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Abstract

:

Understanding how occupants perceive the built environment is a growing interest in sustainability research. This article looks into how design interventions in a workplace renovation project impact occupants’ satisfaction through a pre-and post-occupancy survey. In two years (from 2016 to 2018), an interdisciplinary research team from the University of Minnesota administered online occupancy surveys at the headquarters of the Cuningham Group, a national renowned design firm in Minnesota. The surveys included 12 indoor environmental quality categories (with 26 criteria on a 7-point Likert scale) that measured how occupants perceived their existing workplace and the renovated environment. Mann–Whitney U tests and Chi-square tests were conducted for 12 indoor environmental quality categories between the pre-and post-surveys. Results showed that occupants’ satisfaction significantly increased with the design interventions in the renovated workplace. Perceived work performance and health also improved in the post-survey. Among 12 indoor environmental quality categories, occupants perceived the biggest improvements in lighting such as adjustability and quality of task lighting. Design interventions in electric lighting, especially improved ease of control, effectiveness of automatic systems, plus visual and acoustic comfort, contributed to occupants’ satisfaction. Overall, the pre-and post-occupancy evaluation survey analysis confirmed the positive impact of the renovated Cuningham Group facility. The article presents a comprehensive measure of the impact of the data-driven design interventions derived from pre-and post-occupancy evaluation surveys on occupant satisfaction.
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1. Introduction


Sustainable design researchers have shown a growing interest in understanding and measuring how occupants perceive the built environment [1,2]. One prominent approach is using the indoor environmental quality (IEQ) categories to evaluate whether occupants are satisfied with the building and if it supports their health and well-being [3]. IEQ can range from 12 to 18 categories focusing on indoor air, privacy, acoustic, thermal, layout, and so on [4,5]. These categories indicate the impact of the built environment on occupants and dominate multiple sustainability rating systems such as Leadership in Energy and Environmental Design (LEED) in North America, Building Research Establishment Environmental Assessment Method (BREEAM) in the United Kingdom, German Sustainable Building Council (DGNB) in Germany, Comprehensive Assessment System for Built Environment Efficiency (CASBEE) in Japan, and GREENMARK in Singapore [6,7]. In the United States of America, however, different states have their guidelines and rating systems for sustainability and occupant satisfaction [8]. In Minnesota, the B3 Guidelines are mandatory to all state-funded buildings and optional for facilities in private sectors [9]. Based on the B3 Guidelines, a University of Minnesota interdisciplinary team developed a measure for occupant satisfaction in the built environment, the Sustainable Post-Occupancy Evaluation Survey (SPOES). From 2009 to 2017, the team collected data in 43 buildings from workplaces to classrooms and resident halls [10]. While these buildings are state-funded, the team also applied SPOES to facilities in private sectors such as architecture and design firms in Minnesota The general finding was that impacts on occupant satisfaction varied between different indoor environmental quality (IEQ) factors [5,11]. Acoustics, privacy, and furnishings, for instance, were most likely to result in occupant dissatisfaction [11]. Thus, the team acknowledged the importance of data-driven design interventions to improve occupant satisfaction in the built environment. Conducting pre-and post-occupancy evaluations in the same building is necessary to collect timely feedback on indoor environmental quality (IEQ) factors and examine their impacts on occupant satisfaction.



The aim of this paper is to illustrate a comprehensive measure of occupant satisfaction in the built environment via the pre-and post-occupancy analysis of the Cuningham Group headquarters. Therefore, two corresponding objectives are (1) explaining the data collection process which informed the design interventions and (2) examining the impact evaluation of these interventions on occupant satisfaction. The national renowned Cuningham Group asked the team to conduct pre-and post-occupancy analysis in 2016 and 2018 for their headquarters in Minneapolis, Minnesota. The facility (Figure 1) is located at St. Anthony Main, 201 Main Street SE, Suite 325, Minneapolis, Minnesota. Featuring three stories above ground, the building includes a basement level and has a total square footage of 36,189. The Cuningham Group, however, leases 27,983 square feet of the building. The rest is dedicated to a workplace with open offices for employees, employee support, and technology maintenance areas [12]. The SPOES evaluations covered the overall facility and primary workplace.



In November 2016, a pre-occupancy evaluation survey was initiated to collect data on the existing conditions prior to a renovation. The findings, including occupant satisfaction on 12 indoor environmental quality (IEQ) categories and open-ended recommendations, informed the design interventions in the spaces from 2017 to 2019. After three years of moving into the spaces, a post-occupancy evaluation survey was conducted in January 2019. Occupant satisfaction significantly increased in the categories of aesthetic, daylighting, electric lighting, furnishing, thermal, and many more. This article addresses two primary research questions: first, how pre-and post-occupancy evaluation surveys play a role in the design process and inform design interventions; second, whether design interventions impact occupant satisfaction. We tackle the questions using the findings from both the pre-and post-occupancy evaluation surveys and the design interventions. The conclusion expands on the importance of pre-and post-occupancy evaluation in every step of designing the built environment.




2. Literature Review


2.1. Workplace Occupancy Evaluation Research


Occupant satisfaction surveys are used to assess the indoor environmental quality by documenting feedback from corresponding occupants [13]. Post-occupancy evaluation (POE) is a typical example with surveys conducted nine months to one year after occupants move in to ensure that the spaces meet occupants’ needs, facilitate health and well-being, and supports occupants’ satisfaction [14]. POE includes two components: subjective methods (how occupants perceive the built environment) and physical measurements (specific characteristics of the built environment) [15]. The two components are closely related as building management relies on physical measurements for effective energy usage and reduction of material waste. Architects/interior designers, likewise, seek occupant feedback from subjective methods to improve/optimize their buildings/spaces [16]. For subjective methods, POE takes the form of an occupant survey questionnaire (81.51%), a focus-group/structured interview (45.89%), and a walkthrough (37.67%). For physical measurements, POE includes energy and water assessment (26.03% and 9.59%, respectively), and IEQ categories such as thermal (42.4%), lighting (24.66%), indoor air quality (22.60%), and acoustics (13.70%). Visual records, technical inputs of building structure/service/system, window opening sensors, and GPS-enabled mobility tracking are recent additions to POE [15,17].



To assess occupant comfort in 167 office buildings (n = 7441), OFFICAIR (a research initiative of the European Union) adopted a self-report questionnaire with multiple IEQ categories [18]. Occupants rated their comfort on temperature, air movement, air quality, light, noise, privacy, space layout, decoration, cleanliness, and view. Odds Ratios (ORs) analysis revealed that among those IEQ categories, noise (OR = 2.50), air quality (OR = 1.56), light (OR = 1.49), and thermal (OR = 1.44) had greatest influences on occupants’ overall comfort (p ≤ 0.001). In 1999, Center for the Built Environment (CBE) at University of California, Berkeley developed a POE questionnaire including occupant demographics (e.g., age, gender), general usage of the spaces (e.g., time spent), building location and space type (e.g., private/share/cubic), and IEQ categories (e.g., lighting) with 7-point scale ratings and open-ended clarifications [19]. The CBE database of 897 buildings (n = 93,662) around the United States and other European and Asian countries indicated sufficient correlations (0.5–0.8) between the IEQ categories. For example, light amount with visual comfort, cleaning with maintenance, and noise level with acoustic privacy. Hence, it is reliable and recommended to assess the same variable (i.e., occupant satisfaction) with multiple measurements (i.e., IEQ categories) [19,20].



The Building Use Studies (BUS) methodology, likewise, contains 45 with 7-point ratings scales for 11 IEQ categories such as temperature, noise, lighting, and appearance [21,22,23]. One study used BUS to assess 47 buildings (from offices to healthcare facilitates) in the United Kingdom and found this methodology highly reliable, with Cronbach’s alpha values over 0.9 for all IEQ criteria [21]. Furthermore, Pearson correlations indicated that noise and lighting correlated with occupant satisfaction (r = 0.19, r = 0.30, respectively), with p < 0.0001. BUS findings highlight that hours of using visual display units (i.e., monitors) left negative impacts on occupant satisfaction (r = –0.050 to r = –0.117, across buildings), with p < 0.0001. Another BUS study conducted in two office buildings (n = 138) in New Zealand revealed that light, ventilation, and open spaces (79%) enhance occupant satisfaction, while temperature (76%) and noise (50%) hindered occupant performance [22]. Across different post-occupancy evaluations, the overall protocol contains a Likert-scale rating system (e.g., 7 points) which ties to multiple IEQ criteria for accurate and reliable assessments of occupant satisfaction/performance. Researchers also continue to expand the IEQ criteria to better capture variances in satisfaction/performance (e.g., visual display units, desk space, storage) [20,21]. The Sustainable Post-Occupancy Evaluation Survey (SPOES) discussed in the next section is an exemplar.




2.2. Sustainable Post-Occupancy Survey (SPOES)


The Sustainable Post-Occupancy Evaluation Survey (SPOES) helps evaluate the occupants’ satisfaction, perceived health, and well-being in the workplace, classroom, and residence hall settings in compliance with the Minnesota B3 Guidelines. With funding from the Minnesota Departments of Commerce and Administration, the Interior Design program in the Department of Design, Housing, and Apparel and the Center for Sustainable Building Research developed SPOES in 2009. The team frequently revises the tool to reflect sustainable guidelines and the state’s legislative requirement for occupancy evaluations in state-funded buildings with new designs and major renovations [5]. SPOES is a self-administered, Internet-based questionnaire administered to and completed by occupants in the buildings. The questionnaire has been tested for validity (whether the survey can measure occupants’ satisfaction, perceived health, and well-being) and reliability (whether findings are consistent when replicating the surveys).



Occupants rate their level of satisfaction on a Likert-type scale from 1 (very dissatisfied) to 7 (very satisfied) with 12 IEQ categories (including 26 criteria). They also rate the influence of the built environment on their perception of work performance and health on a scale from 1 (hinders) to 7 (enhances). The mean for a 7-point scale is 4.00. Lower or higher means reflect stronger tendencies towards dissatisfaction/satisfaction and hinders/enhances. Means that are close to the center of the scale (4) are considered to be neither dissatisfied/hinders or satisfied/enhances. Descriptive statistics from the IEQ ratings indicate occupants’ perceptions of how the built environment impacts their satisfaction, health, and well-being. The means are interpreted as follow: 1.00–3.50, dissatisfied (or hinders); 3.51–4.50, neither dissatisfied (or hinders) nor satisfied (or enhances); 4.51–7.00, satisfied (or enhances). Cumulative mean ratings from 12 IEQ categories make up the 7-point IEQ Satisfaction Score for all occupants in a specific environment.



Overall, the criteria include acoustic, aesthetic/appearance, cleaning and maintenance, daylight, electric lighting, furnishing, indoor air quality, privacy, technology, thermal conditions, vibration and movement, and view conditions. The criteria ratings reflect occupants’ satisfaction with the site, building, and interior, and how the built environment impacts their perceptions of work performance and health. Open-ended questions are available for each IEQ category so occupants can elaborate on their experiences in the built environment, explain their ratings, and even give recommendations for relevant interventions. Self-reported questions on occupants’ demographic, commuting, and physical activities within the building also provide contexts for the IEQ ratings and open-ended answers [5,10].




2.3. Indoor Environment Quality and Occupant Satisfaction


Empirical evidence for the relationship between IEQ categories and occupant satisfaction with the built environment is abundant in the literature of occupancy evaluation [24,25,26,27]. Analyses of the occupancy evaluation database from Center for the Built Environment (CBE) revealed specific IEQ categories that affect occupant satisfaction [24]. Thermal conditions, acoustic, space, aesthetic/appearance, furnishing, indoor air quality, privacy, lighting, view, cleaning, and maintenance have a prominent impact on occupant satisfaction with the buildings/facilities. For instance, when occupants are satisfied with thermal conditions, the overall satisfaction (with the buildings/facilities) increased by 0.12 unit. When they are dissatisfied with thermal conditions, the overall satisfaction decreased by 0.21 unit. Moreover, occupant satisfaction with thermal conditions explained 76% of the variation in their productivity [25]. Lighting, air quality, and appearance/aesthetic accounted for 58% of the variation in occupant satisfaction, with appearance/aesthetic as the most influential factor (r = 0.405, p = 0.01) [28]. A study (n = 232) examined a campus in Jaipur, and Heating Refrigeration and Air Conditioning Engineers (ASHRAE), Illuminating Engineering Society of North America (IESNA), World Health Organization (WHO) standards revealed that poor performance in IEQ categories such as acoustic and lighting exerted negative impacts on students’ satisfaction [29]. Results showed 43.54% of students accounted insufficient amount of lighting for a sense of stuffiness. Likewise, 56% of students reported being disturbed by high noise levels, both outdoor and indoor.



Another study (n = 160) in a BREEAM office building in Sweden also showed that IEQ categories such as acoustic and thermal condition contributed to perceived stress such as fatigue and difficulty in concentration [2]. Occupants deemed high noise level and unpleasant odor as the main contributors to their declined concentration (r ≈ 0.5, r ≈ 0.4, p < 0.05, respectively). Results from a study of 35 buildings (n = 300) indicated that visual comfort, acoustic comfort, building design/appearance, thermal comfort, and indoor air quality were prominent in predicting occupant satisfaction (α = 0.933, α = 0.893, α = 0.875, α = 0.874, α = 0.869, p < 0.05, respectively) [30]. Green buildings are believed to have better IEQ and (subsequently) higher occupant satisfaction due to their compliance with sustainable design guidelines [26]. However, a study on 93 LEED-rated buildings from the CBE database found discrepancies in occupant perceptions of IEQ categories and their satisfaction [27]. For instance, indoor air satisfaction showed a marginal change between low-and high-LEED-rating buildings (p < 0.001). Thermal comfort, meanwhile, differed among occupants in the same indoor conditions. Additionally, metrics such as heart rate, electrodermal activity, and skin surface temperature were prominent in predicting thermal comfort [31]. Therefore, how IEQ categories translate into occupant satisfaction remains a challenging question [32,33]. Thus, researchers continue to use subjective votes/ratings of occupants to better understand objective measurements of IEQ categories [13,34].





3. Materials and Methods


3.1. Instrument and Procedure


This study was designed to learn how building occupants’ satisfaction with IEQ changed after a major renovation at a design office (Figure 2). Between 2016 and 2019, the University of Minnesota interdisciplinary team conducted two SPOES at Cuningham Group facility as pre-and post-occupancy satisfaction evaluations. Two online surveys were administered via Qualtrics and sent to employees who work in the facility as invitation emails with embedded links. After an 8-day period, to sustain response rate, the team initiated the first reminder email. After one more week, a second reminder email followed to enhance response rate. They reported their satisfaction on 7-Likert scale from 1 (very dissatisfied) to 7 (very satisfied) and the results from pre-design survey (PRE) (n = 130) were compared to the results from post-design survey (POST) (n = 102). The team standardized the language used in the Qualtrics surveys, the invitation and reminder emails to ensure consistency and minimize potential biases (e.g., variances in responses due to differences in survey language). The pre-occupancy evaluation informed the design team at Cuningham Group to create design interventions for their existing workplace. The post-occupancy evaluation indicated the impacts of these interventions on the satisfaction of the employees in the facility. Each evaluation resulted in a SPOES report including the facility information, occupant characteristics, descriptive statistics (categories scores, IEQ Score, standard deviations, and number of responses), and open-ended explanations of IEQ ratings. The SPOES survey tool was approved by the university Institutional Review Board (IRB).




3.2. Participants and Design Interventions


One of the major goals of the Cuningham Group for the proposed design intervention was to improve the indoor environment quality for their office staff using data collected from the pre-occupancy evaluation survey. The SPOES pre-occupancy survey findings provided the Cuningham Group design team with data about primary workspace satisfaction, impact of the indoor environment on work performance and health, and satisfaction with IEQ factors (acoustics, aesthetics, daylighting, electric lighting, furnishings, technology, thermal, view conditions, etc.). The old layout of the Cuningham Group office space was primarily an open office layout with conference rooms, a materials library, and other tech support spaces (Figure 3). The findings from the pre-survey impacted the design interventions that were proposed for the newly renovated office. The design interventions included height-adjustable desks, daylight collaborative spaces, daylight open offices and conference rooms, flexible multifunctional conference rooms, and an open kitchen providing a gathering space and a hosting bar for greeting clients (Figure 4).




3.3. Pre-Occupancy Evaluation


In December 2016, the pre-occupancy evaluation was sent to 192 employees/occupants of the facility. The response rate was approximately 70% (n = 130) including 56% male, 43% female, and 1% other. The mean age of occupants was 41 years, ranging from 21 to 77 years old. Among those, 69% of the occupants reported that they worked at the Cuningham facility for over 2 years, 15% reported working there for 1–2 years, and only 16% spent less than one year at this building. For typical working hours, 75% of the occupants reported more than 40 h per week in the facility; 15% reported 30–40 h per week; 3% reported 20–29 h, and 7% less than 20 h. Furthermore, 65% of the occupants reported spending more than 75% of their weekly working hours in their primary workplace; for 21%, the percentage was 51–75%; 11% spent 25–50%; and 3% spent less than 25% of their total hours. These percentages indicate the amount of time employees/occupants were exposed to IEQ conditions in their primary workplace. The Cuningham facility, overall, includes open office areas (Figure 5) with 75% of the occupants having their primary workplace within 15 feet of an exterior window while another 24% did not have their spaces within 15 feet of an exterior window, and the remaining 1% were unable to identify the distance.



The occupants reported that their workplace neither hindered nor enhanced their satisfaction, work performance, and perceived health with the means of 4.20, 3.86, and 3.86 on a 7-point scale, respectively. Lighting (amount and adjustability), humidity, view conditions, and technology were among the IEQ criteria that earned the highest ratings. Thermal (adjustability and temperature), furnishing, privacy (acoustical and visual), and appearance had the lowest ones. The overall scorecard resulted in a value of 3.57 over 7 and represented a neutral perception of the occupants of the built environment. For the open-ended responses, the occupants suggested improvements in (1) acoustical/visual privacy, (2) thermal conditions, and (3) task lighting. With (1) acoustical/visual privacy, having measures to identify the source of noise and delegate task-based acoustical/visual treatments in the primary workplace were important. For instance, one recommendation from the survey was to “develop specialized acoustical performance requirements to support functional programming employees’ tasks (e.g., sources of recurrent noise that need to be controlled, special user populations that may have distinct auditory performance limitations, or multiple uses of building spaces that may have different acoustic criteria)”. Another was to “identify and apply appropriate acoustics modeling software for the project”. Another recommendation proposed was to “identify employees’ privacy concerns via focus groups or log complaints relative to privacy to determine if visual or audio privacy is most affected”.



For (2) thermal conditions, temperature needed to respond to specific activities (e.g., sitting, standing) and the space layout/configuration. For example: “Determine special thermal comfort requirements or problems that may be encountered in the building due to the work activities, duration of sitting, or design/layout considerations. Focus groups can be useful in identifying problem locations”. For (3) task lighting, while occupants were satisfied with the current amount and adjustability, they also called for attention to how lighting quality would change with prospective interior design interventions (e.g., the reconfiguration of the spaces). For instance, with the same skylights, the lighting requirements for a closed meeting room (Figure 6) differed from an open, shared workplace (Figure 7). A sample suggestion is as follows: “Determine if any task areas differ now from original intent to be sure lighting quality and quantity are not impeded by physical changes to the space (i.e., walls, ceilings, furnishings, fixtures, or equipment)”. Another example included quantifiable approaches for lighting interventions: “Identify employees’ lighting performance criteria that are to be met to achieve goals by conducting onsite measurements of existing illuminance (foot-candles) levels and compare them to standards for employees’ tasks as identified by the Illuminating Engineering Society (IES)”.



The design interventions that resulted from the pre-occupancy evaluation are discussed in the next section via a comparison of the existing layout (Figure 6) and new reconfiguration (Figure 4). The facility structures remained the same while interior spaces changed to reflect the new needs of Cuningham Group and address the above concerns of the occupants.




3.4. Post-Occupancy Evaluation


In December 2018, the post-occupancy evaluation was sent to 111 employees with their new workplace (Figure 7, Figure 8 and Figure 9) in the facility. The approximate response rate was 92% (n = 102) including 57% male, 42% female, and 1% other. The mean age of employees/occupants was 43 years, ranging from 22–79 years of age. Among them, 79% of the occupants reported working at the Cuningham facility for over 2 years, 14% working there for 1–2 years, and only 7% spent less than one year at this site. Regarding the weekly working hours, 78% of the occupants reported spending more than 40 h per week in the facility, 18% reported around 30–40 h per week, 2% reported 20–29 h per week, and 2% less than 20 h per week. For weekly time spent in their primary workplace, 64% of the occupants reported more than 75% of their weekly working hours, 21% spent 51–75%, 8% spent 25–50%, and 6% spent less than 25% of their time. These responses indicated the amount of time occupants were exposed to IEQ conditions in their workplace. The new interior of the Cuningham facility still includes open office areas as primary workplaces for employees/occupants (Figure 7). Moreover, 68% of occupants have their primary workplace within 15 feet of an exterior window, 31% were not within 15 feet, and 1% did not know the distance.



Overall, the occupants reported that the new interior of their workplace enhanced their workplace satisfaction and work performance with the increased means of 4.64 and 4.62 on a 7-point scale. Their rating for perceived health also increased to a mean of 4.43. Occupants indicated satisfaction in almost every IEQ criterion with the lowest rating of 4.55 and the highest rating of 5.93. While their concerns of (3) task lighting were addressed, occupants still desired some improvements in (1) acoustical/visual privacy and (2) thermal conditions (temperature adjustability). For instance, occupants felt neither satisfied nor dissatisfied with overall thermal conditions and temperature and the ratings for them were 4.06 and 3.72, respectively. Regarding temperature adjustability, occupants suggested adopting new design interventions.




3.5. Data Analysis


To compare building occupants’ satisfaction between pre-occupancy (PRE) and post-occupancy (POST) evaluations, Mann–Whitney U tests were conducted due to the non-normality of the data distributions. The normality of data distribution was tested through Shapiro–Wilk tests in SPSS because of the size of data. As log-transformation was not able to normalize the data, Mann–Whitney U tests were conducted to see differences between two independent samples (e.g., PRE and POST). For the data analyses, SPSS 25 was used to compare the means from the two independent samples and summarize the results.





4. Results


Table 1 describes the demographic characteristics (e.g., age, gender, tenure, weekly work hours, and time in the primary workspace) for both PRE and POST evaluations. None of demographic characteristics had been statistically changed from PRE to POST stages. Overall, the occupants were highly satisfied with the primary workspace as well as IEQ (see Table 2). The average satisfaction score was statistically improved from PRE (M = 3.86) to POST (M = 4.62). Specifically, they were neither satisfied nor dissatisfied with their primary workspace at PRE, but they became satisfied at POST, after renovation. Similarly, the occupants perceived better work performance (ΔM = 0.57) and health (ΔM = 0.59) at POST.



All IEQ satisfaction scores were improved from PRE to POST. However, the improvement in the satisfaction scores of the IEQ factor regarding acoustic qualities (ΔM = 0.25−0.36), amount of daylighting (ΔM = 0.38), and temperature (ΔM = 0.33) were not statistically significant. Acoustic qualities, especially, were not significantly improved as the office had an open plan with workstations before and after renovation, even though the satisfaction scores in acoustic qualities slightly increased.



The biggest improvement in IEQ factor was the adjustability of task lighting (ΔM = 2.47) followed by overall appearance/aesthetics (ΔM = 2.25) and adjustability of furnishings (ΔM = 1.98). Prior to the renovation, only selected workstations had task lighting, whereas all desks had task lighting post-renovation. This study further investigated how the occupants were differently satisfied with electric lighting conditions (see Table 3). Satisfaction scores in all electric lighting conditions showed statistically significant improvements. As the most significant improvement in adjustability of task lighting, quality of task lighting (ΔM = 2.14) was the most improved feature. Not only function of electric lighting (e.g., ease of turning and effectiveness of automatic systems) but also visual and acoustic comfort of lighting were significantly improved. In addition, satisfaction with IEQ factors related to electric lighting (ΔM = 1.27−1.77), cleaning and maintenance (ΔM = 1.32), and function of furnishings (ΔM = 1.77) were significantly improved. Although the occupants were not satisfied nor dissatisfied with privacy at POST (M = 3.22), the score was statistically improved from PRE, indicating dissatisfaction (M = 2.71).




5. Discussion


The pre-and post-occupancy analyses of the Cuningham Group headquarters discussed in this article provide a comprehensive measure of design interventions on occupant satisfaction. With regards to the first research question, how pre-and post-occupancy evaluation surveys play a role in the design process and inform design interventions, the findings align with other studies that demonstrate the critical role of IEQ categories on occupant satisfaction in the built environment [19,35,36] The pre-and post-occupancy evaluation analyses conducted for the Cuningham Group were instrumental in assessing occupant satisfaction with IEQ metrics for comfort, satisfaction, and performance [19,20]. Specifically, the pre-occupancy evaluation provided feedback from occupants on elements of the built environment that were harder to quantify, such as environmental satisfaction, comfort, health, and performance, which informed the design interventions in the renovated space.



As shown in Table 2, the pre-occupancy evaluation highlighted Cuningham Group occupants’ dissatisfaction with ten IEQ criteria (adjustability of task lighting, adjustability of thermal conditions, adjustability of furnishings, temperature, overall furnishings, overall thermal conditions, overall appearance/aesthetics, overall acoustic quality, overall privacy, and ability to limit undesired sounds). The pre-occupancy evaluation also highlighted that occupants were neither satisfied or dissatisfied with ten more IEQ criteria (access to electric outlets, overall vibration and movement, amount of electric light, air velocity, adjustability of daylighting, overall electric lighting conditions, overall indoor air quality, overall indoor air quality, overall cleaning and maintenance, ability to hear desired sounds, and function of furnishings). These survey findings informed the design strategies such as including height adjustable desks, daylight collaborative spaces, daylight open offices and conference rooms, and focus rooms with acoustical control in the newly renovated space. Their impacts were consequently measured in the post-occupancy evaluation to study their impact on occupant satisfaction.



With regards to the second research question, whether design interventions impact occupant satisfaction, the biggest improvement in IEQ factor was the adjustability of task lighting (ΔM = 2.47), followed by overall appearance (aesthetics) (ΔM = 2.25) and adjustability of furnishings (ΔM = 1.98). Satisfaction with electric lighting, cleaning and maintenance, and function of the furnishings were also significantly improved. These findings align with previous studies that building occupants are considered the best source of information about their needs and comfort requirements, particularly when studying office environment [18]. Furthermore, the findings align with previous literature that occupants’ perceptions of IEQ (thermal comfort, noise, light, and air quality) and environmental parameters (air movement, privacy, office layout, office decoration, cleanliness, and the view from windows) affect their comfort and consequently their health, well-being, and productivity [2,5,16,17]. The study approach aligns with previous research methods of using pre-and post-occupancy evaluations to improve the built environment for end users [17,35]. The study results highlight how design improvements enhance employees’ satisfaction with the environmental features and how pre-and post-occupancy evaluation can inform design practitioners in developing better design solutions that impact occupants’ workplace satisfaction.




6. Conclusions


In this article, we discussed a comprehensive measure of the impact of the data-driven design interventions which were derived from using pre-and post-occupancy evaluation survey methodology on occupant satisfaction. The results of the pre-and post-occupancy evaluation surveys indicated positive impacts of design interventions on occupant satisfaction at the Cuningham Group facility. The average satisfaction score of occupants improved from neither satisfied nor dissatisfied satisfied to satisfied with the primary workspace. In terms of Indoor Environment Quality criteria, the pre-occupancy evaluation survey showed high occupant satisfaction in the amount and adjustability of lighting, humidity, view conditions, and technology. Design interventions, as shown in the post-occupancy survey, improved these criteria even more. In the pre-occupancy survey, on the other hand, thermal adjustability and temperature, furnishing, acoustical plus visual privacy, and appearance resulted in the lowest satisfaction. Design interventions, again, significantly enhanced occupant satisfaction with temperature, furnishing, and appearance. Although improved after the renovation, occupants were neither satisfied nor dissatisfied with acoustic and visual privacy. Above all, the design interventions addressed three out of the four concerns that occupants were dissatisfied with before the renovation in the pre-occupancy survey. The pre-and post-occupancy evaluation analysis confirmed the effectiveness of design interventions at the Cuningham Group facility. One limitation of this study, however, is that the pre-and post-occupancy analysis was limited to one case, the Cuningham Group headquarters. Future research can focus on replicating the same analysis in other workplace buildings/renovation projects to gather data and create a database of which design interventions are effective and which are not.
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Figure 1. Cuningham Group facility. 






Figure 1. Cuningham Group facility.
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Figure 2. Cuningham pre-and post-occupancy workplace evaluation process describing the steps applied in the study. 
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Figure 3. Existing workplace layout prior to design intervention. Image courtesy of Cuningham Group, Minneapolis. 
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Figure 4. New configuration. Image courtesy of Cuningham Group, Minneapolis. 
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Figure 5. Open office spaces. Image courtesy of Cuningham Group, Minneapolis. 
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Figure 6. Meeting room with skylights. Image courtesy of Cuningham Group, Minneapolis. 
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Figure 7. Open, shared workplace. Image courtesy of Cuningham Group, Minneapolis. 
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Figure 8. Reception and lounge. Image courtesy of Cuningham Group, Minneapolis. 
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Figure 9. Open meeting room. Image courtesy of Cuningham Group, Minneapolis. 
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Table 1. Participants’ demographic information at PRE and POST evaluations.
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Characteristic

	

	
PRE (n = 130)

	
POST (n = 102)




	

	

	
M (SD)

	
M (SD)






	
Age

	

	
40.85 (12.42)

	
42.77 (12.34)




	

	

	
n (%)

	
n (%)




	
Gender

	
Male

	
72 (56.7)

	
56 (56.6)




	

	
Female

	
54 (42.5)

	
42 (42.4)




	

	
Other

	
1 (0.8)

	
1 (1.0)




	
Tenure (i.e., number of years in the workplace building)

	
<1 year

	
20 (15.7)

	
7 (7.1)




	
1–2 years

	
19 (15.0)

	
14 (14.3)




	
>2 years

	
88 (69.3)

	
77 (78.6)




	
Weekly working hours

	
<20 h

	
8 (6.4)

	
2 (2.0)




	
20–29 h

	
4 (3.2)

	
2 (2.0)




	
30–39 h

	
19 (15.2)

	
18 (18.4)




	
>40 h

	
94 (75.2)

	
76 (77.6)




	
Percentage of time in the primary workplace

	
<25%

	
4 (3.1)

	
6 (6.1)




	
25–50%

	
14 (11.0)

	
8 (8.2)




	
50–75%

	
27 (21.3)

	
21 (21.4)




	
>75%

	
82 (64.6)

	
63 (64.3)
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Table 2. Satisfaction scores at PRE and POST evaluations.
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PRE

	
POST

	

	




	
M (SD)

	
M (SD)

	
ΔM

	
Z






	
Satisfaction

	
3.86 (1.59)

	
4.62 (1.64)

	
0.76

	
3.73 ***




	
Work performance

	
3.86 (1.48)

	
4.43 (1.49)

	
0.57

	
2.92 **




	
Perceived health

	
4.05 (1.31)

	
4.64 (1.30)

	
0.59

	
3.40 **




	
Acoustic quality—Overall

	
2.85 (1.61)

	
3.21 (1.71)

	
0.36

	
1.62




	
   Ability to hear desired sound

	
3.52 (1.72)

	
3.83 (1.69)

	
0.31

	
1.48




	
   Ability to limit undesired sound

	
2.45 (1.36)

	
2.70 (1.61)

	
0.25

	
0.91




	
Appearance (aesthetics)—Overall

	
3.04 (1.74)

	
5.29 (1.82)

	
2.25

	
7.98 ***




	
Cleaning and maintenance—Overall

	
3.58 (1.72)

	
4.90 (1.75)

	
1.32

	
5.43 ***




	
Daylighting conditions—Overall

	
4.48 (1.94)

	
5.00 (2.14)

	
0.52

	
2.27 *




	
   Amount of daylighting

	
4.67 (2.04)

	
5.05 (2.24)

	
0.38

	
1.72




	
   Adjustability of the daylighting

	
3.72 (1.89)

	
4.55 (2.09)

	
0.84

	
3.14 **




	
Electric lighting conditions—Overall

	
3.90 (1.65)

	
5.17 (1.74)

	
1.27

	
5.46 ***




	
   Amount of electric lighting

	
4.09 (1.67)

	
5.45 (1.60)

	
1.36

	
6.00 ***




	
   Adjustability of the electric lighting

	
3.13 (1.53)

	
4.91 (1.78)

	
1.77

	
6.99 ***




	
   Adjustability of the task lighting

	
3.46 (1.98)

	
5.93 (1.50)

	
2.47

	
8.11 ***




	
Furnishings—Overall

	
3.23 (1.74)

	
4.95 (1.77)

	
1.72

	
6.60 ***




	
   Adjustability of the furnishings

	
3.30 (1.99)

	
5.28 (1.78)

	
1.98

	
6.85 ***




	
   Function of the furnishings

	
3.43 (1.79)

	
5.19 (1.74)

	
1.77

	
6.79 ***




	
IAQ—Overall

	
3.85 (1.63)

	
5.00 (1.68)

	
1.15

	
4.96 ***




	
Privacy—Overall

	
2.71 (1.54)

	
3.22 (1.62)

	
0.51

	
2.41 *




	
Technology—Overall

	
5.54 (1.30)

	
5.88 (1.26)

	
0.34

	
2.10 *




	
   Access to electric outlets

	
4.25 (1.96)

	
5.16 (1.74)

	
0.91

	
3.47 **




	
Thermal conditions—Overall

	
3.33 (1.71)

	
4.06 (1.69)

	
0.73

	
3.25 ***




	
   Temperature (hot or cold)

	
3.39 (1.70)

	
3.72 (1.71)

	
0.33

	
1.56




	
   Air velocity (drafty or stagnant)

	
3.83 (1.70)

	
4.73 (1.71)

	
0.9

	
3.87 ***




	
   Humidity (dry or moist)

	
4.47 (1.54)

	
4.95 (1.71)

	
0.48

	
2.47 *




	
   Adjustability of the thermal conditions

	
2.89 (1.58)

	
3.38 (1.68)

	
0.49

	
2.27 *




	
Vibration and movement—Overall

	
3.91 (1.77)

	
5.01 (1.73)

	
1.1

	
4.48 ***




	
View conditions—Overall

	
4.22 (1.98)

	
4.95 (2.22)

	
0.73

	
2.67 **








*** p < 0.001, ** p < 0.01, * p < 0.05.
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Table 3. Lighting satisfaction at PRE and POST evaluations.
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PRE

	
POST

	

	




	
M (SD)

	
M (SD)

	
ΔM

	
Z






	
Visual comfort of electric lighting

	
4.15 (1.72)

	
5.23 (1.62)

	
1.09

	
4.74 ***




	
Amount of noise produced by electric lighting

	
4.75 (1.55)

	
5.72 (1.59)

	
0.97

	
4.96 ***




	
Ease of controlling electric lighting

	
3.90 (1.81)

	
5.54 (1.54)

	
1.74

	
6.85 ***




	
Effectiveness of automatic lighting sensors

	
3.70 (1.86)

	
5.35 (1.70)

	
1.64

	
4.91 ***




	
Quality of task lighting

	
3.46 (1.78)

	
5.60 (1.53)

	
2.14

	
7.53 ***








*** p < 0.001.
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