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Abstract: This study examined the influence of quantitative and qualitative findings from both a
pre-design occupancy evaluation (PDOE) and a post-occupancy evaluation (POE) on the expanded
design team’s (designers, client, and researchers) approach to updating the interior work environment.
The design team’s implementation of mid-course design solution modifications to the primary
workspaces of an engineering group’s environment both after the PDOE and the POE yielded many
significant outcomes. The POE was conducted using the same instrument as the PDOE one year
after the employees had moved back into their renovated space on a corporate campus. The study’s
results were used as a diagnostic tool to improve indoor environmental quality (IEQ) conditions for
employees and provided benchmarks for the remaining (85%) campus workplace improvements.
The influence and importance of IEQ criteria on employee satisfaction, work performance, and health
were demonstrated and contribute to the body of knowledge regarding the influence of the built
environment on building occupants. A paired inquiry (PDOE plus POE) helps ensure that human,
financial, and environmental resources are appropriated with a higher likelihood of success over POE
data alone in terms of meeting current and future employees’ needs and corporate goals.

Keywords: pre-design occupancy evaluation; post-occupancy evaluation; primary workspace;
satisfaction; work performance; privacy; design team

1. Introduction

Significant impacts of indoor environmental quality (IEQ) on building occupants’
satisfaction, performance, and health have been continuously studied by researchers, moti-
vated by the significant amount of time building occupants spend indoors [1,2]. Acoustic
conditions, indoor air quality, daylighting and artificial lighting, thermal conditions, and
ergonomics, among others, are examples of IEQ factors. As a research tool, post-occupancy
evaluations (POEs) have frequently been utilized to measure building occupants’ satisfac-
tion, performance, and health as well as the building’s performance [3].

Over time, research methods have evolved and the interest in utilizing POEs has
grown, advancing our understanding of the influence of the built environment on its occu-
pants, and understanding the benefits of this knowledge for the employer and/or building
owner/manager [3]. POEs study IEQ factors and their influence on building occupants
both subjectively and objectively via surveys, observations, and field measurements [4].
Findings resulting from POEs can provide architects and designers with feedback that
informs their critical understanding and subsequently helps them improve their future
designs [5].

POE studies investigating the impact of IEQ on occupants’ satisfaction, performance,
and health have been conducted across different building typologies, including workplaces,
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educational settings, and group residential spaces (i.e., residence halls) [6]. Numerous
researchers have identified IEQ factors that can affect employees in workplaces and identify
resulting impacts [3,4]. For example, the substantial impact of thermal comfort on employ-
ees has been continuously investigated through a variety of comfort models over the last
five decades [7]. Also, daylighting condition makes a critical contribution to employees’
satisfaction, overall IEQ quality, and reduces the building’s energy consumption [8,9].

However, findings from POEs only provide part of the information needed to improve
the design of future environments. Findings from POEs typically measure what is known
about the new or renovated space from occupants’ perceptions, typically conducted 9 to
12 months post-occupancy [10]. However, a POE cannot inform us about the degree of
change between occupants’ current satisfaction, work performance, or health influenced by
the built environment as compared to their perceptions of those factors when they occupied
the previous or pre-renovated environment. POE data alone do not provide measurable
evidence of the degree of change between those two occupancies (i.e., a previously oc-
cupied or pre-renovated space versus a post-renovated or newly constructed workplace
environment). Building owners, facility managers, designers and architects need to have
this comparative data to be able to fully address resource management and preservation
(human, environmental, and financial), agency/organization/business strategic planning
and management, and the modification and enhancement of best practices in design and
construction [11].

To implement that, a pre-design occupancy evaluation (PDOE) must be conducted
of the occupants while they are occupying their existing space that is to be replaced or
renovated [12]. Findings from a comparison of the PDOE and POE study data allow
researchers to identify statistical evidence of the influence of the designed environment
on the occupants’ satisfaction, performance, and health by analysis of the before (formerly
occupied environment) and after (newly designed occupied environment) datasets [13,14].
Without this analysis, findings from the POE study alone present IEQ factor scores as
influences on occupants’ satisfaction, performance, and health without knowing with
certainty if the findings substantiate statistically significant outcomes.

Unfortunately, a PDOE is seldom conducted for a variety of reasons, including com-
pressed design/build schedules, costs that neither the building nor building/business
owner/tenant is prepared to pay, or that the design team cannot afford. Also, ongoing
cooperation and support from these stakeholders during the process is not guaranteed.

Broadly, research has indicated that employees’ perceptions about their workplace
environment have been found to largely determine employees’ attitudes, and subsequently
contribute to their productivity, longevity, mood, creativity, and drive, among other out-
comes [15]. This study was conducted to investigate the impact of the design solution of the
newly renovated space on occupants’ satisfaction, performance, and health as influenced
by IEQ factors. This knowledge is useful to the broadened team of stakeholders, includ-
ing the employer (i.e., client and/or institution), building owner, facility manager and
human relations leadership; the design team, consisting of the architects, interior designers,
space planners, lighting designers and others; and design and human behavior researchers
and educators.

Acknowledging employees’ perceptions of the physical environment of the workplace
on their satisfaction, performance and health and understanding the important role of
IEQ factors on their perceptions are critical. This is because the physical environments in
workplaces can enhance or hinder occupants’ satisfaction, performance and health [16].
Further, enhanced satisfaction, work performance, and health among employees can bring
benefits to employers. Based on a dataset of around 50,000 occupants collected over a
decade, overall satisfaction with the workspace was positively correlated with job sat-
isfaction as well as perceived work performance [17]. Moreover, satisfaction with the
workspace is strongly associated with occupants’ satisfaction with the amount of space,
noise level, and visual privacy [17]. Similar to these findings, perceived work performance
can be enhanced by increased satisfaction with temperature, noise level, and air quality [17].
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Another study found that employees were likely to be dissatisfied with their workspace
when they were dissatisfied with acoustic conditions, furnishings, and privacy [6], and that
a quiet workspace was found to have a positive influence on employees’ perceptions of
greater collaboration, reduced stress, and overall positive perceptions of the workplace
environment [18].

Not only overall physical environments but also a specific IEQ factor can affect an
employee’s satisfaction as associated with work performance. To be specific, a controlled
study found that cognitive performance, satisfaction, and eyestrain improved in a set-
ting with window treatments (e.g., shades and tinted window) compared to in a baseline
condition (e.g., lacking daylight and view) among participants who worked in a living
lab for 14 days [19]. A recent review also indicated that IEQ factors, especially lighting
and daylighting, were closely associated with mental health indicators, such as concen-
tration and stress [20]. Also, increased thermal satisfaction was positively correlated with
productivity and the optimal productivity was achieved in “neutral” or “slightly cool”
environments [21].

Employees’ perceptions of the workplace can also impact the employer in positive
ways. The physical environments in workplaces tend to reflect corporate culture as the
layouts and settings are part of the culture [16]. Therefore, workplace design plays a
critical role in attracting, developing, and retaining employees [22]. Moreover, the work-
place design positively affected three aspects of culture, especially equality, openness, and
collectivity [23,24]. Another study found a significant and positive association between
office layout features and organizational culture ratings, which mediate the relationship
between the office layout features and job satisfaction [25,26]. In addition, physical en-
vironments in offices are associated with recruitment, retention, and productivity of the
organization [27]. According to a longitudinal case study, workplace design was critical
for developing organizational creativity and sharing knowledge among employees [24].
Overall, workplace satisfaction as tied to IEQ factors has been linked to enhanced work
performance [15]. In addition, the design of the physical workplace has been found to
influence workplace (i.e., corporate) policies and procedures relative to scheduling, officing
protocols, and collaboration [28].

POE studies can provide valuable findings about both the building occupants’ satisfac-
tion and perception and feedback for designers. However, as discussed above, a POE alone
may not be enough for the design team or the client. After analyzing a dataset featuring
11,243 responses from 93 buildings, researchers recommended that the direct involvement
of building professionals from the early design stages to POEs can help improve the overall
indoor environment [15]. Instead of conducting only a POE, implementing both a PDOE
and a POE can provide feedback from building occupants to be applied in the design of
future spaces based on statistically significant findings.

Due to these advantages, the pre–post comparison analysis is becoming a more often
used approach among researchers. For example, a recent study confirmed the positive
impact of design solutions on IEQ, especially in electric lighting and furnishings, after
comparing PDOE and POE results [12]. Another comparison study suggested that em-
ployees reported higher performance, health status, and satisfaction from the PDOE to
the POE findings and that building energy consumption (per m2) and performance also
improved [29]. In addition, a significant and diverse impact of physical spaces on organi-
zational communication, interaction, and performance was found through the pre–post
comparison study [30].

The evaluation of the workplace for the purpose of improving future workplace
designs for the building owner and/or client can benefit from broadening the team to
incorporate design research. By doing so, learning by the design team and the employer
(corporate, human relations, and facilities management) is leveraged. This team approach
has been shown to enhance the capabilities of the design team and boost the employer’s
bottom line.
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Therefore, this paper discusses the current findings about POEs in workplaces re-
garding building occupants’ satisfaction, performance, and health. The paper conducted
PDOE and POE at a single site (before and after the renovation) to compare the results of
occupants’ satisfaction with the built environment including IEQ factors. Finally, this paper
discusses how the findings can be interpreted in terms of the previous literature.

1.1. Aims and Overview of the Study

This study was conducted with three primary aims in mind which are noted below,
followed by a brief overview of the study.

1.1.1. Identify the Influence of the Physical Environment (IEQ and Other Factors) on
Employees’ Perceptions (and Behaviors)

The overall corporate campus, the building group space employees occupied together,
and their primary (personal) workspace were analyzed in terms of the influence IEQ factors
on their satisfaction, work performance, and health. Other factors examined included the
use of collaborative (i.e., shared) workspace. Understanding these influences helps identify
appropriate design solutions and their subsequent influence on corporate culture, among
other factors.

1.1.2. Provide the Client and Design Team Measurable Outcomes as a Foundation for
Design Solution Modifications to Best Meet the Needs of the Employees, Thereby
Supporting the Client’s Bottom Line

This study was viewed by the client as an opportunity for a “mid-course” correction
as it occurred when approximately 15% of their 1200 corporate campus office employees
had been moved into fully renovated space. Findings supplied information that fueled
modifications to the space planning prototypes, circulation and flow parameters, accom-
modation of ergonomic and privacy needs, and other IEQ factors for the next major phase
of the campus renovation. In the interim, it also identified necessary modifications to the
design of the group’s upcoming renovated space because of focus group feedback and
findings of the PDOE survey. Employee retention and recruitment are priorities for this
engineering-centric company. Based on the statistical data combined with open-ended
responses by the occupants, workplace design and corporate policies were influenced.

1.1.3. Contribute to the Body of Knowledge and Demonstrate the Advantages of the
Combination of PDOE and POE, over a POE Alone

POE findings alone are subjective in nature, as they are not compared to/measured
against the “before” conditions in terms of their influence on the occupant. What we
want to know is how much the post-construction or post-renovation workplace influenced
occupants’ satisfaction, performance, and health. A paired PDOE and POE form of in-
vestigation allows the comparison of data from two survey instruments and quantifies
results by identifying measurable outcomes. Results provide greater assurance that future
design decisions can reflect a higher degree of knowledge about occupants’ needs within
the built environment. The results from the PDOE were reflected in the design changes
determined by the client and design team, collaboratively. After renovation, POE results
showed how the design changes reflected from PDOE results worked for the employees by
comparing two datasets. For example, if a POE finds that daylighting received a satisfied
score, what do we know about the occupants’ degree of satisfaction? Did that score exceed
their perceptions about lighting from their previous space, was the change statistically
significant? Without a PDOE, that information cannot be determined.

2. Materials and Methods

This study consisted of both a PDOE and POE of the employees of a business group.
They were surveyed while they occupied their existing workplace and then again after they
moved back into that former workplace, newly renovated. Information gleaned from the
PDOE was shared among the team (researcher, client, and design team). Next, previously
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determined design solutions were modified based on the PDOE findings and the space was
renovated accordingly. One year after employees moved into their renovated space, they
were surveyed via a POE survey to determine their views of the new space. Both datasets
were analyzed, and the findings were used for additional modifications and updating of
future campus renovations.

2.1. Client

Donaldson Company (Donaldson) (Bloomington, MN, USA) was the client for this
study. Founded in 1915, Donaldson is a global leader in the filtration industry with sales,
manufacturing, and distribution locations around the world. Donaldson notes, “Every
action we take must be driven by our three key values: integrity, respect and commitment”.
Donaldson’s innovative technologies solve complex filtration challenges and enhance
customers’ equipment. As a Fortune 1000 company, they hold 1800 active international
patents and have employees in 44 countries. Their international corporate headquarters
is in Bloomington, Minnesota, a suburb of Minneapolis. The campus is comprised of five
facilities totaling 514,000 square feet (47,752 m2), including 177,000 (16,444 m2) of office
space, as shown in Figure 1 below. Figure 2 shows the main reception area for guests
coming to the campus. The campus was primarily constructed in the mid-1960s through
the 1980s on 32 acres. Based on a master planning project begun in 2010, multiple extensive
office space renovations have occurred.
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2.2. Participants in the Process

The broad team involved in the process of this study consisted of the client, the
researchers, the architectural firm, and the space planning firm. The client was represented
by Bill Coldwell, Facility Development and Asset Manager, Donaldson. His work was
supplemented by a focus group of workplace leaders who were employees within the group
being studied. The research was conducted by Martin and Guerin Design Research, LLC.
(MGDR) (Minneapolis, MN, USA). The design team was comprised of LHB Corporation
(LHB), the architecture, engineering, interior design, and planning firm, and Amy Arnost
Design, LLC. ((Minneapolis, MN, USA)) was responsible for space planning. The work
progressed in an iterative process, resulting from the interaction of the four entities (client,
researchers, architect, and space planner) from February 2018 to March 2020.

2.3. Study Timeline

Donaldson had begun a “Workplace of the Future” master planning exercise in 2015.
In late 2017, the architect at LHB encouraged Donaldson to engage with a design researcher.
Given the scope of the campus renovation project, it was determined that additional
evidence related to the impact of the newly instituted design direction and details of
the impact of the workspace on the employees was needed. At that point, knowledge
regarding the impact of the new spaces on the employees was solely anecdotal. In early
2018, MGDR was contracted by Donaldson to begin a survey-based study of the Engine
Air and Exhaust & Emissions Groups’ (EA&EE) employees who were in their existing,
unrenovated space. This study focuses on findings gleaned from the PDOE and POE
surveys of the EA&EE employees.

First, a custom survey was developed by MGDR with key input from the client. It was
disseminated to the EA&EE employees. The design team and client were anxious to glean as
much information as they could and believed that the PDOE findings from the EA&EE would
be helpful as time was limited before the remaining 85% of the campus redesign planning
would sequentially begin. To supplement those findings, representatives from the EA&EE
Group’s leadership team participated in focus groups to provide feedback (July 2018).

Along the way, discussions among members of the broadened team (client, researchers,
and design team) occurred in person and virtually (video or phone). Discussions focused
on feedback that was provided by employees informally (i.e., in the hallways), evaluation
of responses to open-ended questions in the PDOE surveys, and analysis of their alignment
with statistical findings. Collectively, these findings informed the design of EA&EE’s
renovated space (occupied in February 2019). Subsequently, the EA&EE PDOE and POE
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data would be used to inform the design of the renovations for the remainder of the
corporate campus, with a focus on design standards and best practices. Findings and
direction were discussed after the comparison PDOE and POE analysis was complete
(March 2020). This study timeline is shown in Figure 3, below.
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2.4. Custom Survey Instrument

Based on discussions with the client, MGDR developed a custom survey instrument
that examined many variables to determine the influence of the built environment and
occupants’ demographics on their perceptions. Employees rated their satisfaction, work
performance, health, as well as their satisfaction and importance of the IEQ criteria. The
process began in early February 2018. The client conducted a final review of the instrument
as well as online dissemination protocols and duration details. Survey content examined
occupants’ perceptions of the following variables:

• Employee’s Primary Workspace IEQ Criteria and Importance: The 26 IEQ criteria were
categorized into 13 “overall” IEQ factors (some with “attributes” or sub-categories
within them), including acoustic quality, appearance, cleaning and maintenance, day-
lighting, electric lighting, furnishings, indoor air quality (IAQ), personal control,
personalization, privacy, technology, thermal conditions, and view conditions. The
survey further included detailed question modules regarding satisfaction with acoustic
privacy, visual privacy, lighting conditions, and ergonomics.

Also, the survey instrument examined demographic characteristics including gender,
years worked at Donaldson (i.e., tenure), percentage of time per week employees work in
their primary workspace, and space relationship to a window. The questions used a 7-point
Likert scale, indicating 1 for very dissatisfied/hinders and 7 for very satisfied/enhances.
The mean responses were interpreted as follows:

• 1.00–3.50 dissatisfied (or hindered)
• 3.51–4.50 neither dissatisfied (or hindered) nor satisfied (or enhanced)
• 4.51–7.00 satisfied (or enhanced)

The Likert scale questions were complemented by the inclusion of open-ended ques-
tions, responses from which provided greater specificity as to the “why”, “what”, or “when”
of the statistical information from analysis of data resulting from the Likert scale questions.
Occupants were presented with four opportunities to provide additional information about
their primary workspace, ergonomic conditions, daylighting and electric lighting, and
acoustic or visual privacy. The impetus for gleaning this information was to enhance the
stakeholders’ understanding and provide specificity as to the possible causes underlying
the closed-ended, Likert scale responses.

The online survey was pre-tested by eight (8) individuals who worked in similar
corporate settings, though outside Donaldson, to confirm that the language used was easily
comprehensible and to confirm the time (15–20 min) needed for completion. The survey
instrument was used for both PDOE and POE surveys. The PDOE was conducted from
late March to mid-April 2018 (16 days). Self-administrated online surveys were sent to
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employees who worked in Donaldson’s EA&EE Group through invitation emails that
included a link to the survey, using Qualtrics. PDOE data were collected (PDOE n = 64; a
response rate of over 84%) and were analyzed in April 2018.

Between July 2018 and February 2019, EA&EE occupants worked in another unren-
ovated workplace location on campus. They returned to their newly renovated space in
February 2019. The POE was conducted in February 2020 (18 days), one year after the
EA&EE employees had occupied the space. The same protocols noted above for the PDOE
were repeated for the POE. POE data were collected (n = 56; a 77% response rate) and were
analyzed in March 2020. The months between the two surveys resulted in a loss of three (3)
of Donaldson’s employees from the EA&EE group.

For both PDOE and POE, the demographic characteristics remained similar (see
Table 1). To be specific, the majority of participants were males (PDOE = 90.2%,
POE = 87.0%), over 41 years old (PDOE = 60.6%, POE = 54.8%), had worked at Don-
aldson for more than 11 years (PDOE = 54.5%, POE = 51.9%), and worked more than
40 h per week (PDOE = 78.7%, POE = 76.4%). In terms of workspace types, there were
significant differences between the existing space and the renovated one. Workstations
with low partitions (PDOE = 1.6%, POE = 78.6%) versus workstations with high partitions
(PDOE = 78.1%, POE = 0%) represented a reversal in quantities of each.

Table 1. Employees’ demographic information (PDOE and POE).

PDOE POE

N (%) N (%)

Gender
Female 5 (8.2%) 4 (7.4%)
Male 55 (90.2%) 47 (87.0%)
Others 1 (1.6%) 3 (5.6%)

Age

Under 30 11 (18.0%) 8 (15.1%)
31–40 13 (21.3%) 16 (30.2%)
41–50 16 (26.2%) 10 (18.9%)
Over 51 21 (34.4%) 19 (35.9%)

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

Less than 5 years 16 (26.2%) 11 (20.4%)
6–10 years 15 (24.6%) 15 (27.8%)
11–20 years 18 (29.5%) 18 (35.2%)
Over 21 years 12 (19.6%) 9 (19.6%)

Hours per week worked
Less than 29 h 1 (1.6%) 1 (1.8%)
30–40 h 12 (19.7%) 12 (21.8%)
More than 40 h 48 (78.7%) 42 (76.4%)

Workspace types

Enclosed private office 10 (15.6%) 9 (16.1%)
Workstation w/low partitions 1 (1.6%) 44 (78.6%)
Workstations w/high partitions 50 (78.1%) 0 (0.0%)
Workstations w/both low and high
partitions 2 (3.1%) 3 (5.4%)

Other 1 (1.6%) 0 (0.0%)

Note. N: frequency, %: percentage.

2.5. Design Modifications Made to EA&EE by the Design Team Resulting from the PDOE
and POE

Several significant changes were made to the initial design solutions regarding the
building, space planning, and workspace prototypes that had been used to design other
business groups’ spaces up to that point. The amount of daylight and exterior views
were provided by increasing the number of windows added into the existing structure;
previously, there were fewer windows and with the use of the tall workstation partitions,
what little view and light that existed could be seen by fewer employees. Electric lighting
controls were implemented to address the level of brightness, glare, and visual disruption;
previously, lighting was on or off without the ability to make adjustments. In terms of
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space planning, informal socialization/collaborative spaces were reduced or eliminated
within the open office area to enhance employees’ visual and acoustic privacy and boost
their ability to focus; previously, informal socialization/collaborative spaces had been
intermingled with primary workspaces, causing unwanted distraction and interruptions.
Instead, perimeter huddle rooms and right-sized, enclosed conference rooms were provided
for collaborative activities (see Figures 4 and 5, below).
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Primary workspace design enhanced privacy by elevating a portion of the workstation
partitions, though did not replicate the tall partitions that had been used throughout prior
to the redesign, which were perceived as isolating, though more private. The inclusion
of a few taller partitions and a storage closet on the aisle end of the workstations helped
limit visual distractions that had been identified by employees after moving from the
tall partitions used previously. The depth of the primary worksurface was increased to
accommodate multiple monitors without neck strain and allowed more legroom beneath
the worksurface. Figure 6 presents the PDOE (before renovation) and Figure 7 presents
the POE (after renovation) images and specific, related findings are discussed below in
the Results.
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2.6. Data Analysis

The data were further analyzed to compare employees’ responses about the built
environments by using SPSS 25. To compare employees’ satisfaction with the built envi-
ronments, t-tests were used. In addition, Spearman correlation was used to demonstrate
the relationship between IEQ factor satisfaction and IEQ factor importance. In some cases,
only descriptive statistics (i.e., means, standard deviations, and frequencies) were appropri-
ate. In all cases, when discussing the empirical findings, only those that are statistically
significant are reported. All open-ended responses were analyzed via content analysis and
organized by theme. Employees’ responses were reviewed in context with the statistics and
in combination helped inform the design solution for the EA&EE occupants’ renovated
space. This information is reported in Appendix A.

3. Results
3.1. Employees’ Primary Workspace IEQ Criteria and Importance

Employees responded to questions concerning their satisfaction with IEQ categories
(e.g., overall thermal conditions, overall indoor air quality, etc.) related to their primary
workspace (e.g., private office, workstation, or other primary workspace). Table 2 presents
findings from both the EA&EE PDOE and the POE. The table is organized by the POE’s
highest to lowest means.
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Table 2. Employees’ differences in primary workspace IEQ satisfaction (PDOE and POE).

IEQ Criteria
PDOE POE

t
M SD M SD

Overall indoor air quality (IAQ) 3.89 1.73 5.57 1.25 5.97 ***
Access to electric outlets 3.68 1.67 5.54 1.22 6.77 ***
Amount of electric light 4.20 1.35 5.50 1.07 5.73 ***
Overall electric lighting conditions 3.66 1.51 5.46 1.07 7.43 ***
Overall vibration and movement 5.05 1.16 5.43 1.28 1.70
Overall technology 4.89 1.32 5.41 1.24 2.20 *
Overall appearance (aesthetics) of furnishings 3.06 1.29 5.38 1.14 10.27 ***
Air velocity (drafty or stagnant) 4.36 1.51 5.34 1.42 3.61 ***
Overall appearance (aesthetics) of the space 2.67 1.24 5.32 1.27 11.46 ***
Overall daylighting conditions 3.28 1.69 5.27 1.45 6.81 ***
Function of furnishings 4.25 1.46 5.26 1.35 3.81 ***
Humidity (dry or moist) 4.63 1.41 5.24 1.12 2.57 **
Overall furnishings 3.76 1.46 5.22 1.36 5.54 ***
Overall cleaning and maintenance 4.36 1.46 5.21 1.33 3.03 **
Amount of daylighting 3.19 1.67 5.16 1.47 6.77 ***
Fresh air flow 3.33 1.45 5.13 1.10 7.46 ***
Overall thermal conditions 3.91 1.59 4.61 1.64 2.35 *
Personalization of space 4.27 1.35 4.46 1.63 0.73
Ability to hear desired sounds 4.41 1.45 4.41 1.52 0.02
Temperature (hot or cold) 3.86 1.59 4.36 1.74 1.64
Adjustability of daylighting 2.81 1.62 4.04 1.72 3.97 ***
Adjustability of thermal conditions 2.91 1.42 3.64 1.54 2.70 **
Overall view conditions 3.30 1.51 3.50 1.75 0.68
Overall acoustic quality 3.52 1.58 3.36 1.61 0.51
Overall privacy (sound and visual privacy) 4.02 1.63 3.25 1.60 2.57 **
Ability to limit undesired sounds 3.16 1.69 3.07 1.64 0.28

*** p < 0.001, ** p < 0.01, * p < 0.05; M: mean, SD: standard deviation Note: IEQ criteria scores are ordered by POE
highest to lowest mean scores.

PDOE results indicated significant changes in satisfaction scores between the PDOE
and POE surveys. Based on the interpretation rule explained in the Section 2.4, scores
indicated satisfied (PDOE = 3; POE = 17; M ≥ 4.51), neither satisfied nor dissatisfied
(PDOE = 14; POE = 5; M = 4.5–3.51), and dissatisfied (PDOE = 9; POE = 4; M ≤ 3.5) resulted
from employees’ ranking. The degree and direction of changes in employees’ scores were
also examined for a better understanding of their perceptions of the IEQ criteria and their
influence on satisfaction.

Additional results indicated that of the 26 IEQ criteria, the EA&EE employees were
more satisfied with 22 of the IEQ criteria after the renovation (POE) than before (PDOE).
Exceptions (4) included the following: ability to hear desired sounds, overall acoustic
quality, overall privacy (sound and visual), and ability to limit undesired sounds (see
Table 2). The statistically biggest improvements in IEQ satisfaction were overall appearance
(aesthetics) of the space (t = 11.46, p < 0.001) and overall appearance (aesthetics) of the
furnishings (t = 10.27, p < 0.001), fresh air flow (t = 7.46, p < 0.001), and overall electric
lighting conditions (t = 7.43, p < 0.001). On the other hand, the overall privacy (sound and
visual) satisfaction (t = 2.57, p < 0.01) score declined significantly from the PDOE to POE.

Interestingly, perceptions at the time of the PDOE indicated that the less the employees
thought that overall appearance was an important IEQ, the more they were satisfied with
the IEQ (r = −0.40, p < 0.01) (see Table 3). Also, employees were more satisfied with
the thermal conditions when they thought that IEQ criteria was less important, after the
renovation (PDOE: r = −0.27, p < 0.05). On the other hand, when employees were in
their existing workspace, prior to the renovation, they were more satisfied with thermal
conditions as the importance was higher (POE: r = 0.38, p < 0.01). This could be reflecting
how employees’ attention was drawn to factors that were viewed most negatively; the more
negative, the greater the degree of importance assigned to the factor (i.e., “wanting what
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you cannot have”). Also, an IEQ criteria that was assigned a lower satisfaction score by
employees got more attention and was therefore deemed more important, i.e., the overall
privacy score from the POE (M = 3.25) These suppositions are supported by the responses
to the open-ended questions relative to EA&EE employees’ satisfaction scores about their
primary workspace’s IEQ criteria, as indicated in Appendix A.

Table 3. Correlation between IEQ satisfaction and importance (PDOE and POE).

PDOE POE

Acoustic quality 0.34 ** 0.20
Appearance −0.40 ** −0.04
Cleaning and maintenance −0.21 −0.04
Daylighting −0.10 −0.05
Electric lighting −0.13 −0.06
Furnishings −0.13 −0.15
IAQ 0.36 ** 0.23
Personalization 0.03 0.01
Privacy 0.00 0.21
Technology 0.07 −0.05
Thermal conditions −0.27 * 0.38 **
View conditions −0.06 0.12

** p < 0.01, * p < 0.05.

3.2. Workspace Type and Privacy

The relationship between the changes in workspace type (as shown in Table 4) represents
one of the most significant design and space planning changes reflected in the PDOE and
POE survey data. Findings from the PDOE indicated that there was a statistical difference
in satisfaction with their primary workspace and perceived work performance between
employees in either enclosed offices or workstations. However, as demonstrated in the POE,
employees working in enclosed offices had statistically higher satisfaction with their primary
workspace (t = 4.28, p < 0.001) and perceived work performance (t = 4.76, p < 0.001) than
employees in workstations (see Table 4).

Regarding acoustic and visual privacy, the PDOE findings indicated that enclosed
office employees had slightly higher satisfaction than workstation employees, except for
their ability to limit visual distraction. These differences were not statistically significant,
except for the employee’s ability to have a one-on-one conversation (t = 2.90, p < 0.05) and
the noise generated by talking (t = 2.37, p < 0.05). Similarly, the POE findings indicated
that enclosed office employees were more satisfied with acoustic and visual privacy than
workstation employees. Among the privacy criteria, statistically significant differences
were found in noise generated by machines (t = 3.34, p < 0.01), talking (t = 3.00, p < 0.01),
amount of visual privacy (t = 2.97, p < 0.01), and ability to limit visual distraction (t = 2.10,
p < 0.05).

3.3. Ergonomics

Employees responded to questions regarding their level of satisfaction with ergonomics
in their primary workspace. The PDOE results indicated that employees were satisfied
(M = 4.56 to M = 5.22) with most of the ergonomics of their primary workspace relative
to their seated position and leg clearance; a place for work items, including a computer,
keyboard, and mouse; and the absence of visible glare on the monitor(s) or documents.
However, employees were neither dissatisfied nor satisfied (M = 4.47) with chair comfort,
ease of adjustment, and back support; they were dissatisfied (M = 2.98) with the ability to
adjust the height of their worksurface. It should be noted that nearly all standard devia-
tion scores (SD = 1.61–2.15) from the PDOE indicated that there was a larger variation in
employees’ satisfaction regarding primary workstation ergonomics as compared to other
measures, indicating a moderate level of disagreement. Only employees’ responses about
having a place for work items (SD = 1.35) showed greater similarity in rating satisfaction.
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Table 4. Association between workspace type and satisfaction (PDOE and POE).

PDOE POE

Office Workstation
t

Office Workstation
t

M SD M SD M SD M SD

Satisfaction 4.80 1.03 4.47 1.44 0.86 6.22 0.97 4.57 1.43 4.28 ***
Work performance 4.90 0.99 4.69 1.35 0.57 6.22 0.97 4.34 1.55 4.76 ***

Acoustic privacy

One-on-one conversation 5.10 1.85 3.21 2.03 2.90 * 3.33 1.32 2.47 1.63 0.11
Machine noise 4.22 1.79 3.47 1.45 1.19 5.63 1.06 4.18 1.42 3.34 **
Talk noise 4.00 2.00 2.44 1.39 2.37 * 4.11 1.45 2.52 1.46 3.00 **
Equipment noise 4.60 1.78 3.42 1.43 1.98 4.57 1.72 3.93 1.58 0.93
Absence of background noise 5.00 1.41 4.17 1.84 1.61 4.86 1.35 4.45 1.87 0.69
White noise 4.86 1.35 3.93 1.74 1.62 4.89 1.27 4.37 1.81 1.04

Visual privacy
Amount of visual privacy 5.20 1.23 5.13 1.43 0.15 5.00 1.58 3.49 1.37 2.97 **
Seeing desired elements 4.60 1.27 4.29 1.53 0.69 4.67 1.00 4.30 1.32 0.80
Limit visual distraction 5.10 1.20 5.29 1.59 −0.43 4.89 1.62 3.60 1.70 2.10 *

*** p < 0.001, ** p < 0.01, * p < 0.05. Note: offices in these spaces were enclosed.
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In contrast, the POE results indicated a much more positive response; employees were
satisfied (M = 5.73 to M = 6.68) with all ergonomic attributes of their primary workspace
with scores in the middle to top end of the satisfied range. Furthermore, there was similarity
in how the attributes were rated by employees as indicated by the standard deviation (SD)
scores (SD = 0.64 to 1.55). New furnishings were provided as part of the renovation; the
improved satisfaction scores were highly related to the increased satisfaction scores of
ergonomics. Employees’ dissatisfied scores (M = 2.98, SD = 2.15) were expected because
adjustable height worksurfaces were not provided (with few exceptions) in the PDOE
workspace. However, employees were highly satisfied with the adjustable-height work-
surface as demonstrated by the POE scores (M = 6.68, SD = 0.64) (t = 11.05, p < 0.001). The
results also showed that they were significantly more satisfied with chair comfort, ease of
adjustment, and back support; placement of the computer and mouse; and comfortable
posture, monitors viewed without a bent neck, leg clearance, absence of visible glare, and a
place for work items (see Table 5).

Table 5. Employees’ differences in satisfaction with ergonomics, daylighting, and electric lighting
(PDOE and POE).

PDOE POE
t

M SD M SD

Ergonomics

Comfortable posture 4.69 1.65 5.88 1.08 4.59 ***
Absence of visible glare 5.16 1.61 5.76 1.55 2.08 *
Adjustable height worksurface 2.98 2.15 6.68 0.64 11.05 ***
Chair comfort, adjustment and back support 4.47 1.83 5.89 1.04 5.15 ***
Placement (computer, mouse) 4.56 1.77 5.91 1.07 4.88 ***
Leg clearance 4.94 1.86 6.14 1.38 3.80 ***
Monitors viewed without bent neck 4.81 1.74 5.95 1.19 4.08 ***
Place for work items 5.22 1.35 5.73 1.38 2.03 *

Daylighting
Overall satisfaction 3.28 1.69 5.27 1.45
Influence on work performance 4.46 1.49 5.09 1.39
Influence on health 4.50 1.46 5.18 1.32

Electric lighting

Overall satisfaction 3.66 1.51 5.46 1.07
Influence on work performance 4.22 1.11 4.93 1.13
Influence on health 4.03 1.00 4.79 1.04
Visual comport 4.22 1.82 5.79 1.29 5.35 ***
Amount of noise 4.49 1.71 5.76 1.23 4.57 ***
Ease of turning lights on/off 4.81 1.77 5.52 1.56 2.25 *
Effectiveness of sensors 4.16 1.76 5.80 1.22 5.09 ***
Quality of task lighting 4.04 1.67 5.00 1.93 2.62 **
Quantity of task lighting 4.05 1.73 4.87 2.09 2.17 *
Adjustability of task lighting 3.29 1.66 4.44 2.13 3.08 **

*** p < 0.001, ** p < 0.01, * p < 0.05.

3.4. Daylighting and Electric Lighting

Daylighting was examined in terms of employees’ satisfaction and the influence of
daylight on work performance and health, as demonstrated in Table 5. PDOE results
demonstrate that employees were dissatisfied (M = 3.28) with the overall daylighting
conditions and that the daylighting neither enhanced nor hindered their work performance
(M = 4.46) and health (M = 4.50). Subsequently, the POE results demonstrated that em-
ployees were satisfied (M = 5.27) with the overall daylighting conditions and that daylight-
ing conditions enhanced both their work performance (M = 5.09) and health (M = 5.18).
Though the work performance and health PDOE scores were at the top of the neutral range
(3.51–4.50) and employees’ satisfaction with the daylighting condition was moderately
dissatisfied, employees’ POE perceptions elevated the means to a statistically significant
degree. Considering that the percentage of employees that had a primary workspace
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within 15 feet (4.57 m) of a window increased from 41% (PDOE) to over 65% (POE), these
improved daylighting scores were expected.

Additional information can be ascertained from an examination of the electric lighting
in terms of its impact on employees’ satisfaction, work performance, and health as shown
in Table 5. The PDOE results demonstrate that employees were neither satisfied nor
dissatisfied (M = 3.66) with the overall electric lighting conditions and that the electric
lighting neither enhanced nor hindered their work performance (M = 4.22) and health
(M = 4.03). It should be noted that the work performance and health means were below
employees’ rating of daylighting conditions, whereas satisfaction with the electric lighting
conditions were not as low as the satisfaction score employees determined for daylighting
conditions (see Table 5). Subsequently, the POE results demonstrated that employees were
satisfied (M = 5.46) with the overall electric lighting, and that electric lighting enhanced
both their work performance (M = 4.93) and health (M = 4.79). These results indicate that
employees’ POE perceptions elevated the means to a statistically significant degree.

As shown in Table 5, satisfaction with electric lighting was greatly improved from the
PDOE to POE, and further analyses were conducted with the lighting module. All lighting
questions showed a statistically significant improvement from the PDOE (see Table 5). The
biggest improvements were the effectiveness of sensors (t = 5.09, p < 0.001) and visual
comfort (t = 5.35, p < 0.001). Satisfaction with task lighting, especially, significantly increased
with employees satisfied with both the quality and quantity of task lighting. Employees’
dissatisfaction with adjustability of task lighting from the PDOE (M = 3.29, SD = 1.66)
lessened significantly as indicated by the more positive POE results (t = 3.08, p < 0.01).

4. Discussion

This study reports responses from Donaldson Company employees and their sat-
isfaction with the physical environment of the building they occupy and their primary
workspace (see Table 2). The PDOE’s mean satisfaction scores for the 13 IEQ categories
ranged from 5.05 (overall vibration and movement from equipment) to 2.67 (overall appear-
ance of the space), representing a full range from satisfaction to dissatisfaction. Reviewing
all 26 IEQ criteria (categories and attributes), employees’ PDOE responses showed they
were satisfied with only three of the 26 IEQ criteria. From the POE findings, the mean
satisfaction scores for the IEQ categories ranged from 5.57 (overall indoor air quality) to
3.07 (ability to limit undesired sounds), again representing a full range from satisfaction to
dissatisfaction. However, the POE mean satisfaction scores resulting from the POE survey
indicated that many of the criteria in the dissatisfied and “neutral” satisfaction ranges
evident in the PDOE findings had been remedied through the design of the renovated
space, though a few were not or had lower scores from the PDOE to the POE results. For
instance, results from the POE indicated that employees were satisfied with 17 of the 26 IEQ
criteria in their primary workspaces, 16 of which were statistically significant changes. This
change in the number of satisfied criteria is impressive.

For this project, the actual users’ feedback regarding the built environments from the
PDOE identified needed design modifications then implemented by the design team. Users’
participation in the pre-design process can positively impact their satisfaction with the built
environment [31]. Office employees, especially, spend most of their time at work; therefore,
the built environment can significantly influence their satisfaction, performance, and health.
For this reason, employee feedback in the design process and evaluation about the current
built environment has been shown to provide valuable opportunities for improvement in
the building’s features [32].

Based on the literature, additional variables related to the IEQ criteria were explored to
provide the client and design team with additional knowledge. Privacy, daylighting, electric
lighting, and ergonomics are all IEQ criteria that present some of the most challenging
aspects of achieving an interior environment that is supportive of employees’ satisfaction,
work performance, and health and have been the source of study by other researchers for
those reasons [23].
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Relative to employees’ primary workspaces in this study, those in private offices
perceived that visual privacy enhanced their work performance more than employees in
workstations; other implications related to acoustic privacy and percentage of time spent
in the primary workspace were also identified (see Table 4). As shown in Table 1, EA&EE
employees had previously occupied workstations comprised of tall partitions (see Figure 6).
The shift to workstations comprised of low partitions (see Figure 7) was identified by
employees in open-ended responses as an improvement to open communication and collab-
oration. However, lower partitions in the redesigned space negatively influenced privacy
(acoustic and visual) satisfaction. This challenge (i.e., balance between collaboration and
privacy) has been recognized in the literature [1,18], requiring further design modifications
and related research. Daylighting and electric lighting were also further examined as key
IEQ criteria that contribute to employee satisfaction, work performance, and health. All
scores represented positive, statistically significant changes from the PDOE to the POE re-
sults. PDOE results indicated that employees were dissatisfied (M = 3.28) with daylighting
and were neither satisfied nor dissatisfied with electric lighting (M = 3.66). Employees per-
ceived that both daylighting and electric lighting neither enhanced nor hindered their work
performance (daylighting: M = 4.46; electric lighting: M = 4.22) and health (daylighting:
M = 4.50; electric lighting: M = 4.03). All PDOE lighting results signified that there was
room for improvement. Finally, the ergonomics of employees’ primary workspaces was
explored and results from the POE indicated positive, statistically significant changes in
the means from those found in the PDOE results (see Table 5).

According to the literature, these increased satisfaction scores can positively correlate
with higher self-reported performance scores for productivity and health [15]. In addition,
results from 20 years of the Center for Built Environment (CBE)’s occupant surveys about
IEQ factors indicated that acoustic privacy, temperature, and noise level were the most
dissatisfied IEQ factors among employees [33]. Although EA&EE employees working
at workstations had lower satisfaction scores with acoustic and visual privacy than the
employees working at enclosed offices, as design modifications (e.g., taller partitions at the
aisle end) were made to the primary workplace types, the satisfaction scores with overall
IEQ factors were much improved from the PDOE to POE in this project.

4.1. Implications

Results from this PDOE and POE study provide researchers and design teams with
critical evidence about the importance of conducting both PDOE and POE. The influence
and importance of IEQ criteria on employee satisfaction, work performance, and health has
been demonstrated and contributes to the body of knowledge regarding the influence of the
built environment on building occupants. This paired inquiry (PDOE plus POE) provides a
rationale as to why statistically significant findings should be applied with more assurance
than anecdotal information alone. The renovation was made based on the results from
PDOE, and after renovation, the POE results were compared with the PDOE; the results
showed how the design changes benefited employees. For the design team and the client,
evidence-based design helps ensure that human, financial, and environmental resources
are appropriated with a higher likelihood of success in terms of meeting current and
future employees’ needs and corporate goals. As the subject of this study was Donaldson
Company, a Fortune 1000 company, it is likely that other companies with that designation
might also benefit from similar examinations. Donaldson’s representative made it clear that
future planning is significantly influenced by human resources and facilities perspectives,
which are of key importance to corporate leadership in their decision-making strategies.

It is important to note that beyond the findings from the statistical analyses conducted,
responses to open-ended questions within both the PDOE and POE surveys provided
additional insights from the employees to the client and design team, as presented in
Appendix A. In the past, many building owners and managers who have not undertaken a
research study have relied solely on the “squeaky wheels” among their employees who
occupy their buildings for guidance. Making design decisions solely on the comments
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provided by a small number of employees has been found to be unreliable, as typically
only those who are dissatisfied take the time to communicate their viewpoints to building
owners or managers. However, when used in concert with in-depth, detailed perceptions
provided by employees, the building owner and the design team were able to supplement
and enhance what was being learned from the statistical analyses. Employees’ satisfac-
tion, work performance, and health can be improved by addressing IEQ criteria with
unsatisfactory scores.

It is also important to communicate continually within the broadened design team (i.e.,
architects, designers, and space planners along with researchers and the client) as well as
with affected employees; the outcome was both informative and educational. The client and
design team worked collaboratively on this project. If employees feel as though the design
is “done to them,” they are more likely to be less satisfied with the designed environment.

And finally, cultivating support from an enlightened design team for the integration
of design research into the process is a big leap for many clients in terms of human and
financial investment. Also, it takes a brave design team to expose their design work to
the research process, the results of which may be that some of their design concepts or
solutions require re-evaluation based on findings from a research study. However, when
the design team and client are working together on more than one project, such as in this
case, the benefits were found to outweigh the risks.

4.2. Limitations

The PDOE/POE study was conducted using only one group of occupants within a
corporate campus in the upper Midwest of the United States. Therefore, the outcomes
cannot be generalized. All EA&EE employees had engineering backgrounds. Also, the
design solution that was evaluated via findings from the POE is unique to Donaldson
Company. In addition, all responses from PDOE and POE were subjective responses.
Hence, the findings must be interpreted carefully. Finally, the data were collected before
the COVID-19 pandemic, and employees’ perception and satisfaction may have changed
as influenced by the post-pandemic work experience. Future studies can focus on the
impact of the pandemic on employees’ perceptions and satisfaction at work. In addition,
future research can further investigate the impact of the built environments on occupants’
satisfaction during COVID-19 and/or after COVID-19. Future studies can also collect
measurable data about the physical space (i.e., decibels, temperature, energy consumption,
etc.) along with the subjective data. These are all limitations to the study relative to
specific outcomes.

5. Conclusions

The findings of this study provided Donaldson Company (corporate, facilities man-
agement, and human relations) and the design team (architects, interior designers, and
space planners) insights to help inform existing and future renovation design goals. The
findings were determined through qualitative and quantitative research methods applied
to data collected from two online surveys of Engine Air and Exhaust & Emissions (EA&EE)
employees. The first was a pre-design occupancy evaluation (PDOE), conducted in late
March through early April 2018. Employees were then surveyed via a post-occupancy
evaluation (POE) survey, using the same instrument (i.e., questionnaire) one year after
they had moved back into their renovated space. Beyond the findings from the analyses
conducted, it is important to explore the responses from the POE to open-ended questions,
which are provided in Appendix A.

It was determined that employees’ satisfaction could be improved by addressing the
categories that had “neither dissatisfied nor satisfied” scores from the POE data. These
areas were explored in more detail by Donaldson and the design team and have been
used to guide design solutions going forward. It must be noted that the expense of
building and operating a facility is second only to employee-related expenses over the
life of the building. Therefore, maintaining or improving employees’ satisfaction is a
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sound investment, which, in turn, affects their performance, health, and overall well-being.
The results of a comparative PDOE and POE study can be used as a diagnostic tool to
aid in improving IEQ conditions for employees and to set the benchmarks from which
improvement can be measured in the future. Furthermore, the findings can be leveraged
by the design team to reconsider and revise their best-practice standards to enhance the
appropriate use of precious resources and reduce the impact of the built environment on
the natural one.
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Appendix A

Table A1. Sample of PDOE IEQ responses to open-ended questions and resulting design solution
approaches.

PDOE IEQ Criteria Concerns POE Design Solutions

Privacy: Acoustic

• Noise from air vents and colleagues are distracting.
• There is a lot of speech noise from adjacent cubes that makes it

hard to concentrate on tasks; it is hindering my work
performance.

• I usually wear noise-canceling over-ear headphones to isolate
myself from intruding conversations.

• People’s voices tend to carry, especially when they are on a
conference call, inhibiting my ability to focus on my tasks.

• It is possible to hear almost everything that is going on within
a 30-foot radius.

• There’s no white noise to help drown out ambient noise.

• The location of shared/collaborative space away from
workstations and including doors for greater acoustic
isolation from workstations

• White noise and better duct distribution to reduce
sound and efficiency

• Voice over IP (with lights to indicate use)

Privacy: Visual

• Generally dissatisfied with the lack of privacy with the current
workspace.

• Visual privacy for me is a huge issue in allowing me to
concentrate on what I am working on especially when creating
something new.

• I think I would be distracted more visually by people than
hearing them in the background.

• I really like the higher cube walls. This keeps me less
distracted with what people are doing around me.

• Prefer more privacy. No need to visually see coworkers.

• Main aisleway workstation partitions raised to 62′′

(157 cm) to help obscure visual distractions
• Space planning considered to reduce amount of “walk

through”
• Collaborative spaces placed at the perimeter of the

group’s space to reduce visual distractions
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Table A1. Cont.

PDOE IEQ Criteria Concerns POE Design Solutions

Ergonomic Conditions

• I’ve noticed increased back, wrist/hand pain as well as eye
“tiredness” from looking at screens all day.

• It would be nice to have the option of standing for part of my
day to perform my job, but currently that is not an option.

• I have only one position to effectively work at my workstation.
I have leg pain and stiffness due to prolonged sitting required
when I am on a deadline.

• More leg room would be nice.
• A comfortable chair is a necessity.
• I have two monitors plus a laptop. I would like the monitors

to be identical in size to one another so that I can more
efficiently use them in tandem.

• Workstation size increased from 6′ × 7′ (183 cm × 213
cm) to 6 × 7′–6′′ (183 cm × 229 cm) to integrate a
deeper primary worksurface (from 24′′ (60 cm) to 30′′

(76 cm)
• Sit–stand primary worksurface for viewing multiple

monitors and greater legroom
• Ergonomic task chair
• Monitor arms provided for better viewing
• Personalization options for enclosed office occupants

Daylighting and View Outside

• Need more natural daylight in the room to make it brighter.
• I am very far from any window and there is no daylight in my

cube area.
• There is no daylight in my cube area. This is especially

difficult to deal with in the winter months when it is dark
when I get in and dark when I leave.

• It’s just nice to be able to see outside. I cannot.

• The addition of windows at strategic locations and
cross-aisle ways

• A consideration of orientation for window placement
and window treatment/coverings

• Goal of all employees within 15′ (457 cm) of an exterior
window; all employees with a view outside

Electric Lighting

• Electric lighting is too bright and direct. It causes some glare
on my computer screens.

• The light fixtures make the monitor uncomfortable to view for
long periods.

• The lights are depressing. The color temperature is not good
and reflects off the yellowish walls.

• The inclusion of LED ambient lighting with automatic
sensors and manual controls to reduce footcandle use

• Improved color temperature and quiet fixtures/lamps
• A reduction in the “spill over” of general aisle

illumination
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