F(1, 29) = 4.797, p 
= 0.037, ηp2 = 0.142. However, the interaction between CCT and wood surface gloss was 
not significant, F(1.658, 48.072) = 0.291, p =0.708, ηp2 = 0.010. The estimated marginal means 
showed that total fixation duration was higher under the 4000 K condition than under the 
2700 K condition. Post hoc comparisons indicated that the low-gloss condition was signif-
icantly lower than the medium-gloss condition (p = 0.027), whereas its difference from the 
high-gloss condition did not reach statistical significance. 

These results suggest that the 4000 K condition and medium-gloss surface were as-
sociated with higher sustained visual attention, although not all differences among gloss 
levels were statistically significant. 

The results for TFD_pct were largely consistent with those for TFD_s. The main effect 
of wood surface gloss was significant, F(1.421, 41.207) = 6.999, p = 0.006, ηp2 = 0.194. The 
main effect of CCT was also significant, F(1, 29) = 6.151, p = 0.019, ηp2 = 0.175. The interac-
tion effect was not significant, F(1.411, 40.922) = 0.010, p = 0.968, ηp2 = 0.000. The estimated 
marginal means showed that the percentage of total fixation duration was higher under 
the 4000 K condition than under the 2700 K condition. Post hoc comparisons further indi-
cated that the low-gloss condition was significantly lower than both the medium-gloss 
and high-gloss conditions (both adjusted p < 0.05), whereas no significant difference was 
observed between the medium- and high-gloss conditions. 



Buildings 2026, 16, 2956 18 of 32 
 

https://doi.org/10.3390/buildings16152956 

These findings indicate that, in terms of proportional sustained visual attention, me-
dium- and high-gloss wooden surfaces attracted a higher proportion of fixation duration 
than low-gloss surfaces. Meanwhile, the significant main effect of CCT suggests that 4000 
K elicited greater sustained attention than 2700 K, whereas the non-significant interaction 
indicates that the effects of CCT and gloss were mainly reflected as independent main 
effects. 

3.2.2. Visual Access Frequency Characteristics 

For visual access indicators, TFC_n and TFC_pct showed a consistent trend. Figure 7 
presents the estimated marginal means of CCT and wood surface gloss for the visual ac-
cess indicators. 

  

(a) (b) 

Figure 7. Estimated marginal means of visual access frequency indicators for the main effects of 
CCT and wood surface gloss. (a) Total fixation count; (b) percentage of total fixation count. Error 
bars indicate the standard error of the EMM, and brackets indicate Bonferroni-corrected pairwise 
comparisons. 

For TFC_n, the main effect of wood surface gloss was significant, F(1.411, 40.916) = 
4.330, p = 0.031, ηp2 = 0.130. The main effect of CCT was also significant, F(1, 29) = 6.218, p 
= 0.019, ηp2 = 0.177. The interaction effect was not significant, F(2, 58) = 0.813, p = 0.449, ηp2 
= 0.027. The estimated marginal means showed that fixation count was higher under the 
4000 K condition than under the 2700 K condition. Although the main effect of wood sur-
face gloss reached statistical significance, post hoc comparisons did not reveal significant 
pairwise differences among the high-, medium-, and low-gloss conditions. This suggests 
that the effect of surface gloss on visual access frequency was mainly reflected as an over-
all trend, while the differentiation among specific gloss levels was not yet pronounced. 

The results for TFC_pct further supported this trend. The main effect of wood surface 
gloss was significant, F(1.411, 40.928) = 6.789, p = 0.007, ηp2 = 0.190. The main effect of CCT 
was significant, F(1, 29) = 7.717, p = 0.009, ηp2 = 0.210. The interaction effect was not signif-
icant, F(1.411, 41.014) = 0.045, p = 0.906, ηp2 = 0.002. The estimated marginal means showed 
that the percentage of fixation count was higher under the 4000 K condition than under 
the 2700 K condition. Post hoc comparisons indicated that the low-gloss condition was 
significantly lower than both the medium- and high-gloss conditions (both adjusted p < 
0.05), whereas no significant difference was observed between the medium- and high-
gloss conditions. These results further indicate that the 4000 K condition and medium- to 
high-gloss surfaces were more likely to receive a higher proportion of visual visits during 
overall visual scanning. 
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Taken together, both sustained attention indicators and visual access frequency indi-
cators showed that the 4000 K condition received more visual resources. Medium- and 
high-gloss wooden surfaces were more likely than low-gloss surfaces to elicit higher levels 
of visual dwell and scanning behavior. However, no significant interaction between CCT 
and wood surface gloss was observed. 

3.3. Effects of CCT and Wood Surface Gloss on Psychological Impressions and Preference Choices 

3.3.1. Results of Psychological Impression Evaluation 

Two-way repeated-measures ANOVAs with a 2 × 3 within-subject design were con-
ducted for the six subjective evaluation indicators. The results are presented in Table 10. 
Overall, the main effect of CCT was significant for all six indicators. The main effect of 
wood surface gloss was also significant or marginally significant across the six dimen-
sions, whereas the CCT × wood surface gloss interaction was not significant for any indi-
cator (all p > 0.05). These results indicate that the effects of CCT and wood surface gloss 
on subjective psychological impressions were mainly reflected in their independent main 
effects, rather than in significant interaction effects. 

Table 10. Results of the 2 × 3 repeated-measures ANOVA for psychological impression ratings. 

Dimension CCT Main Effect Direction Gloss Main Effect 
Post Hoc 
Comparison 

Interaction 

Naturalness F(1, 29) = 4.767 
C > W 

F(2, 58) = 19.785 
L > M > H 

F(2, 58) = 0.182 
p = 0.037 p < 0.001 p = 0.834 
ηp2 = 0.141 ηp2 = 0.406 ηp2 = 0.006 

Warmth F(1, 29) = 7.373 
W > C  

F(2, 58) = 18.606 
L > M > H 

F(2, 58) = 0.953 
p = 0.011 p < 0.001 p = 0.392 
ηp2 = 0.203 ηp2 = 0.391 ηp2 = 0.032 

Relaxation F(1, 29) = 4.945 
W > C 

GG: F(1.659, 48.114) = 3.496 
n.s. 

GG: F(1.616, 46.865) = 0.806 
p = 0.034 p = 0.046 p = 0.431 
ηp2 = 0.146 ηp2 = 0.108 ηp2 = 0.027 

Interest F(1, 29) = 8.074 
C > W 

F(2, 58) = 12.313 
M > L 
M > H 

F(2, 58) = 1.586 
p = 0.008 p < 0.001 p = 0.214 
ηp2 = 0.218 ηp2 = 0.298 ηp2 = 0.052 

Desire to use F(1, 29) = 10.847 
C > W 

F(2, 58) = 9.188 
M > L 

F(2, 58) = 0.046 
p = 0.003 p < 0.001 p = 0.955 
ηp2 = 0.272 ηp2 = 0.241 ηp2 = 0.002 

Comfort F(1, 29) = 12.121 
C > W 

F(2, 58) = 4.070 
M > L 

F(2, 58) = 0.000 
p = 0.002 p = 0.022 p = 1.000 
ηp2 = 0.295 ηp2 = 0.123 ηp2 = 0.000 

Note: n.s. = not significant. ηp2 = partial eta squared. GG indicates Greenhouse–Geisser correction. 

In terms of the direction of the main effects, the 2700 K condition received higher 
ratings for warmth and relaxation, whereas the 4000 K condition showed higher ratings 
for naturalness, interest, desire to use, and overall comfort. Regarding wood surface gloss, 
the low-gloss condition was more favorable for naturalness and warmth, whereas the me-
dium-gloss condition showed higher ratings for interest, desire to use, and overall com-
fort. Although relaxation showed a significant main effect of wood surface gloss, post hoc 
pairwise comparisons did not reveal significant differences among the gloss levels. 

Overall, CCT and wood surface gloss independently influenced different dimensions 
of psychological impression evaluation. CCT mainly affected the direction of evaluations 
across dimensions, whereas wood surface gloss showed distinct patterns of advantage 
across specific psychological impression dimensions. 
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3.3.2. Results of Visual Preference 

Using the mean selection proportion for each condition within each participant as the 
dependent variable, a 2 × 3 two-way repeated-measures ANOVA was conducted. The re-
sults of the repeated-measures ANOVA for selection proportion are presented in Table 
11. Figure 8 shows the changes in estimated marginal means for selection proportion 
across the main effects of CCT and wood surface gloss. 

Table 11. Results of the 2 × 3 repeated-measures ANOVA for selection proportion. 

Dependent Variable Effect F df p ηp2 

Selection  
proportion 

gloss 4.228 (1, 29) 0.049 0.127 
CCT 1.059 (2, 58) 0.353 0.035 
gloss × CCT 2.181 (2, 58) 0.122 0.070 

Note: df denotes the corrected degrees of freedom; ηp2 denotes partial eta squared. The significance 
level was set at p < 0.05. 

 

Figure 8. Estimated marginal means of selection proportion for the main effects of CCT (A) and 
wood surface gloss (B). The dashed line indicates the chance level of 0.50, and the y-axis is truncated 
at 0.30. The significance bracket indicates a Bonferroni-corrected pairwise comparison. 

Mauchly’s test indicated that the sphericity assumption was met for wood surface 
gloss (p = 0.536) and the CCT × wood surface gloss interaction (p = 0.498); therefore, the 
sphericity-assumed results are reported. The ANOVA results showed a significant main 
effect of CCT, F(1, 29) = 4.228, p = 0.049, ηp2 = 0.127, indicating that the mean selection 
proportion under the 4000 K condition was significantly higher than that under the 2700 
K condition. 

The main effect of wood surface gloss was not significant, F(2, 58) = 1.059, p = 0.353, 
ηp2 = 0.035. The mean selection proportions did not differ systematically among the three 
gloss levels: low gloss (M = 0.50), medium gloss (M = 0.53), and high gloss (M = 0.46). This 
suggests that wood surface gloss alone did not significantly affect participants’ choices. 
The CCT × wood surface gloss interaction was also not significant, F(2, 58) = 2.181, p = 
0.122, ηp2 = 0.070, indicating that the effect of CCT on selection proportion did not signif-
icantly vary across gloss levels. 

3.4. Relationship Between Objective Indicators and Selection Preference 

To examine whether visual attention allocation was consistent with final selection 
preference, the differences in eye-tracking indicators between the selected and non-se-
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lected images within the same trial were further compared. The results of the paired-sam-
ples tests are presented in Table 12. Figure 9 further illustrates the paired differences be-
tween selected and non-selected images in four eye-tracking indicators: TFD_pct, 
TFC_pct, TFD_s, and TFC_n. 

Table 12. Paied-samples test results for selected and unselected images. 

Metric Selected (M ± SE) Unselected (M ± SE) Mean Difference t df p Cohen’s d 
TFD_pct (%) 56.59 ± 1.33 41.63 ± 1.36 14.97 5.682 29 <0.001 1.037 
TFC_pct (%) 56.61 ± 1.37 41.31 ± 1.35 15.30 5.744 29 <0.001 1.049 

TFD_s (s) 5.79 ± 0.27 4.31 ± 0.24 1.48 5.816 29 <0.001 1.062 
TFC_n (n) 24.94 ± 1.03 18.25 ± 0.89 6.68 5.582 29 <0.001 1.019 

Note: Mean difference was calculated as selected image−unselected image. SE = standard error; Co-
hen’s d = paired-samples effect size. Percentages were calculated based on valid fixations within the 
predefined image AOIs; therefore, values for selected and unselected images may not sum to 100% 
because fixations outside the image AOIs were excluded. 

  
(a) (b) 

  
(c) (d) 

Figure 9. Differences in eye-tracking metrics between selected and unselected images. (a) TFD_s; (b) 
TFD_pct; (c) TFC_n; (d) TFC_pct. Small points represent individual observations, gray lines connect 
paired observations from the same participant, and large points with error bars indicate mean ± SE. 
Horizontal brackets indicate paired-samples t-test results, with exact p values shown. Percentage 
metrics were calculated from valid fixations within the predefined image AOIs. 

As shown in Table 12, the selected images showed higher mean values than the non-
selected images across all four eye-tracking indicators. Specifically, the mean values of 
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TFD_pct were 56.59 and 41.63 for selected and non-selected images, respectively; the 
mean values of TFC_pct were 56.61 and 41.31, respectively; the mean values of TFD_s 
were 5.79 s and 4.31 s, respectively; and the mean values of TFC_n were 24.94 and 18.25, 
respectively. These results indicate that the images ultimately selected by the participants 
received a higher proportion of fixation duration, a higher proportion of fixation count, 
longer total fixation duration, and a greater number of fixations during viewing. 

Further statistical results showed that all of these differences reached statistical sig-
nificance. Therefore, from both sustained attention indicators and visual access indicators, 
the selected images received significantly more visual resources than the non-selected im-
ages. Overall, the selection results were highly consistent with the eye-tracking indicators, 
indicating that participants tended to choose images that received longer fixation duration 
and more fixations during the viewing process. This suggests that objective eye-tracking 
indicators can, to some extent, reflect individuals’ immediate preference judgments and 
supports the association between greater fixation allocation and higher selection proba-
bility. 

4. Discussion 
4.1. Overview of the Overall Results 

This study investigated the effects of CCT and wood surface gloss on older adults’ 
perception of wood-based residential interiors. The results showed that both environmen-
tal variables influenced older adults’ visual attention allocation, selection preference, and 
subjective psychological impressions to varying degrees. However, their effects were not 
manifested as a uniform improvement across all indicators; rather, they operated on dif-
ferent levels of perceptual response. 

Specifically, the effect of CCT was relatively clear. Under the 4000 K condition, older 
adults showed higher levels of visual attention and a higher selection proportion than 
under the 2700 K condition. This suggests that, in the present experimental setting, the 
higher CCT condition was more likely to receive visual resources and was more strongly 
associated with explicit selection preference. However, at the level of psychological im-
pression, the two CCT conditions did not show a simple superior–inferior relationship. 
Instead, they emphasized different aspects of subjective experience. The 4000 K condition 
was more strongly associated with Naturalness, Interest, Desire to use, and Comfort, 
whereas the 2700 K condition was more strongly associated with Warmth and Relaxation. 
Therefore, the differences between the two CCT conditions were reflected more in the 
focus of subjective experience than in an overall difference in evaluation level. 

In contrast, the effect of wood surface gloss was mainly reflected in visual attention 
allocation and psychological impression evaluation, but did not produce a stable main 
effect on selection proportion. Medium- and high-gloss surfaces showed higher values for 
some attention allocation indicators, low-gloss surfaces showed advantages in Natural-
ness and Warmth, and medium-gloss surfaces performed better in Interest, Desire to use, 
and Comfort. However, the main effect of wood surface gloss on selection proportion did 
not reach statistical significance. 

These findings indicate that older adults’ judgments of visual comfort in wood-based 
residential interiors cannot be directly summarized by a single eye-tracking indicator, a 
single selection outcome, or a single dimension of subjective rating. Instead, they need to 
be interpreted through the combined evidence of visual processing, explicit preference, 
and psychological impression evaluation. By integrating multidimensional indicators 
within the experimental design, this study provides empirical support for understanding 
the complexity of older adults’ perception of wood-based residential interiors. These find-
ings also offer useful references for perceptual evaluation methods and the selection of 
design parameters in age-friendly residential spaces. 
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4.2. Effects of CCT on Visual Attention, Selection Preference, and Psychological Impressions 

The effects of CCT on older adults’ perception of wood-based residential interiors 
showed a relatively consistent direction in visual attention and selection preference. Spe-
cifically, the 4000 K condition produced higher values than the 2700 K condition in both 
eye-tracking indicators and selection proportion. However, in the psychological impres-
sion evaluation, the two CCT conditions did not show a simple superior–inferior relation-
ship. Instead, they demonstrated advantages in different evaluation dimensions. This in-
dicates that CCT not only affects older adults’ immediate visual processing, but is also 
associated with their subjective judgments of spatial atmosphere and use experience. 

The eye-tracking results showed that total fixation duration, percentage of total fixa-
tion duration, fixation count, and percentage of fixation count were all higher under the 
4000 K condition than under the 2700 K condition. This suggests that, in the present wood-
based residential interior stimuli, the higher CCT condition was more likely to receive 
visual resources from older adults. Combined with the selection preference results, the 
mean selection proportion under the 4000 K condition was also significantly higher than 
that under the 2700 K condition. This indicates that CCT was associated not only with 
visual attention allocation during viewing, but also with explicit choice behavior in the 
pairwise comparison task. Therefore, under the conditions of this study, the effects of 4000 
K on visual attention and selection preference showed a relatively high degree of con-
sistency. 

First fixation duration showed a different pattern from the sustained-attention 
measures. Neither CCT, wood surface gloss, nor their interaction had a significant effect 
on first fixation duration, indicating that stable differences among the experimental scenes 
had not yet emerged during the initial stage of visual processing. First fixation duration 
primarily reflects information processing during the initial fixation after the stimulus is 
presented, whereas total fixation duration and fixation count represent cumulative visual 
attention allocation and information acquisition throughout the viewing period [38]. Be-
cause the stimulus images in this study shared the same spatial layout, viewing perspec-
tive, and content composition, and because the initial gaze position was standardized us-
ing a central fixation point, the differences in CCT and wood surface gloss may not have 
been sufficient to produce stable effects during the first fixation. In contrast, the effects of 
lighting color and material reflectance may have accumulated during subsequent visual 
exploration and were therefore more evident in the sustained-attention measures. 

From the perspective of age-related visual physiology, yellowing of the crystalline 
lens, reduced transmission of short-wavelength light, decreased contrast sensitivity, and 
increased intraocular scatter and glare sensitivity may constrain older adults’ ability to 
rapidly discriminate differences in lighting color, luminance contrast, and surface reflec-
tion [31]. Although the 2700 K–high-gloss condition showed a slightly longer mean first 
fixation duration in the descriptive statistics, the variability under this condition was also 
relatively large, and neither the main effects nor the interaction effect reached statistical 
significance. Therefore, this descriptive tendency cannot be directly attributed to glare 
sensitivity or age-related yellowing of the crystalline lens. The non-significant result for 
first fixation duration does not indicate that CCT and wood surface gloss had no percep-
tual effects; rather, it may suggest that their effects were primarily manifested during sub-
sequent sustained visual processing. 

However, the subjective psychological impression evaluation showed that the effect 
of CCT was not manifested as the superiority of 4000 K across all dimensions. Specifically, 
the 2700 K condition received higher ratings for Warmth and Relaxation, indicating that 
the lower CCT condition was more likely to strengthen a soft, stable, and restful emotional 
atmosphere. In contrast, the 4000 K condition performed better in Naturalness, Interest, 
Desire to use, and Comfort, suggesting that the higher CCT condition may be more con-



Buildings 2026, 16, 2956 24 of 32 
 

https://doi.org/10.3390/buildings16152956 

ducive to improving the clarity of spatial interfaces, the perceived layering of materials, 
and the overall evaluation of use experience. In other words, the effects of the two CCT 
conditions on psychological impressions were not simply differences in overall evaluation 
level, but reflected different emphases across dimensions of subjective experience. The 
influence of CCT on perceptual experience therefore varied according to the specific eval-
uation dimension. 

This finding is consistent with previous studies on the effects of lighting on environ-
mental perception and emotional responses. Existing research has shown that indoor 
lighting environments and color can affect individuals’ psychological states and environ-
mental perception [40], and that lighting conditions can also alter judgments of spatial 
atmosphere, emotion, and behavioral intention [41]. For older adults, these effects should 
be understood in relation to age-related visual decline. Previous studies have indicated 
that lens transmittance, contrast sensitivity, and visual accommodation decline with age, 
and that the clarity and legibility of indoor visual environments may further affect visual 
health and environmental satisfaction among older adults [4,6]. Therefore, older adults’ 
requirements for CCT are not limited to whether the atmosphere feels warm, but also 
involve whether the space is visually clear, whether interfaces are easy to identify, and 
whether the environment is attractive for use. In this context, the higher visual attention 
level, selection proportion, and Comfort rating under the 4000 K condition may be related 
to its provision of clearer interface perception and stronger spatial legibility in the present 
wood-based interior setting. By contrast, the higher Warmth and Relaxation ratings under 
the 2700 K condition more directly reflect the advantage of lower CCT in shaping an emo-
tionally warm and restful atmosphere. 

Therefore, CCT design in age-friendly wood-based residential interiors should not 
be simply summarized as “warm light is more suitable for older adults.” Under the con-
ditions of this study, 2700 K is more appropriately interpreted as an atmosphere-oriented 
lighting condition, with its advantages mainly reflected in Warmth and Relaxation. In 
contrast, 4000 K is more appropriately interpreted as a visually legible and use-oriented 
lighting condition, with its advantages mainly reflected in visual attention, selection pref-
erence, Interest, Desire to use, and Comfort. CCT configuration should therefore be dif-
ferentiated according to spatial function and target experience, rather than using a single 
CCT as a universal solution for all age-friendly residential interiors. This also suggests 
that future research on age-friendly lighting design should incorporate multiple types of 
indicators, including visual legibility, spatial use evaluation, and emotional experience, in 
order to evaluate the practical effects of CCT interventions more comprehensively. 

4.3. Effects of Wood Surface Gloss on Visual Attention, Selection Preference, and Psychological 
Impressions 

The effect of wood surface gloss on older adults’ perception of wood-based residen-
tial interiors was more complex than that of CCT. Its influence was not manifested as the 
dominance of a single gloss level across all indicators, but varied across visual attention, 
selection preference, and psychological impression evaluation. Overall, wood surface 
gloss affected both the visual salience of wooden interfaces and older adults’ judgments 
of material naturalness, warmth, and overall comfort. However, this effect did not follow 
a simple pattern in which either higher gloss or lower gloss was consistently more favor-
able. 

In terms of visual attention, the effect of wood surface gloss was mainly reflected in 
relative attention allocation, rather than in consistent changes across all eye-tracking indi-
cators. Wooden surfaces with higher gloss were more likely to occupy a certain proportion 
of visual attention during viewing, but this attentional advantage cannot be simply inter-
preted as a simultaneous increase across all visual attention indicators. This pattern is con-
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sistent with evidence from visual-search research showing that luminance contrast and 
highlighting can modify gaze allocation and search performance by changing the visual 
salience of displayed information [42]. This suggests that gloss first changes the visual 
salience of wooden interfaces, while its effects on sustained fixation duration and visual 
access frequency still differ across specific indicators. 

Regarding psychological impression evaluation, different gloss levels showed ad-
vantages in different dimensions. The low-gloss condition performed better in Natural-
ness and Warmth, which may be related to its weaker specular reflection and softer visual 
texture. For wood materials, lower gloss may be more likely to convey a natural, warm, 
and approachable material impression. This is consistent with Sakuragawa’s finding that 
wooden interfaces can evoke naturalness and positive psychological impressions, as well 
as the finding by Lipovac et al. that, in older adult samples, preferred wood materials 
were more likely to be perceived as relatively matte [43,44]. In comparison, the medium-
gloss condition showed better performance in Interest, Desire to use, and Comfort, sug-
gesting that moderate gloss may provide a relative balance among material naturalness, 
spatial brightness, and interface legibility. It should be noted that although Relaxation 
showed a higher descriptive mean under the medium-gloss condition, post hoc compari-
sons did not reveal significant differences among gloss levels. Therefore, this result should 
only be interpreted as a mean-level trend and should not be taken as evidence that me-
dium gloss has a clear advantage in Relaxation. 

Compared with psychological impression evaluation, selection behavior was less 
sensitive to wood surface gloss. Wood surface gloss did not produce a stable main effect 
on selection proportion, suggesting that it may function more as a material attribute that 
modulates specific psychological impressions and visual salience, rather than as a single 
factor directly determining explicit selection preference. 

The results for the high-gloss condition require more cautious interpretation. High 
gloss showed relatively high values for some attention allocation indicators, suggesting a 
certain degree of visual salience. However, this visual salience was not consistently trans-
lated into a higher selection proportion or higher Comfort rating. Therefore, the effect of 
high gloss cannot be simply understood as being “more attractive” or “more comfortable.” 
Previous studies have suggested that fixation duration may reflect interest and preference, 
but may also be associated with stimulus complexity and information-processing de-
mands [45,46]. Based on the present data, it can only be concluded that high gloss attracted 
more visual attention, but it remains unclear whether this attention was caused by visual 
load, glare discomfort, or processing difficulty. Whether high gloss increases visual fa-
tigue or interface recognition burden among older adults still needs to be further exam-
ined in future studies by incorporating glare perception, visual load, or actual recognition 
tasks. 

Taken together, the role of wood surface gloss in age-friendly wood-based residential 
interiors is not limited to material appearance modification; rather, it also participates in 
the formation of visual attention allocation and psychological impression evaluation. 
Therefore, in the design of age-friendly wood-based interiors, the selection of surface gloss 
should not simply pursue high reflectance or complete matte finishes. Instead, it should 
seek a balance among material naturalness, interface legibility, spatial brightness, and 
overall comfort evaluation. By comparing the differential effects of three gloss levels on 
older adults’ visual attention allocation and psychological impression evaluation in a vir-
tual residential interior setting, this study provides preliminary multidimensional empir-
ical evidence for material selection in age-friendly wood-based interior design. 
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4.4. Differentiated Responses of Visual Attention, Selection Behavior, and Psychological  
Impressions to CCT and Wood Surface Gloss 

The results of this study indicate that eye-tracking indicators, selection behavior, and 
psychological impression evaluation reflect different aspects of older adults’ perception 
of wood-based residential interiors. Eye-tracking indicators mainly reflect visual attention 
allocation during the viewing process, selection behavior reflects explicit preference in the 
pairwise comparison task, and psychological impression evaluation reflects participants’ 
subjective judgments of spatial atmosphere, material perception, and overall comfort. 

Regarding the relationship between eye-tracking indicators and selection behavior, 
the images ultimately selected by participants received more visual resources overall, in-
dicating process-level consistency between visual attention allocation and pairwise selec-
tion behavior. This result suggests that participants’ choices were not completely inde-
pendent of the viewing process, but were, to some extent, associated with fixation invest-
ment and visual access. Previous studies have also suggested that fixation duration is re-
lated to choice behavior, and that eye-movement processes may participate in the for-
mation of preference judgments [45,47]. Therefore, in the evaluation of age-friendly wood-
based interiors, eye-tracking data can provide objective supplementary evidence for un-
derstanding older adults’ immediate visual processing. 

However, it should be clarified that this study examined the relationship between 
eye-tracking indicators and selection behavior, rather than the direct relationship between 
eye-tracking indicators and psychological impression ratings. Therefore, the present re-
sults cannot be used to determine whether fixation duration or fixation count can stably 
predict subjective comfort. In other words, the finding that selected images received more 
fixations indicates that visual attention participated in the formation of selection behavior, 
but it cannot be directly equated with higher psychological impression ratings. 

From the overall results, CCT and wood surface gloss showed different sensitivities 
across the three types of indicators. The effects of CCT were relatively consistent in visual 
attention and selection behavior, while psychological impression evaluation further re-
vealed differences in the dimensional emphasis of different CCT conditions. The effects of 
wood surface gloss were more dependent on indicator type. Its influence was mainly re-
flected in visual attention allocation and psychological impression evaluation, but did not 
produce a stable main effect on selection behavior. This indicates that the same environ-
mental variable may elicit different responses across the viewing process, explicit selec-
tion, and subjective evaluation. 

Therefore, the combined use of eye-tracking indicators, selection behavior, and psy-
chological impression evaluation has methodological value in this study. Eye-tracking 
data can reveal older adults’ visual entry and attention allocation, the selection task can 
reflect relative preference between conditions, and psychological impression ratings can 
distinguish specific perceptual dimensions. The combined use of these three types of in-
dicators broadens the scope of perceptual evaluation and provides a more comprehensive 
empirical basis for assessing the perceptual effects of lighting color and surface gloss in 
age-friendly wood-based residential interiors. However, it does not demonstrate that eye-
tracking indicators have predictive validity for continuous psychological impression ratings. 

4.5. Design Implications, Limitations, and Future Research 

Within the tested parameter range, the findings support matching CCT and wood 
surface gloss according to the functional requirements of different residential zones. For 
bedrooms and other rest-oriented spaces, a combination of 2700 K lighting and medium-
gloss wood may be considered for furniture and vertical interfaces to create a more relax-
ing spatial atmosphere. Low-gloss wood may be selectively used for local components 
where perceived warmth and the natural expression of the material are emphasized. 
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For multifunctional living rooms and dining areas, the combination of 4000 K light-
ing and medium-gloss wood may be more appropriate for furniture and vertical interfaces 
that need to balance visual clarity and overall comfort. For large-area flooring and circu-
lation surfaces, 4000 K lighting combined with low-gloss finishes may provide a more 
appropriate balance among natural appearance, interface legibility, and reflection control. 
High-gloss finishes should be restricted to small decorative areas outside the primary line 
of sight. Neither the 2700 K–high-gloss nor the 4000 K–high-gloss combination should be 
prioritized for large residential surfaces, because the stronger visual salience produced by 
high gloss did not consistently translate into greater preference or higher overall comfort. 
Its application should, therefore, be limited to small decorative components where re-
flected highlights can be adequately controlled. 

For residential spaces that accommodate both daytime activities and nighttime rest, 
adjustable lighting combined with function-based gloss zoning may be more appropriate 
than a single fixed configuration. During visually demanding activities, the CCT may be 
adjusted to approximately 4000 K; during rest periods, it may be reduced to approxi-
mately 2700 K. Medium-gloss finishes may be used for furniture and vertical storage in-
terfaces, low-gloss finishes for flooring and large horizontal surfaces, and high-gloss fin-
ishes only for localized decorative elements. This configuration addresses the need for 
improved interface legibility associated with reduced crystalline-lens transmittance and 
contrast sensitivity in older adults, while also helping to limit the potential glare risk as-
sociated with increased intraocular light scatter. 

This study still has several limitations. First, the experimental stimuli consisted of 
static rendered images rather than real residential environments. Although this approach 
facilitated strict control over experimental variables such as spatial layout, viewing angle, 
material properties, and CCT, a fixed two-dimensional view cannot fully reproduce bin-
ocular depth cues, motion parallax, or depth-of-field changes induced by variations in 
viewing distance. Comparative studies have also shown that screen-based displays, im-
mersive virtual environments, and real environments may elicit different spatial percep-
tions and perceptual responses [48,49]. In addition, this presentation method fixed the 
spatial relationship among the observer, the light source, and the reflective wood surfaces, 
and therefore could not reproduce viewpoint-dependent highlights or dynamic reflection 
cues, both of which contribute to the perception of material gloss [50]. Static images also 
cannot reproduce real-time glare exposure caused by changes in viewing position and 
reflected luminance, although such exposure may be closely related to the visual task per-
formance of older adults [51]. 

Each image was viewed for only 15 s. Although this duration was sufficient for com-
paring short-term visual attention, it could not capture the cumulative development of 
luminance adaptation, repeated glare exposure, or visual fatigue during long-term resi-
dential use. Previous research involving prolonged visual tasks has shown that subjective 
fatigue and multiple oculomotor and physiological indicators change with increasing ex-
posure duration in both younger and older adults [52]. These limitations may reduce the 
ecological validity of the observed effects of CCT and wood surface gloss. 

This study constitutes the initial phase of an ongoing, long-term research program 
on the visual effects of lighting color and wood surface gloss in age-friendly residential 
environments. The present phase was designed to establish controlled baseline evidence 
using screen-based static stimuli, while subsequent phases will progressively introduce 
greater physical realism, participant mobility, and longer exposure durations. Accord-
ingly, a staged mixed-reality validation framework is planned. Under matched within-
subject conditions, the same combinations of CCT and surface gloss could be tested using 
screen-based static images, mixed-reality environments integrating programmable phys-
ical lighting and real wood samples, and full-scale residential test spaces. Participants 
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could move within the scenes and perform everyday visual tasks under longer and re-
peated exposure periods. Mobile eye-tracking measures, pupil responses, blink behavior, 
task performance, and repeated ratings of glare and visual fatigue could then be recorded 
at multiple time points. Such a design would help distinguish effects generated by con-
trolled visual appearance from those arising from physical depth, observer movement, 
dynamic reflection, and cumulative visual exposure. 

Second, this study included only two CCT levels, 2700 K and 4000 K, and three wood 
surface gloss levels, namely high, medium, and low gloss. This setting is still insufficient 
to reveal threshold characteristics across more refined parameter intervals. In addition, 
the wood surface gloss levels in this study were mainly operationalized based on rendered 
visual appearance and were not further validated using measured gloss values, luminance 
distribution, or reflectance characteristics of real materials. Future research could expand 
the parameter ranges of CCT, illuminance, and surface reflectance properties, and com-
bine real material samples with luminance measurements to establish a more refined pa-
rameter system for visual comfort in age-friendly wood-based interiors. 

Third, this study did not directly measure glare perception, visual fatigue, visual 
load, walking safety, or actual recognition efficiency. Therefore, the higher visual attention 
observed under the high-gloss condition cannot be directly interpreted as visual load or 
discomfort, nor can the effects of different gloss levels on actual safety-related behavior 
be inferred. Future studies should incorporate object-recognition, obstacle-detection, and 
spatial-navigation tasks to determine whether differences in attention allocation under 
different CCT and gloss conditions translate into improved task performance or instead 
impose additional visual-processing demands. This would provide a more comprehen-
sive explanation of the mechanisms through which lighting color and surface gloss affect 
older adults in wood-based residential environments. 

In addition, the correspondence between objective eye-tracking indicators and con-
tinuous psychological impression ratings requires further investigation. In the present 
study, eye movements were recorded during simultaneous pairwise viewing, whereas 
psychological impressions were rated retrospectively for individual scenes after comple-
tion of the comparison task. The two types of measures therefore differed in task structure, 
measurement timing, and evaluation context, which may limit their direct comparability. 
Future studies should present individual scenes separately and collect eye-tracking data, 
immediate psychological ratings, and task-performance measures within the same trial. 
Longer exposure durations, repeated measurements, and multilevel analytical models 
may further clarify the relationship between objective visual attention and subjective spa-
tial perception among older adults. 

Finally, the age distribution of the sample was relatively concentrated: 25 of the 30 
participants (83.3%) were aged 60–70 years, whereas only five participants were aged 70 
years or older. Therefore, the findings primarily reflect the visual attention, preference 
choices, and psychological impressions of relatively younger older adults under the pre-
sent experimental conditions and may not fully capture differences in visual function 
across different stages of aging. In particular, the present study did not include a suffi-
ciently large sample of adults aged 80 years and above to support an independent analy-
sis; therefore, the current findings should not be directly generalized to this age group. 
Future studies should adopt age-stratified recruitment, increase the proportion of partic-
ipants aged over 70 years, particularly those aged 80 years and above, and conduct sub-
group comparisons in conjunction with assessments of visual function to determine 
whether the perceptual effects of CCT and wood surface gloss vary across stages of aging. 
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5. Conclusions 
This study combined eye-tracking experiments, forced-choice judgments, and psy-

chological impression evaluation to examine the effects of CCT and wood surface gloss 
on older adults’ visual attention, selection preference, and subjective perception in wood-
based residential interiors. The results showed that both CCT and wood surface gloss in-
fluenced older adults’ perception of wood-based spaces, but their effects were not re-
flected as uniform improvements across all outcome indicators. Because the sample con-
sisted predominantly of participants aged 60–70 years, the findings are primarily applica-
ble to the relatively younger older adults represented in this study and should not be di-
rectly generalized to adults aged 80 years and above. 

The higher CCT condition received more sustained visual attention and a higher fre-
quency of visual access. In the preference choice task, older adults were also more strongly 
affected by changes in CCT. In the subjective evaluation, the lower CCT condition was 
more conducive to enhancing Warmth and Relaxation, whereas the higher CCT condition 
performed better in Naturalness, Interest, Desire to use, and Comfort. 

For wood surface gloss, low gloss was more favorable for Naturalness and Warmth, 
while medium gloss performed better in Interest, Desire to use, and Comfort. However, 
wood surface gloss did not show a significant main effect on selection proportion, indi-
cating that its influence on explicit selection preference was relatively limited. 

These findings suggest that older adults’ evaluation of wood-based residential inte-
riors cannot be simplified into a single dimension. Different environmental parameters 
are more likely to act on different aspects of perceptual response. In particular, wood sur-
face gloss should not be regarded merely as a decorative material attribute, as it also af-
fects psychological impressions and visual attention allocation. 

From a design perspective, the findings support parameter matching based on target 
experience rather than the pursuit of a single optimal solution. Therefore, combining eye-
tracking indicators, selection behavior, and subjective evaluation can help provide a more 
comprehensive understanding of older adults’ perceptual characteristics in wood-based 
residential environments, and can offer experimental evidence for the coordinated design 
of lighting and material surface treatment in age-friendly residential interiors, thereby 
providing design references for improving older adults’ residential safety and quality of 
life. 
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Abbreviations 
The following abbreviations are used in this manuscript: 

CCT Correlated color temperature 
AOI Area of interest 
FFD First fixation duration 
TFD Total fixation duration 
TFC Total fixation count 
SD Standard deviation 
SE Standard error 
ANOVA Analysis of variance 
EMM Estimated marginal mean 

Appendix A 

Table A1. Virtual rendering parameter ranges used to represent the three perceptual wood surface 
gloss categories. 

Gloss Level Roughness Specular Highlight Visual Appearance 

Low gloss 70–90% 10–30% 
Weak surface reflection and 
blurred highlights 

Medium gloss 40–60% 40–60% 
Moderate reflection and visi-
ble highlights 

High gloss 10–30% 70–90% Strong surface reflection and 
clear highlights 
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