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Abstract
Objective: This study investigates effects of the newly built nonpatient-relatedbuildingsof a large university
medical center on staff perceptions and whether the design objectives were achieved. Background: The
medical center is gradually renewing its hospital building area of 200,000 m.2 This redevelopment is carefully
planned and because lessons learned can guide design decisions of the next phase, the medical center is keen
to evaluate the performance of the new buildings. Method: A pre- and post-study with a control group was
conducted. Prior to the move to the new buildings an occupancy evaluation was carried out in the old setting
(n¼ 729) (pre-study). Post occupation of the new buildings another occupancy evaluation (post-study) was
carried out in the new setting (intervention group) and again in some old settings (control group) (n¼ 664).
The occupancy evaluation consisted of an online survey that measured the perceived performance of dif-
ferent aspectsof thebuilding. Longitudinalmultilevel analysiswasused tocompare theperformanceof theold
buildings with the new buildings. Results: Significant improvements were found in indoor climate, perceived
safety, working environment, well-being, facilities, sustainability, and overall satisfaction. Commitment to the
employer, working atmosphere, orientation, work performance, and knowledge sharing did not improve.
The results were interpreted by relating them to specific design choices. Conclusion: We showed that it is
possible to measure the performance improvements of a complex intervention being a new building design
and validate design decisions. A focused design process aiming for a safe, pleasant and sustainable building
resulted in actual improvements in some of the related performance measures.
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Introduction

In health care design, there is a growing inter-

est in conducting post-occupancy evaluations

(POEs; Guinther et al., 2014; Pati & Pati,

2013) to support future design decisions. The

value of a POE is to assess how well the build-

ing performs compared with the design objec-

tives and to feed forward the knowledge

gained into new designs. While the use of and

resources for POEs have grown and several

well-developed techniques exist (Guinther

et al., 2014; Riley, Moody, & Pitt, 2009; Zei-

sel, 2006), POEs are not (yet) commonplace

and the lessons learned are not generally avail-

able for use in practice. Barriers include issues

of cost and time, the lack of research expertise

within firms, and the unwillingness of design

firms to publicly expose problems or failures

within a designed environment (Bordass &

Leaman, 2005; Guinther et al., 2014). Although

these barriers are not easy to overcome, taking

small steps by publishing strong examples as

case studies may help to bring down these bar-

riers. Therefore, the aim of this study is to pro-

vide an example of how to measure the

performance improvements of new buildings

in a large university medical center in the

Netherlands.

The medical center is renewing 200,000 m2

of its hospital buildings in a phased approach.

Initially started in the late 1990s with innova-

tive ideas about providing tertiary health care

in dedicated patient themes (centers of excel-

lence), the building’s exterior design was

finalized in 2007. Groundbreaking for the

first phase took place in October 2009. Due

to the necessary phasing on the building site,

buildings aiming to house the nonpatient-

related functions, such as diagnostic and

research laboratories, central sterilization,

and health sciences, were built first and

brought into use. The hospital started to use

these buildings from February 2013 onward,

while work was still being carried out on the

interior design of patient-centered functions

such as wards and outpatient clinics to be rea-

lized in the next phase, due to be finished by

mid-2017.

The Main Objectives for the New Buildings
Were to Create a Safe, Pleasant, and
Sustainable Environment for All Users

The main objectives for the new buildings were to

create a safe, pleasant, and sustainable environment

for all users. The project team was keen to learn

whether the resulting design of the new buildings

and workspaces indeed achieved these design

objectives. Furthermore, due to the phased

approach, lessons learned from the first phase could

guide design decisions in the next phases and could

help communicate the optimal use of the building to

future users. Therefore, a pre- and post-study with a

control group was designed to investigate whether

staff would perceive the new buildings more posi-

tively than the old buildings of the medical center

and to validate the design objectives. The project

team hired an independent research organization

to conduct the study. The following section

describes the design objectives and high-level

design decisions that were assumed to realize an

effect in performance.

Design Objectives

Table 1 shows how the main objectives, a safe,

pleasant, and sustainable building were addressed

into aspects of the building that were improved to

achieve the objectives. The hierarchy among the

aspects is also indicated in terms of effort put into

these aspects. Concerning the hierarchy among

the main objectives, the following should be

noted. All objectives were equally prioritized,

however, when conflicts arose between the objec-

tives, the safe alternative was chosen over the

pleasant or sustainable alternatives and the plea-

sant alternative over the sustainable one. The

design decisions that were taken to improve the

aspects indicated in Table 1 are described

subsequently.

Safe

The primary objective of the design was to create

a safe working environment that supports job

tasks. To that aim, design decisions were made

to improve the working environment and per-

ceived safety.

78 Health Environments Research & Design Journal 8(4)



Working environment. The new buildings consisted

of two laboratory buildings (laboratories) and one

office building (office tower). The design decisions

are discussed for each function. To improve the

working environment for both functions, the design

focused on process support, spacing, and the inte-

rior design.

Process support. Emphasis was put on the

laboratory design. Compared with the old settings,

the workspaces were better designed to facilitate

best practices and the newest rules and regulations

(safety and hygiene protocols at ML-2 level

[micro-organism laboratory containment level

2]). For instance, before entering the labs there

were separate changing rooms and sluices to facil-

itate safety protocols and in some sluices auto-

claves were installed. Figure 1 shows an

example of a new lab design. The design forced

employees to put lab coats in/behind the sluices

(right) instead of in the corridor (left). Labora-

tories and offices were separated to stimulate that

analysts do not conduct office work and lab work

at the same workbench. Concerning the equipment

and installations, a state-of-the-art working envi-

ronment was created.

To support job tasks in the office tower, infor-

mation technology facilities were improved:

faster networks, higher WIFI standards, and

improved reception for mobile phones (which

resulted in fewer wired phones). Furthermore,

collaborating departments were located close to

each other (both in the office tower and in labs)

to facilitate cooperation.

Spacing. The design was aimed to generate

enough space and distance to work safely and

comfortably. In the labs, storage, waste, and che-

micals all had their appropriate places and spaces.

Spaces were also designed to store equipment to

avoid equipment being stored in the general

traffic area (as happened in the old setting). Stor-

ing spaces for goods were reduced due to the

implementation of just in time management.

Table 1. Aspects Related to Design Objectives and Hierarchy.

Main objective

Effort Safe Pleasant Sustainable

Much Working environment Indoor climate Sustainability
Perceived safety Orientation

Knowledge sharing
Facilities
Physical activity
Working atmosphere

Somewhat Commitment

Figure 1. Old (left) and new (right) lab design. © Levien Willemse.
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Furthermore, more workspaces, especially for the

assistants, were created. In the old settings, rooms

were overcrowded. In the office tower, more

workspaces were created than in the old build-

ings. Workspaces were also more spacious that

allowed more space between the tables.

Interior design. In the workspaces, up-to-date

equipment (biohazard cabinets, height-adjustable

workbenches and ergonomic furniture) was

installed, ensuring staff safety and well-being.

Computers were equipped with antireflection

monitors and light fixtures were improved to

reduce blinding. Lighting levels also adapted

automatically to ensure sufficient lighting levels

for the workspaces.

The focus on process support, spacing, and

interior design led to the following:

Hypothesis 1: The working environment in

the new buildings better supports job tasks

than in the old buildings.

Perceived safety. Next to design decisions that sup-

port working safely, decisions were also made to

increase perceived safety.

Accessibility. A new access system was imple-

mented in all new buildings (labs and office tower).

Entrance to floors was managed at the elevator

core/staircases and floors could only be accessed

with an authorized pass. As a consequence, no locks

were designed for individual rooms, and personal

items could only be locked in drawers or lockers

at the department. Furthermore, traffic flows were

separated (goods and staff), diminishing the risk

of collusion and increasing oversight due to less

traffic.

Transparency. A lot of glass was used in the new

buildings, not only to bring in daylight, but also to

enhance orientation and overview. This was

expected to contribute to a safe and neat working

attitude (as people can see you working) and per-

ceived safety (you see when others are around and

people see you). In the old setting, lines of sight from

the corridor into the labs or offices or vice versa were

limited. Figure 2 shows an example of the newly

designed lines of sight (right). Also, in the new

space, lights were switched ‘‘on’’ automatically.

Therefore, employees never entered dark areas.

Furthermore, departments were more clearly struc-

tured compared with the old setting, which created

better overview. For instance, at departments often

only one turn was required to reach a destination

from the building core, separation of labs, and

offices made it more clear how the department was

organized, and due to dedicated storage spaces cor-

ridors were free from equipment and clutter.

Fire safety. Fire safety measures (compart-

ments, etc.) were in accordance with regulations,

however, extra precautions were taken in the

installment of sprinklers in all buildings

(although by law this was not required) and

escape routes. Spaces were designed in a way that

there are always two escape routes. The focus on

accessibility, transparency, and fire safety led to

the following:

Figure 2. Old (left) and new (right) lines of sight. © Levien Willemse.
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Hypothesis 2: The new buildings are per-

ceived as safer than the old buildings.

Pleasant

The second main objective was to create a pleasant

and healing environment for all users. The most

important design decisions to support this aim

were made in the indoor climate and orientation

of the building but also decisions to stimulate

knowledge sharing, improve facilities, physical

activity, working atmosphere, and commitment

to the organization were expected to contribute

to this aim. Perceived well-being, overall satis-

faction, and work performance were regarded as

general outcome measures that were impacted by

many design decisions aimed at creating a plea-

sant, safe, and to a lesser extent sustainable envi-

ronment and therefore are discussed first. The

specific decisions that were taken to create a plea-

sant working environment are discussed next.

Perceived well-being and overall satisfaction. It was

expected that the measures that were taken to cre-

ate a pleasant environment (indoor climate, orien-

tation, facilities, and physical activity), safe and

supportive working environment (working envi-

ronment) and sustainable environment would also

positively impact perceived well-being and over-

all satisfaction. This led to the following:

Hypothesis 3: Perceived well-being is better in

the new buildings than in the old buildings.

Hypothesis 4: Overall satisfaction is better in

the new buildings than in the old buildings.

Work performance. It was also expected that the

measures that were taken to create a safe, suppor-

tive (perceived safety, working environment), and

pleasant working environment (indoor climate,

orientation, facilities, and knowledge sharing)

would positively impact perceived work perfor-

mance. Also, production environments (central

sterilization department and pharmacy) were spe-

cifically designed to improve work processes,

however, only a relatively small number of staff

worked in these departments. This led to the

following:

Hypothesis 5: Perceived work performance

is better in the new buildings than in the old

buildings.

Indoor climate. The following investments were

made to create a comfortable indoor climate.

Ventilation and temperature. Ventilation rates,

cooling and heating requirements were all set

above regulation standards. Ventilation air was

not recirculated and air was conditioned to

improve comfort. Due to concrete core heating

in the offices, controllability of the temperature

was limited. In the laboratories, temperature

could be regulated to a certain extent due to radi-

ant ceilings along the facade. As opposed to the

old settings, all windows could be opened (except

in laboratories and when it was forbidden by reg-

ulation). This gave autonomy to users in adapting

their workspace/indoor climate to their own

preferences.

Light, daylight, and view. Access to daylight and

outside view was maximized for workspaces and

traffic areas. In the old laboratory setting, storage

was often located in front of the windows (Figure

3, left). In the new buildings, windows were

enlarged and a dedicated storage facility was cre-

ated (Figure 3, right), improving access to day-

light and the outside view. Furthermore, the

laboratories were located higher in the building

than in the old setting, which also impacted view

and daylight. All rooms in the office tower had

direct access to daylight and the majority of the

office rooms had great views over the city and

city park. Green roofs were installed, also for sus-

tainability reasons, meaning that on higher floors

the view was improved by these green roofs. In

the old setting, the view was often blocked by

other buildings.

Lighting levels adapted to ensure sufficient

lighting levels for the workspaces (see also

working environment). Requirements for light-

ing were set to 500 lux on workbenches and

200 lux in corridors (above regulation stan-

dards). Switching was done automatically based

on presence and daylight.

Noise. Several investments were made to opti-

mize acoustics. Requirements for room-to-room
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noise, for instance, were all set above regulation

standards. Sound sources were shielded as much

as possible by creating separate rooms, carpeting

was included in the offices, as were heavy walls,

and noise absorbing finishes. Traffic flows of

goods and staff were separated, especially in the

laboratory areas. Also, storage of goods was

located at the entrance of the departments which

resulted in less traffic in the corridors compared

to the old setting, and as an effect to a more peace-

ful environment. The focus on ventilation, tem-

perature, lighting, views, and noise reduction led

to the following:

Hypothesis 6: The indoor climate in the new

buildings is better appreciated than in the old

buildings.

Perceived orientation. Orientation and way finding

were deemed important to create a pleasant build-

ing. The following design decisions were made.

Daylight and view. In the office tower, extra care

was taken that staff and visitors coming out of the

elevator core would experience daylight and out-

side view to improve orientation. The corridors

(in the office tower and laboratory) had translu-

cent or glass partitions at the end, for the same

reason (also see Figure 2, right). As a result, the

majority of corridors had direct or indirect access

to daylight.

Layout. In the old settings, the connections of the

buildings and the structure of the departments could

be confusing. In the new setting, the old and new

buildings were connected by a 12-m high glass-

roofed ‘‘street’’ and plaza, supporting the complex’s

main public infrastructure to increase orientation

(Figure 4). Departments were also more clearly struc-

tured (see perceived safety). Furthermore, in the

atrium the stairs were prominently located opposite

the elevators, providing a route alternative, which was

expected to improve orientation. The focus on day-

light, lines of sight, and a clear layout led to the

following:

Hypothesis 7: Perceived orientation of the

employees is better in the new buildings than

in the old buildings.

Knowledge sharing. Some design decisions were

made to increase knowledge sharing. A learning

environment was a key element for research and

specialized education, therefore specific meeting

and colloquium rooms were created that contrib-

uted to this ‘‘learning environment.’’ Further-

more, informal meeting areas next to the coffee

machine in the office tower, or dedicated break

rooms for the labs (Figure 5), were created to sti-

mulate collaboration and knowledge sharing. For

this purpose, collaborating departments in the

office tower as well as in the laboratories were

Figure 3. Old (left) and new (right) dedicated storage space. © Levien Willemse.
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situated close by (the departments were consulted

by the design team). For instance, hospital hygie-

nists were housed next to the microbiology lab.

Finally, glass partitions in the office tower and

laboratories showed colleagues to be available for

consultation (see Figure 2, right). The focus on

(in)formal meeting rooms, location of depart-

ments, and transparency led to the following:

Hypothesis 8: The new buildings provide

more incentives to knowledge sharing than

the old building.

Facilities. In order to create a pleasant working envi-

ronment for employees, efforts were made to centra-

lize facilities. Facilities such as pantries with coffee

machines, copiers, and an informal meeting area

were uniformly introduced to all office floors. As a

consequence of the implementation of paperless

working, personal storage space was reduced. In the

laboratories, dedicated space for leisure rooms,

sometimes next to the lab, sometimes in the office

tower were created to stimulate the meeting of ana-

lysts and consultants (see Figure 5). These rooms

also allowed analysts to have lunch at the department

instead of the restaurant. In the old setting, this was

not facilitated. Furthermore, staff were involved in

the department layout. They could indicate relevant

departments that should be located close to their

department and determine the functionality of flex-

ible spaces in their department. Finally, a public

infrastructure was designed with restaurants and a

few shops. The focus on centralized facilities, code-

sign, and a public infrastructure led to the following:

Hypothesis 9: Employees are more satisfied

with the facilities in the new buildings than in

the old buildings.

Physical activity. Effort was made into the design of

staircases to stimulate stair use and physical

activity of users. When possible (although not

in the office tower) stairs and elevators were com-

bined in one lobby and stairs were mostly situated

on daylight/views for orientation to invite people

to use them (Figure 6). Collaborating health sci-

ence departments (12 floors in the office tower)

were situated close by, to allow researchers to

easily go up 1 or 2 floors to consult colleagues

by taking the stairs. These stairs, however, were

less inviting as they also functioned as emergency

pathway with no access to daylight. Nevertheless,

it was believed that:

Hypothesis 10: The new buildings provide

more incentives to be physically active than the

old buildings.

Working atmosphere. It was assumed that the inter-

ventions that aimed to stimulate collaboration and

knowledge sharing would also have a positive effect

on the working atmosphere. Furthermore, the imple-

mentation of a state-of-the-art working environment

(especially concerning equipment and installations)

might have indirectly affected working atmosphere

via a more positive perception of the working envi-

ronment. The carpeting in the offices, implemented

for its acoustic effects, also created a less institu-

tional atmosphere that might have contributed to

Figure 4. Glass roofed street. © Erasmus Medical Center.
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the working atmosphere. Therefore, it was assumed

that:

Hypothesis 11: The working atmosphere is

better in the new buildings than in the old

buildings.

Commitment. It was assumed that the new build-

ings and the effort undertaken to bring the non-

patient hospital function to a state-of-the-art

level would influence staff’s perception of the

organization, making them more proud. There-

fore, it was hypothesized that:

Hypothesis 12: Employees are more commit-

ted to the organization in the new buildings

than in the old buildings.

Sustainable. Alongside the focus on a safe and

pleasant environment, the design was also

focused on sustainability. Although many sus-

tainable solutions were integrated in the building

installation and therefore not visible to staff and

other users, some might have been visible and are

described subsequently.

Sustainability
Indoor climate. An important decision was the

installation of concrete core heating and cooling

powered by an aquifer thermal energy storage

installation in the office tower (also see indoor

climate in pleasant section). Ventilation was

adapted to the use of spaces (e.g., offices or meet-

ing rooms), and proper measures were taken to

keep out heat, combined with the use of maxi-

mum natural daylight in the office tower.

Smart technology. Smart technology was

implemented for lighting (switching based on

presence and daylight), elevators (more effi-

cient allocation system and energy recovery),

and central copiers (follow-me system, which

avoided unnecessary printing) for energy sav-

ings and waste reduction purposes.

Interior design. For the interior design, sustain-

able materials were used, such as FSC-wood

(certified by the Forest Stewardship Council).

Unhealthy or environmentally unfriendly mate-

rials such as polyvinyl chloride and aluminum

Figure 5. Dedicated breakout rooms. © Levien Willemse.
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were avoided. Also, water-free urinals avoiding

excess use of water for flushing purposes were

installed. Storage spaces for goods were

reduced due to the implementation of just in

time delivery. In office rooms, personal storage

space was reduced due to the implementation

of paperless working.

Other sustainable solutions in the building

included green roofs for sustainable rainwater

management purposes and to improve the view.

Also, �80�C freezers were stored in a water-

cooled storage facility.

The focus on the indoor climate, smart tech-

nology, and interior design led to the final:

Hypothesis 13: The new buildings are

perceived as more sustainable than the old

buildings.

Setting

Tables 2 and 3 provide an overview of the

main characteristics of the buildings in the old

and new settings. A difference was made

between offices (Table 2) and laboratories

(Table 3). The old setting consisted of 11 dif-

ferent buildings, each building having its own

characteristics. In the table, only the main

buildings that housed most of the employees

were included. Furthermore, the tables high-

light differences in aspects between the old

and new setting as described in the design

objectives section.

Method

Participants

In the pre-occupancy evaluation 2,598 (Dutch

and international) employees from the various

diagnostic and research laboratories, pharmacy,

central sterilization, rehabilitation medicine,

rheumatology, and health science departments,

received the survey. Twenty-eight percent of

the surveys (729) were (partly) filled out and

returned. Of the 729 employees who filled out

the survey, 68% was female and 81% belonged

to the age-group of 25–54 years.

In the post-occupancy evaluation 1,953

(Dutch and international) employees from the

same departments that moved (intervention

group) and that did not move (control group)

received the survey. Thirty-four percent of the

surveys (664) were (partly) filled out and

returned. Of the 644 employees who filled out

the survey, 71% were female and 74% belonged

to the age-group of 25–54 years. Three hundred

and seventy-two complete cases existed in the

data set, meaning that these cases (employees)

were included in both the pre- and the post-

study.

Design

Type of building was the variable quasi-

manipulated in the research. In the pre-occupancy

evaluation, employees worked in more than 11

different old buildings. Thus, we assumed that

employees coming from the same old building

were more alike than employees from other old

buildings and therefore nested employee groups

Figure 6. Staircase and lift lobby. © vanbeekfotografie.nl.
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existed in the research: the employees who

worked in the same old building.

In the post-occupancy evaluation, the inter-

vention group had moved to three new buildings,

where only the laboratories (Buildings G and H)

differed from the offices (Building F). The con-

trol group had not moved and still worked in their

old environment (some of the old buildings).

They evaluated their environment for the second

time in the post-occupancy evaluation.

Survey

To evaluate the performance of the new and old

buildings, an online survey was used. In accor-

dance with the hypotheses, the survey covered

items on the following aspects: Indoor climate,

safety, working environment, well-being, physi-

cal activity, work performance, commitment to

the organization, sustainability, orientation and

routing, knowledge sharing, working atmo-

sphere, facilities, and the overall satisfaction of

the building. Furthermore, some open questions

on building elements employees would like to

keep or change and some demographical ques-

tions such as gender, age, and job were asked.

At the start of the survey, respondents were

asked to indicate the building they worked in.

The survey was developed based on validated

surveys used in office research on staff well-

being, indoor climate, vitality, satisfaction, com-

mitment, and performance (Blok, de Korte,

Groenesteijn, Formanoy, & Vink, 2009; Koop-

mans et al., 2013; Leijten & Kurvers, 2007;

Schauffeli, Salanova, Gonzaléz-Romá, & Bakker,

2002; Zweers, Preller, Brunekreef, & Boleij,

1992). Also, new questions were defined in coop-

eration with the hospital that fitted the purpose of

Table 2. Old Versus New Setting: Offices.

Old Setting New Setting

Offices
Main Characteristics
of Old Buildings Aspect Offices

Main Characteristics
of New Buildings Aspect

A

B

Temporary modular
building dating from
the mid-90s

Single corridor building
with cell-type offices

Windows cannot be
opened (proximity of
helipad and busy road)

Access via B building; no
elevator, just
(emergency) stairs

Hard flooring in the
offices

Four floors of offices

Typical commercial
office building dating
from the early 90s

Open plan floor, number
of rooms

Separate access from
campus, elevators and
(emergency) stairs

Windows can be opened
Carpets in the offices
13 Floors of offices

Spacing

Indoor climate

Accessibility

Noise

Spacing

Accessibility

Indoor climate
Noise

F High rise office tower
Offices around closed core

(elevators/emergency stairs/
technical shafts)

Mix of open and closed office
workspaces

Glass partitions for orientation
to/from the corridor

Daylight adaptable lighting
systems

Standard zoning for pantry,
supplies, toilets, etc.

Concrete core heating
Windows can be opened
29 Floors of offices (2 technical

floors), access by elevator
bank from new public space

Direct connecting walkway/
corridor to adjacent
laboratories (several floors)

Carpets in the offices

Spacing, Fire
safety

Working
environment

Transparency

Smart technology

Facilities

Indoor climate
Indoor climate
Accessibility

Accessibility

Noise
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Table 3. Old Versus New Setting: Laboratories.

Old Setting New Setting

Labs

Main Characteristics of Old

Building Aspect Labs

Main Characteristics of

New Buildings Aspect

C

D

E

High rise clinical research tower

dating from the early 70s

Deep plan building, with

laboratories/offices on the

facades

Double corridor with mix of

laboratories and offices

Access with elevators from level

3, separate elevator for

materials

Doors with windows to corridor

Preclinical and clinical research

laboratories (renovated where

necessary)

Auxiliary spaces in the deep inner

core

Windows cannot be opened,

HVAC

4 � 6 Floors with labs and offices,

4 technical floors

(Diagnostic) laboratory wing of

the old hospital (early 60s)

Single corridor building with mix

of laboratories and offices

Windows cannot be opened,

HVAC

Access from the adjacent old

hospital building, just

emergency stairs

Five floors of laboratories and

pharmacy

Fit for first purpose building for

clinical pathology and oncology

research

Built in the 90s with donated

money

Access from 3rd floor of C

building

Deep plan building, with

laboratories/offices on the

facades

Windows cannot be opened,

HVAC

Three floors of laboratories and

offices, separate technical floor

This building mainly housed the

control group

Light, daylight, and view

Spacing

Accessibility

Transparency

Working

environment

Spacing

Indoor climate

Working environment,

Spacing

Indoor climate

Accessibility

Accessibility

Light, daylight and view

Indoor climate

G/H Mid height building (10–14 floors,

2 technical floors)

Deep plan building, with

laboratories/offices on the

facades

Zoning for laboratories and offices

(most offices in adjacent office

tower)

Glass partitions to/from the

corridor

Double corridor with auxiliary

spaces in the inner core

Separate elevators for people

and materials

Access to elevators/stairs

from new public space

Large windows, that cannot be

opened in laboratories, HVAC

Direct connecting walkway/

corridor to adjacent offices

tower

Working

environment

Transparency

Spacing

Spacing

Accessibility

Indoor climate

Accessibility

Note. HVAC ¼ heating, ventilation, and air-conditioning.
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the research. The survey was identical in the pre-

and post-occupancy evaluation, except for the

choice of the building respondents worked in, and

at the end of the post-occupancy evaluation a

control question was included to check whether

employees had moved and if so, from which (old)

building. This was done to ensure employees could

be allocated to an old building, in case they had

only filled out the post-occupancy evaluation.

Procedure

The employees received the pre-occupancy eva-

luation survey 3 to 7 months prior to the move

to the new buildings by e-mail. The survey was

voluntary. By participating in this survey, respon-

dents gave permission to use their answers for sci-

entific purposes. The data set was anonymous,

and the Dutch Code of Conduct for Medical

Research allows the use of anonymous data for

research purposes, without an explicit informed

consent (Federatie van Medisch Wetenschappe-

lijke Verenigingen [FMWV], 2004). The employ-

ees had 3 weeks to complete the survey and were

reminded after 2 weeks. In the post-occupancy

evaluation, employees who moved (intervention

group) and who had not moved (control group)

received the survey 5–8 months after the ones

who moved into the new buildings. This was done

to ensure employees who moved were sufficiently

familiarized with the new buildings, and because

the survey was then filled out in the same month

as the pre-occupancy evaluation. In this way, the

results were controlled for seasonal influences on

staff perceptions.

Measures

The different building aspects measured in the

survey were used as performance measures. To

determine the construct validity, that is, to con-

firm whether the items we believed belonged to

an aspect, indeed belonged to that aspect, we con-

ducted a confirmatory factor analysis (the oblique

multiple group method, Holzinger, 1944; Stuive,

Kiers, & Timmerman, 2009). We tested if the

retrieved data fit the hypothesized structure. For

each aspect (covering multiple items), we calcu-

lated the reliability statistic (i.e., Cronbach’s a,

1951) and for each item, two types of correla-

tions, namely the correlation with the aspect it

is assumed to belong to (the corrected item-total

correlation) and the correlations with the other

aspects. If the first correlation was larger than the

latter, and the Cronbach’s a was higher than .65,

the predefined structure was confirmed. Some of

the items of the predefined structure did not fit.

With the use of the iterative adjustment procedure

(Stuive et al., 2009), some adjustments were

made to the original structure. Items on the qual-

ity of knowledge sharing showed a better fit with

the aspect-working atmosphere and were there-

fore moved to this aspect. Items that remained

in the aspect, knowledge sharing included items

on the frequency of knowledge sharing. The

final structure explained 53.07% of the total var-

iance. Furthermore, inter-aspect correlations

were below r ¼ .5 (except for the correlation

between indoor climate—working environment,

(r ¼ .56), and facilities—working environment

(r ¼ .54)) and therefore, the aspects were assumed

to be sufficiently distinctive. Ten multi-item

aspects and two 1-item aspects were used as per-

formance measures of the buildings. These per-

formance measures were measured on a scale

from 1 to 5 (5 being the maximum score). The

overall satisfaction score of the building was an

additional performance measure and was measured

on a scale from 1 to 10 (10 being the maximum

score). Table 4 shows the aspects with example

items and the corresponding Cronbach’s a.

Data Analysis

In order to test whether the new buildings signif-

icantly outperformed the old buildings (Hypoth-

eses 1–13), a longitudinal multilevel regression

analysis was conducted. The first level of the

analysis was time (pre- and post-occupancy eva-

luation), Level 2 was the employee, and Level 3

was the old building. This indicates that time is

nested in employees and employees are nested

in an old building. This nested structure was taken

into account in the multilevel analysis, meaning

that the results were controlled for the dependen-

cies that occur due to the nested structure. For

each performance measure, we tested the effect

of the intervention. We investigated whether the
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building performance measures rated by employ-

ees who moved to the new buildings (intervention

group) improved more over time than the ratings

of the control group. In case this intervention

effect was significant (p < .05) and in favor of the

new buildings, the hypothesis was accepted.

Cohen’s d (i.e., the standardized mean difference)

was calculated with the method of Rosenthal,

Rosnow, and Rubin (1999, p. 186) to report the

strength of the effects. The guidelines of Cohen

(1988) for the interpretation of the strength of

an effect are as follows: d ¼ 0.20 is considered

as ‘‘small,’’ d ¼ 0.50 as ‘‘medium,’’ and d ¼
0.80 as ‘‘large.’’

A complete case analysis was also conducted

to check whether the results would vary if not

(as the longitudinal multilevel analysis does) all

data were taken into account (also the respon-

dents that had only conducted the pre- or post-

occupancy evaluation), but only the cases of

employees who conducted both evaluations.

The open questions were analyzed as follows.

First, comments were read and frequently men-

tioned themes were identified. Second, once the

themes were identified the exact frequency was

scored on how often the themes were mentioned

positively or negatively. The comment ‘‘nothing’’

on the question what would you like to keep, was

excluded from the positive comments. The top

three was identified.

Results and Discussion

The aim of this research was to investigate the

effects of the newly built nonpatient-related

buildings of the medical center on staff percep-

tions and whether the design objectives were

achieved. Table 5 shows the results of the longi-

tudinal multilevel regression analysis. The aver-

age scores on the performance measures are

indicated for the pre- and post-occupancy evalua-

tion, for the control and intervention group

(moved), the results of the intervention effect test

and the effect sizes. As the table shows, perfor-

mance of the buildings in the pre-evaluation for

the control and intervention group is comparable.

Compared with the post-evaluation of the control

group, staff perceptions of the new buildings were

significantly more positive than staff perceptions

of the old buildings on indoor climate, perceived

safety, well-being, work environment, sustain-

ability, facilities, and the overall satisfaction

score (p < .05). No effects were found for orienta-

tion, knowledge sharing, physical activity, work

performance, working atmosphere, and commit-

ment to the employer. The complete case analysis

replicated the effects found with the full sample.

No effect was found for the old building level.

This means that the effects found apply to all

(11) old buildings. If we had found an effect, this

would mean that the effect was related to a spe-

cific building in the old setting.

The systematic changes among the movers

compared with the staff that did not move to the

new buildings indicate that the effects may be

attributed to the new working environment and

not to the passage of time, general hypes, or

Hawthorne effect (which means that improve-

ments in performance are the results of the sim-

ple fact that staff was asked to evaluate the

building), as these would have affected both

groups. However, causality between the design

changes and the improvements cannot be demon-

strated with certainty, as this would require an

experiment with blinded participants, which is not

possible in this type of pre-post research. Still, in

order to better understand what design decisions

could explain these results and learn from the eva-

luations, we related the results to the design deci-

sions that were expected to have an effect on the

performance measures (as described in the Intro-

duction section). Based on this evaluation, we

conclude whether the design team succeeded in

creating a safe, pleasant, and sustainable building.

Safe

To create a safe environment efforts were put

in a process supporting layout, spacing, and

interior design (see working environment) and

accessibility, transparency, and fire safety (see

perceived safety). The efforts resulted in an

improvement in the perception of the working

environment, meaning that the new working

environment better supports safe and comforta-

ble working. Working environment was also

relatively highly correlated with the overall

satisfaction score (r ¼ .57), indicating that the
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Table 4. Example Items Belonging to the Defined Aspects.

Aspect # Items Example Items Cronbach’s a

Indoor climate 11 � There is sufficient daylight in the building
� The view from my workplace is pleasant
� The temperature in the building is comfortable
� I do not experience problems with noise hinder
� . . . .

.81

Perceived safety 7 � I feel safe on the campus of the medical center
� I feel safe at my department
� There is enough light in the corridors of the buildings on the

campus
� The escape routes are easily accessible
� . . .

.83

Work environment 9 � This building supports me in doing my job
� I have enough space to do my job
� At my workplace, I can concentrate well
� My workplace enables me to work according to the available

protocols
� . . .

.85

Well-being 13 � At the end of a normal workday, I am mentally tired
� In the last month, I have suffered at work from my neck,

back, and/or shoulders
� In the last month, I have suffered at work from shortness of

breath
� In the last month, I have suffered at work from dry and/or

irritated eyes
� . . .

.86

Physical activity 1 � I like to use the stairs NA
Work performance 4 � Compared to my average performance, I would rate my

creativity at this time as
� Compared to my average performance, I would rate the

quality of my work at this time as
� Compared to my average performance, I would rate my

amount of work at this time as
� . . .

.77

Commitment to the
organization

4 � I would recommend the organization to others
� I feel at home at the organization
� I am proud of the organization
� . . .

.82

Sustainability 1 � The building is sustainable (energy efficient and careful use of
materials)

NA

Orientation and
routing

9 � I can easily find my way around
� Visitors can easily find their way around the campus
� The signage is adequate
� There are enough elevators
� . . .

.68

Facilities 10 � There are enough spaces for formal meetings
� There are enough spaces for informal meetings
� There are enough spaces to meet colleagues
� There is a good changing room
� . . .

.76

(continued)
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perception of the working environment is posi-

tively related to the overall satisfaction with

the building. Other research that investigated

determinants of positive workspace perceptions

found that in U.S. office buildings amount of

space is the greatest contributor (Frontczak

et al., 2012). According to the results of the open

questions shown in Table 6, a spacious working

environment was the most mentioned positive

comment in the old buildings. It seems, there-

fore, that especially the interventions done in the

laboratories contributed to the effects observed.

Staff also felt safer in the new buildings, but

the effect was small (d ¼ 0.21). This could be

influenced by the fact that the newly implemen-

ted access system did not work properly during

an evacuation test in August 2013. Some people

were not authorized to access or leave the build-

ing at certain floors. Furthermore, the connecting

plaza was still a construction site with limited

overview during the post-occupancy evaluation.

Nevertheless, based on the significant improve-

ments in the perceptions of the working environ-

ment and safety, we conclude that the design

team succeeded in creating a safer buildings

(safer than the old settings).

Pleasant

When judging the pleasantness of the new build-

ings based on the overall satisfaction score, it can

be concluded that this second main objective was

well achieved. A relatively large improvement in

overall satisfaction was found (d ¼ 0.61). This is

supported by the significant improvement in per-

ceived well-being, although the effect is small

(d ¼ 0.12). The number of comments that were

made in the open questions also support an over-

all increased satisfaction with the new building.

In the pre-occupancy evaluations, 350 positive

and 711 negative comments were made on the

old buildings. In the post-occupancy evalua-

tions, 449 positive and 720 negative comments

were made on the new buildings (excluding the

control group). The results show that in the new

buildings more comments were posted by fewer

people and that they posted relatively more pos-

itive comments than in the pre-evaluation. Lee

and Brand (2005) indicated that by conducting

an evaluation, commitment to the building

increases. This may explain the increased num-

ber of comments made.

Some may argue that the large increase in

overall satisfaction is due to a so-called HALO

effect, which implies that a change in the build-

ing as such may be the underlying reason for

improved satisfaction rather than the specific

design characteristics of the new building.

When this is the case, improvements in all per-

formance measures are likely. However, our

results clearly show that some performance mea-

sures significantly increased but others did not,

which is unlikely due to an HALO effect. For

instance, when looking at the detailed aspects that

Table 4. (continued)

Aspect # Items Example Items Cronbach’s a

Knowledge sharing 4 � I frequently work together with others within the
department
� I frequently work together with others outside the

department
� I frequently share my knowledge with others within the

department
� . . .

.75

Working
atmosphere

5 � The atmosphere within my department is good
� Collaboration within the department is good
� The knowledge sharing within my department is good
� . . .

.78

Overall satisfaction 1 � Please score your general satisfaction with the building you
work in on a scale from 1 (very poor) to 10 (outstanding)

NA

Note. NA ¼ not applicable.
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were expected to contribute to a pleasant building,

some nuances should be highlighted. Investments

were especially made to improve the indoor cli-

mate, orientation, knowledge sharing, and facili-

ties, but these did not pay off for all aspects. To

improve the indoor climate, effort was put into

ventilation, temperature, (day)light, views, and

noise reduction. As a result, indoor climate in the

new buildings was rated as more comfortable and

based on the open questions (Table 6) it seems

that the nice view and the ability to open the

window were especially valued. Various studies

corroborate that aspects of the indoor climate

(air quality, daylight, views, and noise) can

improve satisfaction and well-being (Aries

et al., 2010; Boubekri, Hulliv, & Boyer, 1991;

Fisk & Rosenfeld, 1997; Heerwagen, 2000;

Heerwagen & Wise, 1998; Holcomb & Pedelty,

1994; Kaplan, 1993; Klitzman & Stellman, 1989;

Leather, Pyrgas, Beale, & Lawrence, 1998; Sen-

sharma et al., 1998; Ulrich et al., 1991). We also

found the highest correlation between indoor cli-

mate and overall satisfaction (r ¼ .64), indicating

a better perceived indoor climate relates to

increased overall satisfaction with the new build-

ings. Also, a correlation with perceived well-

being existed, although less strong (r ¼ .38).

Interestingly, the control of the climate system

and lighting system received the most negative

feedback in the open questions (Table 6). Appar-

ently, the output of the systems is comfortable;

however, control of the system can be improved.

Table 5. Average Performance Scores in the Pre- and Post-Occupancy Evaluation for the Control and
Intervention Group and Intervention Effect Results.

Performance
measure

Control Group Moved Intervention Effect Effect Size

Pre
(n + 82)

Post
(n + 147)

Pre
(n + 271)

Post
(n + 454)

Average Change Due to
Occupancy of New Buildings

Ave. SD Ave. SD Ave. SD Ave. SD B SE p Cohen’s d

Indoor climate 2.88 0.54 2.76 0.58 2.90 0.68 3.29 0.72 0.48 0.09 <.001 0.36
Perceived safety 3.59 0.58 3.57 0.67 3.50 0.55 3.74 0.61 0.22 0.08 .005 0.21
Work environment 3.59 0.66 3.48 0.70 3.51 0.60 3.82 0.57 0.42 0.08 <.001 0.34
Well-being 2.93 0.69 2.89 0.71 3.09 0.69 3.22 0.67 0.25 0.08 .002 0.12
Physical activity 4.01 0.75 3.81 1.04 3.86 0.95 3.76 1.04 0.08 0.12 .339 0.05
Work performance 3.34 0.52 3.26 0.51 3.30 0.48 3.29 0.47 0.07 0.07 .304 0.07
Commitment 3.63 0.59 3.56 0.59 3.71 0.53 3.67 0.60 0.10 0.06 .460 0.03
Sustainability 2.55 1.04 2.37 0.94 2.16 0.84 3.35 0.73 1.29 0.13 <.001 0.72
Orientation 3.01 0.50 3.10 0.63 2.99 0.48 3.04 0.54 0.02 0.08 .832 �0.04
Facilities 3.15 0.61 2.93 0.67 3.10 0.54 3.28 0.57 0.34 0.07 <.001 0.34
Knowledge sharing 3.85 0.54 3.86 0.59 3.75 0.68 3.74 0.60 0.01 0.08 .899 �0.02
Working atmosphere 3.49 0.65 3.43 0.63 3.51 0.61 3.48 0.60 0.03 0.07 .647 0.03
Overall score 6.13 1.62 5.58 1.71 5.66 1.66 7.07 1.30 1.98 0.21 <.001 0.61

Note. Ave. ¼ average score; SD ¼ standard deviation, B ¼ regression coefficient, SE ¼ standard error, p ¼ p value.

Table 6. Top Three Positive and Negative Themes Reported in the Open Questions.

Old Buildings New Buildings

Top 3: Positive themes Spacious working environment Nice view
Nice view Good access to (day)light
Good access to (day)light Spacious working environment

Top 3: Negative themes Indoor climate Control of indoor climate
Limited access to (day)light Artificial light (sensor system)
Inability to open a window Elevator system
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When talking to staff, it appeared that the light in

the office annoyingly turned on and off when

daylighting levels changed quickly and that peo-

ple complained about the inability to switch the

lights off. In the literature, the relation between

perceived personal control over the physical envi-

ronment and self-reported satisfaction is also

stressed (Cole, Robinson, Brown, & O’Shea,

2008; Hauge, Thomsen, & Berker, 2010; Lee &

Brand, 2005). However, although controllability

can be improved, it did not diminish the overall

perceived improvement of the indoor climate.

To improve the orientation in the new build-

ings, much effort was put in a clear infrastructure,

lines of sight, and access to daylight in corridors

and when exiting elevators, however perceived

orientation did not improve. The fact that the

post-evaluation was conducted in an interim

setting in which the old buildings still function

next to the new buildings might have negatively

impacted the perceived orientation as travel dis-

tances were long (some people bring in scooters).

Another item is the functioning of the elevator

system that received negative feedback and might

have decreased the overall orientation score. The

fact that people had to indicate the required floor

level outside the elevator was reported as confus-

ing. Staff often entered the elevator in groups and

only pressed the floor button once. This confused

the elevator as it registered that there was only

one person in the elevator and kept allocating

people to this elevator even though the elevator

was already fully occupied. Furthermore, the

aspects indoor climate and perceived safety also

cover items on daylight in the building. It could

be argued that the daylight interventions to

improve orientation have contributed to the

improvement of these aspects and that the rela-

tion with orientation is less evident (staff know

their way in the building) or perhaps the effect

on orientation is more unconscious. As an effect

of the methodology used (survey that measures

conscious experiences), unconscious effects are

missed (also see study Strengths and Limitations

of the method used).

Special focus was on knowledge sharing in the

creation of informal and formal meeting rooms

and locating collaborating departments near each

other. However, improvements in the frequency

of knowledge sharing were not found. A reason

could be the newly implemented access system,

as departments could not be entered without the

correct authorization. This might have felt as a

barrier to cross departments and share knowl-

edge. Furthermore, as opposed to the layout in the

old buildings where offices were often located at

the opposite side of each other, stimulating infor-

mal talks, in the new building offices were only

located next to each other, which might have

decreased informal knowledge sharing. Another

explanation could be that the frequency of knowl-

edge sharing is more influenced by its necessity

and less by the building design. It should also

be stressed that the aspect facilities (which

included the perception of meeting rooms, coffee

area, personal space, changing, and dinner facili-

ties) were better appreciated (d ¼ 0.34). Interest-

ingly, at the time of the evaluation the central

changing rooms and restaurant facilities were not

operational yet. Furthermore, personal space was

reduced as a result of paperless working. There-

fore, the clear improvement in facilities seems

mainly the result of the (informal) meeting rooms

and coffee areas. Thus, the (in)formal meeting

rooms are well valued, however there seems no

direct relation to increased knowledge sharing.

Another aspect of a pleasant and healing

building according to the project team was a

building that stimulates the use of stairs. There-

fore, the main stairs in the atrium were domi-

nantly positioned and had access to daylight.

Staff however did not report an increased use

of the stairs. An explanation is that the atrium

was not in the building where most staff was

located. In the office towers, stair cases were not

inviting and they also ended at the opposite side

of the department from where one started. This

might have resulted in staff in the office tower

not increasing their use of the stairs even though

related departments were close and complaints

were reported on the elevator system. For the

laboratories, related departments were often on

the same floor, so there was less necessity to take

the stairs, which also might have impacted the

total results.

Improved perceived working performance,

working atmosphere, and commitment to the

employer were also expected as an outcome of
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a pleasant working environment. However, we

found no improvement in the new buildings. It

seems that these outcomes are more influenced

by other factors than the building design. Other

pre- and post-evaluations (but without control

group or other methodological limitations) how-

ever, do report increases in perceived working

performance, working attitude, pride (Heerwa-

gen, 1998; Heerwagen & Wise, 1998; Heerwagen

& Zagreus, 2005), and affective organization

commitment (McElroy & Morrow, 2010). The

study by Heerwagen was conducted in manufac-

turing environments, and the effects found were

mainly the result of daylight interventions.

Apparently in this environment daylight is more

directly related to perceived work performance

than in the nonpatient hospital environment.

Thereby, also the explicit aim of the redesign

is important. For instance, in the research of

McElroy and Morrow (2010) one objective of

the redesign was to change the organizational

culture by creating open workspaces to break

down hierarchical or bureaucratic attitudes. This

indicates that aspects like organization commit-

ment can be influenced by the building design,

when there is a special focus in creating a change

but seems not to be influenced in general when

the working environment is improved for other

purposes.

Sustainable

Due to efforts in the indoor climate, technical

solutions, and interior design, the final main

objective to create a sustainable building was

convincingly achieved in the eyes of employees

(d ¼ 0.72). Interestingly, the smart lighting and

elevator system implemented for sustainability

reasons, received much negative feedback as well

as the lack of temperature control which is a

result of the concrete core heating. Therefore, it

seems that sustainable solutions can occur at the

expense of user comfort. Additionally, employees

who moved to the new buildings received a leaf-

let with the house rules of the new building.

Although facilities such as the water-free urinals

and elevator system were mentioned because of

their different use and not in relation to sustain-

ability, it could have affected the perceived

sustainability. Instructions on how to use the

building, however, were only limitedly addressed.

Lesson learned, therefore, is to better inform and

instruct users how to use a ‘‘sustainable’’ building

(indoor climate, lights, and elevators), in order to

reduce negative experiences as a result of improper

use. This is also supported by literature, according

to Nicol and Roaf (2005) and Leaman and Bordass

(2007) users of buildings are much less satisfied

when they cannot understand how things work or

how to control for instance temperature and ventila-

tion. Information on use and operation of technical

facilities is therefore crucial.

Study Strengths and Limitations

Investigating the effects of a new building is not tri-

vial. A new building is a complex intervention as

many aspects are changed simultaneously, which

makes it difficult to directly relate changes in design

aspects to performance outcomes. According to

Craig et al. (2008) in their guidance for complex

interventions in public health, researchers, there-

fore, need to carefully consider the method used and

the value of the evidence that can be gathered in

complex interventions, given these constraints.

Strengths of the method used in this research

are the pre-post design, the inclusion of a control

group, and a statistical technique that can deal

with nested structures and missing cases. We

showed that with this method it is possible to

measure the performance improvements of a new

building design. Important for this method to

succeed, is to clearly document the objectives

that were aimed for, the performance measures

used to measure whether the objectives are

achieved, and what decisions were taken to

achieve the objectives. Only when these para-

meters are clearly defined, this method can be

used to investigate whether the effort that was

put into the design of a new building paid off.

Since pre-post evaluations of new buildings are

rarely conducted, our study provides guidance

for future evaluations of improvement in work

environment through building characteristics.

It should be noted that the performance mea-

sures in our study were all subjective measures that

could only be measured if respondents were con-

sciously aware of the performance. Unconscious
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performances of the building could therefore be

missed. For example, it could be the case that

knowledge sharing was increased based on the

number of informal meetings. However, employees

might not have perceived this increase and believed

knowledge sharing did not improve. In our design,

we would measure the latter. Objective perfor-

mance measures could therefore complement sub-

jective findings but were not used in this research.

Another limitation is the relatively low

response and the fact that due to the anonymity

of the data set, nonresponse could not be ana-

lyzed. A potential bias therefore exists, but this

bias exists in the intervention as well as in the

control group. We controlled the effects found in

the pre- and post-evaluation of the intervention

group for the effects in the control group. The

effects found are therefore at least valid for the

‘‘responders’’ group (whoever they are). The effect

sizes are also based on the difference between

these groups. We found no other pre- and post-

occupancy evaluations that included similar effect

sizes and as a result, we were unable to compare

our results with previous studies.

Implications for Practice

� This study demonstrates that it is possible to

measure the performance improvements of

a complex intervention being a new build-

ing design and validate design decisions.

� Structural attention in the new building

design to daylight, views, acoustics, tem-

perature, ventilation, lighting, accessibility,

spacing, layout, transparency, fire safety,

(in)formal meeting areas, coffee areas, loca-

tion of collaborating departments, interior

design, and smart technology resulted in the

improvement of overall staff satisfaction,

perceived well-being, working environ-

ment, perceived safety, indoor climate,

facilities, and sustainability.

� Performance measures that received less

design focus did not increase such as work

performance, physical activity, working

atmosphere, and commitment to the employer.

This should encourage designers to aim

for specific goals when designing or re-

designing and translate them into explicit

and focused design choices to achieve

these goals.

� Attention should be paid to communicating

the use of the building to optimize perceived

performance.

� Although, due to the complexity of the

intervention, no clear cause and effect rela-

tions can be established between the design

decisions and performance improvements,

we hope we have illustrated that by a struc-

tured evaluation and inclusion of a control

group valuable insights can be generated

on: the realization of design objectives,

design decisions that could be considered

to increase the perceived performance of

a building, and lessons learned for future

designs.
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