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A case study was undertaken on one floor of a multi-floor office building in Seattle, WA. Its aim was to offer a straight-forward example for facilities managers, administrators, and researchers alike wishing to perform systematic, naturalistic, mixed-methods research in office spaces that have recently been retrofitted. Changes were made to the floor’s layout, and to the size of employees’ workspaces. New sound-making technology and a modern lighting framework were added. Objective measurements of lighting, acoustics, and indoor air quality were taken and an online questionnaire was distributed to staff to afford subjective measurements of their perceptions about the previous and new open-plan settings. Items concerning satisfaction with workspace layout, size, lighting, acoustics, air quality, and level of input into the retrofit process were asked. After the new space had been used for 1.5 months, occupants reported being more satisfied, in general, than they recalled being in the original setting. The size of personal workspaces and a sense of privacy were especially important to employees. Despite overhead lighting illuminance levels being below recommended industry standards, occupants were not dissatisfied with light levels. The sound masking system was iteratively commissioned based on negative occupant feedback, resulting in purposely setting some areas to exceed or fall short of acoustical performance guidelines; indoor air quality remained unchanged. Differences in quantitative and qualitative findings highlight the importance of gathering self-reported information from occupants in several ways and exploring them carefully to better understand why environmental satisfaction (or dissatisfaction) exists. Employees’ sense of environmental control remained a prominent theme in the data, supporting existing studies in the field of environmental psychology. While perceptions of control did not improve after the retrofit, occupants’ responses about the level of input they had into the retrofit process correlated significantly and positively with their perceptions of environmental satisfaction after its completion. The nuanced findings from this case study’s customized approach to measuring objective environmental stimuli, along with occupants’ environmental perceptions, add to a growing body of literature merging social scientific methodologies with technical environmental assessments for practical use by decision-makers working to satisfy employee preferences.
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INTRODUCTION

Over the past several decades, engineers, architects, and facilities managers have focused their attention on health factors and psychological well-being in indoor environments. Arguably, the human workforce is an organization’s greatest asset, as well as its largest expense. Approximately 90% of the cost of business operations is spent by organizations on staff salaries and benefits, while 9% is spent on rent, and a mere 1% on energy (World Green Building Council, 2014). As human resources and talent management become predominant components of business success, human resource leaders, as well as those in the design disciplines, are understanding that the physicality of the work environment, and the ways in which occupants experience it psychosocially, are integral to performance strategies and financial returns.

Numerous studies report significant positive associations between the indoor environment of built settings, environmental satisfaction, and satisfaction on the job (e.g., Oldham and Fried, 1987; Carlopio, 1996; Wells, 2000; De Croon et al., 2005). Indeed, a host of empirical research populates a multidisciplinary body of literature that introduces and tests conceptual models concerning how the physical environment in open-plan office buildings influence environmental and job satisfaction. One example is the Cost-effective Open-Plan Environments (COPE) project that gathered questionnaire data from almost 800 office users in nine buildings (Veitch et al., 2007). The resulting model connected overall environmental satisfaction with perceptions of lighting, ventilation, privacy, and acoustics (and statistically predicted job satisfaction). However, despite a general recognition from an interdisciplinary research community that design frameworks for sustainable and economical workplaces should encompass facets that concern and benefit building occupants, studies are not often able to account for more than a few physical aspects at a time, in relatively controlled conditions (e.g., Newsham et al., 2009; Shin, 2016; McCunn et al., 2018; Kim A. et al., 2019; Kim A. A. et al., 2019).

Comprehensive interior retrofit strategies apply a set of refurbishments to lighting, acoustics, and indoor air quality (IAQ), combined with strategic densification, driven by potential cost savings and the preferences of a millennial workforce who enjoy flexible and open workspaces (Gensler, 2015; Hongisto et al., 2016). Although some research illustrates that relations exist between occupant satisfaction and these attributes (Wells, 2000; Donald and Siu, 2001; Veitch et al., 2002, 2003, 2005; Lee and Brand, 2005; Newsham et al., 2008), for example, did not uncover a predicted association between occupants’ satisfaction with their work setting and job satisfaction. Those authors suggest that mediating relations are challenging to account for and that employees’ opinions about particular space modernization strategies tend to change over time. We also know that different office types influence workers’ overall satisfaction. Kim and de Dear (2013) found that employees with private offices report higher overall satisfaction with their workplace environment compared to those who work in an open-plan setting. A different study, similar to the present work in its quasi-experimental methodology, found that employee satisfaction with open-plan office features was stronger after a retrofit, but the change management strategies executed by the organization, as well as the level of employee participation in design decisions, also played a significant role in bolstering satisfaction with alterations made to acoustics, spatial density, lighting, and air quality (Hongisto et al., 2016). Similarly, Newsham et al. (2009) conceptual model indicated a link between some indoor environmental attributes and occupant well-being. Newsham et al. (2009) found that overall environmental satisfaction is an important contributor to job satisfaction, mediated by factors such as management and compensation.

Given the complexity of merging technical environmental assessments with observer-based environmental appraisal, more can be explored about how people respond to modern office retrofits, especially during opportunities where current employees can self-report psychosocial experiences of physical attributes, thereby affording research with a greater degree of ecological validity. Buildings undergoing renovation are often difficult for researchers to access, and construction schedules can change frequently in ways that make a systematic approach to objective and subjective data collection difficult. Thus, additional findings from a purposive, mixed-methods study relating common design variables and employees’ psychosocial experience of them in situ over time would undoubtedly be valuable to organizational decision-makers and administrators, facilities managers, and multi-disciplinary researchers alike.

The present case study was led by a team of engineers, along with an environmental psychologist. It capitalized on an existing project to combine the common survey method with field study techniques after a retrofit was done to one floor of a multi-floor office building (i.e., the UW Tower on the University of Washington campus in Seattle). The retrofit provided a prudent opportunity for a naturalistic investigation that could associate changes to particular physical conditions of an open-plan office setting with occupants’ perceptions of those conditions.

As Newsham et al. (2009) acknowledge, a number of physical features of a work environment (e.g., lighting, acoustics, air quality, density, and controllability) can independently, and in combination, influence employees’ environmental satisfaction. The objective of this case study is to examine objective data about specific environmental changes, along with both quantitative and qualitative data about users’ perceptions of their work setting over time, in order to provide evidence-based, practical insights that may be easily understood and replicated by organizations and researchers seeking to improve the value of physical refurbishments. For administrators and facilities managers, this case study may serve as a relatively straight-forward example of how to gather evidence on the success of a retrofit from the perspective of occupants and, perhaps, induce building developers and owners to make efficient programmatic investments.



MATERIALS AND METHODS

An assessment of occupants’ perceptions of the pre-retrofit environment, and a separate post-occupancy evaluation, were undertaken on one floor of a four-building tower complex on the University of Washington’s Seattle campus. The retrofit included the large-scale refurbishment of two office areas, labeled “C3” and “O3,” each on the same connected floor of the UW Tower. A total of 167 occupants moved out of C3 and O3 combined before the retrofit began.

Occupants moved out of the original space in August, 2017. Construction started in October, 2017 and continued through March, 2018. Occupants moved back in during March and April, 2018. One hundred and twenty-four occupants returned once the retrofit was completed; 43 did not return. Thirty new employees moved into the retrofitted office space from other buildings on campus.

No changes were planned to alter the floor’s IAQ or ventilation rate; the mechanical system, and its operation, were unaltered. The retrofit included new finishes (e.g., paint on interior walls, carpeting, new ceiling tiles to soften the acoustical environment). With respect to density and space allocation, all new workstations had lower partitions (from 1.57 m originally, down to 1.42 m) to afford occupants more access to window views. However, these changes also created less square footage per person in individual workstations (approximate average of 5.39 m2 down to 3.90 m2 per workstation). All new workstations were fully adjustable and reconfigurable by occupants. The new layout included less allocation for private workstations and, as a result, a balance of communal and quiet space was integrated into the design. A larger kitchen, with breakout lounges, was planned to encourage social interaction between employees. Multiple types of seating (e.g., booths, bar-style seats) were also added. In addition to assigned workstations, hoteling stations were included, as well as semi-private conference spaces with modern technology platforms.

The existing lighting design included suspended ceilings with 0.6 × 1.2 m (2 × 4 feet) recessed fluorescent light fixtures. These fixtures were replaced with new light-emitting diode (LED) fixtures, wireless lighting controls, photometric sensors for automatic dimming, occupancy sensors, and different color rendering/temperature capability. In addition to the changes made to the ceiling light fixtures, all occupants received tunable task lighting fixtures on their desks to allow light levels and color temperatures to be set preferentially.

Changes to the acoustical environment occurred mostly via the integration of sound masking speakers. Three-hundred fifty-three miniature, omnidirectional, direct field sound speakers/emitters were installed into the ceiling (185 in C3 and 168 in O3), providing nearly 180° of sound dispersion. The emitters are adjustable to allow sound masking input to be reduced by up to 9 in 3 dB increments to compensate for different acoustic conditions within a zone. Each zone could be independently adjusted for masking and auxiliary audio levels and spectra. The new sound masking system was tuned to have a sound pressure level of 47 dBA for open offices, and 45 dBA for conference and huddle rooms.


Study Design

Two questionnaires (see section “Psychosocial Environmental Assessment”) were developed for this case study and received Institutional Review Board (IRB) approval from the University of Washington Human Subject Division (IRB ID: STUDY00002930). The questionnaires were administered to employees using the online survey tool Qualtrics (Qualtrics XM, 2019) at Times 1 and 2 with permission from the facilities managers responsible for the building. The timeline of the retrofit and questionnaire distribution is shown in Figure 1.
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FIGURE 1. Timeline of the retrofit and questionnaire distribution.


Because the pre-retrofit questionnaire was distributed approximately 4 weeks after employees had moved into a temporary office space (i.e., Time 1), items were worded retroactively such that participants were prompted to answer while actively thinking about the ways in which they felt in the original office space. Then, one and a half months after the renovation had been completed, a second questionnaire (i.e., Time 2) using the same items was distributed and participants were asked about their current perceptions of the new office space.

Twenty-seven out of 167 (16%) occupants responded to the first distribution of the questionnaire; 57 out of 154 (37%) occupants took part in the second distribution. Of those 57 individuals, only eight were returning participants (participants created a numeric code for themselves in order for the research team to compare anonymized responses over time). As stated in ASHRAE Standard 55 (ASHRAE, 2013), for an environmental survey distributed to more than 45 occupants, the response rate must exceed 35%. Although the first distribution did not reach the required response rate, the second distribution did exceed 35%. Considering the limitation of the low response rate for the first distribution, and because not every participant responding to the second questionnaire completed the first questionnaire (in some cases, the participants failed or forgot to create a code), data for both periods were analyzed on aggregate, and limited comparisons between time points were made. Non-response bias is not likely to be a source of systematic error in our results for two reasons. First, as studies have suggested (Olson, 2006; Tourangeau et al., 2010), the survey was designed (in terms of the survey length, confidentiality, and the sensitivity of information requested) and administrated in a way that did not make it more likely for certain groups to refuse to participate or be absent during the surveying period. Second, the data collection was conducted in a homogenous population (UW Information Technology employees) and it is safe to assume that our sample is essentially random subsets of the employees and good representations of the broader group of potential participants (Holbrook et al., 2007).



Objective Environmental Assessment

A combination of objective data about physical features in the setting, as well as subjective data collected from occupants, can be used to ascertain whether the built environment provides satisfactory conditions. The light intensity, acoustics, and particulate matter (PM) concentration of the floor were evaluated against established guidelines, such as the Illuminating Engineering Society (IES) Lighting Handbook (Illuminating Engineering Society, 2011), the WELL Building Standard (International Well Building Institute, 2019), the RESET Air Standard (RESET, 2018), and the National Primary and Secondary Ambient Air Quality Standards (EPA, 2006). Requirements for the relevant parameters in these guidelines are summarized in Table 1. An overview of the measurement locations and equipment for these environmental parameters is given in Figures 2, 3.


TABLE 1. Requirements for environmental parameters of office space in various guidelines.

[image: Table 1]
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FIGURE 2. Measurement locations for various environmental parameters pre- and post-retrofit.
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FIGURE 3. Equipment used for the measurements of environmental parameters.



Light Intensity

Because of equipment constraints, no light intensity measurements were conducted before the retrofit. After the retrofit, as part of a different thermal comfort study, two measurement stations were fabricated using eight HOBO U12-012 data loggers (Onset, 2019) that recorded air temperature, relative humidity, and light intensity. For each station, four HOBOs were mounted at different heights above ground as recommended in ASHRAE Standard 55 (ASHRAE, 2013) (i.e., 0.1, 0.6, 1.1, and 1.7 m). Light intensity recorded by the HOBO at 1.1 m above ground was used from each station to represent lighting conditions at the desk level. The two measurement locations (one for C3 and one for O3) were selected to minimize disturbance to the occupants (but still afford cogent representation of the space) and are shown in Figure 2.

Lighting quality consists of multiple aspects. Kruisselbrink et al. (2018) reviewed thirty studies and found that eleven different aspects of lighting could be used to describe overall lighting quality. Although the quantity of light measured by illuminance or luminance is used in much of the existing literature, control, spectral power distribution of light, and dynamics of light were also found to be indicative of overall lighting quality. In the present study, no information about the quantity of light was available from the pre-retrofit environment. Thus, illuminance was measured after the renovation to provide a simple assessment of the lighting quality of the new setting.



Acoustics

No acoustical parameters were measured prior to the retrofit. However, a Phonic PAA6 sound meter (Phonic, 2019) was used at the post-retrofit phase to measure external noise intrusion, internally-generated noise, reverberation time, and sound masking noise level. Twenty-six different sampling spots were selected to represent a global understanding of the acoustical performance of the setting. Twenty of these locations were in open workspaces, three were in conference rooms, and two were in the huddle rooms (i.e., smaller conference rooms). Examples of these spaces are shown in Figure 4.


[image: image]

FIGURE 4. Different types of rooms of the retrofitted workspace.


Measured acoustics parameters were selected in accordance with the WELL Building Standard (International Well Building Institute, 2019), which is the first standard of its kind that focuses solely on the health and wellness of building occupants. Sampling locations were chosen so that different types of spaces were represented, as required by the WELL Building Standard (International Well Building Institute, 2019). Kim A. et al. (2019) discussed the details of the measurement protocol.



Indoor Air Quality

Particulate matter concentrations (i.e., PM2.5 and PM10) were measured to characterize the IAQ of the floor. A Particles Plus 7302-AQM air quality monitor (Particles Plus Inc., 2019) was deployed on C3 approximately one month before the retrofit and started to gather IAQ data at a fixed location to avoid conflict with moving activities. No IAQ data were collected for O3 before the retrofit. After the retrofit, IAQ data were collected from multiple locations (as shown in Figure 2) in both C3 and O3’s open workspaces for approximately 20 days. A summary of the time and locations of collected samples is provided in Table 2.


TABLE 2. Average PM concentration levels pre- and post-retrofit during normal and smoke days (for working hours on weekdays).

[image: Table 2]During the pre-retrofit measurement of C3 in August and September, 2017, the Seattle area experienced elevated levels of wildfire smoke and the outdoor air was polluted for approximately 11 days. To make IAQ comparisons under similar outdoor conditions, additional IAQ measurements were taken in August, 2018 in the retrofitted workspace when outdoor air was also polluted by wildfire smoke. The hourly average outdoor PM2.5 measurements were obtained from a monitoring station located 7 km south of the UW Tower complex near downtown Seattle. The station is managed by the Puget Sound Clean Air Agency (2019). The outdoor PM10 level is not measured by the agency. The indoor and outdoor PM2.5 concentration ratio (I/O ratio) was estimated to evaluate the pre- and post-retrofit IAQ of the office space.



Psychosocial Environmental Assessment

Two questionnaires were designed to measure over time a number of psychosocial variables drawn from the body of environmental psychology literature (e.g., Veitch et al., 2007). For the purposes of the present study, 19 items were used to measure occupants’ environmental satisfaction. Tests of internal consistency at both time points indicated that the items associated with each other well enough to form a valid scale measuring environmental satisfaction (α = 0.93 for the first distribution of the questionnaire and α = 0.94 for the second distribution).

Specifically, two items asked occupants about their perceptions of the acoustical environment at work, and three items asked them about their perceptions of density in the office space. Another three concerned participants’ perceptions of privacy and two had to do with occupants’ sense of control in altering physical conditions at work. One item had to do with thermal satisfaction, and another with perceptions of the esthetics of the setting. Four items asked about lighting conditions, two items measured perceptions of IAQ, and one asked about views to the outside. Eighteen of these items were measured on a 7-point Likert scale ranging from 1 (“very unsatisfactory”) to 7 (“very satisfactory”) while one item was measured on a 7-point Likert scale ranging from 1 (“strongly disagree”) to 7 (“strongly agree”) (see Tables 3, 4 for exact wording of all items).


TABLE 3. Descriptive statistics for items measuring occupant satisfaction with their environment at work before renovation (Time 1).

[image: Table 3]
TABLE 4. Descriptive statistics for items measuring occupant satisfaction with their environment at work after renovation (Time 2).

[image: Table 4]The second distribution of the questionnaire included two additional items measured on a 7-point Likert scale ranging from 1 (“strongly disagree”) to 7 (“strongly agree”) to capture qualitative feedback from occupants about their perceived input into the design process (see Table 5 for exact wording of all items). Taken together, these two items form a valid scale of participatory satisfaction, with a Cronbach’s alpha of 0.84.


TABLE 5. Descriptive statistics for items measuring participatory satisfaction with their environment at work after renovation (Time 2).

[image: Table 5]Finally, an open-ended item was included in the second distribution of the questionnaire that asked participants who agreed that the renovation had changed the ways in which they and their co-workers communicate and coordinate with each other to get work done to list specific examples of why they believed so.



RESULTS


Objective Assessment Results


Light Intensity

Post-retrofit 1-minute illuminance data were obtained from the HOBOs for C3 from June 18th to June 22nd, and for O3 from June 25th to July 3rd in 2018 (weekends excluded). As shown in Figure 5, the light intensity on both floors during working hours (8 a.m. to 6 p.m.) was at a much lower level than what is required by IES for open office spaces. On both floors, overhead fixtures were operating at a dimmed level to conserve energy. Occupants on O3 requested lower ambient light resulting in the lower illuminance observed on O3. In addition, in the case of O3, access to natural daylight is partly blocked by surrounding buildings. Each workstation on C3 and O3 was provided with a task light (PlanLED, 2019) to provide additional targeted lighting to fulfill individual occupant needs. The task lights were color-tunable with a color rendering index (CRI) of 90, capable of delivering 2000 lux of illuminance at its maximum setting. It is worth noting that employees working in C3 and O3 are from the Information Technology (UW-IT) department; their work involves the use of one or more computer monitors, in most cases. This may explain the need for lower ambient light compared to paper-based work tasks.
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FIGURE 5. Post-retrofit light intensity on C3 and O3 during working hours on weekdays.




Acoustics

Measurements of acoustical parameters were conducted on October 11th and 15th, 2018 during unoccupied hours (after 6 p.m.). Kim A. et al. (2019) discuss the details of the analysis. Exterior noise was within the range of 40.0–43.6 dBA across all of the 26 sampling locations—this did not exceed 50 dBA, as required by the WELL Building Standard (International Well Building Institute, 2019). The internally-generated noise in the majority of the open office space met the NC40 requirements except for four sampling spots that exceeded the limit at high frequencies (near the range of 2–5 kHz). Noise readings in the sampled conference rooms and huddle rooms were above the recommended NC30 curve at mid and high frequencies (ranging from 1 to 8 kHz). The reverberation time RT60 exceeded the maximum recommended value in nine out of 21 sampling spots in the open spaces, and in two out of five sampling spots in enclosed spaces (including conference rooms and huddle rooms). The measured sound masking noise level was, in general, lower on O3 than C3 (i.e., lowered by facilities management at the request of some dissatisfied O3 occupants). The levels of most of C3’s open spaces were within the range defined in WELL (International Well Building Institute, 2019) while levels in O3 were below range. Because of the open ceiling design of all the conference and huddle rooms, much higher sound masking levels existed than what is required by WELL (International Well Building Institute, 2019) in order to afford conversational privacy. As a result, open office areas close to these room types also experienced higher sound masking noise levels.



Indoor Air Quality

Five-minute PM2.5 and PM10 concentrations were obtained pre- and post-retrofit and were averaged over one hour. These hourly averages were separated further based on outdoor air conditions (normal days and smoky days). From Table 2, it can be seen that, under normal outdoor conditions, the average indoor PM2.5 and PM10 levels were much lower than the acceptable limit specified by RESET (2018) and WELL (International Well Building Institute, 2019) during working hours. When the outdoor air was polluted by wildfire smoke, the average indoor PM2.5 and PM10 levels were still within acceptable ranges, although elevated.

To better compare the IAQ before and after the retrofit, a time series of both PM2.5 and PM10 measurements are given in Figures 6–8. The performance of the ventilation system appeared to be consistent before and after the retrofit under normal outdoor conditions as shown in Figures 6, 7. During smoky days, the post-retrofit PM2.5 in Figure 8 appeared to exceed limits on multiple occasions (which was not the case before the retrofit, as shown in Figure 6). However, the outdoor PM2.5 level was much higher during the smoky days in 2018 than in 2017, which may explain the exceedance. To facilitate a fair comparison, the I/O ratio for PM2.5 was estimated using linear regression. By defining the outdoor PM2.5 concentration as xout, the indoor PM2.5 concentration xin can be calculated as follows:
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FIGURE 6. Pre-retrofit PM2.5 and PM10 levels on C3.
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FIGURE 7. Post-retrofit PM2.5 and PM10 levels on C3 and O3 during normal days.
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FIGURE 8. Post-retrofit PM2.5 and PM10 levels on C3 during smoke days.
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where a0 is the indoor PM source, and a1 is the I/O ratio. Scatter plots in Figure 9 show that on normal days, the indoor and outdoor PM2.5 did not appear to have much correlation and indoor levels were maintained in a range of approximately 0 to 6 μg/m3. When outdoor PM2.5 was elevated because of wildfire smoke, the correlation strengthened. However, the I/O ratio was still below 50% before and after the retrofit.
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FIGURE 9. Estimated I/O ratios for PM2.5.




Psychosocial Environmental Assessment Results

Data for each item, for both distributions of the questionnaires, were checked for normality based on recommendations by Kline (1998). All items met the criteria for acceptable skewness (values between +3 and −3) and acceptable kurtosis (values between +8 and −8). Means and standard deviations for the 19 items measuring occupants’ environmental satisfaction concerning their experience with the setting before the retrofit can be found in Table 3. Table 4 lists the means and standard deviations of the same items concerning the time after the retrofit.

While considering their work environment before the retrofit, participants responded quite neutrally to all items (i.e., most means were between 3 and 4.5 on the 7-point Likert scale). The item with the highest mean had to do with participants’ satisfaction with the size of personal workspaces to “accommodate work, materials, and visitors” (M = 5.81, SD = 1.33). The lowest mean value concerned item asking about occupants’ satisfaction with the extent of control they felt to have over aspects of their physical workspace (M = 3.07, SD = 1.75).

When responding to the same items during the second distribution of the questionnaire, the item with the highest mean concerned perceptions of the amount of light on employees’ desktops (M = 5.66, SD = 1.33). The lowest mean value for occupants responding about their work environment after the retrofit was for the item concerning satisfaction with the level of privacy for conversations (M = 3.29, SD = 1.75).

Although only eight individuals took part in both questionnaires, paired samples t-tests were conducted using Bonferroni-adjusted alpha levels of 0.003 per test (0.05/19) to understand whether any differences between the two time points were statistically significant (cf. Rosenthal and Rosnow, 1991). Four differences were revealed to be statistically significant (all other ps > 0.003) whereby participants answering the questionnaire after the retrofit felt more satisfied with the esthetic appearance of their work area, t(7) = −4.33, p = 0.003, the amount of lighting on their desktops, t(7) = −6.11, p < 0.001, the amount of light for computer work, t(7) = −4.93, p = 0.002, and the amount of access to a view outside, t(7) = −6.34, p < 0.001 (all means and standard deviations are reported in Table 4).

To better understand whether differences existed in occupants’ broader perception of environmental satisfaction, a variable containing all 19 items was computed per time point because of the strong Cronbach’s alpha levels. A paired-samples t test between scale means revealed that, overall, participants felt more environmental satisfaction after the retrofit, M = 3.99, SD = 1.25 and M = 4.45, SD = 1.21, respectively, t(56) = 2.84, p = 0.01.

The two additional Likert-scale items measured in the second distribution of the questionnaire concerning perceptions of input into the design process afforded neutral mean values (see Table 5). However, when taken together as a scale measuring participatory satisfaction, it correlated significantly and positively with occupants’ overall perceptions of environmental satisfaction after the completion of the retrofit, r = 0.60, p < 0.01.

The open-ended item included in the second distribution of the questionnaire was systematically content analyzed as per Sommer and Sommer (2001) to understand emergent themes for occupants as they considered how the renovation benefited them and their peers working in the office. When occupants who believed that the renovation had changed the ways in which they communicated and coordinated with their co-workers were asked to provide specific examples, four main themes emerged from the 58 distinct comments offered by the 33 individuals who chose to answer this item (58% response rate). The four main themes that emerged from the open-ended data were “connectedness/collaboration and social interaction” (52% of the comments), “privacy” (12% of the comments), “noise” (12%), and “interruption and distraction” (11%). While other themes also emerged from the data, such as “efficiency,” “lighting,” and “control,” none made up more than 5% of the data and so were not analyzed further (although it is worth noting that all of the comments in these themes were negatively-valanced).

Because the themes in this study were not created and validated in previous research, disagreements between two raters were counted before being resolved through discussion so that an inter-rater reliability statistic could be calculated. Cohen (1960) kappa was used to assess inter-rater reliability for each main theme. In general, a substantial agreement between raters (i.e., no disagreements for all themes, κ = 1.0) occurred.

The most frequent theme, “connectedness/collaboration and social interaction,” included comments such as “The new space helps people meet each other casually” and “The open space design has afforded quick and easy communication between team members.” Indeed, 87% of the comments in this theme were positively-valanced. Comments in this theme centered around categories to do with perceived spontaneity and efficiency of teamwork fostered by a sense of physical proximity between employees. Huddle rooms and open spaces were noted as affording opportunities for collaboration and communication, as well as the new technology added to the office space (e.g., name cards and lights to show when an employee was free or busy).

Similarly, the second most frequent theme, “privacy,” contained comments such as “there is very little privacy for sensitive work or phone conversations that need to be kept private between customers without details being shared to neighboring teams or people who walk by,” and “additionally, there are not enough conference rooms that actually offer privacy, all the conference rooms can hear people in the desks around them from inside and in the desk around or walking by in the halls we can hear the conversations in the conference rooms.” However, most comments in this theme (67%) were positive, generally falling into categories concerning technology, desk layout, and orientation.

Finally, the other two main themes of “noise” and “interruption and distraction” contained predominantly negative words and phrases (89 and 87%), respectively. For example, one participant stated that it is “very difficult to have conversations with the background pink noise,” and “noise and distractions are much more of an issue with the open office format and people have been told this is a collaboration space. This ended up being a double whammy: it’s harder to concentrate because of the terrible desks, and people don’t care about making noise because it’s ‘collaboration’.” Categories to do with noise concerned environmental stress and sensitivity in relation to the sound masking system, and the open-plan layout. The one positive comment about noise was that “the white noise dampens distracting conversations.”

Categories to do with interruption and distraction generally concerned the same elements as those within the “noise” theme. Most comments had to do with conversational distractions, dissatisfaction with the open-plan layout, and that, in comparison, more interruptions and distractions were being perceived after the renovation. Comments to do with both of these themes noted that the increase in spontaneous collaborations and communication had created a negative amount of noise, interruption, and distraction.



DISCUSSION

In general, occupants’ overall environmental satisfaction increased after the retrofit. When recalling their perceptions of the setting before design changes were made, occupants responded neutrally. The strongest attribute driving satisfaction with the original setting was the size of personal workspaces. Had this been understood in the planning stages of the retrofit, occupants’ satisfaction levels concerning this attribute may not have decreased. Indeed, other studies have demonstrated that occupants appraise indoor environmental qualities differently depending on the amount of personal space and spatial configuration they perceive to have in their workplace (Kim and de Dear, 2013; Leder et al., 2016).

After the retrofit, the lowest mean value concerned occupants’ satisfaction with the level of privacy they had for conversations. Interestingly, this quantitative result seems to contrast with qualitative data offered by participants who elected to respond to open-ended items in the questionnaire. When answering about the ways in which the new office had changed their behavior at work, the most frequent theme had to do with “connectedness/collaboration and social interaction” and many concerned positive reflections on the ease with which employees could chat, work together, and solve problems. It seems that although changes were made to the size of personal workstations, and that the level of privacy was generally understood by occupants to be less satisfactory than before the retrofit was complete, a positive outlook on collaboration and pro-social interaction occurred for employees. It seems that while most of the positive comments to do with privacy concerned technology, desk layout, and orientation, many of the negative comments centered on conversational confidentiality at desks and in the huddle rooms. Facilities managers and designers should continue to place value on the strength of occupants’ desires for conversational privacy at personal workstations, as well as in common areas (along with privacy in relation to the work done on computer screens).

Other comments noted that the increase in spontaneous collaborations and communication after the renovation, with its open-plan design and white noise system, had created an overload of noise, along with excessive interruptions and distractions. The combination of positive and negative comments in response to the renovation highlights the nuances of human environmental perceptions of indoor environments. Not surprisingly, a sense of control is an important element in the body of literature on the ways in which people respond to changes in the work setting–significant sources of dissatisfaction in open-plan offices include air quality (Pejtersen et al., 2006), noise level, and lack of privacy (Brookes and Kaplan, 1972; Mercer, 1979; Marans and Spreckelmeyer, 1982; Sundstrom et al., 1982; Zalesny and Farace, 1987; Brill et al., 2001; Pejtersen et al., 2006; Danielsson and Bodin, 2008; Haapakangas et al., 2008; Kaarlela-Tuomaala et al., 2009; Lee, 2010; Frontczak et al., 2011; Kim and de Dear, 2013). Performance ratings also appear to decline when employees work in relatively dark offices with a higher density, at closer interpersonal distances, especially when they have difficulty screening out unwanted stimulation (Oldham and Fried, 1987; Oldham et al., 1991). In the present case study, occupants recalled feeling dissatisfied with the amount of control they had over lighting, noise, and privacy in their workspace before the renovation. Although occupants’ perception of control did not significantly improve after the retrofit was complete, their responses about the extent of input they had into the retrofit process correlated significantly and positively with overall perceptions of environmental satisfaction after its completion. This correlation supports other research (e.g., Hongisto et al., 2016; Kim A. A. et al., 2017) and may serve as additional evidence that a sense of control over sources of environmental stimuli, as well as over provision of input into the design process, associates with a general satisfactory outcome for building users.

Objective data collected about the post-retrofit lighting quality indicate that overhead light fixtures had been dimmed, affording light intensities below industry standards. Nevertheless, participants who took part in both pre- and post-retrofit questionnaires reported significantly stronger levels satisfaction with the amount of light on their desktops, and for doing computer work, than before the design changes occurred. Arguably, after the retrofit, many occupants may have perceived ability and freedom to “layer on” light at their workspace by using the newly supplied tuneable task lights. Given that diming overhead light fixtures can conserve energy for a building, these satisfactory results from the perspective of participants may be used to support arguments made by facilities managers wishing to make energy-efficient decisions without negatively affecting occupant satisfaction. Of course, the results of the present study may be, partially, influenced by the type of work occupants were doing on the floor (i.e., using computers for most of the workday for IT tasks).

After accounting for wildfire smoke, no significant changes to objective measurements of air quality on the floor were detected. In fact, participants’ satisfaction with air movement in their work area improved after the retrofit. This may be because the open-plan layout included lower-partitions around individual workspaces and more open, common areas in which employees can spend time during the workday. And, while the acoustics on the floor were, objectively, within recommended “healthy” ranges, qualitative data indicate that many occupants’ had a negative perception of noise levels in some parts of the floor, which spurred decisions to further lower sound masking levels in particular areas. Comments often cited environmental stress and sensitivity in relation to the sound masking system and the open-plan layout. Kim A. et al. (2019) explore in detail why these results may have occurred and highlight that a general approach to acoustics when retrofitting open-plan offices can be complex at the level of the individual. Indeed, Kim and de Dear (2013) found noise levels (along with visual privacy) to be the primary concern for open plan office occupants. Despite advances in sound masking technology, facilities managers should remain attentive to occupants’ levels of satisfaction with acoustics in different areas of a setting and be prepared to accommodate designs based on human perception.



CONCLUSION

One aim of this case study was to offer a straight-forward example for facilities managers and researchers alike wishing to perform systematic, naturalistic, mixed-methods research in office spaces that have recently undergone a retrofit. We measured a range of employee perceptions about the previous and new open-plan work environment. After the new setting had been used for 1.5 months, occupants reported being more satisfied, in general, than they recalled being with the original setting. The size of personal workspaces and privacy were especially important to employees. Differences in quantitative and qualitative data highlight the importance of gathering data from building occupants in a number of ways and exploring them carefully to better understand why environmental satisfaction (or dissatisfaction) exists. Employees’ sense of environmental control remained a key theme in the data (and supports a number of previous studies in the field of environmental psychology). While perception of control did not improve after the retrofit, occupants’ responses about the level of input they had into the retrofit process correlated significantly and positively with their perceptions of environmental satisfaction after its completion. Results may have implications for organizations and designers as they consider new ways to improve IEQ in today’s office settings that do not apply a “one-size-fits-all’ approach to design. Indeed, the nuanced findings in this case study, along with its relatable materials and procedure, add to a growing body of literature merging social scientific methodologies with technical environmental assessments for practical use by decision-makers who wish to attend to the subjective needs and preferences of building users.
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