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Abstract

:

Comprehensively monitoring indoor environmental quality (IEQ) parameters and their dynamic relations is essential to ensure improved productivity and a healthy environment for building occupants. Although IEQ significantly influences working efficiency, studies addressing this aspect with researchers in institutes as the focal point are limited. Thus, this study employed drill-down analyses, such as floor-by-floor and building-by-building examinations and used an occupant IEQ survey approach to evaluate working conditions in research buildings. This study systematically and objectively assessed IEQ using the Korea building occupant survey system. The results indicate that acoustic qualities affect the work productivity and satisfaction of the building occupants. The floor-by-floor analysis is necessary to identify IEQ factors and the reasons for the satisfaction of occupants. Additionally, it is important to improve the user-friendliness of the system, implement frequent survey distribution systems, and empirically analyze data associations among building, spatial, and demographical characteristics.
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1. Introduction


People nowadays spend up to 87 percent of their time indoors, whether in a home or business facility, so they are constantly exposed to the indoor environment [1]. It is critical to completely comprehend the elements impacting indoor environmental quality (IEQ), their interdependence, complexity, and dynamic nature, as well as their influence on people′s health and productivity [2,3]. To this end, many recent studies have focused on IEQ encompassing various factors affecting the satisfaction of occupants with the indoor environment and their health, work efficiency, and productivity [4,5,6].



IEQ surveys are conducted on diverse building typologies such as office, residential, and educational buildings because IEQ factors vary depending on the properties of each building typology [3].



In particular, IEQ assessments for buildings related to the educational environment focus on analyzing the average response of a large group of students regarding educational buildings such as schools and universities [7,8,9,10]. There are few studies on the staff including non-teaching and teaching staff [11,12,13]. In addition, although IEQ has a significant effect on research efficiency and work productivity in a research office [7], few studies have focused on researchers in a research institute [14]. Thus, it is important to conduct IEQ assessments for research buildings to expand the diversity of building typology and occupant.



Furthermore, there are several analyses regarding the average response of a large population in the overall building. However, spatial differences in the IEQ are evident between buildings [15]. In many previous studies that involved empirical investigations, the effect of IEQ on user satisfaction was examined for buildings; however, it was not investigated for the occupants of different floors. Therefore, it is necessary to conduct a specific drill-down analysis such as from a building-by-building and floor-by-floor examination for gaining further insights into the IEQ.



Most evaluations of IEQ studies are conducted using paper-based surveys in Korea, with many of these evaluations being one-off surveys and thus fragmentary. Paper-based surveys can take a considerably long time and be very expensive. In the 1990s, online survey tools were introduced in the United States, United Kingdom, and elsewhere to explore measures for significantly reducing the survey time, cost, and effort involved in traditional paper surveys [16]. A web-based survey system equipped with appropriate survey questions and a user interface enables the quick collection of survey response information and helps process and analyze the response results using an accumulated database [17]. Lee and Kim [14] compared and analyzed the online building occupant survey systems in the United States, the United Kingdom, and Australia and, Lee et al. [18] developed a new prototype of the Korea building occupant survey system (KBOSS).



To date, no studies have been conducted at any research institute buildings for occupants including researchers and administrators to examine IEQ and working productivity. Thus, the study investigates the IEQ parameters and overall satisfaction and productivity of workspace floors depending on the different occupants (researchers and administrators). Further, this study focuses on an occupant IEQ surveying approach with building-by-building and floor-by-floor analyses on research buildings in Korea. The outcome of the current assessment will assist in identifying and evaluating IEQ assessment in research buildings. This study, to the best of our knowledge, is the first systematic study that objectively assesses IEQ using KBOSS to build the Korean IEQ database and describes the IEQ survey criteria and factors, research building, occupants’ information (Section 2), and the statistical results for the groups of researcher and administrator (Section 3). Responses were gathered and quantitatively analyzed using a statistical software package (IBM SPSS 27.0). Further, the paper investigates a building-by-building and floor-by-floor analysis of research buildings (Section 4). Finally, the paper ends with a discussion and a conclusion with recommendations for further research (Section 5 and Section 6).




2. IEQ Survey in Research Institutes


2.1. Characteristics of Occupants


The survey respondents included occupants of three buildings used for research and administration at the Korea Institute of Civil Engineering and Building Technology (KICT): A_bldg (researcher’s space 70%, administrator’s space 20%, other space 10%), B_bldg (researcher’s space 100%), and C_bldg (researcher’s space 30%, administrator’s space 60%, other space 10%). These three buildings were selected because several researchers and administrators work in these three buildings compared to the other buildings at the KICT, which are mostly used as laboratories and test facilities. The location layout of buildings A–C is shown in Figure 1.



In this study, only the web-based survey system, KBOSS, was going to be used; however, as this was a first-time survey, both the online and paper surveys were conducted in parallel to increase the participation rate of occupants and obtain the maximum number of responses on the various improvements of the system. The survey was conducted during a two-week period from 9 September to 20 September 2019.



The survey was given to 200 occupants including the researchers and administrators of the three buildings, who had their own office seats. The final count of the collected responses was 151: 80 from A_bldg (1–5F), 21 from B_bldg (3, 4, 6, 7, and 8F), and 50 from C_bldg (2–5F). The 5th floor of B_bldg used as a laboratory, and the 1st floor of C_bldg used as a community space without occupants were excluded from the survey. Both floors are used for the temporary experiments or meetings, so there are no regular occupants. The subjects were divided into two groups based on gender (male and female), and into two groups based on age: junior group (respondents between 20–40 years) and senior group (respondents between 40–65 years).



Occupants were further divided based on their job function. The job functions at a Korean government-funded research institute include researchers, administrators, technicians, and others (such as students and interns). In this study, post-doctoral researchers and student interns were included in the researcher group, and technicians who deal with experiment supports were included in the administrator group, given their low response rate for the analysis. In addition, the questionnaire included questions on the working hours and duration of employment of the respondents in the three buildings for determining the reliability of the response in terms of whether the IEQ of the workspace of an occupant was represented accurately. The results of the survey responses are summarized in Table 1.




2.2. IEQ Factors and Survey Questionnaires


Various criteria and parameters of the IEQ have been proposed in previous studies based on the survey building type, country, and place [19,20]. Although previous survey-based studies were consulted in this study, questions were amended to improve their suitability for an occupant satisfaction survey in a research institute that utilizes the web-based occupant IEQ survey of the UC Berkeley Center for the Built Environment (CBE) published in the ASHRAE [21] guidebook. In addition to its long history, the occupant IEQ survey of CBE is used worldwide and is recommended by several protocols such as EcoSmart and ASHRAE’s performance measurement protocols (PMP) [19]. Seven IEQ criteria were established in this study including the four principal criteria of IEQ including thermal comfort, air quality, lighting, and acoustic quality [22], with three additional criteria including personal workspace, office layout, and overall building layout. Further, a questionnaire comprised five satisfaction domains: four principal criteria of IEQ and the office layout, which significantly affects productivity [23].



In addition, the satisfaction level for each factor was designed based on the 7-point Likert scale (with 1 being highly dissatisfied and 7 being highly satisfied). Respondents are asked to provide reasons for dissatisfaction or additional relevant information if points 1, 2, or 3 were selected, which are lower than the expected satisfaction level (4 points). The IEQ and productivity criteria of the respondents and the survey questions are presented in Table 2.




2.3. Survey Implementation


KBOSS was used initially to build the large amount of data. The method of using the building occupant survey system involves the following steps:




	
The office building address of the user is entered, searched, and selected to complete the online survey as shown in Figure 2.



	
The office location of the user is selected on the interior map of his or her office building. That is, from the pop-up window on the right-hand side, as shown in Figure 2, the user can directly click the latitude and longitude points [x, y] on the right map and select the height [z] in the left selection box.








The z-coordinate floor information is automatically linked to the floor numbers at each building address using the building information open database provided by the Korean government. Figure 3 illustrates the concept of vertical visualization of the response results as well as horizontal floors [14,18]. However, in this study, KBOSS was used only for the survey implementation, but not for the floor analysis.





3. Results


3.1. Descriptive Statistical Analysis Results of Individual Measurement Variables


The means and standard deviations of each examined feature are provided on the appropriate scale. The model considered in this study comprises seven latent variables: office layout satisfaction, thermal comfort satisfaction, air quality satisfaction, lighting satisfaction, noise satisfaction, overall satisfaction, and productivity. A descriptive statistical analysis was performed to determine the mean, standard deviation, skewness, and kurtosis of the variables to be used in the regression analysis. Further, there was no variable with a standard deviation of 3 or more, and all variables had |skewness| < 2 and |kurtosis| < 2, which indicates a normal distribution. Table 3 lists the descriptive statistical analysis results of the individual measurement variables.




3.2. Exploratory Factor and Reliability Analyses of Independent Variables


Exploratory factor analysis was performed to examine whether the measurement items of the independent variable used in this study were grouped into the same factor. Principal component analysis was used for factor extraction, and the orthogonal Varimax rotation was used as the rotation method. The analysis was conducted on office layout satisfaction, lighting satisfaction, and noise satisfaction, which comprise multiple measurement items besides independent variables that consist of single items such as thermal comfort satisfaction and air quality satisfaction. No measurement items were removed during the analysis process. The analysis results indicate that the KMO value was 0.691; Bartlett′s sphericity test results indicate that the significance probability was less than 0.05, which confirms that the model was suitable. Further, the cumulative variance was 77.120%, which implies the explanatory power of the three factors was satisfactory. For the constituent items of each factor, the first factor contained three items, and the second and third contained two items each. According to the content of the constituent items, the first factor was called office layout satisfaction; the second, lighting satisfaction; and the third, noise satisfaction. All factor loading values were above 0.5, which indicates that the validity was satisfied. Further, a reliability analysis was conducted to examine the internal consistency of each factor. Cronbach’s α was used to determine the internal consistency, and the Cronbach’s α value for each variable was 0.733–0.873, which is a satisfactory level (Cronbach’s α > 0.7). Table 4 summarizes the analysis results.




3.3. Exploratory Factor and Reliability Analyses for Dependent Variables


Productivity 1 was removed from the analysis because of a lack of validity. The final analysis results indicate that the KMO value was 0.713, and the significance probability of Bartlett′s sphericity test was less than 0.05, which confirm the model was suitable. The cumulative variance was 69.438%, which suggests that the explanatory power of the two factors was satisfactory. For the constituent items of each factor, the first factor contained four items; the second contained two. Based on the contents of the composed items, the first factor was named productivity, and the second, overall satisfaction. All factor loading values were above 0.5, which indicates that the validity was satisfied. Further, a reliability analysis was performed to examine the internal consistency of each factor. Cronbach’s alpha was used to determine the internal consistency, and Cronbach’s α value for each variable was 0.756–0.889, which was found to be a satisfactory level (Cronbach’s α > 0.7). Table 5 summarizes the analysis results.




3.4. Effect of Office Layout Satisfaction, Thermal Comfort Satisfaction, Air Quality Satisfaction, Lighting Satisfaction, and Noise Satisfaction on Overall Satisfaction


Multiple regression analysis was performed to examine the effects of office layout satisfaction, thermal comfort satisfaction, air quality satisfaction, lighting satisfaction, and noise satisfaction on overall satisfaction. The variables were calculated for office layout satisfaction, lighting satisfaction, noise satisfaction, and overall satisfaction while excluding thermal comfort satisfaction and air quality satisfaction, which comprised a single item. Then, the average value was used for analysis. The analysis results indicate that the regression model was statistically significant (F = 77.273, p < 0.001), and the explanatory power of the regression model was approximately 72.7% (the adjusted R-squared was approximately 71.8%; R² = 0.727, adj R² = 0.718). The Durbin–Watson statistic showed a value close to 2, which implies there was no problem in the assumption of the independence of the residuals. The variance inflation index (VIF) was less than 10, implying that there was no multicollinearity problem. Table 6 summarizes the analysis results. The results indicate office layout satisfaction, thermal comfort satisfaction, air quality satisfaction, lighting satisfaction, and noise satisfaction have significant positive (+) effects on overall satisfaction; the overall satisfaction increased with an increase in these factors.




3.5. Effect of Overall Satisfaction on Productivity


A linear regression analysis was performed to examine the effect of overall satisfaction on productivity. The mean value was used for analysis after calculating the variables for overall satisfaction and productivity. The analysis results indicate that the regression model was statistically significant (F = 38.452, p < 0.001), and the explanatory power of the regression model was about 20.5% (adjusted R-squared about 20.0%; R² = 0.205, adj R² = 0.200). The Durbin–Watson statistic showed a value close to 2, indicating that there was no problem in assuming the independence of the residuals. Table 7 summarizes the analysis results. The results of examining the significance of the regression coefficient indicate that the overall satisfaction (β = 0.453, p < 0.001) had a significant positive (+) effect on productivity, which implies productivity increased with an increase in overall satisfaction.




3.6. Critical Ratio Tests of Path Differences by Occupation


A multi-group path analysis was performed to examine the path coefficient and significance of the research model by occupation and to test the path difference. Table 8 summarizes the analysis results.



A significant effect on overall satisfaction was observed in all variables because the researchers tended to gather in specific buildings and on specific floors. However, for the administrators, the effect on overall satisfaction was not significant in all variables because of various workplace variables, given that there were many subgroups such as a small number of people seated with the researchers on a single floor, a small number of people working on each floor, and a large group gathered on a single floor. Accordingly, in the future, it will be necessary to study the effect on the satisfaction of each group and the overall satisfaction based on the location of each floor and room of the administrator.




3.7. Differences in Overall Satisfaction According to Demographic Characteristics


One-way ANOVA was performed to determine whether the mean of overall satisfaction showed a significant difference according to demographic characteristics. Floors 1–14 indicate each of the 14 floors of the 3 buildings. Table 9 summarizes the analysis results. The analysis results indicate that was a significant difference in the overall satisfaction based on the floor (F = 2.634, p < 0.01). Further, there was no significant difference in overall satisfaction caused by the working period at the building, working period at the workplace, working hours per week, age, and gender. The variable, floor, seemed to play an important role in overall satisfaction.





4. Building-by-Building and Floor-by-Floor Analyses


As mentioned in the statistical analysis, it is necessary to specifically analyze the items and reasons for low satisfaction not only by building but also by floor. In this study, productivity was analyzed only to identify the relationship with overall satisfaction. However, the comparison results for the five productivity items (P1–P5) did not show any statistical significance, and thus, they were excluded from the analysis. The mean value for each floor of A_bldg, which has the highest number of responses and a very low satisfaction for specific items as a result of the comparison of buildings A, B, and C by item, was analyzed. Thus, this study used floor-by-floor analysis to investigate the reasons for dissatisfaction and find a solution for A_bldg. Finally, the reasons for a very low level of satisfaction on a certain floor were analyzed by classifying the results for the researchers and administrators.



The summary characteristics of the survey respondents including gender, age, job function, and the duration of employment in a given building are presented in Table 10. In this study, the respondents with an employment period of less than one year were excluded from the analysis as they were deemed unable to reliably answer the questions designed in the study.



In this study, personal workspace descriptions (Table 2), which were not expressed in terms of satisfaction level, were excluded from the analysis, while the responses to 11 questions under thesix types of IEQ criteria were analyzed. The average values of the satisfaction level for each of the questions in the buildings A–C are presented in Table 11. Assuming an average satisfaction level of between 3.5 and 4.5 as “normal,” questionnaire responses with an average satisfaction level <3.5 points were shaded red, and those with an average satisfaction level >4.5 were shaded green. The overall averages for the survey were found to be 4.5, 4.6, and 4.2 for buildings A, B, and C, respectively, i.e., all three buildings showed “normal” satisfaction levels. The average values of all questions showed a correlation with the subjective answers to questions G1 and G2 (overall satisfaction with the personal workspace and overall satisfaction with the building). With respect to the average value for each questionnaire response, all three buildings scored 4.2 or higher for questions G1 and G2. However, a detailed response to question F2 (satisfaction with noise levels) revealed low satisfaction in all three buildings. Further, the satisfaction level for question F1 (satisfaction with the sound privacy) was relatively low in A_bldg, and that of question B1 (satisfaction with the amount of space available) was also low in C_bldg (Table 11).



The average value of each questionnaire for A_bldg was compared and analyzed by floor to understand the details from a noise perspective because the responses to question F2 on acoustic quality showed the lowest satisfaction levels in all buildings; the average values of satisfaction levels for F1 were also low (Table 12 and Figure 4). The averages for F1 were low on the first and fourth floors, and the averages for F2 were low on the first, fourth, and fifth floors of building A. As shown in the boxplot in Figure 4, the distributions for the first and fourth floors were skewed lower compared to the overall averages (gray dotted lines). In other words, satisfaction with the acoustic quality was particularly low on the first and fourth floors. The fourth floor scored low on questions C, D, G1, and G2, as well as on question F2.



We investigated the reasons for the low satisfaction averages for question F1 for the first and fourth floors. The satisfaction level for F1 was low regardless of the position and gender of the respondent on the first floor and was especially low within the male researcher group. For F2, the female administrator group on the first floor and the male researcher group on the fourth floor showed low satisfaction. The reasons for such low satisfaction levels for F1 and F2 (lower than 3 points) are presented in Table 13 and Figure 5.




5. Discussion


5.1. Floor-by-Floor Analysis


The satisfaction score of the occupants for questions G1 and G2 for the buildings A–C were identified to be above average at 4.6, 5.0, 4.2 and 4.7, 5.1, 4.6, respectively. The three buildings were regarded as workspaces or buildings where, on average, no abnormalities were observed. However, the result from analyzing the response data of building A through a drill-down and floor-by-floor visualization by survey question, floor, position, and gender revealed the lowest satisfaction scores for noise-related survey questions. This indicates that the floor-by-floor analysis is necessary to identify IEQ factors and the reasons for the satisfaction of occupants.



Further, the result of the analysis for the responses from all the three research institute buildings at KICT showed that the satisfaction level with the noise was low in all buildings. The negative effects of noise and poor acoustics on job productivity and discontent among office workers have been extensively established [22,24]. Noise from machinery (such as printers, phones, and fax machines) can also expose research building occupants to unwanted noises, and a lack of capacity to control those sounds can reduce productivity [25]. This study also showed that acoustic qualities affect the work productivity and satisfaction of the building occupants.



The results indicate that the lowest scores were given by the first and fourth floor occupants. On the first floor, a biased response was observed because of a temporary event (restaurant construction and department furniture rearrangement). F2 (sound privacy) was the item with the highest dissatisfaction level. The analysis of the survey responses by floor indicated that the satisfaction level with noise was particularly low on the first floor regardless of the position and gender of the occupant. Results from the supplementary individual interviews confirmed that the restaurant on the basement floor was being renovated during the survey period in September 2019, and the noise from rearranging the furniture on the first floor was found to be a major factor affecting satisfaction. Thus, the scores of responses to certain questions were biased on some floors because of temporary events; this is an inherent characteristic of the survey method, and measures must be implemented to minimize such bias by conducting surveys regularly (e.g., at least quarterly) or before and after a particular (predictable) event [26].



On the fourth floor, low satisfaction caused by telephone noise was observed. Cost-effective measures such as sound masking or improving the acoustical characteristics of cubicles’ surfaces on the fourth floor were implemented to improve the satisfaction of the occupants, which helped enhance work productivity [27].



The satisfaction level for question B2 (visual privacy) of A_bldg was ranked 6th out of 11 items (normal level), as listed in Table 13; however, it is at a rather low level of 3.3 points on the second floor of the same building. It is believed that visual privacy is less satisfactory here because most administrators use cubicles with low partitions (approximately 1.5 m or less) or share the space with others. Bae, Martin, and Asojo [17] mentioned that when unsatisfied with acoustic characteristics or privacy, workers who work in shared and open workspaces may be more likely to be dissatisfied or experience a negative influence on their job productivity compared to employees who work in private and enclosed offices. Therefore, the presence and height of cubicles that divide the desk layout and areas are important factors for visual privacy, especially for administrators.




5.2. Limitations


There are some limitations to this study, which raises significant issues for future research.



	
Our research sample was small and unrepresentative of the floor population in each building, and the uneven sample size across floors could be a potential weakness. Other researchers should attempt to overcome this barrier by devising a survey technique plan that considers the wide range of research institute buildings.



	
Our analysis considered only three research institute buildings, despite there being a total of 26 research buildings in the area. Thus, our findings cannot be applied to other research institutes. Future research should confirm our findings in a variety of building environments. In particular, this study focused on the floor-by-floor analysis of A_bldg, so B_bldg and C_bldg should be analyzed in future research.



	
Furthermore, no additional information on the principal workplace has been investigated. More studies on spatial aspects such as rooms and zones are required because geographical and zoning variables influence IEQ components [28,29,30].








6. Conclusions


This paper presented the results of a satisfaction survey on IEQ administered to 151 occupants of three research buildings in Korea. The occupants were asked to rate their satisfaction level in terms of personal workspace, office layout, thermal comfort, air quality, lighting, acoustic quality, the building overall, and level of productivity. The main findings indicate that there is a significantly positive (+) effect on layout satisfaction, lighting satisfaction, noise satisfaction, and overall satisfaction, excluding thermal comfort satisfaction and air quality satisfaction, which consist of single items. Further, overall satisfaction has shown a significant positive (+) effect on productivity.



There is a significant difference in the overall satisfaction according to the floor, and the difference in the floor based on the occupation was also found to be statistically significant. Therefore, as a variable, building floor appears to play a significant role in overall satisfaction and differences in occupant satisfaction. This indicates that it is necessary not only to compare the mean values for the buildings but also to analyze each floor in detail in analyzing satisfaction with IEQ.



Further, this research demonstrated that both occupant groups in research institutes are dissatisfied with the acoustic qualities. Administrators who have an open-plan workplace are not satisfied with the visual privacy. This study found that both IEQ factors affect work productivity and satisfaction in research institute. There is a genuine need to minimize dissatisfaction with the build environment to improve productivity because the researchers and administrators in research institute spend a considerable amount of time in these environments. Thus, it is critical to understand how IEQ elements impact occupant satisfaction and perceptions.



In addition, this study analyzes questionnaire items using descriptive exploratory analysis, principal component analysis, linear regression (correlation effect), and path dependence analysis (causal effect). For future research, it is important to consider various new growing methodologies such as partially ordered sets (POSets) in the empirical literature [31,32]. For new methodology, it is again essential to compile large amounts of data in the system.



Finally, a web-based survey system such as KBOSS can be considered a valuable database tool in the accumulation of a large amount of IEQ factors and satisfaction data for a future benchmark study. The comparative benchmarks are significant because they indicate a trend or standard from the dataset under consideration [17,33,34]. The outcomes of this study reinforce the importance of upgrading KBOSS and providing user-centric services of survey systems such as those given below.



	
A future study needs to develop KBOSS as a user-friendly system so that more occupants can conduct a survey easily and frequently to solve the limitation of the number of small samples.



	
A frequent survey distribution system such as one enacted on a seasonal or monthly basis is required further to minimize biased samples.



	
Further research needs to analyze the empirical data associations among building characteristics, spatial characteristics, and demographical characteristics accumulated through KBOSS.
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Figure 1. Location layout of the surveyed buildings (A–C). 
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Figure 2. Conceptual model: Data collection of latitude (x), longitude (y), and height (z) with online questionnaire [S] (left). Visualization of floor-based information (right). 
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Figure 3. Example of GIS-based survey interface of the address of A_bldg and floor (latitude, longitude, floor number) of occupants in the Korea Institute of Civil Engineering and Building Technology. 






Figure 3. Example of GIS-based survey interface of the address of A_bldg and floor (latitude, longitude, floor number) of occupants in the Korea Institute of Civil Engineering and Building Technology.



[image: Sustainability 13 14067 g003]







[image: Sustainability 13 14067 g004 550] 





Figure 4. Boxplot of satisfaction score on each floor of A_bldg. Red indicates overlapping (dense) responses. 
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Figure 5. Satisfaction comparison for questions F1 and F2 on the 1st and 4th floors of A_bldg. Red circles indicate overlapping (dense) responses. 
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Table 1. Demographic characteristics of the sample.
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Division

	
Classification

	
Frequency (People)

	
Ratio (%)






	
Gender

	
Female

	
65

	
43.0




	
Male

	
86

	
57.0




	
Total

	
151

	
100.0




	
Age

	
20s

	
14

	
9.3




	
30s

	
72

	
47.7




	
40s

	
47

	
31.1




	
50s

	
14

	
9.3




	
60s or older

	
4

	
2.6




	
Total

	
151

	
100.0




	
Occupation

	
Researcher

	
100

	
66.2




	
Administrator

	
51

	
33.8




	
Total

	
151

	
100.0




	
Current work building

	
Main building

	
80

	
53.0




	
Innovation center

	
50

	
33.1




	
Zero carbon

	
21

	
13.9




	
Total

	
151

	
100.0




	
Current work floor

	
1

	
14

	
9.3




	
2

	
24

	
15.9




	
3

	
34

	
22.5




	
4

	
20

	
13.2




	
5

	
41

	
27.2




	
6

	
6

	
4.0




	
7

	
7

	
4.6




	
8

	
5

	
3.3




	
Total

	
151

	
100.0




	
Working period at current work building

	
Less than one year

	
68

	
45.0




	
One to two years

	
20

	
13.2




	
Three to five years

	
26

	
17.2




	
Five years or more

	
37

	
24.5




	
Total

	
151

	
100.0




	
Working period at current workspace

	
Less than three months

	
56

	
37.1




	
Four to 12 months

	
71

	
47.0




	
One year or more

	
24

	
15.9




	
Total

	
151

	
100.0




	
Working hours per week

	
10 h or less

	
20

	
13.2




	
11 to 40 h

	
65

	
43.0




	
40 h or more

	
66

	
43.7




	
Total

	
151

	
100.0
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Table 2. Respondent’s IEQ and productivity criteria and survey questions.






Table 2. Respondent’s IEQ and productivity criteria and survey questions.





	IEQ Criteria
	Category
	Label
	Survey Questions





	Personal workspace description
	Important
	A1
	0. Personal workspace description



	Office layout
	Important
	B1
	1. Satisfaction with the amount of space available



	Office layout
	Important
	B2
	2. Satisfaction with visual privacy in the workspace



	Office layout
	Important
	B3
	3. Satisfaction with the workspace interaction with co-workers



	Thermal comfort
	Principal
	C
	4. Satisfaction with workspace temperature



	Air quality
	Principal
	D
	5. Satisfaction with workspace air quality



	Lighting
	Principal
	E1
	6. Satisfaction with workspace lighting (illuminance)



	Lighting
	Principal
	E2
	7. Satisfaction with the visual comfort of lighting



	Acoustic quality
	Principal
	F1
	8. Satisfaction with noise level



	Acoustic quality
	Principal
	F2
	9. Satisfaction with sound privacy (ability to hold conversations without your neighbors overhearing and vice versa)



	General building comments
	Important
	G1
	10. Overall satisfaction with personal workspace



	General building comments
	Important
	G2
	11. Overall satisfaction with building l



	Productivity Criteria
	Category
	Label
	Survey Questions



	Office layout
	Important
	P1
	1. Overall, does the office layout enhance or interfere with your ability to get your job done?



	Thermal comfort
	Principal
	P2
	2. Overall, does your thermal comfort in your workspace enhance or interfere with your ability to get your job done?



	Air quality
	Principal
	P3
	3. Overall, does the air quality in your workspace enhance or interfere with your ability to get your job done?



	Lighting
	Principal
	P4
	4. Overall, does the lighting quality enhance or interfere with your ability to get your job done?



	Acoustic quality
	Principal
	P5
	5. Overall, does the acoustic quality in your workspace enhance or interfere with your ability to get your job done?







The A1 results were excluded from the result analysis as they were not rated on the Likert scale but in a description form.
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Table 3. Descriptive statistics of individual measurement variables (n = 151).
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Latent Variable

	
Measurement Variable

	
Mean

	
Standard Deviation

	
Skewness

	
Kurtosis






	
Office layout satisfaction

	
1

	
4.87

	
1.464

	
−0.427

	
−0.513




	
2

	
4.30

	
1.669

	
−0.152

	
−0.959




	
3

	
4.81

	
1.226

	
−0.220

	
−0.029




	
Thermal comfort satisfaction

	
1

	
4.30

	
1.427

	
−0.038

	
−0.643




	
Lighting satisfaction

	
1

	
4.27

	
1.371

	
−0.251

	
−0.594




	
Lighting satisfaction

	
1

	
4.95

	
1.148

	
−0.378

	
0.430




	
2

	
4.86

	
1.132

	
−0.394

	
−0.092




	
Noise satisfaction

	
1

	
4.04

	
1.557

	
0.083

	
−0.719




	
2

	
3.35

	
1.466

	
0.259

	
−0.552




	
Overall satisfaction

	
1

	
4.58

	
1.213

	
−0.407

	
−0.480




	
2

	
4.73

	
1.200

	
−0.752

	
0.578




	
Productivity

	
1

	
4.48

	
1.113

	
−0.223

	
0.271




	
2

	
5.10

	
1.221

	
−0.348

	
−0.145




	
3

	
4.69

	
1.255

	
−0.149

	
−0.318




	
4

	
4.91

	
1.104

	
−0.297

	
0.459




	
5

	
4.07

	
1.545

	
−0.057

	
−0.641
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Table 4. Results of exploratory factor analysis and reliability analysis for independent variables.






Table 4. Results of exploratory factor analysis and reliability analysis for independent variables.





	
Variable

	
Factor 1

	
Factor 2

	
Factor 3




	
Factor

	
Measurement Items






	
Office layout satisfaction

	
2

	
0.780

	

	




	
1

	
0.764

	

	




	
3

	
0.744

	

	




	
Lighting satisfaction

	
2

	

	
0.910

	




	
1

	

	
0.908

	




	
Noise satisfaction

	
1

	

	

	
0.881




	
2

	

	

	
0.793




	
Eigen value

	
1.874

	
1.794

	
1.731




	
Descriptive variance (%)

	
26.764

	
25.622

	
24.734




	
Cumulative variance (%)

	
26.764

	
52.386

	
77.120




	
Cronbach α

	
0.733

	
0.873

	
0.736








KMO = 0.691, Bartlett’s x2 = 402.507, p = 0.000.
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Table 5. Results of exploratory factor analysis and reliability analysis for dependent variables.






Table 5. Results of exploratory factor analysis and reliability analysis for dependent variables.





	
Variable

	
Factor 1

	
Factor 2




	
Factor

	
Measurement Items






	
Productivity

	
3

	
0.838

	




	
4

	
0.723

	




	
2

	
0.695

	




	
5

	
0.693

	




	
Overall satisfaction

	
1

	

	
0.929




	
2

	

	
0.914




	
Eigen value

	
2.271

	
1.896




	
Descriptive variance (%)

	
37.844

	
31.594




	
Cumulative variance (%)

	
37.844

	
69.438




	
Cronbach α

	
0.756

	
0.889








KMO = 0.713, Bartlett’s x2 = 339.431, p = 0.000.
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Table 6. Effect of independent variables on overall satisfaction.
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Dependent Variable

	
Independent Variable

	
B

	
SE

	
β

	
t

	
p

	
VIF






	
Overall satisfaction

	
(Constant)

	
−0.026

	
0.274

	
-

	
−0.095

	
0.924

	
-




	
Office layout satisfaction

	
0.503

	
0.049

	
0.520

	
10.205

	
0.000

	
1.379




	
Thermal comfort satisfaction

	
0.081

	
0.039

	
0.101

	
2.079

	
0.039

	
1.265




	
Air quality satisfaction

	
0.184

	
0.043

	
0.220

	
4.313

	
0.000

	
1.383




	
Lighting satisfaction

	
0.113

	
0.052

	
0.106

	
2.161

	
0.032

	
1.284




	
Noise satisfaction

	
0.174

	
0.045

	
0.205

	
3.838

	
0.000

	
1.513








F = 77.273 (p < 0.001), R² = 0.727, adj R² = 0.718, Durbin–Watson = 1.832.
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Table 7. Effect of overall satisfaction on productivity.
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Dependent Variable

	
Independent Variable

	
B

	
SE

	
β

	
t

	
p

	
VIF






	
Productivity

	
(Constant)

	
2.885

	
0.300

	
-

	
9.613

	
0.000

	
-




	
Overall satisfaction

	
0.388

	
0.063

	
0.453

	
6.201

	
0.000

	
-








F = 38.452 (p < 0.001), R² = 0.205, adj R² = 0.200, Durbin–Watson = 2.146.
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Table 8. Multi-group path analysis results.
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Path

	
Researcher

	
Administrator

	
Critical Ratios of Difference (CR)




	
B

	
β

	
p

	
B

	
β

	
p






	
Office layout satisfaction

	
→

	
Overall satisfaction

	
0.421

	
0.433

	
***

	
0.543

	
0.547

	
***

	
1.118




	
Thermal comfort satisfaction

	
→

	
Overall satisfaction

	
0.131

	
0.158

	
**

	
0.030

	
0.039

	
0.675

	
−1.201




	
Air quality satisfaction

	
→

	
Overall satisfaction

	
0.152

	
0.187

	
**

	
0.272

	
0.327

	
**

	
1.248




	
Lighting satisfaction

	
→

	
Overall satisfaction

	
0.201

	
0.203

	
***

	
−0.013

	
−0.012

	
0.897

	
−1.805




	
Noise satisfaction

	
→

	
Overall satisfaction

	
0.182

	
0.238

	
***

	
0.157

	
0.163

	
0.103

	
−0.239




	
Overall satisfaction

	
→

	
Productivity

	
0.508

	
0.537

	
***

	
0.273

	
0.354

	
**

	
−1.815








** p < 0.01, *** p < 0.001.
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Table 9. Differences in overall satisfaction according to demographic characteristics.
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Independent Variable

	
Group

	
Sample Size

	
Mean

	
Standard Deviation

	
F

	
p






	
Floor

	
1

	
35

	
4.91

	
1.067

	
2.634 **

	
0.003




	
2

	
7

	
3.36

	
1.973




	
3

	
19

	
4.39

	
1.254




	
4

	
5

	
4.50

	
1.225




	
5

	
14

	
4.57

	
0.805




	
6

	
6

	
5.83

	
0.753




	
7

	
12

	
3.92

	
1.222




	
8

	
13

	
4.77

	
0.725




	
9

	
19

	
4.50

	
0.972




	
10

	
5

	
4.60

	
0.962




	
11

	
7

	
5.50

	
0.866




	
12

	
6

	
5.00

	
0.548




	
13

	
1

	
4.50

	
-




	
14

	
2

	
5.75

	
0.354




	
Working period at building

	
Less than one year

	
68

	
4.67

	
1.208

	
0.672

	
0.571




	
One to two years

	
20

	
4.33

	
1.092




	
Three to five years

	
26

	
4.71

	
0.992




	
Five years or more

	
37

	
4.76

	
1.164




	
Working period at workspace

	
Less than three months

	
56

	
4.80

	
1.111

	
1.845

	
0.162




	
4 to 12 months

	
71

	
4.66

	
1.124




	
One year or more

	
24

	
4.27

	
1.242




	
Working hours per week

	
10 h or less

	
20

	
4.88

	
1.011

	
0.899

	
0.409




	
11 to 40 h

	
65

	
4.72

	
1.053




	
40 h or more

	
66

	
4.52

	
1.263




	
Age

	
20s

	
14

	
4.96

	
1.2

	
1.582

	
0.182




	
30s

	
72

	
4.58

	
1.181




	
40s

	
47

	
4.52

	
1.068




	
50s

	
14

	
5.25

	
1.105




	
60s or older

	
4

	
4.25

	
0.866




	
Gender

	
Female

	
65

	
4.72

	
1.072

	
0.435

	
0.511




	
Male

	
86

	
4.60

	
1.200








** p < 0.01.
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Table 10. Summary of the respondent characteristics.
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Duration of Employment in Building

	
Building Name

	
Age

	
Administrator

	
Researcher

	
Total

	
Comment




	
Female

	
Male

	
Female

	
Male

	

	






	
yr < 1

	
A_bldg.

	
20–40

	
5

	
4

	
7

	
7

	
23

	
Excluded if employment period was less than one year due to response reliability concerns




	
Over 40

	

	
1

	

	
2

	
3




	
B_bldg.

	
20–40

	

	

	
3

	
4

	
7




	
Over 40

	

	

	
1

	
4

	
5




	
C_bldg.

	
20–40

	
3

	
5

	
5

	
6

	
19




	
Over 40

	

	
2

	
2

	
7

	
11




	
Total

	
8

	
12

	
18

	
30

	
68




	
yr  >  1

	
A_bldg.

	
20–40

	
2

	
2

	
9

	
9

	
22

	
-




	
Over 40

	
9

	
5

	
2

	
16

	
32




	
B_bldg.

	
20–40

	

	

	
4

	
1

	
5




	
Over 40

	
1

	

	
2

	
1

	
4




	
C_bldg.

	
20–40

	
3

	
1

	
4

	
2

	
10




	
Over 40

	
2

	
4

	
1

	
3

	
10




	
Total

	
17

	
12

	
22

	
32

	
83




	
Gross total

	
25

	
24

	
40

	
62

	
151
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Table 11. Average values of the survey results by building (rounded to two decimal places; red for cells with a satisfaction level below 3.5, and green for cells with a satisfaction level above 4.5).






Table 11. Average values of the survey results by building (rounded to two decimal places; red for cells with a satisfaction level below 3.5, and green for cells with a satisfaction level above 4.5).





	
Label

	
Questions

	
Satisfaction Score

	
Score Rank




	
A

bldg.

	
B

bldg.

	
C

bldg.

	
Avg.

	
A

bldg.

	
B

bldg.

	
C

bldg.

	
Avg.






	
B1

	
1. Satisfaction with amount of space available

	
5.1

	
5.1

	
4.4

	
4.9

	
1

	
1

	
5

	
2




	
B2

	
2. Satisfaction with visual privacy in the workspace

	
4.6

	
5

	
3.3

	
4.3

	
6

	
3

	
10

	
7




	
B3

	
3. Satisfaction with workspace interaction with co-workers

	
4.9

	
4.9

	
4.7

	
4.8

	
2

	
5

	
3

	
3




	
C

	
4. Satisfaction with workspace temperature

	
4.4

	
4.4

	
3.8

	
4.2

	
8

	
8

	
9

	
8




	
D

	
5. Satisfaction with workspace air quality

	
4.2

	
4.2

	
4.1

	
4.2

	
9

	
9

	
7

	
8




	
E1

	
6. Satisfaction with workspace lighting (illuminance)

	
4.9

	
4.9

	
5

	
5

	
2

	
5

	
1

	
1




	
E2

	
7. Satisfaction with visual comfort of the lighting

	
4.9

	
4.6

	
4.8

	
4.8

	
2

	
7

	
2

	
3




	
F1

	
8. Satisfaction with noise level

	
3.8

	
3.9

	
3.9

	
3.8

	
10

	
10

	
8

	
10




	
F2

	
9. Satisfaction with sound privacy (ability to hold conversations without your neighbors overhearing and vice versa)

	
3.4

	
3.6

	
3.2

	
3.3

	
11

	
11

	
11

	
11




	
G1

	
10. Overall satisfaction with personal workspace

	
4.6

	
5

	
4.2

	
4.6

	
6

	
3

	
6

	
6




	
G2

	
11. Overall satisfaction of building

	
4.7

	
5.1

	
4.6

	
4.7

	
5

	
1

	
4

	
5




	
Average

	
4.5

	
4.6

	
4.2

	
4.4
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Table 12. Survey results for A_bldg by floor (rounded to two decimal places; red for cells with a satisfaction level below 3.5, and green for cells with a satisfaction level above 4.5).






Table 12. Survey results for A_bldg by floor (rounded to two decimal places; red for cells with a satisfaction level below 3.5, and green for cells with a satisfaction level above 4.5).





	
Label

	
Questionnaires

	
A_bldg. Floor

	
Overall




	
1st

	
2nd

	
3rd

	
4th

	
5th






	
B1

	
1. Satisfaction with amount of space available

	
5.6

	
4.7

	
4.3

	
3.7

	
5.5

	
5.1




	
B2

	
2. Satisfaction with visual privacy in the workspace

	
5.3

	
3.3

	
3.9

	
3.7

	
4.9

	
4.6




	
B3

	
3. Satisfaction with workspace interaction with co-workers

	
5.6

	
5.0

	
5.0

	
4.3

	
4.7

	
4.9




	
C

	
4. Satisfaction with workspace temperature

	
4.3

	
6.0

	
4.6

	
2.3

	
4.4

	
4.4




	
D

	
5. Satisfaction with workspace air quality

	
3.6

	
5.0

	
4.1

	
2.7

	
4.5

	
4.2




	
E1

	
6. Satisfaction with workspace lighting (illuminance)

	
5.4

	
6.7

	
4.6

	
4.3

	
4.9

	
4.9




	
E2

	
7. Satisfaction with visual comfort of the lighting

	
5.4

	
6.7

	
4.4

	
4.3

	
4.9

	
4.9




	
F1

	
8. Satisfaction with noise level

	
2.0

	
4.3

	
3.9

	
2.3

	
4.4

	
3.8




	
F2

	
9. Satisfaction with sound privacy (ability to hold conversations without your neighbors overhearing and vice versa)

	
3.6

	
4.3

	
3.7

	
2.0

	
3.2

	
3.4




	
G1

	
10. Overall satisfaction of personal workspace

	
4.9

	
4.0

	
4.6

	
2.7

	
4.9

	
4.6




	
G2

	
11. Overall satisfaction with the building

	
5.1

	
4.3

	
4.4

	
2.3

	
5.1

	
4.7




	
Overall score

	
4.6

	
4.9

	
4.3

	
3.1

	
4.7

	
4.5
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Table 13. Main reasons for the dissatisfaction with the noise level on the 1st and 4th floors.






Table 13. Main reasons for the dissatisfaction with the noise level on the 1st and 4th floors.





	
Label

	
Floor and Gender

	
Type of Occupation




	
Administrator

	
Researcher






	
F1 F2

	
1st Floor Female

	
Other outdoor noise

People talking in neighboring areas

	
(None)




	
1st Floor Male

	
Other outdoor noise

Mechanical (heating, cooling, and ventilation systems) noise

	
Other outdoor noise

People talking in neighboring areas




	
4th Floor Male

	
(None)

	
People talking on the phone

Telephones ringing
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