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Benefits of the flexible office environment:

● Reduction of m2 and therefore cutting in costs

● Less waste of space and energy when desks are not used

● Increasing mobility and autonomy of employees

● Support of social interaction in general

● Stimulation of collaboration between departments
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Examples:

● Available spots

● Privacy

● Findability

Challenges



June 26th 2019 Towards Smart Flexibility P5 presentation Madelon Abbes Delft University of Technology June 26th 2019

Examples:

● Available spots

● Privacy

● Findability

Examples:

● Satisfaction

● Engagement

● Stress

● Autonomy

Challenges Well-being



Towards Smart Flexibility P5 presentation Madelon Abbes Delft University of Technology June 26th 2019 Towards Smart Flexibility 

Examples:

● Available spots

● Privacy

● Findability

Examples:

● Satisfaction

● Engagement

● Stress

● Autonomy

● Recognition

● Ambition

Challenges Well-being Companies
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PROBLEM STATEMENT

Internet of ThingsWell-beingFlexible offices

Corporate Real Estate Management (CREM)
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PROBLEM STATEMENT

Although the flexible office environment is rising in popularity, 
it also raises problems for the employees who 

are making use of the workplaces. 

The Internet of Things may provide solutions to better facilitate 
employees and their well-being in flexible offices.
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the questions

Main question:
How can the Internet of Things improve employees’ well-being in flexible office environments?

 

1 What are the main challenges of flexible offices and 
how does it influence the well-being of employees?

 

2 Which opportunities does the Internet of Things 
provide to optimize the office environment?

 

3 How can Internet of Things applications support 
the challenges of the flexible office environment?
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methods

Literature study

PART 1

PART 2 Operational research

Theoratical and empirical research

Interviews

Insights on CREM,
flexible offices, 
employees’
well-being
variables and 
IoT applications
& tools

Explorative study Evaluation

Demand

Supply

Match
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METHODS

Literature study

PART 1

PART 2 Operational research

Theoratical and empirical research

Interviews

Demand: Insights on the impact of 
flexible offices on employees well-
being in practice

Explorative study Evaluation

Supply: Assessment of available data 
sources and outputs of smart tools 
and IoT applications & developments

Demand

Supply

Match

21 interviews:
- 7 flexible office managers
- 6 workplace advisors & knowledge institutions
- 8 ‘smart’ companies
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methods

Literature study

PART 1

PART 2 Operational research

Theoratical and empirical research

Interviews

Explorative study

Comparing the 
demand derived 
from the offices 
with the identified
possibilities of the 
supply of IoT

Evaluation

Demand

Supply

Match



June 26th 2019 Towards Smart Flexibility Towards Smart Flexibility P5 presentation Madelon Abbes Delft University of Technology

METHODS

Literature study

PART 1

PART 2 Operational research

Theoratical and empirical research

Interviews

Explorative study

Member check: 
A check towards the accurate 
use of the findings and the 
internal validation of the 
research due to personal 
reasoning

Evaluation

Demand

Supply

Match
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demand
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employees' WELL-BEING 

Employees’ well-being experience can be seen as: “the relative 
presence of positive effects, and the relative absence of negative 

effects in the work environment.”

Source: Wright and Bonett (2007). Job satisfaction and psychological well-being as nonadditive predictors of workplace turnover
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Job demands-resources model

Job demands Job resources

Encourages 
exhaustion and may 

even cause a burnout

Influences vitality and 
both work engagement 

and satisfaction

Emotional demands

Colleague accessibility

Work pressure

Physical environment:

Work/life balance

Colleague interaction

Colleague support

Harmony

Autonomy

Team cohesion

Development opportunitiesPrivacy

Agile

Noise

Organizational
outcomes

Source: Demerouti, Bakker, Nachreiner & Schaufeli (2001). The Job Demands–Resources Model of Burnout
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employee experience - literature

June 26th 2019

External
influences

Employee
Workplace
Experience

Process

Workplace

Behaviours

Needs &
preferences

Organisational
structure &
dynamics

Expectations

● Lack of change 
management in the 
workplace change process
de Bruyne, 2007

● No involvement of 
employees (opinion) within 
the process
de Bruyne, 2007

● Lack of personalisation 
possibilities
Elsbach, 2003
Leesman, 2018

● Technology is too 
complecated to quickly 
change desks
Brunia, De Been & van der Voordt, 
2016
CfPB, 2018

● Concentration problems 
(noise and movements)
Bodin Danielsson, 2009
CfPB, 2014

Process Workplace

● The need to sit next 
to colleagues: for short 
discussions
CfPB, 2017
Wohlers & Hertel, 2017

● Concentration problems 
due to not changing for 
different work activities
CfPB, 2014
Bodin Danielsson, 2009

Behaviours
● Trouble finding colleagues
CfPB, 2014
Wohlers & Hertel, 2017

● Preferrence for specific 
indoor climate/comfort
CfPB, 2017
Brunia, De Been & van der Voordt, 
2016

● Preference to be close to 
people you know
CfPB, 2017

● Less privacy (especially for 
specific departments)
CfPB, 2014
Wohlers & Hertel, 2017

● Fear of not having a desk 
anymore after leaving
CfPB, 2018

Needs & preferences
● Less group identification
Wohlers & Hertel, 2017 
Volker & Van Der Voordt, 2005

● Lack of trust on 
management level

Organisational dynamics
● Fear of not having a desk 
anymore after leaving
CfPB, 2018

● Lower level of territoriality
Wohlers & Hertel, 2017

● Not feeling comfortable to 
walk around with stuff
CfPB, 2018

● Having a feeling the office 
is overcrowded
CfPB, 2017

● Used to an own ‘known’ 
spot: the need for routine
CfPB, 2014
Wohlers & Hertel, 2017

Expectations
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employee experience - interviews

June 26th 2019

Challenges of facility and real-estate managers:

● Social cohesion 

● Agile way of working

● 24/7 available

● Noise nuisance

● Lack of privacy



Towards Smart Flexibility P5 presentation Madelon Abbes Delft University of Technology Towards Smart Flexibility 

employee experience - user survey

Source: Leesman (2018). The Workplace Experience Revolution. Unearthing the real drivers of employee sentiment

June 26th 2019
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selected challenges

Job demands Job resources

Encourages 
exhaustion and may 

even cause a burnout

Influences vitality and 
both work engagement 

and satisfaction

Emotional demands

Colleague accessibility

Work pressure

Physical environment:

Work/life balance

Colleague interaction

Colleague support

Harmony

Autonomy

Team cohesion

Development opportunitiesPrivacy

Agile

Noise

Interviews

User index

Literature
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the internet of things

“The Internet of Things stands for the ability of things being 
connected to each other through the (existing) Internet, most of the 

time making connections from machine to machine.”

Source: Zafari, Papapanagiotou & Christidis (2016). Microlocation for Internet-of-Things-Equipped Smart Buildings

June 26th 2019
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iot layers

System management and applications

Process information

Store information

Data transmission

Data gathering

Source: Disruptive Technologies (2019). Application-ready sensing solution

June 26th 2019
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INPUT-PROCESS-OUTPUT

Sensor layer Communication layer Information layer Analytics layer Business layer

PROCESS OUTPUTINPUT
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INPUT-PROCESS-OUTPUT

APPLICATIONS ADVICEHARDWARE
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smart tools

Within buildings, data can be acquired by the implementation of smart 
tools and sensor technology.

Smart tools facilitate two important steps: 
1. They measure something from the building and/or the user
2. They use this information to reach a specific goal

Source: Valks et al. (2016). Smart campus tools: Een verkenning bij Nederlandse universiteiten en lessen uit andere sectoren
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smart tools

CO2 level

Temperature

Humidity

Noise level

Light intensity

Desk occupancyWeareable / GPS

Outlook / messenger

Experience tool

Wi-Fi connection

Camera

Infra-Red

RFID

Available tools:
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match
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finding the match

Data generated by smart tools
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THE CHARACTERISTICS

Noise nuisance
Noise within the work environment is an important contributor to 
disturbances. 

Constant noise Average noise level

Movements Number of people

Walking routes

Variable noise Peak noise levels

Amount of peaks

People Number of people

Number of phone calls

Movements around desks

Outdoor environment Average noise level

Traffic information
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THE CHARACTERISTICS

Team cohesion
Working flexible can stimulate cohesion between teams, but most of 
the time harms cohesion within teams. 

Group pride Number of team meetings

Hours of working

Task Information sharing

Interaction patterns

Social Number of meetings

Number of online interactions

Physical distance 

Number of people present

Presence frequency

Moral Feeling of trust

Hours of working

Number of team meetings
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THE CHARACTERISTICS

Colleague accessibility
Findability and accessibility of colleagues is of major importance for 
colleagues to successfully execute their work.

Digital Location

Online activities

Physical Location

Visibility

Online availability

Availability



Towards Smart Flexibility P5 presentation Madelon Abbes Delft University of Technology June 26th 2019 Towards Smart Flexibility 

the overview

Group pride

Task

Social

Moral

Constant noise

Movements

Variable noise

People

Outdoor environment

Team cohesion

Noise Nuisance

Colleague accessibility

Demand - CharacteristicDemand - Office challenge

Digital 

Physical

Number of team meetings

Hours of working

Information sharing

Interaction patterns

Number of meetings

Number of online interactions

Physical distance 

Number of members present

Presence frequency

Feeling of trust

Hours of working

Number of team meetings

Average noise level

Number of people

Walking routes

Peak noise levels

Amount of peaks

Number of people

Number of phone calls

Movements around desks

Average noise level

Traffic information

Supply - Measurement

Location

Online activities

Location

Visibility

Online availability

Availability
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the overview

Group pride

Task

Social

Moral

Constant noise

Movements

Variable noise
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Noise NuisanceJob Demands

Job Resources

Colleague accessibility

Demand - CharacteristicDemand - Office challengeWell-being variable 

Digital 

Physical

Number of team meetings

Hours of working

Information sharing

Interaction patterns

Number of meetings

Number of online interactions

Physical distance 

Number of members present

Presence frequency

Feeling of trust

Hours of working

Number of team meetings

Average noise level

Number of people

Walking routes

Peak noise levels
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Number of people
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the overview

Group pride

Task

Social

Moral

Constant noise

Movements

Variable noise

People

Outdoor environment

Team cohesion

Noise NuisanceJob Demands

Job Resources

Colleague accessibility

Demand - CharacteristicDemand - Office challengeWell-being variable 

Digital 

Physical

Number of team meetings

Hours of working

Information sharing

Interaction patterns

Number of meetings

Number of online interactions

Physical distance 

Number of members present

Presence frequency

Feeling of trust

Hours of working

Number of team meetings

Average noise level

Number of people

Walking routes

Peak noise levels

Amount of peaks

Number of people

Number of phone calls

Movements around desks

Average noise level

Traffic information

Supply - Measurement Supply - Sensor technology

Camera

Infra-Red

Wi-Fi connection
RFID

CO
2 level

Noise level

Wereable/GPS

Outlook/messenger

Experience tool

Location

Online activities

Location

Visibility

Online availability

Availability

June 26th 2019
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tackling the challenges

Tako Werts (member check): “most of the measured components only 
become relevant when the generated data is analysed and used in the 
right way”. 

Data should be analysed and combined with other information in order 
to become meaningful.

Measure Combine Create insights

Managers have two options to apply the knowledge:
1. Informing about certain circumstances
2. Adapting the office environment
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conclusion
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demand

1 What are the main challenges of flexible offices and 
how does it influence the well-being of employees? 

Job demands

Well-being

Noise nuisance

Challenges

Job resources Team cohesion

Colleague accessibility
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supply

2 Which opportunities does the Internet of Things 
provide to optimize the office environment? 

Camera, infra-red, 
Wi-Fi connection, 

noise level, 
CO2 level, RFID, 
wereables, GPS, 

outlook/messenger, 
experience tools

Sensor tools
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match

3 How can Internet of Things applications support the 
challenges of the flexible office environment?

Job demands

Well-being

Noise nuisance

Challenges

Camera, infra-red, 
Wi-Fi, noise level, 

CO2 level, RFID, wereables, 
GPS, outlook/messenger

Sensor tools

Job resources Team cohesion Camera, Wi-Fi, noise level, 
CO2 level, RFID, wereables, 
GPS, outlook/messenger, 

experience tools

Colleague accessibility Camera, Wi-Fi, wereables, 
GPS, outlook/messenger
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main question

How can the Internet of Things improve employees’ 
well-being in flexible office environments?

Job demands

Well-being

Noise nuisance

Challenges

Camera, infra-red, 
Wi-Fi, noise level, 

CO2 level, RFID, wereables, 
GPS, outlook/messenger

Sensor tools

Job resources Team cohesion Camera, Wi-Fi, noise level, 
CO2 level, RFID, wereables, 
GPS, outlook/messenger, 

experience tools

Colleague accessibility Camera, Wi-Fi, wereables, 
GPS, outlook/messenger

Measure Combine Create insights
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RECommendations



Towards Smart Flexibility P5 presentation Madelon Abbes Delft University of Technology June 26th 2019 Towards Smart Flexibility 

real estate managers

Recommendations for facility and real-estate managers:

● Integrate the disciplines of Human Resources (HR), 
Facility Management (FM) and Information Technology (IT)

● Involve the final users / employees within the process

● Create a clear goal and select the right smart technology
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process

INPUT

Sensor layer

HARDWARE

Combine FM, HR & IT + input employees
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Wi-Fi

CO2

Wearable/GPS

Camera

Bluetooth

Noise

Infra-Red

RFID

Temperature

Occupancy

Humidity

Experience

Measure Combine Create insights

OUTPUT

Business layer

ADVICE

Inform Adapt

1 2
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Final overview
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guidelines

When creating 
your employee  

profiles/preferences

Wi-Fi, wereables, 
outlook/messenger, 

experience tool

Then focus on 
personal sensor

technology

When looking for 
adjustments of

the office design

Wi-Fi connection, 
wereables (phones), 
outlook/messenger

Then focus on 
physical sensor 

technology

When aiming for 
improvements of 

climate conditions

Infra-red, Wi-Fi, 
CO2 level, noise level,  

experience tool

Then focus on 
environmental

technology

D
iff

er
en

t g
oa

l s
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ng
s

If you are low on 
investment budget
or implementation time

Wi-Fi connection, 
wereables (phones), 
outlook/messenger

Then focus on 
existing sensor

technology

If employees
often work
at home

Wereables, outlook/
messenger

If a high amount of 
present employees 
need to be managed 

Camera, Infra-Red, 
Wi-Fi connection, 
wereables, outlook

Then focus on 
location sensor

technology

D
ifferent situations

Then focus on 
distance sensor

technology

June 26th 2019
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smart companies

Recommendations for companies operating in the smart sector:

● Align products to the well-being focus of companies

● Combine tools in the offer

● Focus on new technology (e.g. haptic gloves or headsets)

● Develop intelligent interfaces and applications
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discussion
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limitation & further research

Limitations
1. Feasibility is depending on the scale of companies:
- Relevance
- Financial possibilities 
2. People’s personal preferences towards office conditions
3. Multiple factors influencing the well-being level

Further research
1. Create the complete overview
2. Prepare the future office
3. Investigating the optimal work environment
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broader context

June 26th 2019Towards Smart Flexibility 



Towards Smart Flexibility P5 presentation Madelon Abbes Delft University of Technology June 26th 2019

TITLE

June 26th 2019Delft University of TechnologyMadelon AbbesP5 presentationTowards Smart Flexibility 

“The digital environment has the ability to complement the 
physical work environment, but will never completely replace it. 
Therefore we need to find the balance, so that IoT can provide 

the best support to our daily businesses in the office.”
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Thank you
Any questions?
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appendix

Strategic Financial

Functional Physical

Goals to support
quality ambitions

Costs, benefits,
value adding

Users, well-being, 
function mix

Quality, location,
flexible layout, m2

Insights

General 
strategy

Office
conditions

User
experience IoT

Financial
resources

Input
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appendix

CURRENT
SUPPLY

CURRENT
MISMATCH

CURRENT
DEMAND

FUTURE
SUPPLY

FUTURE
DEMAND

FUTURE
MISMATCH

WEIGH
ALTERNATIVES

STEP BY STEP
PLAN

CHANGING
DEMAND
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appendix

Leaseplan

Microsoft

Philips

Rabobank

Essent

VGZ

Vivat

Hospitality Group

Kees Froeling 

Workwire

Funckey

Leesman

Center for Peope and Buildings

bGrid

EDGE Technologies

OfficeVitae

Spacewell

Octo

VodafoneZiggo

IBM

Healthy Workers

1 2 3
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appendix

Methodology:
strong aspects

Methodology:
weak aspects

Literature study

Adjustments and additions to 
the literature study during the 
empirical study; going back and 
forth within the process

The literature provided good starting 
points for the empirical output

Literature study

The lack of a clear goal for the 
literature study in the beginning: 
too much information was taken 
into account 

Empirical study (interviews)

Interviews with different parties, 
looking at multiple perspectives

Empirical study (interviews)

Lack of a clear company selection 
criteria for the interviews 

Semi-structured interviews gave 
enough space for extra input such 
as the index from Leesman

Results are not quantitative; could 
have been done by ranking the 
office challenges

Explorative study

Member check to review the 
results with an expert from practice

Explorative study

If the supply interviews were done 
before the demand interviews, 
matches could have already been 
explored and discussed with the 
experts from the flexible offices

Using literature to define the 
characterisctics of the identified 
flexible office challenges
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appendix

Source: Leesman (2018). The Workplace Experience Revolution. Unearthing the real drivers of employee sentiment

External
influences

Employee
Workplace
Experience

Process

Workplace

Behaviours

Needs &
preferences

Organisational
structure &
dynamics

Expectations

Control

Accept

Influence


