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Abstract

:

The indoor environment is widely acknowledged as a non-pharmacological tool for regulating residents’ mental health. In dormitory environments with relatively high residential density, the mental health of university students requires particular attention. This study surveyed 445 students from a northern Chinese university and used structural equation modeling (SEM) to analyze the impact of perceived indoor environmental quality (IEQ)—including thermal, lighting, acoustics, indoor air quality, and overcrowding—on self-reported anxiety symptoms. The results indicated the following: (1) students’ perceptions of dormitory IEQ significantly affected anxiety symptoms, explaining 40% of the variance; (2) anxiety symptoms associated with the IEQ were mainly characterized by anxiety and panic (r = 0.91, p < 0.001); (3) subjective perceptions of the acoustic environment (r = −0.55, p < 0.001) and indoor air quality (r = −0.15, p < 0.05) were key predictors of anxiety, while thermal environment, lighting environment, and overcrowding were not significant. The findings enrich the IEQ system and provide directions for optimizing the dormitory indoor environment from the perspective of student mental health, with implications for other types of residential buildings.
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1. Introduction


Mental disorders have a high prevalence worldwide, with approximately one in eight individuals being affected [1]. The World Health Organization (WHO) “Global Strategy on Health, Environment and Climate Change [2]” and the “Comprehensive Mental Health Action Plan 2013–2030 [3]” both emphasize the importance of mental health development. Over the past decade, the number of Chinese university students has been steadily increasing [4], and the detection rate of various mental disorders has risen significantly [5,6]. Focusing on the mental health of college students is an important responsibility for both schools and society.



Anxiety is an integral part of mental health. Anxiety symptoms are a series of physical and mental reactions, such as tension, increased heart rate, sweating, and gastrointestinal discomfort, which arise from both anxiety mood and anxiety disorder [7]. It is not limited to students with diagnosed anxiety disorders or other mental disorders, as even students without any mental disorders can experience temporary anxiety symptoms [8]. Anxiety symptoms can significantly impact students’ learning and daily life through various pathways [9,10]. It not only affects students during their time at university but may also affect their quality of life in the future [11]. The causes of anxiety symptoms are complex, with academic pressures, poor sleep quality, and a lack of physical activity being risk factors for university students [12,13]. Furthermore, the environment in which students reside can expose them to various factors that can interfere with brain structure and function, thereby affecting mental health [14,15].



It is well known that indoor environmental quality (IEQ) significantly impacts individual physical and mental health [16]. The American Society of Heating and Air-Conditioning Engineers (ASHRAE) defines IEQ as the indoor experience of building occupants, including energy efficiency, health, and comfort in building design, analysis, and operation [17]. Poor indoor environments can directly affect mental health [18,19], and indirectly impact it by influencing user comfort and physical health [20,21], with both short-term and long-term effects [22,23]. Improving the indoor environment can have a positive impact [24]. University dormitories in China, which combine multiple functions such as learning, dining, and resting, are primary living spaces for students and can inevitably influence their mental health [25]. Therefore, it is crucial to research the effects of the indoor environment of student dormitories on mental health.



Many studies commonly measured IEQ using thermal comfort, lighting comfort, acoustic comfort, and indoor air quality (IAQ) [26,27], and these factors are closely related to occupants’ mental health [28]. In terms of the thermal environment, heat exposure can affect metabolic levels, primarily by stimulating the nervous system, leading to anxiety [29]. Both excessively high and low indoor temperatures can impact mental health [19,30]. Thus, the likelihood of psychological distress increases when individuals have low subjective thermal comfort, subsequently raising the chances of anxiety [31]. Studies show that improving thermal environments can alleviate residents’ thermal comfort and mental health [32]. Regarding the lighting environment, lighting conditions affect individuals’ circadian rhythms and influence emotions, neuroendocrine functions, and cognitive abilities, producing anxiety symptoms [33,34]. Daylighting conditions in classrooms and bedrooms affect students’ comfort and mental well-being [35]. Research indicates that overly bright nighttime lighting is associated with self-reported anxiety [36]. Regarding the acoustic environment, noise exposure affects the endocrine and autonomic nervous systems, generating biological responses that lead to anxiety [37], and contribute to increased annoyance [38]. Nighttime noise is a primary environmental factor affecting sleep quality, and it can negatively impact mental health by disrupting circadian rhythms and causing sleep disturbances [39]. Improving the acoustic environment reduces anxiety levels [40], and soundscapes also affect mental health [41]. Additionally, volatile organic compounds, semi-volatile organic compounds, and mold in indoor environments pose threats to residents’ health, leading to decreased attention, memory decline, and increased risk of anxiety disorders [42,43]. Both short-term and long-term exposure to poor air conditions increase the risk of anxiety [44,45], and improving IAQ has been shown to benefit mental health [46]. Various IEQ factors in many residential and educational buildings have been shown to affect mental health, and improving IEQ can be beneficial for mental well-being. However, research on how IEQ specifically impacts university students’ mental health, particularly focusing on anxiety symptoms, remains limited.



Furthermore, Chinese dormitories are characterized by small individual spaces per capita, high residential density, and similar space designs, with many students expressing dissatisfaction [47]. In addition to the physical factors of the indoor environment, overcrowding is also an important factor affecting residents’ overall satisfaction with IEQ. Dong et al. [48] found that dormitory spatial design has the highest impact on IEQ satisfaction. Overcrowding can affect the sense of privacy and impact mental health [49]. Morganti et al. [50] incorporated overcrowding into IEQ and found a significant relationship between poorer indoor space quality and mental health. However, research incorporating this factor into the assessment of IEQ is limited, and the relationship between dormitory architectural space and anxiety symptoms remains to be explored.



While IEQ has a significant impact on mental health, quantifying their correlations remains challenging. Mao et al. [51] found that the subjective comfort of individual IEQ factors (temperature, humidity, sound, and lighting) is negatively correlated with university students’ anxiety symptoms. However, human perception of the environment is the result of complex interactions and integrations of various sensory stimuli [52]. Focusing on a single or partial IEQ factor makes it difficult to fully reflect the interactions. The specific mechanisms by which the subjective perceptions of the five factors under the overall indoor environment affect university students’ mental health are uncertain. Furthermore, existing research has mainly focused on the relationship between perceived IEQ and factors such as stress and well-being [49,53,54]. There is less focus on research specifically examining the subjective perceptions of overall IEQ and their correlation with anxiety symptoms.



Against this background, this study reflects college university students’ perception of the dormitory space from the perspective of architectural design and explores the operating mechanism of university students’ subjective perception of IEQ (thermal comfort, lighting comfort, acoustic comfort, IAQ, and overcrowding) on anxiety symptoms through questionnaires and structural equation modeling (SEM). This study aims to provide a basis for optimizing dormitory environments to enhance students’ quality of life and mental health. The objectives of this research are to address the following two questions:




	1.

	
What is the relationship between the perceived IEQ and the anxiety symptoms of university students?




	2.

	
Under the combined effects of indoor environmental factors, what are the primary factors significantly impacting students’ mental health? What are the main anxiety symptoms experienced by students?










2. Materials and Methods


Based on the theoretical foundations and research findings on the relationship between perceived IEQ and anxiety, this study conducted a questionnaire survey and proposed hypotheses. A structural equation modeling (SEM) approach was employed to construct and analyze the path model, investigating the influence mechanism of university students’ perceived IEQ on their anxiety symptoms. The summary of research procedures is presented in Figure 1.



2.1. Basic Information on the Study Site


To understand the impact of dormitory IEQ on students’ anxiety symptoms, a retrospective study was conducted on the regular online questionnaire survey of students in the Xishan living area of Dalian University of Technology in Liaoning from 6 to 22 June 2022. During the survey period, the school’s courses had entered the final stage, and students spent more time in their dormitories preparing for exams and final assignments, providing an ideal research opportunity.



The dormitory buildings were arranged in a double-sided layout with internal corridors, as depicted in Figure 2. The building adopts an internal corridor design with rooms arranged on both sides, each accommodating four students. The bathrooms are located indoors without external windows. The dormitories feature a practical “upper bed, lower table” layout, optimizing space utilization. This plan layout form is typical of college dormitory buildings in northern China.




2.2. Questionnaire Design and Hypothesis


The ASHRAE Guideline 10 and the WELL Building Standard state that indoor environmental factors are closely related to occupant health and well-being, identifying the combined effects of various environmental factors on physical and psychological health [55,56]. In China, the “Assessment standard for green building” (GB/T50378-2019) puts forward requirements for IEQ from the perspective of health [57]. From a theoretical perspective, R. Gifford proposed in the theory of environmental psychology that people and the environment interact in various ways, manifesting in actions, emotions, and well-being [58]. According to the “behavior-environment congruence” theory, a good environment that meets people’s needs can influence their quality of life and mental health [59,60]. However, in many related studies, not all IEQ factors impact mental health [23,36,61]. To investigate the impact of perceived IEQ on students’ anxiety symptoms, we formulated three hypotheses: (1) all factors of perceived IEQ have an impact on anxiety symptoms; (2) some factors of perceived IEQ have an impact on anxiety symptoms, while others are not significant; (3) perceived IEQ has no impact on anxiety symptoms.



In this study, the self-rating anxiety scale (SAS) from regular surveys was selected to measure the self-reported anxiety symptom levels of university students. This scale, designed by William W.K. Zung, is a widely used anxiety screening tool. It primarily reflects the severity of anxiety symptoms through 20 specific physiological and emotional questions, can effectively distinguish between patients with anxiety disorders and those with other diagnoses [62], and has high discriminant validity in non-clinical anxiety scales [63,64]. The questionnaire can be used for patients with anxiety disorders to express their anxiety symptoms, as well as for the assessment of the general population [65,66]. Participants self-reported similar levels of mental health. The Cronbach’s α value for the SAS in this study was 0.882. It has been widely used as a validated tool in research that requires participants to self-assess their anxiety [67,68].



The SAS questionnaire comprises 20 questions with response options varying from 1 (none, or a little of the time) to 4 (most, or all of the time). Certain questions (5, 9, 13, 17, and 19) are reverse-scored, and the questionnaire is provided in Table S1. The final score is obtained by summing all the question scores and then multiplying by a coefficient of 1.25. This score is then compared to the Chinese normative data to determine the level of anxiety symptoms (SAS < 50, normal; 50 ≤ SAS < 60, mild anxiety; 60 ≤ SAS < 70, moderate anxiety; 70 ≤ SAS ≤ 80, severe anxiety) [69]. To clarify the specific characteristics of anxiety symptoms, we referenced the study by Olatunji et al. [70] and used principal component analysis to divide the anxiety symptoms into four dimensions: “anxiety and panic” assessing complaints related to anxiety and panic, “somatic control” assessing composure and relaxation, “vestibular sensations” assessing bodily functions and feelings of calmness, and “ gut/muscle sensations” related to gastrointestinal and muscular discomfort.



In the IEQ section of the questionnaire, the perceived IEQ can reflect the satisfactory or unsatisfactory environmental factors that university students experience in their dormitories [71]. The IEQ section of the questionnaire includes five dimensions: thermal comfort, lighting comfort, acoustic comfort, IAQ, and overcrowding. The Likert scale is used to assess the overall comfort of thermal, acoustic, and lighting environments in subjective satisfaction questionnaires. This study evaluates these factors separately during the daytime and nighttime. In addition, noise source locations were also interrogated. Regarding IAQ, ventilation, odor, and air humidity are how individuals perceive to assess air quality, which is closely related to the human sensory system and health [72,73]. Therefore, the IAQ section set up ‘humidity’, ‘dryness’, ‘odor’, and ‘ventilation’. In terms of overcrowding, the length, width, height, and size of the bedroom space and the window size are evaluated from the perspective of architectural design [74,75].



Based on existing research results and actual conditions, we have prepared separate questions for the bathroom and bedroom [48]. The questionnaire uses a 5-point Likert scale, with higher scores indicating higher satisfaction with each factor [22,76]. Each section of the IEQ has “supplement” items for students to fill in specific feelings and complaints. The questionnaire is summarized in Table 1, and the specific questionnaire is shown in Table S2.



The questionnaire is distributed and collected online through the “WJX” platform, a widely recognized and used survey platform in China. Using “WJX” allowed for efficient distribution and retrieval of survey responses. Participants were over 18 years old, read the informed consent form, ticked “I Agree” through the electronic questionnaire, and voluntarily scanned the QR code of the questionnaire to participate in the anonymous survey. The study was approved by the Ethics Committee of the Dalian University of Technology (DUTSAFA231226-01).




2.3. Data Analysis Method


To analyze the results of the questionnaire, IBM SPSS Statistics 25 was employed to analyze the reliability and validity, and then structural equation modeling (SEM) analysis was constructed using IBM SPSS Amos 26.



2.3.1. Reliability and Validity Analysis


Considering that the IEQ section of the questionnaire was self-made, exploratory factor analysis (EFA) was conducted to establish the factor structure. The EFA utilized the maximum likelihood (ML) method to extract factors from the questionnaire results and verify the dimensional structure [77]. Items with low factor loadings (defined as less than 0.5) were removed [78], including “daytime brightness”, “ nighttime brightness”, “ventilation”, “dryness”, and the bedroom’s “humidity” as well as the bathroom’s “temperature”. This process resulted in a final measurement model comprising 7 dimensions: anxiety symptoms (SAS), bedroom overcrowding (DSE), bedroom acoustic comfort (DAE), bedroom thermal comfort (DHE), bathroom overcrowding (BSE), bathroom lighting comfort (BLE), and indoor air quality (IAQ). The final factor structure explained was 77.045% of the total variance, indicating that the information in the research items could be effectively extracted. Before EFA, the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy and Bartlett’s test of Sphericity were calculated to ensure that the construct was highly suitable for factor analysis. The KMO model was 0.856, which was significant in Bartlett’s test of Sphericity (p < 0.001), indicating good data validity.



Confirmatory factor analysis (CFA) was utilized to determine the potential factor structure of the measurement model, verify the structural validity, assess the composite reliability, and evaluate the model fit, to assess whether the measurement model can be effectively used to test the hypotheses [79,80]. The results are presented in Table 2.



Cronbach’s α and composite reliability (CR) were used to measure the reliability of the measurement model [81]. Cronbach’s α with values above 0.7 is generally considered reliable, while values between 0.6 and 0.7 are also acceptable [82,83]. CR indicates the internal consistency of the construct indicator, and a generally acceptable value is above 0.7 [78], while Fornell and Larcker [84] suggest a CR value above 0.6. The Cronbach’sα and CR values of 7 dimensions in the measurement model were all acceptable, indicating that the model’s reliability meets the requirements.



The average variance extracted (AVE) measures the amount of variance captured by the latent variables through the measurement variables and characterizes the reliability and convergent validity of the dimensions. Ideally, an AVE value above 0.5 is desirable, while values between 0.36 and 0.5 are considered acceptable [84]. The AVE values of the seven dimensions all met the requirements, indicating that the convergent validity of the measurement model is effective. Discriminant validity shows the degree of difference between individual dimensions and others [78], which is considered reliable when the AVE of a specific construct is always greater than the average shared variance. The results indicate that the measurement model has discriminant validity, as shown in Table 3.



Model fit indices are empirical values that explain the quality of the model and can be used to determine the model’s acceptability, with indicators available for reference [85]. CMIN/DF (χ2/df), goodness of fit index (GFI) root mean square error of approximation (RMSEA), comparative fit index (CFI), normed fit index (NFI), and Tucker–Lewis Index (TFI) are widely used as reference factors for model fit [86]. χ2/df between 2 and 5 was considered acceptable [78]. Gefen and Straub [87] suggested that CFI, GFI, NFI, and TLI are greater than 0.9, while RMSEA is less than 0.08 indicating a good model fit. The fit indices for the measurement model are shown in Table 2, indicating good model fit and allowing for further testing of the SEM.




2.3.2. Structural Equation Modeling (SEM)


After confirming the reliability and validity of the model, SEM was utilized to compute the structural model. SEM is a statistical technique capable of modeling multiple independent and dependent variables [88]. It enables simultaneous factor analysis and path analysis, accommodating measurement errors and the potential structure between variables [89]. The resulting standardized path coefficients show the strength and direction of correlation between explicit and latent variables and between latent and potential variables [78].



In this study, a theoretical model and three hypotheses were developed based on existing theories linking IEQ to residents’ mental health. Data were collected through an online questionnaire for analysis. After EFA and CFA, a measurement model was constructed. SEM was then applied, and the model was subjected to maximum likelihood estimation (ML) to build a structural model to quantify how dormitory IEQ collectively affects university students’ anxiety symptoms.






3. Results


3.1. Sample Characteristics


A total of 518 questionnaire results were received from the regular survey, and after manual screening, 73 questionnaires from other dormitory areas or incomplete questionnaires were deleted, and finally, 445 valid questionnaires were included in the study. A descriptive analysis was conducted to reflect the satisfaction levels of respondents towards their basic information, anxiety levels, and IEQ. The means and standard deviations of respondents’ basic information and dormitory environment scores are shown in Table 4.



Among the 445 respondents, 69.7% were male and 30.3% were female, with an average age of 20.45 years. The SAS indicated that the majority (61.3%) of respondents did not exhibit anxiety symptoms, while a small portion (32.5%) had mild anxiety symptoms, and a very small portion (6.1%) experienced moderate or severe anxiety symptoms. Regarding specific symptoms, “Anxiety and panic” had a total score of 28, with an average score of 10.66; “Somatic control” had a total score of 20, with an average score of 8.92; and “Vestibular sensations” and “Gastrointestinal/muscular sensations” both scored 16, with average scores of 5.01 and 6.42, respectively.



Regarding satisfaction with the dormitory IEQ, higher satisfaction scores correlate with higher satisfaction levels. Students expressed lower satisfaction with the width (M = 2.99), size (M = 2.96), and odor (M = 2.83) of the bathroom, while they were more satisfied with the nighttime brightness (M = 4.47), room height (M = 4.17), window size (M = 4.14), and humidity (M = 4.24) of the bedroom.



Pearson correlation analysis was performed to investigate the correlation between perceived IEQ and anxiety levels, which are shown in Table 5. Overall comfort was significantly negatively correlated with SAS scores (r = −0.387, p < 0.01), indicating that the higher the students rated the comfort of the dormitory environment, the lower their anxiety levels. Among all the IEQ factors, acoustic comfort (r = −0.494, p < 0.01) and IAQ (r = −0.439, p < 0.01) of the bedroom showed a significant correlation to the result of SAS, while other factors were not correlated.




3.2. The Effect of Perceived IEQ on Anxiety Symptoms


The results of the SEM are shown in Figure 3 and Table 6, and the fit indices meet the model fit criteria [87]. The perceived IEQ explains 40% of the effect on anxiety symptoms. DAE (r = −0.55, p < 0.001) and IAQ (r = −0.15, p < 0.05) were significantly and negatively correlated with SAS, which indicated that the subjective satisfaction with the acoustic environment and IAQ of the dormitory mainly affected students’ anxiety symptoms, with higher satisfaction levels corresponding to lower anxiety levels. No significant correlation was found between the remaining factors (p ≥ 0.05). Some factors of the IEQ affected anxiety symptoms while others were not significant, consistent with the second hypothesis, and only some of the paths were significantly correlated with SAS (p < 0.05). Therefore, hypothesis (2) was accepted and hypotheses (1) and (3) were rejected.



In this study, the subjective perception of the acoustic environment had a greater impact on anxiety levels, with each 1 unit increase in satisfaction with the acoustic environment decreasing anxiety levels by 0.55 units. Moreover, the overall acoustic environment of the dormitory had a greater impact at night (r = 0.74, p < 0.001) than during the day (r = 0.64, p < 0.001). For every 1 unit increase in student satisfaction with IAQ in the dormitory, anxiety levels decreased by 0.15 units, with “Bathroom odor” (r = 0.80, p < 0.001) causing a greater degree of impact on IAQ. In terms of anxiety symptoms, the strongest somatic symptom was “Anxiety and panic” (r = 0.91, p < 0.001), which showed the strongest correlation, indicating feelings such as anxiety, fear, and panic, as well as symptoms such as flushing, palpitations, and nightmares. This was followed by “Gastrointestinal/muscular sensations” (r = 0.85, p < 0.001) and “Somatic control” (r = 0.81, p < 0.001), which manifested as gastrointestinal and muscular discomfort and dizziness, tremor, and numbness, respectively.




3.3. Analysis of Noise Source Locations


According to the SEM results, satisfaction with the acoustic environment had the greatest impact on self-reported anxiety symptoms among all the perceived IEQ factors, and noise had a greater influence at night. The location of dormitory noise in the questionnaire was analyzed, and the results are shown in Figure 4. The data indicate that more than half of the respondents (59.3%) perceived the primary source of daytime noise to be outside the windows, while 38.9% and 30.8% of respondents reported that the primary sources of nighttime noise were from outside the windows and within the dormitory. Compared to daytime, the disturbance caused by noise from adjacent rooms and within the dormitory was more significant for students at night.



Further analysis of the “supplement” content revealed that the daytime outdoor noise reported by students was mainly from campus activities and traffic. During the night, differences in students’ living habits can lead to noise disturbances that interfere with rest, and a small number of students also mentioned that the flushing sound from the bathroom plumbing can cause disturbances at night.





4. Discussion


4.1. Influence Mechanisms of the Perceived IEQ on Anxiety Symptoms


This study endeavored to explore the correlation between perceived IEQ and self-reported anxiety symptoms among university students. A survey on IEQ and SAS was conducted among students at a university in northern China. The results of the study showed that some perceived IEQ factors had an impact on anxiety symptoms, with perceived acoustic environment and indoor air quality being the main factors. In particular, nighttime noise annoyed students. However, this research also observed that other factors, including overcrowding and bathroom lighting environment, were weakly associated with students’ anxiety symptoms.



Previous studies have primarily focused on the impact of IEQ on mental health, including factors such as well-being, stress, depression, and anxiety. Overall, the results of this study are consistent with previous research, indicating that certain perceived IEQ factors (acoustic environment and IAQ) have a significant short-term impact on mental health [28,90]. Perceived thermal and lighting environments often have a greater long-term impact on mental health [23,28]. The relationship between IEQ and mental health is also related to the location, research time, and building function. In hot and humid summer regions, the impact of humidity and heat is more significant [28,51]. Lighting and thermal comfort in office and learning spaces have a greater impact on mental health, as these buildings are subject to regulations regarding ventilation systems and space dimensions [90]. Considering the differences in experimental time, climate, and dormitory type, more comprehensive research is needed for this type of building.



Numerous studies have confirmed the significant impact of noise on anxiety levels. Noise, as a source of environmental stress, can cause annoyance and sleep disturbances, ultimately affecting people’s moods and daily life [91]. Borsos et al. [92] found that the acoustic environment is a primary factor influencing happiness, with most participants considering noise as the main IEQ factor negatively affecting their health. The results of this study also support previous findings, indicating that acoustic comfort in dormitories is one of the main reasons why perceived IEQ affects university students’ anxiety psychology. The acoustic environment can influence anxiety psychology through various pathways [39,93], primarily by causing sleep disruptions, which impacts the physical and mental health of residents [94]. This study also found that nighttime acoustic environment satisfaction had a greater impact, with the main noise sources being from outside the windows and inside the room. This underscores the need for relevant researchers and designers to pay more attention to acoustic environment design and implement effective measures to reduce the disturbance caused by noise.



Regarding IAQ, particles, odors, and toxins have been shown to affect mental health [20]. Medical research also indicates that olfactory stimuli can affect stress levels, leading to feelings of tension and anxiety [95]. The results of this study also confirm previous findings. The dormitory buildings at the study site are corridor-style with rooms arranged on both sides, and ventilation effects are poor with windows only on one side, dormitory bathrooms without external windows can hardly eliminate bathroom odors that affect the dormitory environment by relying only on the ventilation system [96]. Unpleasant odors are closely related to mental disorders such as depression and anxiety [97], although there is no direct evidence indicating the relationship between bathroom odors and anxiety psychology. This could be explored in future research, along with studying the optimal ventilation system power to provide a basis for improving IAQ.



In previous studies, indoor thermal environments have often been recognized as a major factor influencing health [23,98]. However, this is inconsistent with the results of this study. The reason could be attributed to the research site’s location in Dalian, influenced by the ocean during summer, resulting in a relatively comfortable temperature averaging 22.6 °C [99], which is within the acceptable range for young people in existing studies [100]. In the “supplement” part of the questionnaire, some students also indicated that the current temperature was fine and could be regulated by clothing and blankets. Students generally expressed satisfaction with thermal environments in the dormitories, with cases of sleep disturbances due to overheating being rare, resulting in minimal impact on students’ anxiety levels. However, several students suggested installing fans or air conditioning. Studies have shown that extreme heat and cold impact anxiety symptoms [101]. Therefore, further research is necessary to explore various thermal environments.



The relationship between bedroom lighting environment comfort and anxiety symptoms was not represented in the SEM because of the low factor loadings. This may be because the dormitory design allows for the easy installation of curtains and desk lamps, enabling students to easily adjust the lighting sources to achieve a comfortable lighting level. Dormitory areas in Chinese universities are usually centrally managed, with lights out at set times. In addition, some students mentioned avoiding roommate interruptions by installing bed curtains in the “Supplement” section. As a result, student satisfaction with the light environment in dormitories is generally high. The impact of the lighting environment on mental health is often long-term, particularly the impact of nighttime light pollution on circadian rhythms, which can lead to mental health issues [102]. Natural light also has a clear regulatory effect on people’s emotions, and long-term lack of daylight can lead to vitamin D deficiency and anxiety symptoms [103]. It has also been shown that improving the lighting environment can improve sleep quality in the short term [104]. Therefore, future research can combine actual measurement data to study lighting environments with different illuminance and color temperatures or focus on satisfaction with lighting environments and natural light in longer-term questionnaire surveys.



Overcrowding was included in this study to determine its level among dormitory environmental factors causing anxiety; however, the results were still statistically insignificant. Previous research has shown that inadequate living space can make residents feel crowded and oppressed, leading to stress and anxiety [105]. High-density residential environments are known to impact mental health [25,106]. Chinese dormitories are typically small in size with high occupancy. Although students may often express dissatisfaction with the size of the dormitories, some students mentioned in the “supplement” section that they were “better than high school dormitory”. Based on the common situation in Chinese dormitories, students may have already adapted to living collectively in such spaces. Therefore, overcrowding is related to satisfaction with the dormitory environment but is not the main factor causing anxiety in university students. Furthermore, bedroom and bathroom spaces were categorized into two dimensions in EFA, indicating that students have different perceptions of these two types of spaces. However, existing discussions in the literature are limited. The study reveals that spatial design not only influences students’ satisfaction with dormitories but also has implications for other physical environments [48,107]. It is essential to conduct further research on the impact of space design on physical environments, comparing dormitory spaces of different sizes and capacities to explore dormitory designs that are more conducive to students’ mental well-being.




4.2. Anxiety Symptoms and Other Influences


As far as anxiety symptoms are concerned, the impact of the built environment as one of the stressors for anxiety is multifaceted. This study found that the impact of IEQ on anxiety mainly manifests in “anxiety and panic”. Physiologically, inappropriate indoor environments can affect individuals’ cardiopulmonary function and circadian rhythms [108]; psychologically, they can impact stress levels and attention [109]. This ultimately leads to anxiety, fear, and panic, as well as symptoms such as blushing, palpitations, and nightmares. Anxiety, in turn, affects indoor environmental satisfaction, sleep quality, and emotional levels, reducing students’ quality of learning and life [110]. Therefore, it is necessary to conduct further research on the causes of anxiety in university students and improvement measures.



Furthermore, in the SEM results, the IEQ explained 40% of the SAS, indicating that there are many other factors influencing students’ anxiety symptoms, such as physical activity, interpersonal relationships, and family issues [111]. During the research period, students may have faced the pressure of exams and end-of-term assignments, which affected the symptoms of anxiety. In addition, indoor design elements such as color and furniture can also influence anxiety symptoms [112]. Asim et al. [113] even found that indoor artwork, greenery, and sky views outside the windows can alleviate residents’ anxiety. In future research, it is important to consider incorporating these factors into the study to better understand the pathways through which indoor environments affect mental health. This will provide a basis for enhancing the living environment for students and can be extended to other types of residential buildings.




4.3. Limitation and Future Direction


First, this study utilized SEM to establish a correlation model between perceived IEQ and anxiety symptoms, but correlation does not imply causation. Therefore, future research should further explore the causal relationship. The study only reflects the results for typical northern dormitory buildings in the summer. There is still room for optimization in the questionnaire design, with a lack of detailed discussion on specific noise types and the air quality of bathrooms. Some questionnaire items were also excluded from the SEM due to reliability issues. Additionally, SAS only reflects short-term anxiety symptoms of the participants and does not indicate that the participants have an anxiety disorder. Future research should improve the IEQ survey questionnaire and conduct experiments on different types of typical buildings across multiple seasons to more comprehensively reflect the influence mechanism of dormitory IEQ on students’ anxiety symptoms.



Secondly, this study used the relationship between perceived IEQ and anxiety symptoms, which can only reflect the impact of improving environmental quality satisfaction, without the support of objective measurements to propose specific optimization measures. In future research, a combination of subjective and objective methods should be considered, focusing on the acoustic environment and IAQ, to enhance the scientific validity of the research and provide a basis for proposing targeted renovation measures. Finally, the dormitory environment is just one of many factors contributing to university students’ anxiety [111]. Future research should consider factors of university students such as lifestyles, academic stress, and well-being to reflect the pathways and mediating factors through which the indoor environment factor influences anxiety.





5. Conclusions


The dormitory plays a crucial role in the lives of university students, as a comfortable and conducive environment can greatly enhance their well-being and academic performance. This study focused on 445 students from the Xishan living area of Dalian University of Technology, investigating the subjective perception of students towards dormitory IEQ and its correlation with student anxiety symptoms through subjective questionnaires and SEM. The main conclusions are as follows:




	1.

	
The perceived dormitory indoor environment of university students has an impact on their anxiety symptoms, explaining 40% of the SAS results, and only some factors have an influence.




	2.

	
Under the comprehensive effect of indoor environmental factors, the acoustic comfort (r = −0.55, p < 0.001) and IAQ (r = −0.15, p < 0.05) of the dormitory has a significant impact on the anxiety symptoms of university students. The main anxiety symptoms determined by the SAS are “anxiety and panic (r = 0.91, p < 0.001)”, manifesting anxiety, fear, and panic, as well as physical symptoms such as flushing, palpitations, and nightmares.









This study contributes to the IEQ evaluation system from an architectural design perspective, focusing on anxiety—a common psychological issue among university students. It quantifies the impact of students’ subjective perceptions of IEQ factors in overall indoor environments on their anxiety levels, thereby expanding the knowledge base on the relationship between the built environment in higher education and student mental health. The results offer valuable guidance for dormitory design and renovation, crucial for creating a comprehensive and supportive learning environment, and can also serve as a reference for other dormitory buildings.



However, this study only investigated the subjective IEQ and has limitations such as a small sample size and short duration, and the research methodology needs to be improved. Future studies should adopt a combination of subjective and objective methods, investigate the effects of different seasons and dormitory types, and expand the sample size to more comprehensively reflect how the built environment impacts mental health.
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Figure 1. Summary of research framework. 
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Figure 2. Overview of the dormitory environment at the study site. (a) Typical dormitory unit floor plan; (b) typical dormitory exterior view. 
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Figure 3. Result of structural equation model. 
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Figure 4. Results of daytime and nighttime noise source locations. 
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Table 1. Summary of the questionnaire.






Table 1. Summary of the questionnaire.





	
Variable Group

	
Question






	
Basic information

	
Age, gender, grade




	
Living conditions

	
Number of dormitory members, building number, floor number




	
Anxiety Disorder

	
The self-rating anxiety scale (SAS)




	
IEQ

	
Bedroom

	
Thermal comfort, acoustic comfort, lighting comfort, indoor air quality, overcrowding




	
Bathroom

	
Thermal comfort, lighting comfort, overcrowding, indoor air quality




	
Total

	
Total dormitory indoor environment comfort











 





Table 2. Reliability, validity, and factor loadings of the measurement model.






Table 2. Reliability, validity, and factor loadings of the measurement model.





	
Factors

	
Estimate

	
AVE

	
CR

	
Cronbach’s α

	
Model Fit






	
SAS

	
Anxiety and panic

	
0.910

	
0.709

	
0.907

	
0.882

	
χ2/df = 2.833

CFI = 0.947

GFI = 0.908

NFI = 0.921

TLI = 0.933

RMSEA = 0.064




	
Vestibular sensations

	
0.788




	
Somatic control

	
0.816




	
Gastrointestinal/muscular sensations

	
0.850




	
DSE

	
Room depth

	
0.852

	
0.617

	
0.885

	
0.885




	
Room width

	
0.928




	
Room height

	
0.537




	
Room Size

	
0.930




	
Window size

	
0.588




	
DAE

	
Daytime

	
0.649

	
0.479

	
0.647

	
0.627




	
Nighttime

	
0.732




	
DHE

	
Daytime

	
0.755

	
0.546

	
0.782

	
0.776




	
Nighttime

	
0.780




	
Overheat

	
0.678




	
BSE

	
Bathroom depth

	
0.870

	
0.866

	
0.951

	
0.949




	
Bathroom width

	
0.984




	
Bathroom area

	
0.934




	
BLE

	
Daytime

	
0.756

	
0.534

	
0.696

	
0.694




	
Nighttime

	
0.705




	
IAQ

	
Odor

	
0.680

	
0.552

	
0.710

	
0.704




	
Bathroom odor

	
0.801








Note: AVE: average variance extracted; CR: composite reliability; χ2/df: CMIN/DF; CFI: comparative fit index; GFI: goodness of fit index; NFI: normed fit index; TLI: Tucker–Lewis Index; RMSEA: root mean square error of approximation.













 





Table 3. Correlation matrix and root of AVE’s.
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	SAS
	DSE
	DAE
	DHE
	BSE
	BLE
	IAQ





	SAS
	0.842
	
	
	
	
	
	



	DSE
	−0.215
	0.786
	
	
	
	
	



	DAE
	−0.494
	0.297
	0.692
	
	
	
	



	DHE
	−0.288
	0.390
	0.364
	0.739
	
	
	



	BSE
	−0.125
	0.584
	0.192
	0.273
	0.931
	
	



	BLE
	−0.160
	0.377
	0.143
	0.232
	0.396
	0.731
	



	IAQ
	−0.335
	0.298
	0.341
	0.177
	0.257
	0.230
	0.743







Note: The diagonal in italics represents the square root of AVE from observed variance (items); off-diagonal represents the correlation between constructs.













 





Table 4. Statistical results of the questionnaire.
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Characteristic (n = 445)

	
N (%)

	
Mean (SD)






	
Personal Characteristic

	
Age

	

	
20.45 (2.37)




	
Gender

	
Male

	
310 (69.7%)

	




	
Female

	
135 (30.3%)

	




	
Anxiety

	
Normal (SAS < 50)

	
273 (61.3%)

	




	
Mild anxiety (50 ≤ SAS < 60)

	
145 (32.5%)

	




	
Moderate anxiety (60 ≤ SAS < 70)

	
19 (4.2%)

	




	
Severe anxiety (SAS ≥ 70)

	
8 (1.9%)

	




	
Symptoms

	
Anxiety and panic (totaled 28)

	
10.66 (3.70)




	
Somatic control (totaled 20)

	
8.92 (3.49)




	
Vestibular sensations (totaled 16)

	
5.01 (1.85)




	
Gastrointestinal/muscular sensations (totaled 16)

	
6.42 (2.43)




	
Bedroom

	
Thermal comfort

	
Daytime temperature

	
3.67 (1.48)




	
Nighttime temperature

	
3.65 (1.46)




	
Overheat

	
3.54 (1.55)




	
Acoustic comfort

	
Daytime noise

	
3.63 (0.99)




	
Nighttime noise

	
3.90 (1.32)




	
Light comfort

	
Daytime Brightness

	
3.83 (1.33)




	
Nighttime Brightness

	
4.47 (1.01)




	
Overcrowding

	
Room depth

	
3.49 (1.57)




	
Room width

	
3.17 (1.54)




	
Room height

	
4.17 (1.41)




	
Room Size

	
3.12 (1.50)




	
Window size

	
4.14 (1.42)




	
Room View

	
3.14 (1.24)




	
Indoor air quality

	
Odor

	
3.41 (0.93)




	
Humidity

	
4.24 (1.28)




	
Dryness

	
3.87 (1.39)




	
Ventilation

	
3.28 (1.15)




	
Bathroom

	
Thermal comfort

	
Temperature

	
3.66 (1.56)




	
Lighting comfort

	
Daytime brightness

	
3.58 (1.53)




	
Nighttime brightness

	
3.98 (1.43)




	
Overcrowding

	
Room depth

	
3.14 (1.55)




	
Room width

	
2.99 (1.49)




	
Room size

	
2.96 (1.48)




	
Indoor air quality

	
Odor

	
2.83 (1.01)











 





Table 5. Pearson’s correlation coefficient between factors of the perceived dormitory IEQ and anxiety.
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Bedroom

	
Bathroom

	
General Comfort




	
Acoustic Comfort

	
Light Comfort

	
Thermal Comfort

	
Indoor Air Quality

	
Overcrow-Ding

	
Lighting Comfort

	
Thermal Comfort

	
Indoor air Quality

	
Overcrow-Ding






	
SAS

	
−0.494 **

	
−0.266 **

	
−0.288 **

	
−0.439 **

	
−0.247 **

	
−0.16 **

	
−0.161 **

	
−0.307 **

	
−0.125 **

	
−0.387 **








Note: ** Correlation is significant at 0.01 level (two-tailed). The darker the color, the stronger the correlation.













 





Table 6. Regression weights of the second-order confirmatory factor analysis.
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Group

	
Unstandardized Estimate

	
Standardized Estimate

	
S.E.

	
C.R.

	
p






	
SAS ← DSE

	
0.083

	
0.032

	
0.156

	
0.530

	
0.596




	
SAS ← DAE

	
−1.879

	
−0.546

	
0.330

	
−5.701

	
***




	
SAS ← DHE

	
−0.141

	
−0.047

	
0.205

	
−0.689

	
0.491




	
SAS ← BLE

	
−0.242

	
−0.083

	
0.219

	
−1.103

	
0.270




	
SAS ← BSE

	
0.094

	
0.038

	
0.150

	
0.629

	
0.529




	
SAS ← IAQ

	
−0.786

	
−0.146

	
0.398

	
−1.973

	
*




	
SAS

	
Anxiety and panic ← SAS

	
1

	
0.908

	
-

	
-

	
-




	
Somatic control ← SAS

	
0.846

	
0.811

	
0.037

	
23.140

	
***




	
Vestibular sensations ← SAS

	
0.434

	
0.784

	
0.020

	
21.233

	
***




	
Gastrointestinal/muscular sensations ← SAS

	
0.614

	
0.847

	
0.026

	
23.808

	
***




	
DSE

	
Length ← DSE

	
1

	
0.845

	
-

	
-

	
-




	
Width ← DSE

	
1.076

	
0.934

	
0.040

	
27.217

	
***




	
Height ← DSE

	
0.627

	
0.583

	
0.047

	
13.275

	
***




	
Size ← DSE

	
1.027

	
0.910

	
0.039

	
26.653

	
***




	
Window size ← DSE

	
0.643

	
0.597

	
0.045

	
14.144

	
***




	
DAE

	
Night ← DAE

	
1

	
0.737

	
-

	
-

	
-




	
Day ← DAE

	
0.651

	
0.636

	
0.069

	
9.406

	
***




	
DHE

	
Day ← DHE

	
1

	
0.761

	
-

	
-

	
-




	
Night ← DHE

	
1.005

	
0.777

	
0.073

	
13.748

	
***




	
Overheat ← DHE

	
0.912

	
0.660

	
0.078

	
11.743

	
***




	
BSE

	
length ← BSE

	
1

	
0.869

	
-

	
-

	
-




	
Width ← BSE

	
1.082

	
0.984

	
0.032

	
33.522

	
***




	
Size ← BSE

	
1.02

	
0.934

	
0.034

	
30.353

	
***




	
BLE

	
Day ← BLE

	
1

	
0.750

	
-

	
-

	
-




	
Night ← BLE

	
0.882

	
0.706

	
0.116

	
7.612

	
***




	
IAQ

	
Odor ← IAQ

	
1

	
0.668

	
-

	
-

	
-




	
Toilet odor ←IAQ

	
1.302

	
0.804

	
0.157

	
8.273

	
***




	
Model Fit

	
χ 2/df = 2.94; CFI = 0.943; GFI = 0.903; NFI = 0.916; TLI = 0.929; RMSEA = 0.066








Note: *, *** Correlation is significant at 0.05 and 0.001 levels, respectively (two-tailed).
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