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The whip may be effective in slavery or to make the horse run faster but for knowledge productivity it is \
not an effective tool.




Preface

The slaves who were forced to row on Greek or Roman galleys were whipped to achieve higher
productivity. To increase knowledge productivity the whip is no effective tool. Knowledge productivity
has to do with willing, curiosity, enthusiasm and the intrinsic drive of people. An environment that
invites the knowledge worker to curiosity and enthusiasm and helps him to fulfil his drives, can be
conceived as a knowledge productive environment.

This thesis presents a thorough search for the characteristics of that knowledge productive environment.
It was not an easy one way walking trail with red coloured markers but merely a discovery tour with
complicated junctions radiating to the east, west, south or north. First the knowledge worker appeared
to be an original and unique person who could not be framed in a simple short list of definitions.
Secondly, the physical environment shows an endless and dynamic variety that changes over time.

In this thesis is focused on the influences of plants and colour and both fascinating topics show this
dynamic complexity.

Hence, during this quest pitfalls were found, but also elegant mountaintops that provide a fascinating
view across the colourful nature.

Iris Bakker



Efficient standard workstation design
with extra comfort for the manager.
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Summary

Introduction

This PhD concerns the relationship between the physical environment and knowledge productivity. To
create an optimal environment it is important to study the needs of knowledge workers in connection to
the characteristics of the physical environment. Two components of the physical environment have been
analysed: plants and colour. The effects of plants on productivity are studied by a critical assessment of
the literature. The impact of colour has been studied by an extensive review of the literature and a com-
parison of human responses to a red and blue painted meeting room, in a real life setting. In addition,
questionnaires have been disseminated to measure peoples’ colour preferences on different topics. The
choice for plants and colour is based on personal interest and because it is relatively easy to add and
change plants and colours in real life settings. In the reviews of the literature particular attention has
been paid to the research methods applied by other researchers, in particular in the field of environmen-
tal psychology, in order to understand the mechanisms behind the interaction between people and their
environment and how this interaction affects their productivity. Based on these insights, a new frame-
work has been developed to measure the perception of the built environment

Chapter 2 discusses the relationship between productivity of the knowledge worker, his networks, and
knowledge, in connection to the physical environment. To ensure that the knowledge worker will be both
productive and happy, it is hypothesized that it is important that he can fulfil all his needs. The psycho-
logists Ryan and Deci (2000, 2001) mention three psychological needs: competences, relatedness and
autonomy. Pink (2010) added two other needs: purpose and mastery. In knowledge work a distinction can
be made between four types of work moods that not only matches with insights of modern Western psy-
chologists, but also with ancient Eastern wisdom: social observation, collectiveness, contemplation and
awareness. It is concluded that four characteristics of the physical environment can contribute to know-
ledge productivity: structure, variety, psychological safety and identity. These four factors have been elabo-
rated into practical quidelines how to support the energy and different moods of the knowledge worker.

Chapter 3 presents a critical assessment on the effects of plants on productivity, based on an review of
the literature. Next to effects on indoor air quality and relative air humidity, plants have in general a po-
sitive effect on productivity. The reactions of people can be physical/physiological, affective, or cognitive.
Due to the huge variety in research methods and research settings, the research findings are not well
comparable. For this reason, an overview of test aspects and a list of plant characteristics is presented
that should be taken into account in conducting new research. In this thesis will be focused on the tota-
lity of the environment. After a review on a component that easily can be isolated, the next component
is integrated in context and can only be approached in totality.

Chapter 4 presents the real life test whether different coloured meeting rooms (red, blue and a referen-
ce room) had any effect on self-reported productivity. No significant effects were found in the responses
to the questionnaires. It is assumed that the participants were fully occupied by the meetings so that
they didn't experience consciously the surrounding colours. A relatively large number of subjects respon-
ded that colour did not matter related to productivity (65%), collaboration (58%) and wellbeing (33%).

Chapter 5 provides an overview of colour preferences of 1077 Dutch people who were asked to fill out a
questionnaire. Gender, age and education and some personality characteristics were significantly related
to colour preferences. The overall favourite colour was blue although differences exist between males
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and females: especially males prefer blue. The overall colour preference for clothing is black: females
preferred this colour a bit more than males. The most preferred colour for the interior of buildings is white.
Regarding states of mind most people prefer white to be quiet or being able to concentrate, and red to be
energetic. Regarding being creative, they stated to have no colour preference. Remarkably most people
choose for the physical environment the colour white (30 till 40%) and a substantial percentage (16 till
22%) stated to have no colour preference. Based on this analysis of colour preferences, people seem to
be less interested in the application of particular colours in their environment.

Chapter 6 presents an in-depth analysis of the experience of colour in order to shed more light on how
colour affects people physiologically, affectively and cognitively. This analysis is based on theoretical
knowledge found in the literature. This literature shows that scientists, philosophers, artists and architects
are rather sceptical about the often rational and scientific approach to understand colour. Theoretically,
twelve colour characteristics can be discerned how colour appears in nature which can be linked to the
twelve senses that were mentioned by Rudolf Steiner and to twelve colour contrasts. Both in practice and
science, the HSI values (hue, saturation and intensity) are used to define colour, which is limited to only
three colour contrasts. It is concluded that in order to understand the experience of colour in its totality, all
twelve colour contrasts should be taken into account that can be related to the twelve senses.

Chapter 7 discusses possible pitfalls in conducting colour research by using questionnaires. By means of
accurate observations during the colour test of Chapter 4 it turned out that the responses to the questi-
onnaires could not always clearly be related to the research topics and did not always reflect the actual
views of the subjects. For this reason additional personal interviews have been conducted with a number
of subjects after the test. Contextual, personal and psychological factors showed to influence the res-
ponses of the subjects, including well-known phenomena such as the impact of personal interest, social
desirability and cognitive dissonance reduction.

Chapter 8 reflects on the often applied three dimensions arousal, pleasure and dominance, that were
developed by Mehrabian and Russell (1974) to measure people’s environmental experiences and are still
widely used in environmental psychology research. The many studies on people-environment interacti-
ons are hard to compare due to the different interpretations of these dimensions and the use of a huge
variety of related adjectives. In this PhD research an attempt has been made to explore the connections
between pleasure, arousal and dominance, the ABC model of attitude with the factors Affect, Behaviour
and Cognition, and the three functions of the soul, feeling, acting and thinking, that were mentioned by
Plato. It can be concluded that the dimensions of arousal, pleasure and dominance as Mehrabian and
Russell originally have meant to be, are still appropriate to be used to describe peoples” experience of the
physical environment, provided that the dimensions are well defined and operationalised in valid adjecti-
ves. In particular the often neglected third dimension ‘dominance” deserves a rehabilitation.

Based on the discrepancies and the flaws that were found in research using pleasure, arousal and domi-
nance to measure the experience and perceptual qualities of the built environment, chapter 9 pre-

sents a new framework with bipolar adjectives to describe the experience of the physical environment.
This framework refers to the twelve senses that were mentioned by Rudolf Steiner. By linking sensory
information of the twelve senses to specific parts of the environment, it is possible to define people’s ex-
perience of the physical environment in a more clear and objective way. The framework has been tested
with practitioners from the field of housing and care and with designers. It showed to be applicable to get
a sound understanding of the qualities of the physical environment, why people respond differently to the
same environment, and how to improve this environment. Further testing of the framework with different
samples and in different settings is needed to validate the framework.
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The thesis ends with chapter 10 that presents the overall conclusions and recommendations and reflects
on the limitations of the research and next steps. This study tried to disentangle the complex concept
productivity into four different work moods (contemplation, social observation, collectiveness, and aware-
ness) and mentions four important elements of the physical environment: structure, variety, psychologi-
cal safety and identity. The review on the effects of plants on productivity showed that plants in general
have positive effects. Based on the research on colour, this relationship could not clearly be defined due
to the complexity of both the concepts colour and productivity. However, the effects of colour on mood
are definable. Because productivity can be conceived as a phenomenon existing of four types of work
moods, future researchers can approach productivity more concrete. The developed framework to value
and assess the totality of the environment can be helpful.
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A good glass of wine can be helpful for creating a cosy atmosphere where people can think freely and
creatively (Peter Vink).

How can we make an environment that supports the knowledge worker
to be productive? Not a simple question because the knowledge
worker is not a mechanical robot, knowledge and knowledge
productivity are complex concepts and the environment has a large
number of appearances.




Chapter

Introduction

The influence of the physical environment on knowledge
productivity

1.1 Definitions and explanations

In order to facilitate a healthy knowledge economy, a productive work environment is of great
importance. Since the physical environment influences people, this will also affect peoples” productivity
(Kastelein, 2014). To be able to create a physical environment that supports the productivity of
knowledge workers in an optimal way, it is necessary to know how the physical environment affects
productivity: what is the magnitude of its influence, and which factors in the environment are influencing
productivity? At least three elements are interesting: the physical environment, people working in

this environment, and the outcome: productivity. This thesis aims to explore the complex relationships
between all three elements.

1.1.1  The physical environment
The physical environment consists of a number of areas which are interrelated and both individually

and in combination contribute to how humans experience the environment. Colour and materials for
instance show a wide variety of manifestations that could affect humans. To understand how the physical
environment affects people and their productivity, it is necessary to focus on some specific aspects that
could be of importance for productivity (Figure 1).

.
The physical environment

noticeble by humans

spaces, forms and proportions b
materials b

indoor environment '
odour '
facilities i '
colour b

art

plants '

Figure 1: Areas of the physical environment S )
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Figure 1 illustrates the areas which are most often mentioned in the literature as influencing factors.

- Spaces, forms and proportion influence feelings of spaciousness (Sadalla and Oxley, 1984; Stamps,
2009) and openness and enclosure (Hayward and Franklin, 1974; Fried, 1990; Stamps, 2009) which for
instance affect feelings of freedom and the way products are valued (Meyers-Levy and Zhu, 2007).

- Materials provide meaning (Csikszentmihalyi and Rochberg-Halton, 1982; Rapoport, 1990; Sadalla and
Sheets, 1993; Stedman, 2003) and influence health and comfort (Wargocki and Fanger, 1997; Jaakkola
et al, 2006, Uhde and Salthammer, 2007).

- Indoor environment effects health, comfort and satisfaction (Seppanen and Fisk, 2005; Pejtersen et al,
2006; Van der Linden et al, 2007; Bluyssen, 2011).

- 0dour influences (social) behaviour (Knasko, 1989; Zemke and Shoemaker, 2008; Morrisson et al, 2011)
and mood (Diego et al, 1998) and contributes to the total experience of products (Fiore et al, 2000).

- Facilities influence behaviour (Devlin, 1992, Baldwin, 1985), health (Smith et al, 2000; Dowel et al,
2001; Groenesteijn et al, 2009), comfort (Wilder et al, 1994, Robertson et al, 2009), social support
(Ulrich, 1991), mood and satisfaction (Leather et al, 2003).

- Colour effects wellbeing and mood (Goethe, 1981; Mahnke, 1996; Kaya and Epps, 2004)
behaviour(Bellizi et al, 1983; Crowley, 1993; Elliot and Maier, 2007), time estimation (Caldwell and
Jones, 1984; Van Hagen et al, 2009), the perception of form (Claessen, 1995) and flavour of food
(Christensen, 1983).

- Art influences feelings of health (Argyle and Bolton, 2005, Fraser, 2011) and feelings of quality of life
(Miles, 1994).

- Plants effects health (Ulrich, 1984, Kaplan and Kaplan, 1989, Fjeld et al, 1998, Van den Berg, 2005)
and behaviour (Wolf, 2002).

1.1.2  The way people experience the environment

People usually experience the environment as a whole and experience this environment as pleasant or
disqusting , beautiful or ugly, attractive or repulsive. In general, we are not aware of the environmental
characteristics which cause this experience (Vonk, 2003; Dijksterhuis, 2007). Information from the
environment enters the human body by the senses. Based on this input humans generate an experience.
The human senses work closely together (Schneider, 1987; Soesman, 2005). Observing and experiencing
colours for instance occurs by the sense of sight, together with touch, temperature and taste. We speak
for instance of bright colors, soft colours, warm colours and sweet colours. People have their own
individual way of experiencing their environment (0sgood, 1964; Kuller, 1973; Mehrabian and Russell,
1974; Feldman, 1995; Mehrabian, 1996; Hansen, 2005; Ishikawa and Montello, 2006; Kim and Moon,
2009). This is not only caused by the different sensory sensitivities of the individuals, for example for
sight, hearing, smell (Lundstrom et al, 2003) or taste (Kim and Drayna, 2004), but also by personal
characteristics and personal experiences (Schneider, 1997; Vonk, 2003; Zajonc, 1996). People react on the
environment at different levels. There could be a physiological, affective and cognitive reaction. Stimuli
in the environment cause for example changes in energetic processes such as changes in brain waves,
heart rate, skin conductance and eye blinking. These processes influence each other. Cognitive aspects
such as thoughts and opinions influence energetic processes. This is demonstrated in the Michigan model
(1981) made by Kahn which shows that not the objective environmental conditions, but the subjective
interpretation of it, affects the well-being of human beings (Scheuerle, 1984; Vonk, 2003; Gaillard, 2003;
Dijksterhuis, 2007; Bendin, 2008).
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1.1.3  Productivity

The way humans experience the environment also influences productivity. To determine how the
environment influences productivity we need a clear definition of productivity. As Frazelle (1992) stated:
“Productivity must be understood before it is effectively measured” and therefore a good description
with its related items is essential. After understanding productivity an attempt can be made to relate this
to the characteristics of the physical environment. Defining the concept of productivity is difficult because
productivity has a multitude of nuances and there can be confusion with related concepts such as
‘performance” and ‘profitability”. In addition, productivity has a close connection with the frequently used
terms efficiency and effectiveness. Due to the need for transparency of these terms and their coherence,
it makes sense to reflect on these concepts.

Performance concerns a broader concept and includes output factors such as an increase of market share,
introduction of new products and social objectives (Sardina and Vrat, 1987).

Profitability is a financial term that is used for and by shareholders. Profitability is generally defined

as the ratio of business’s results to overall expenses. The Triple P model of Tangen (2005) clarifies the
relationship between Performance, Profitability and Productivity (Figure 2):

Performance

A
Profitabliliity Quality, delivery spee

A

Productiwty Price recovery

7=
=

Effectivity

Efficiency

Figure 2: The Triple P- model of Tangen, 2005

Productivity, profitability and performance have a mutual quantitative and qualitative relationship. Studies
for instance by Watson Wyatt (2000) among 7,500 employees who worked at various levels within the
industry, revealed a clear relationship between organisational success (profitability and productivity) and
the management style that is focused on increasing the involvement of the employee i.e. a performance
indicator (Whitener, 2001).

Between productivity, effectiveness and efficiency also a close relationship exists. Effectiveness can

be conceived as the ratio between actual results and expected results (In ‘t Veld, 1975) and is mainly
related to the outputs i.e. the results. Effectiveness is often described as “doing the right things” (Van der
Voordt, 20033). Efficiency can be conceived as the ratio between the actual input and the expected input
(In 't Veld, 1975) and is related to the input or the means. Efficiency can be understood as “doing things
right (Van der Voordt, 2003a). Weggeman (2007) sees productivity as the product of effectiveness and
efficiency. Drucker appoints the relationship between productivity, effectiveness and efficiency as follows:
A business converts economic resources into something else. At this level, productivity is the balance
between all production factors that will give the greatest return for the least effort (Drucker, 1973).
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It is the optimal balance between output and input. De Waal (2001) sees the productivity ratio as a
quantitative measure of the production results achieved in relation to the means of production employed
such as labour, capital (goods), materials, energy and information. In the literature, productivity is

also defined as output / input ratio (Van der Voordt, 2003b; Freeman, 2008). A common definition is:
Productivity is strictly a relationship between resources that come into an organisational system over a
given period of time and output generated with those resources over the same period of time (Sink and
De Vries, 1984).

1.1.4  Knowledge productivity

In the knowledge economy knowledge productivity is a central issue. Knowledge sharing, creation,
deepening and broadening can be interpreted as labour. Knowledge productivity is therefore a specific
type of labour productivity (Belderbos et al, 2004). In definitions of ‘knowledge productivity’, the
emphasis can be on the outcome or the process. Weggeman (2001) puts the emphasis on results and
defines knowledge productivity as “the extent to which knowledge is used effectively and efficiently
to develop, share and apply knowledge’. Kessels (1996, 2001) emphasises the process and defines
knowledge productivity as ‘a process of identifying, gathering and interpreting relevant information,
developing new skills using this information and applying these new skills for a stepwise improvement
and radically renewing of work processes, products and services’. Due to the prerequisite for the
knowledge organisation in the knowledge economy, to continuously improve and to develop, with

a prominent position for the ability to learn, it makes sense according to the definition of Kessels, to
accentuate the character of improvement and innovation.

In the manufacturing industry it is possible to define and measure the ratio between output and input
quantitatively. This is more difficult in the information sector with knowledge processes as input and
information as output because it is difficult both to quantify the work processes for generating this
information output and to quantify the output itself. In practice, therefore, knowledge productivity

is not only measured quantitatively, but also qualitatively by adding quality criteria in the output
measurement. Knowledge production has not a routine nature. It is a complex process that varies by
individual, has many dependencies within the organisation and is intertwined with external partnerships.
For these reasons, the application of standards to measure knowledge work quantitatively and to make
quantitative evaluations, is difficult. Also, the qualitative aspect is less transparent due to the complexity
of unambiguously qualitative criteria to define and measure the complex processes of knowledge
broadening, knowledge deepening and new competencies. The time factor plays a difficult role as well.
In the knowledge industry, the effect of developed knowledge can take place later than within a certain
predetermined period of time. Moreover, it is often impossible to ascribe an increase of productivity of an
knowledge organisation to the various individual contributions of its employees. Knowledge productivity
is in fact the result of individual efforts and close cooperation between people and groups over time. In
the text below, productivity refers to knowledge productivity that can be understood as a specific form of
labour productivity.

1.1.5  Productivity: what do we know? Existing models and researches

Given the importance to optimise productivity several researchers developed models with a diversity

of components that influence productivity. These models often distinguish personal, organisational,
social and physical factors (Sutermeister, 1969; Ten Horn, 1999; Clements Croome, 2000; Kessels, 2001;
Keursten et al, 2006; Batenburg and Van der Voordt, 2007; Stam, 2007). Personal factors include intrinsic
motivation, attitude, personal skills and expectations. Organisational aspects are structure, enterprise
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culture, organisational strategy, systems and leadership style. Social aspects include the atmosphere,
the way people interact, social cohesion and communication. Physical factors are mentioned such as
indoor climate, spaces and facilities. In his book ‘Costs and benefits of innovative workplace design” Van
der Voordt discusses (20033) various models. The model of Sutermeister (1969) shows a detailed list

of influencing factors such as the relationship with supervisors and managers, autocratic leadership, the
way how someone has been introduced in a new job, training and cultural background of the employee.
The model of Hackman and Oldman (1980) puts emphasis on job characteristics such as autonomy and
feedback that are fundamental for critical psychological states such as responsibility and knowledge of
the results. These in turn are important to achieve the optimal outcomes such as satisfaction and work
effectiveness (Figure 3).

Job Characteristics Model

' 'd 'd
Critical
Core Job A
Characteristics Psychological Outconly
States

,

s s

skill variety

Task identity Meaningfulness V\.Iork.
Task significance motivation
Growth

satisfaction

Autonomy

Responsibility

General
satisfaction

Work
effectiveness

Feedback
from job

Knowledge

Figure 3: Job Characteristics Model of of results

Hackman and Oldman (1980)

Herzberg (1959) makes a distinction between motivation factors (satisfiers) and hygiene factors
(dissatisfiers). Satisfiers contribute to job satisfaction and encourage performance, such as growth
opportunities, the nature of work and responsibility; dissatisfiers do not contribute to satisfaction,
but if they fail cause dissatisfaction such as salary and status. For the personal factors, Woods (2001)
distinguishes social factors and motivation factors. Also, in the Burke-Litwin model (Burke, 1994)
motivation is an important issue in the balance between job demands, existing competencies and
individual needs (Figure 4).

Porter and Lawler (1968) show how motivation leads to satisfaction in relation to effort and reward. In
his ERI model (Effort Reward Imbalance) Siegrist (1996) mentions the necessary balance between effort
and reward. The model of CIBSE (Oseland, 1999) pays - next to physical conditions such as aesthetics
and climate issues - also attention to the distinction between extrinsic and intrinsic rewards. Extrinsic and
intrinsic factors both contribute to job satisfaction.
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It's an interesting question how productivity is related to job satisfaction. Various models identify

factors that contribute to job satisfaction such as the model of Sundstrem (1986 ) with factors such

as colleagues, career opportunities, company policies and characteristics of the physical environment.
Latham and Locke (2007) point out the importance of sufficient challenges in work in their model. The
model of Judge et al (2001) shows the factors that play a role in this context such as autonomy and
progress in achieving goals. It would be expected that people who are more satisfied in their work will
be more productive. After all, people are busy with activities they experience as positive. Nevertheless, it
is not true that satisfaction is directly related to productivity. For instance, dissatisfaction with an excessive
workload and insufficient autonomy (temporarily), can go together with a high productivity even though
there is an unhealthy and unpleasant work situation. To establish the relationship between productivity
and job satisfaction, further research is needed (Van der Voordt, 2003a) especially longitudinal research
related to sustainable productivity taking into account the happiness and the health of the employee.

The different models show a multitude of factors which together contribute to job satisfaction and
productivity. This multitude, the nuances of the factors themselves and the interaction and balance,

make it difficult to discern clearly under which personal, organisational, social and physical conditions,
productivity can be optimised. Assessing the impact of the physical environment on productivity, one has
to take into account the personal, organisational and social aspects as these factors also influence the final
result. The model of Van der Voordt and De Been offers an integral picture of these factors (figure 5).
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De Been, 2010)

Several studies have been performed on the influence of the different aspects of the physical

environment on the productivity of the employees. The main findings are summarized below, separately
for each aspect.

- Spaces, forms and proportions

Research shows a mix of findings. The office concept has significant influences on productivity (Blok

et al, 2009) and employee satisfaction (Oldham and Brass, 1979; Brennan et al, 2002). Also less clear
relationships are shown: reviews of De Croon et al, 2005 and Haynes (2008 a +b) show a mix of results
depending on type of work activities. In addition studies focusing on more detailed elements that create
space, such as panels, Brand and Smith (2005) show no clear effects on productivity.

- Materials
Several studies show the advantage of healthy materials (Gutnick, 2007) and the risks of applying

indoor pollution sources (Baké-Biro, 2004). McCoy and Evans (2002) show evidence that natural and less
manufactured materials have positive effects on creativity.

- Indoor environment

Several studies have shown that elements of the indoor climate affect productivity: temperature
(Vasmatzidis et al, 2002; Seppanen et al, 2004; Tanabe et al, 2007), air quality (Wargocki et al, 2000;
Wyon, 2004), ventilation rate (Wargocki et al, 2000), light qualities and quantities (Hedge et al, 1995),
sound/ noise (Smith-Jackson and Klein, 2009) and relative humidity (Wargocki et al, 2000).

- Odour

The effects of odours in buildings on performances vary from negative (Danuser et al, 2003), neutral (Knasko
and Gilbert et al, 1990) to positive (Baron and Bronfen, 1994). Effects appear to depend on the type of task
and the degree in which odours cause distraction (Danuser et al, 2003; Gaygen and Hedge, 2009), but also
are influenced by individual preferences and exposure duration (Warm et al, 1991; Best et al, 2005).
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- Facilities

For many types of facilities influences have been demonstrated on productivity: adjustable work surfaces
(Hedge, 2004), laptop stations (Berkhout et al, 2004) and stand sit-stand workstations (Robertson et al,
2013). However, these influences are more of an instrumental character. They concern primarily bodily
aspects like reduction of muscle tension and not affective processes related to concepts like motivation and
emotion. An ergonomically optimal setting contributes to optimalisation of productivity: Dainoff (1990)
showed an increase of 17.5% productivity compared to a situation which was ergonomically suboptimal.

- Colour

Studies mainly show no significant effects (Ainsworth et al,1993; Kwallek et al, 1996; Kuller et al, 2008),
on performance tasks. Significant relations primarily can be found when colour effects are studied using
test materials such as computer screens (Mehta and Zhu, 2009) or paper forms (Elliot et al, 2007).

< Art

No studies are found that art significantly influences productivity, only hypotheses about the expected
positive effects on awareness and collaboration (Heerwagen et al, 2004) and identity and confidence
(Spring, 20071; Gesler et al, 2004; Meghisan and Meghisan, 2006).

- Plants

Indoor plants have a positive effect on productivity (Srivens, 1980; Marchant, 1982; Shibata and Suzuki,
2002) although the choice for type of plant, number and location needs attention (Bakker and Van der
Voordt, 2010).

The relationships between physical environmental characteristics and productivity found in the literature

can be summarised as follows:

a Of most elements in the environment influences were found on different types of work such as routine
work, concentration work and creativity tasks. For several elements (e.g. colour) mixed results were
found. Although some studies showed significant relationships, others could not find significant effects.

b The research into the relationships is complex as the areas influence each other. For example, colour
and light are inextricably connected to each other (Killer, 1986). Odour and music also influence each
other (Mattila and Wirtz, 2001; Morrison et al, 2011), as well as colour and odour (Zellner and Kautz,
1990), visual pictures and scent (Sakai et al, 2005), facilities and space (Imamoglu, 1973), colour and
space (Stamps, 2011) and colour and shape (Claessen, 1995).

¢ People react differently to their environment due to their personal characteristics and experiences
(Schneider, 1997; Vonk, 2003; Zajonc, 1996), their attention, personal preferences (Alter and Balcetis,
2011) and interest and knowledge (Distel and Hudson, 20071).

1.2 Knowledge gaps

The existing research on the impact of the physical environment on productivity shows three core

problems:

a The studies focus on a separated part of the environment and simplify both the physical environment
and the context in an artificial and simplified context like a laboratory environment. The question is
whether the results accurately reflect reality of the real world, which is much more complex.

b Respondents are different individuals, with different motivations, interpretations and interests. The
question is whether responses from the respondents are sufficiently valid and reliable to draw
conclusions about the actual effects of the environment. Often students are asked to perform tasks
in test situations. However these students react differently on the environmental test conditions than
employees as they are not involved in organisational or social context.
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¢ To approach a complex topic such as productivity, often used methods such as filling out questionnaires
might not be sufficiently valid. An analysis of the pitfalls and risks of using questionnaires can shed
light on the complexity of a sound research design and may contribute to minimise the pitfalls and risks
in research.

The present research aims to improve the methods and to enhance the insight into the complex
interactions that are relevant for reliable and valid interpretations of the research findings. The societal
relevance is to show how environmental research can be improved so that research results can be used
in 3 meaningful way to optimise the productive work environment.

13 Research questions

Productivity is difficult to measure, because the physical environment has many elements that may
interact with each other and the perception of the physical environment shows a large individual
variability. To be able to optimise the work environment, it is essential for engineers, architects and
industrial designers to know how the physical environment can be improved. Also for the employees
it is important to know of which factors their productivity is dependent, and thus their success. It is too
complex to focus on all elements in a PhD. To learn more about causes and relationships, in this thesis
two elements of the work environment are examined: plants and colour.

Plants is a physical element that simply can be separated from other elements and it is easy to change
an interior using plants. The personal preference of the author for nature has contributed to the choice
to have a closer look at plants. Plants can have a positive influence on people. Philosophers such as
Nietzsche, Seneca, Aristotle and Voltaire, scientists like Leonardo da Vinci and Einstein and artists such as
Van Gogh, Beethoven and Liszt provide various ways of how overwhelming the influence of nature is on
our thoughts and actions.

Colour is a very popular issue in the physical environment: everyone has an opinion on colour, talks
about colour and is concerned about colours for their clothes, cars, cell phones and different rooms,

but which statements about colour are true and which are not? In this broad field with lots of opinions
and speculations, it is interesting to know more precisely how colour actually has an effect on people
and their productivity. Moreover, colour is an intriguing topic as it changes by the type of light, it could
influence our moods and is a complex phenomenon according to different approaches such as physical,
psychological, neurological and philosophical views. Colour cannot be separated from other elements
because it communicates directly with other adjacent colours, and reflects in conjunction with other
features such as lighting conditions, spaces and forms. Learning more about colour and its effects in the
physical environment, may give insight how colour influences people.

By analysing and comparing two types of elements: plants that easily can be separated and colour that
cannot be separated from its context, this thesis contributes to understanding the relationship between
the environment and productivity and explores the following research questions.

1 What is the influence of colours and plants in the physical environment on knowledge productivity?
To understand the effects of the physical environment and to understand the complexity of the context,
two areas will be analysed. The first area, the effects of plants on productivity are analysed on the basis
of a review of researches that are conducted in lab environments. The second area concerns an in-depth
research on the effect of colour on human experience and productivity. A test is conducted in a real work
environment, which is a complex context. To get more insight into people’s opinions colour preferences
of people are also examined.
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2 Which research methods do lead to valid and reliable results?

As described above research methods influence the outcomes and can even lead to conflicting findings.
Therefore the applied methods of researches on plants and colour are further analysed. The key question
is whether the results are sufficiently valid and reliable to conceive them as indicators for the real

world. In addition, research methods and measurements which are reqularly used within the field of
environmental psychology will be examined for validity, reliability, and practical relevance.

1.4 Outline of this PhD

To answer the research questions, a number of different aspects will be examined (see Figure 6).

In this dissertation evidence found in scientific research will be combined with theoretical insights

of philosophers and psychologists. The topics show much complexity and deserve a broader view
including philosophical and psychological theories. The next chapter explores the meaning of knowledge
productivity, knowledge and the knowledge worker based on a review of the literature. The focus is on
the demand site i.e. the knowledge worker and the requirements for a productive physical environment.
The knowledge worker discussed here is not only conceived as an individual with his own needs and
drives but also as a participant in knowledge networks.

Chapters 3 - 6 concern the physical environment i.e. the supply side. The effects of plants on productivity
are assessed by a review of research papers. The next three chapters concern colour. First a test of the
effects of colour on productivity in a real work environment, i.e. three meeting rooms in a government
organisation will be described. Next, because the literature often mentions colour preferences,

and various studies show conflicting results, 1,095 people were asked about their personal colour
preferences, either on-line or face-to-face. Then the physiological, affective and cognitive effects of
colour based on literature will be described and some recommendations will be given on how the
effects of colour can be measured. Finally, in chapter 7-9 methods will be discussed that commonly are
used to determine how the physical environment influences people and how people experience the
environment. Looking at methods that are applied in general to describe environmental experience, the
method of Mehrabian and Russell (1974) will be analysed and the way how adjectives are applied to
describe peoples” experience of the built environment will be criticised. Chapter 9 ends with a proposal
for a new framework with well-arqued adjectives, that has been tested in a pilot study. In Chapter 10,
reflection, conclusions and recommendations, the main findings will be presented and some concluding
remarks will be made. Recommendations will be given for future research. The epilogue gives a view on
the entire research process, the struggles and the triumphs.
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Knowledge productivity is less measurable than productivity of the manual worker.
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The knowledge worker feels Iik('g:.‘a duck to water when he feels confidence, he can make his own choices,
and when he can use all his competences to work at his targets (Mathieu Weggeman).
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Many researches on the physical environment directly focus on technical
solutions to create better environments However, buildings exist due to the
existence of people. It is the knowledge worker who deserves attention
and after this acquaintance with him, it is practical to have a look how the
physical environment best fit. First a closer look at this knowledge worker.
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abstract

Chapter Two

Knowledge productivity: in search for deeper need

§§ The focus in this chapter is on the demand side and has a theoretical character as it is
based on visions presented in textbooks: what is needed for the knowledge worker to
perform best? Based on the five intrinsic needs as mentioned by Ryan and Deci (2001, 2002) and Pink
(2102): competences, autonomy, relatedness, mastery and purpose, four key factors of the physical
environment will be presented that might contribute to the environment, which stimulates productivity.
Because the knowledge warker is not a stand-alone person but is working in networks to share
knowledge and to develop knowledge by collaboration and social interactions, also attention is paid to
these networks and knowledge.

As knowledge productivity is a complex topic an approach is presented based on insights from different
knowledge disciplines. The knowledge worker has the central position. There will be focused on the needs
of the knowledge worker finding the optimal conditions of the physical environment in which he can
flourish. Next to these needs the mental energy of the knowledge worker asks attention as thinking is the
central process within knowledge productivity. It appears that four work moods of the knowledge worker
exist which are determining for the quality of his activities. These four work moods namely contemplation,

awareness, collectiveness and social observation can be supported by appropriate environmental design.

It appears that four environmental key factors are important to support optimal knowledge productivity.
After collecting a huge amount of conditions which all support the knowledge worker, these four key
factors turned to be structure, variety, psychological safety and identity. Some practical solutions based on
a literature review show how these four key factors can be used in design to facilitate the four work moods
of the productive knowledge worker.

2.1 Introduction

Drucker stated in 1999 that the biggest challenge for the knowledge economy was to use knowledge
effectively to increase the knowledge productivity (Zegveld and Hartigh, 2007). In contrast to the
productivity of the manual worker, Drucker characterised the productivity of the knowledge worker in
terms of autonomy, responsibility for innovation, continuously learning, quality next to quantity and the
treatment of the knowledge worker as an asset rather than a cost. It appears that specific personal needs
and characteristics such as being able to make autonomous decisions or being curious are important
preconditions to excel as a knowledge worker (Csikszentmihalyi, 1999b; Senge et al, 2001, 2008;
Gaillard, 2003).

This chapter focuses on the question which key factors in the physical environment facilitate the
knowledge worker to optimise his productivity. To find out in what environment the knowledge worker
will be optimally productive his deeper needs will be observed, his energy, his work moods and his
individual goals such as development of personal competences on his way to productivity. It is this focus
which merely concerns a hypothesis rather than clear evidence although much literature of among
others psychologists and physiologist supports the view of valid relationships between productivity and
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concepts such as happiness and health. To elaborate this hypothesis frequently authors are cited such

as Csikszentmihalyi, Covey, Pink and Goleman primarily referring to their views and in less extent to
scientific research with evidence based statements. To find the key factors which are fundamental for a
productive physical environment in which the knowledge worker can flourish, fully understanding of his
intrinsic needs is necessary. People perform best when they are more motivated to act (Csikszentmihalyi,
1999b). Intrinsic motivators such as individual purposes have more influence on performances than
extrinsic motivators such as salary (Amabile, 1996, Amabile et al, 2005; Csikszentmihalyi, 1998; Pink,
2010). As such, to understand the knowledge worker primarily insight is needed in his intrinsic needs.
The first part of this chapter will focus on these intrinsic needs. In their self-determination theory Ryan
and Deci (2000) mentioned three intrinsic needs as fundamental motivators, that are highly connected
with the pyramid of Maslow: competences, autonomy and relatedness. The often mentioned pyramid

of Maslow (1943) shows the hierarchical levels of human needs ranging from physiological and safety
needs to needs of belonging, esteem and self-actualization. In the current knowledge area in which

the physiological needs and safety needs (such as shelter, security and freedom from fear), in general
are fulfilled, especially the higher levels of a sense of belonging, esteem and self-actualisation ask for
attention. Ryan and Deci (2000) conceived competence as the need to succeed at tasks and to control
the outcomes. The need for autonomy concerns experiencing choice and feelings of being the initiator of
one’s owns actions (Deci et al, 2001). Relatedness is the universal need to interact with others and to be
connected with them. Pink (2010) mentioned two supplementary intrinsic needs: mastery and purpose.
Mastery is the desire to improve and to get better in doing things which make sense. Purpose refers to
the fact that people who find their activities serving a particular purpose are connected with feelings of
meaning (Csikszentmihalyi, 1999b). If the activities of the knowledge worker match with his personal
needs and drives he will be more eager and passionate to perform optimally in both quantitative and
qualitative way. The underlying assumption of this chapter is that a knowledge worker performs best

if he is able to fulfil his own needs and drives and he can use his energy efficiently. In knowledge
productivity the central activity is ‘thinking” and ‘thinking” can be conceived as ordering of mental energy
(Csikszentmihalyi, 1999b). If the knowledge worker is able to use his energy appropriately he will flourish
which contributes to his happiness. What counts for all types of energy, is that energy optimally streams
when the resistance is lowest. To provide this lowest resistance, a work environment is needed in which
the energy of the knowledge worker can easily flow with energies from other knowledge workers.

It is not the knowledge worker as standalone individual who performs best getting optimal success,

but the cooperation and coherence between knowledge workers in knowledge networks. As such, not
only the knowledge worker as an individual deserves attention, but also the networks of knowledge
waorkers to explore how mental energy can be used in the optimal way. What applies to the knowledge
worker, also applies to the network: as thinking is the central process in networks, this mental energy
process has to be optimally facilitated. After the acquaintance with the knowledge worker and networks
of knowledge workers, attention will be paid to the product, i.e. knowledge. Knowledge as the product
of the knowledge economy can be conceived as a complex phenomenon with a diversity of data that
are more or less approachable, transparent and understandable (Weggeman, 2001). Different types

of knowledge exist such as codified knowledge that can be conceived as quantitative date and can be
stored in computer databases and tacit knowledge that is less approachable than knowledge being in
one’s head.

The knowledge worker as an individual, networks of knowledge workers and knowledge, all three make
demands on the physical environment. In the next paragraphs, the conditions will be mentioned at the
end of each paragraph. It appears that all healthy and productive environments meet the same basic
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key factors. Introducing these key factors is a first step to be able to connect the needs of the knowledge
worker with the physical environment, and as such with Place.

These key factors have to be translated to make them workable and practical. This happens in the next
step that concerns the connection with Time. The knowledge worker cannot be conceived as a rigid and
continuous producer of the same activities, but needs to be able to choose carefully how to conduct his
work activities depending on his mood. Of course, the knowledge worker has to keep to the schedules
within the organisation, his personal responsibilities, appointments with others and times for group
meetings. Next to these conditions, the knowledge worker, however, needs to plan his activities as
much as possible so that they suit his mood. Mood is time related. One time he prefers to work alone
deeply concentrated, another time he prefers to be in discussion with colleagues. In the last paragraph a
translation will be made from the more general key factors into time related solutions as guidelines for
work environmental design to be able to create work areas where the knowledge worker depending on
his mood and energy can flourish.

human and organisational characteristics.
To stimulate optimal human performance, discomfort should be prevented. The tram
cabin should in fact be built around the driver to accommodate his performance.
The same applies to the environment of the assembly worker and the software
system of the office worker. Optimal human performance is needed to stay ahead of
competitors and reducing discomfort can be of great support (Peter Vink, 2013).

% Sustainable productivity can be reached by adapting environments to

Due to a huge number of influencing factors on our productivity it is
% hardly possible to isolate the impact of one single factor and measure
its effects in a reliable and valid way. But let’s not be lazy and only investigate easy
topics. When one loses his keys at a dark place it does not make sense to search at a
place elsewhere with more light. We have to search at the right place and find ways
to let more light shine at the dark spot (Theo Van der Voordt, 2014).

Figure 1 shows the path that is used to explore the conditions of a productive physical environment.

)
@ knowledge
worker
conditions on
the ractical
network — B —> p. .
physical guidelines
environment
@ knowledge —»
A

Connection Connection
with Place with Time

Figure 1: How to translate the needs of the knowledge worker, networks and knowledge into physical
conditions and practical guidelines
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2.2 The intrinsic needs and drives of knowledge workers

The more the knowledge worker is intrinsically motivated, the better his performances (Haywood and
Burke, 1977; Benware and Deci, 1984; Lloyd and Barenblatt, 1984; Gottfried, 1985, 1990; Grolnick

et al, 1987; Deci et al, 1991). As such it is interesting to know which needs strengthen the intrinsic
motivation of the knowledge worker. In the next paragraphs these needs as mentioned by Ryan and
Deci (2000) and Pink (2010) will be elaborated to get insight in the conditions for the productive physical
environment (Table 1).

Table 1: the five needs of the knowledge worker \

Needs Definition
Competences Succeeding at tasks and controlling the outcomes.
Autonomy Experiencing choice and feelings of being the initiator of one’s owns actions.

Relatedness Interacting with others and being connected with them.

Mastery Striving to improve someone’s performances.

Purpose Doing activities which make sense for someone
and which are connected with feelings of meaning.

2.2.1 Competences

Rogers (1982) believed in one central human motive, the self-actualisation tendency: naturally, people

strive to explore their competences during life span and fulfil their potentials to achieve the highest

levels of development. Feeling competent is correlated with enhanced wellbeing (McGregor and Little,

1998; Carver and Scheier 1999). Being competent concerns a huge amount of capacities varying from

being social, sensitive till being a great musician (Gardner, 1999). Covey (2005) made an interesting

distinction between four kinds of competences:

a mental competence (mentioned by Covey as 1Q), which stands for Intelligence Quotient, that is
connected with the mind;

b emotional competence (EQ), that is connected with the heart;

¢ physical competence (PQ) that is related to the body;

d spiritual competence (SQ) that is related to the spirit.

Contrary to the common perception of 1Q as the dominant factor of performance and success,
according to Covey (2005), it is the balance between the four competences. The integration of the
four competences is a necessary precondition for the development process of the knowledge worker
combining thinking and doing by head, heart and hands (Kessels et al, 2011). These four competences
are further elaborated below.

a. Mental competence

The mental competence (IQ) is the ability to analyse, rationalise, think abstractly, visualise and
comprehend and shows itself by having vision (Goleman, 1996; Covey, 2005). These mental
competences express themselves in conscious and unconscious thinking processes. Although the
conscious thinking processes are fundamental for all work activities, Leonardo Da Vinci already recognised
the richness of unconscious thinking processes rather than the more limited conscious thinking processes
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(Dijksterhuis, 2007). Work that asks for creativity and innovation needs both phases for conscious
thinking and periods in which the unconscious thinking can develop freely (Rogers, 1954, Amabile and
Gryskiewicz, 1988; Amabile and Conti, 1999; Claxton, 2000). By retaining the conscious thinking patterns,
possibilities can be created for these richer unconscious processes. To create these chances and give
room to unconscious thinking, one can plan some activities that not directly require serious conscious
thinking processes. Such activities are for instance simple routine or common daily activities or a break
for walking without any conscious focus on the topics to think about. An example of a company that
organised free thinking time for the employees is Google. Google allowed employees to take one day a
week just available for thinking creatively about real and innovative products and services connected with
Google, provided that this had something to do with their formal tasks.This idea appeared to be the most
important source for the most profitable ideas (Pink, 2010).

If companies really are convinced about the importance of innovation and
% creativity, then these phenomena have to be highly valued, and room has to
be created to show that innovation and creativity are key factors which finally determine
the success.

With my colleagues we begin in the morning at my room and after an hour we take
a walk and after another hour we take some coffee. Every time another environment
gives a boost to our thinking processes. For us changes of places is very important
(Robbert Dijkgraaf, 2012).

b. Emotional competence

The emotional competence (EQ) concerns self-knowledge, self-awareness and the capacity to
communicate with others, to feel empathy for them and to behave appropriately in the social context.
Based on neurological and psychological research of among others Arnold (1992), Mischel et al (1992),
Damasio (1994) and Nowicki and Duke(1994), Goleman (1996) concluded that for a successful career
and succeeding in tasks the emotional competences have twice as more influence rather than the

mental competences. Additionally, neurological evidence shows that for decision making emotion plays a
prominent role (Goleman, 1996). The emotional competences have determining effects on the quality of
cooperation and coherence within a group. The social harmony as the result of the emotional competen-
ces of the group members determines the mental group competences that on their turn highly contribute
to performance (Goleman, 1996). Due to the importance of the emational processes within groups, the
quality and the quantity of the interactions between the group members need to be supported, both
formal and informal. To optimise these interactions certain preconditions are requested: the feelings of
psychological safety of the knowledge worker need to be nurtured (Edmondson, 1999) and the direct eye
contacts between knowledge workers belonging to one’s own knowledge discipline and other knowledge
disciplines need to be stimulated (Ramachandran and Brakeslee, 1998; Hatfield et al, 1993; Ekman, 2008;
Miles et al, 2009).

¢. Physical competence

The physical competence (PQ) concerns all bodily capacities of running appropriately processes such as
respiration and the processes of the nervous system. In accordance with the phrase ‘Mens sana in corpore
sano’ (A healthy mind in a healthy body), the physical competences are essential for the knowledge
worker. In the time of the ancient Greece, people already were convinced of the influence of their physical
state. They realised for instance that walking had positive influences on their thinking patterns.

In accordance with their so-called peripathetic method, Greek philosophers used to walk through the
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gardens of the Academia with their students (Csikszentmihalyi, 1998). Walking improved the quality

of their thinking processes. In line with this, it was Nietzsche who said ‘All truly great thoughts are
conceived by walking'. Conscious thinking processes while focusing on a specific topic or target follow
common thinking patterns (de Bono, 1997; Kessels et al, 2011). However, during a walk, a part of our
brains has the freedom to make unconsciously new connections less linear and less predictable, that
leads to more creative and innovative ideas (de Bono, 1997; Csikszentmihalyi, 1998). Active movement
inside or outside appears a vital condition for learning processes (Gregory, 1998; James, 2010). A close
relationship exists between physical, mental and psychological processes (Goleman, 1996; Gaillard,
2003). Negative emotions have negative effects on health. Events with a psychological load such as a
dissatisfied manager or dismissal, cause physiological effects such as high blood pressure, and vice versa
physiological indicators such as heartbeats can induce psychological effects such as anxiety (Gaillard,
2003). Stress as a result of an unbalance between psychological load and existing competences causes
changes in neural and neuroendocrine systems (McEwen and Stellar, 1993) and divergent physical
diseases such as weaknesses of the immune system (McEwen and Stellar, 1993; Vingerhoets, 1995),
heart diseases (Krantz and Manuck 1984; Karasek and Theorell 1990; Kamarck and Jennings, 1991), cold
(Sheldon et al, 1998) or cancer (Goleman, 1996). It is important to take care for the vitality and bodily
condition of the knowledge worker, as wellbeing on both short term and long term has a positive effect
on performances (Fredrickson and Losada, 2005; Kessels et al, 2011).

d. Spiritual competence

The spiritual competence or spiritual quotient (5Q) concerns the ability to recognise meaning and the
quality of making sense. It represents itself by consciousness and the sense what is right and what is
wrong. This competence determines the directions of attention of the other three kinds of competences
(Covey, 2005) and can be conceived as a quidance of how to use and to develop them during lifetime
(Zohar and Marshall, 2000). By breeding awareness, intuition can be increased (Krishnakumar and Neck,
2002), that stimulates creativity (Freshman, 1999; Krishnakumar and Neck, 2002; Neck and Milliman,
1994). Intuition seems to be based on unconsciously consulting of all relevant information (Kessels

et al, 2011) and can be conceived as a personal provider of knowledge (Nonaka and Takeuchi, 1995;
Weggeman, 2001). The knowledge worker needs time to be alone for free thinking, making contact
with his unconsciousness to develop ideas and to find creative solutions (Korpela, 1989; Claxton, 2000;
Heerwagen et al, 2004). Spirituality brings benefits for the employees such as feelings of fulfilment
(Burack, 1999; Krishnakumar and Neck, 2002), wellbeing, happiness and satisfaction (Naylor et al,
1996; Turner, 1999). It supports organisational factors such as connectivity (Neck and Milliman, 1994;
Ashmos and Duchon, 2000;) and a growing involvement and commitment to organisational goals (Neck
and Milliman, 1994; Leigh, 1997; Delbeca, 1999; Mitroff and Denton, 1999; Turner, 1999; Krishnakumar
and Neck, 2002). Brefczynski-Lewis et al (2007) showed neurological evidence that meditation can
strengthen concentration, an important condition to focus on the job. Central issues that support
spirituality at the workplace, are establishing a trustful climate (Burack, 1999),
attention and respect for personal fulfilment (Freshman, 1999) and an organisational
attitude to show honesty as the prime focus towards employees, customers and
suppliers (Wagner-Marsh and Conely, 1999).

y@x The knowledge worker needs rest to achieve ways of thinking that are
T deeper (Kessels, 2011).
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Regarding the four competences as described above the physical work environment can be supportive by
offering the next conditions:

Table 2: Physical conditions that support the four competences: \

stimulating the unconscious thinking processes

supporting feelings of psychological safety

supporting the quality and quantity of interactions between knowledge workers both formal and
informal

offering a variety of spaces from shelter till openness

providing direct eye contacts between knowledge workers belonging to the same knowledge discipline

and other knowledge disciplines

stimulating movement inside and outside

creating a variety of possibilities for supporting the vitality and bodily condition of the knowledge
worker

giving room for meditating and musing

2.2.2 Autonomy

In the Self-determination Theory of Ryan and Deci (2000) and as one of the core values of intrinsic
motivation according to Pink (2010), autonomy is an important psychological need. People need self-
control concerning their personal goals (Csikszentmihalyi, 1999b) and the freedom to choose how to
achieve their goals (Gaillard, 2003; Covey, 2005). The degree of autonomy influences the physiological
and psychological state and feelings of happiness (Covey, 1995; Gaillard, 2003). If someone has the
feeling of too little control, the cortisol level in his blood will arise which negatively influences the
emotional state (Gaillard, 2003). On the contrary, feelings of control have positive effects: Reim et

al (1971) for instance showed that people are less irritated by sound when they have the ability to
control the sound level. Also for the knowledge worker counts that autonomy regarding the individually
determined goals leads to happiness and productivity (Pink, 2010). If people are able to do the things
they prefer and perform best, for the organisation this leads to productivity and success (Kessels et

al, 2011; Clifton and Buckingham, 2003). Companies that stimulate autonomy among the employees
perform better demonstrating higher growth and lower staff turnover (Pink, 2010). Employees need to
feel free to move and to act (Amabile and Gryskiewicz, 1988; Amabile and Conti, 1999; Csikszentmihaly,
2003). This freedom however is not without any boundaries but is connected within the responsibilities
and agreements in the organisational context. A clear structure is necessary with clearness of tasks,
that enables people to work autonomously and creatively (Senge et al, 2008; Collins, 2005). Being an
autonomous individual does not only mean to be a person who is able to act the way he wants, but
also to conceive oneself as a unique person, with a unique identity. The feelings of being a unique
individual contributes to feelings of being an autonomous person. To stimulate these emotional feelings
of autonomy, the physical environment needs to support these feelings by providing surroundings with
identity applying to that specific individual (de Croon et al, 2005; Millward et al, 2007). Regarding this
identity two factors are important. First, the knowledge worker needs an inner circle with a unique
group identity due to his psychological need for relatedness to belong to a group of people (Alexander
et al, 1977; Kessels et al, 2011). Second, the individual needs an identity of the network as outer circle
he wants to belong to due to his individual preferences regarding meaning, culture and image. These
common preferences for the network are essential for feelings of involvement (Kessels et al, 20171).
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People appreciate if they can spend a small amount of money or take some
% personal things to create their own personal atmosphere. | remember the
fractious comments on the new built town hall of The Hague by architect Richard Meier
who used his principle: Everything is allowed, provided that it is white colour. On the
occasion of every simple office plant placed in the windowsill his lawyer from New York
called. This is experienced as a too hard direction (Rinnooy Kan, 2010),

Regarding the four competences as described above the physical work environment can be supportive by
offering the next conditions:

Table 3: Physical conditions that support autonomy:

providing employees with self-control in choosing their own ways of working
experiencing the physical environment as informal rather than controlling

facilitating identity on group level in order to support social feelings of belonging and experiencing the
groups identity and on network level to support feelings of recognition, affect and proudness.

2.2.3  Relatedness

According to Senge et al (2001) working together contributes to productivity and success. As such
relatedness is an important psychological need that supports productivity. In the work situation positive
social interactions have positive effects on one’s functioning and increases one’s energy levels (Warr,
1994; Gaillard, 2003). Social contacts lead to feelings of identity (Gaillard, 2003; Millward et al, 2007) and
are highly correlated with experiencing support (Gaillard, 2003). This support reduces feelings of stress,
(Gaillard, 2003). Rogers mentioned that what people really need is esteem of other people (Franzen,
2004). This esteem can be recognised in positive feedback. In the work conditions positive, relevant

and personal feedback is of great importance (Deci, 1971; Vallerand and Reid, 1984; Csikszentmihalyi,
19993, Gaillard, 2003; Giancola, 2011) that increases intrinsic motivation because it enhances perceived
competence (Vallerand, 1983; Vallerand and Reid, 1984; Blanck et al, 1984; Harackiewicz and Larson,
1986; Dedi, et al, 1991). As such feedback is essential for learning processes (Kessels et al, 2011).
Relatedness is positive correlated to feelings of happiness (Argyle, 1987, Haidt, 2006; Myers, 1999

in Ryan and Deci, 2000; Ryan and Deci, 2001), wellbeing (Carstensen, 1998) and social contacts and
social cohesion influence psychological and physiological processes. It can be concluded that relatedness
strongly is intertwined in concepts such as productivity, happiness and wellbeing. The importance people
attach to relatedness can be recognised in old languages such as Latin. The original expression for ‘to
live’ is “inter hominem esse’ that means to be among men (Csikszentmihalyi, 1999a).

It appears that interactions with a matey character most strongly correlate
’#! with experienced support....The minimum thing someone wants is being
part of a team (Tony Gaillard, 2009).
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The most successful creatures on earth are according to Senge (2001) those who work together in teams.
Effective collaboration is essential to perform successfully. The quality of collaboration is directly proportional
to the quality of the products or services (Brockman and Morgan, 2006; Kessels et al, 2011). Etymologically,
the company is by definition a place where people share their energies. The word ‘company” is deduced
from the Latin combination ‘com panis’ that means ‘sharing of bread” (Senge et al, 2008). Even more than
arts, science is founded on collectivity with an exchange of ideas and building on each other’s opinions
(Csikszentmihalyi, 1998). This collectivity contributes to a common identity and a common organisational
culture (Kessels et al, 2011). It positively related to knowledge development (Brockman and Morgan,

2006), productivity and affect among employees (Landers et al, 1982; Wolfe and Box, 1987; Greene, 1989;
Alkahafaji and Tompkins, 1990).

Zajonc (1968) showed that the frequency of interactions contributes to the fact that people like each other
more. To increase affect in the organisation, it is recommendable to support informal interactions and their
frequency (Hagstrom, 1965). Informal communication may happen by coincidence during walking through
corridors, sections and facilities in the work environment and during coffee and lunch breaks (Hagstrom,
1965; Kraut et al, 1988). An increase of the affective feelings towards the networks enlarges the energy of
the knowledge worker (Weggeman, 2001).

There are two types of networks. The informal collaboration networks are essential in many respects to
easily solving unforeseen problems (Kraut et al, 1988; Kelley and Caplan, 1993; Goleman, 1996; Kessels et al,
2011), and in general strengthening social cohesion. However, also formal networks with a planned character
are necessary to discuss for instance the mission statements. People have to know these mission statements
and also seriously believe these statements (Drucker, 2000). Knowing the mission statements and personal
goals, one is able to recognise the shared values, the common values for the organisation and the individual.
These shared values as common goals are essential for the collective ambition and involvement (Warr, 1994;
Gaillard, 2003). Recognition of the shared values strengthens the feelings of relatedness.

For a high quality communication it is important that people have direct eye contact and are able to see each
other’s facial expressions and body language and to hear each other’s voice (Ramachandran and Brakeslee,
1998; Hatfield et al, 1993; Ekman, 2008; Miles et al, 2009). Words are representations of emotions (Ekman,
2008). Communication research shows that approximately 90% of an emotional message is nonverbal
(Goleman, 1996). By means of the so called mirror neurons which are known since 1996, knowledge can

be processed about each other’s behaviour, thoughts and emotions to make them understandable for

others (Gallesea et al, 2004; Oberman and Ramachandran, 2007). Mirror neurons are essential for learning
processes and to understand and behave in social contexts (Oberman et al,2007; Kessels et al, 2011; Ramsey
and Hamilton, 2012). High quality communication with direct eye contact, makes basic communication
concepts possible such as synchrony, imitation and mindreading. Synchrony concerns simultaneous behaviour
which confirms each other’s understanding. Imitation of facial expressions, body language and behaviour
supports mutual understanding and respect. Mindreading can also be conceived as a sign of understanding
and commitment (Hatfield et al, 1993; Goleman, 1996; Miles et al, 2009). Mindreading is the ability to make
a representation of the mental states of others and to adjust responses appropriately (Gallese and Goldman,
1998). In addition, neurologically it can be established that in interactions between people the amygdala

as emotional centre reacts on information concerning facial expression and viewing direction, essential
information to receive mutual understanding during communication.
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In a knowledge economy employees have to learn permanently to stay
economically attractive and to obtain maximum employability (Kessels,
2011).

This coordination of interactions elicits feelings of connectedness and interpersonal support (Miles et al,
2009). For the knowledge worker it is essential to understand exactly what other knowledge workers
mean. As such, direct communication is necessary.

Proximity increases the frequency of communication, its quality and chances for collaboration (Hagstrom,
1965; Mayer, 1976; Allen, 1977; Eveland and Bikson, 1987; Kraut et al, 1988; Appel-Meulenbroek, 2014;
Kastelein, 2014). Proximity positively influences communication and collaboration. However in many
offices people working together are housed at different floors. Alexander et al (1977) showed that the
number of people knowing each other decreases depending on the number of floors between each
other’s work place. A staircase between floors creates a distance of approximately 30 meters (Alexander
et al, 1977).

Regarding relatedness as described above the physical work environment can be supportive by offering
the next conditions:

Table 4: Physical conditions that support relatedness:

generating feelings of identity to support recognition of roles, connectedness and cohesion and
uniqueness in social interactions

facilitating teamwork in which people experience esteem and receive positive feedback
stimulating informal contacts and social interactions

stimulating formal contacts

offering a variety of spaces where knowledge workers observe and meet each other in different
circumstances and during different activities

stimulating direct eye contact in communication

creating proximity

224  Mastery
Intrinsic motivation and enjoyment in knowledge work are forces to mastery (Csikszentmihalyi, 1998). To
reach the level of mastery, one is never finished with the learning process and one needs continuously
education (Drucker, 1999; Drucker, 2000; Kessels et al, 2011). This asks for an attitude of being curious,
perseverance with discipline, accepting responsibilities and dedication (Collins, 2005). Creativity can

be supported by an creativity fostering environment (Rogers, 1954; Harrington, 1987) to challenge
people such as the ability of interactions with different knowledge disciplines or physical objects such

as books and old instruments. It is striking that according to Collins also the successful G2G companies
are characterised with the same adjectives such as persevering, focused and responsible. Learning and
working are strongly connected with each other (Kessels et al, 2011). To stimulate mastery and support
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curiosity, the knowledge worker needs to meet - next to knowledge - different knowledge workers from
different knowledge disciplines, with different backgrounds, views and insights by coincidence or in
formal systems.

Regarding mastery as described above the physical work environment can be supportive by offering the
next conditions:

Table 5: Physical conditions that support mastery:

creating and establishing an atmosphere to feed a culture of discipline and responsibilities
stimulating the curiosity degree making knowledge touchable, visible and accessible

stimulating the curiosity degree among knowledge workers during social interactions
creating a close connection between the learning and work environment

2.2.5 Purpose

People yearn to find their individual purposes that generate personal meaning and that contribute to
the world around them (Covey, 2005). They have the expectation that all goals they try to achieve
contribute to their happiness (Csikszentmihalyi, 1999a; Csikszentmihalyi, 1999b). During lifetime, people
try to use and explore their competences to come closer to their purposes (Csikszentmihalyi, 1999b;
Kessels et al, 2011). Knowing the individual purposes and working at these purposes generate positive
feelings of self-esteem (Csikszentmihalyi, 1999b), physical wellbeing (Brunstein, 1993) and positive
mood (Csikszentmihalyi, 1999b). Working towards personal goals not only brings positive effects for the
knowledge worker, but also for the network. Peters and Waterman (1982) found that a target driven
culture in organisations leads to success (Weggeman, 2001; Kessels et al, 2011). To perform successfully
as a knowledge worker, one has to focus on the common goals of individual and organisation, i.e. the
shared values. It is important to stimulate an atmosphere of psychological safety in which the knowledge
worker feels free to speak openly about his personal objectives to find chances in making connections
between personal and organisational goals.

Regarding purposes as described above the physical work environment can be supportive by offering the
next conditions:

Table 6: Physical conditions that support purposes:

providing a psychologically safe environment where people feel free to speak openly about their
personal objectives and connectedness with the network

stimulating awareness of both networks goals and personal goals and drives by showing individual,
group and organisational goals

2.2.6  Relationships between different needs

In the extensive literature many relationships are mentioned between the characteristics of the
knowledge worker, his performances and the network. Feelings of being competent, relatedness to
others, focus on purpose and being able to work towards purposes all contribute to feelings of happiness
and wellbeing (Baumeister and Leary ,1995; Deci et al, 1991; McGregor and Little, 1998; Carver
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and Scheier, 1999; Csikszentmihaly, 2003; Collins, 2005). These feelings of happiness and wellbeing

are connected with the degree of intrinsic motivation of the knowledge worker. This in turn shows
relationships with his performances. Organisational aspects are interrelated as well: the degree in which
organisational goals are accepted by the employees, cohesion, team effectiveness and organisational
performance are mutually related (Landers et al, 1982; Wolfe and Box, 1987; Greene, 1989). The
conclusion is that the characteristics of the knowledge worker and organisational aspects have many
relationships. Both the knowledge worker and the network flourish when their mutual commitment
strengthen each other. This happens when the energy of the knowledge worker in the network can
easily flow.

23 Energy of the knowledge worker and the knowledge network
2.3.1 Energy of the knowledge worker

It was Aristotle who said 2300 years ago that people primarily strive to happiness. An interesting linkage
exists between working towards individual goals and striving to happiness (Figure 2): when people
devote their energy at their personal goal, they will experience happiness (Csikszentmihalyi, 19993;
Csikszentmihalyi, 1999b; Covey, 2005). Due to the feelings of happiness, the people are intrinsically
motivated to use all their competences and energy working towards their individual goals.
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The knowledge worker is primarily a thinker. Csikszentmihalyi (1999b) conceives thinking as ordering of
mental energy. For thinking all four competences are important (1Q, FQ, EQ and SQ), as they all contribute
to the thinking process. The knowledge worker is intrinsically motivated to use all his competences and
mental energy to realise his goal which can be conceived as his personal added value and which leads to
happiness (Rogers, 1982). In organisations, the concept of added value per employee is used to measure
productivity (Belderbos et al, 2004). In those cases when the knowledge worker can devote his mental
energy to his work that has the same direction as his personal goal, the knowledge worker experiences
happiness in his work (Figure 3) and the organisation will flourish because the personal added value fits
optimally within the organisational added value.
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To optimise the performances of the knowledge worker, it is important that he can use his mental
energy efficiently and effectively. This is only possible when this mental energy can optimally flow in the
network where he works.

2.3.2  The mood of the knowledge worker

Considering the aspect of time, the preferences for the type of activities the knowledge worker wants

to do, change over time. Depending on his mood and energy level, he will choose the activity that best
fit, taking in account the organisational schedules, appointments and times for group meetings. The

one time he wants to be alone and draws back for musing with a focus inside and the other time he

is interested in the opinion of other knowledge workers with a focus outside to others and wants to
cooperate with them. He chooses his activities related to his workmoods. In thinking processes two types
of polarities can be discerned. Csikszentmihalyi (2003) mentioned the polarity that is necessary to fulfil
one’s potentials, as being together as an inextricably part of the wholeness at the one hand and at the
other hand being alone as a unique person (vertical axe, Figure 4).

The second polarity concerns the direction of attention, (horizontal axe, Figure 4) by focusing at the

one hand on the inner self with the individual stated meanings and at the other hand focusing on the
surrounding world as compilation of extern meanings (Steiner, 1909). These meanings enable people to
learn from others and to learn actually at the long last about their own ego and possibly to adjust their
own individual meanings. The two axes, the vertical axe of Csikszentmihalyi accentuating the wholeness
of being together and the awareness of being a unique person and the horizontal axe as mentioned by
Steiner focusing inwards or outwards, result in a diagram showing four foci of thinking. These four foci of
thinking are contemplation, awareness, collectiveness and social observation and all have to be nurtured

by the physical environment. alone

>
~ D

contemplation awareness

focus inwards «¢- P focus outwards
collectiveness sociall
Figure 4: observation
the four foci of thinking
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These four foci of thinking, are described below:

Contemplation is the state of preference for being alone and even being hidden while one can think on
his own and listen to his intuition with the focus inside. Buchmann (1989) conceives contemplation as
the freedom of thinking without the domination of the will, rules or learnt ideas.

Murdoch (1985) described contemplation as a * devoted thinking, a refined and honest perception of
what is really the case, a patient and just discernment of what confronts one, which is the result not
simply of opening one’s eyes but of a certainly perfectly familiar kind of moral discipline’. Haezrahi
(1956) conceived contemplation as an attitude of pure attention and an act of unselfish almost
impersonal concentration. Contemplation contributes to a growing sense of order and direction, further
development and human flourishing (Buchmann, 1989).

Awareness is the state (Buss and Scheier,1976) of being alone and being awake for the surrounding
context with the focus outside. Awareness is knowing what is happening and understanding the opinions
of others (Heerwagen et al, 2004) which generates an understandable context (Dourish and Bellotti,
1992). The physical environment is part of this context (Dey et al, 1999). People have to be challenged to
listen to their sensory information system to support feelings of awakeness and awareness. The sensory
information system can be stimulated by an inspiring environment showing different types of contrasts.

Collectiveness is the state of being together and searching for the common shared values related

to one’s own individual goals with the focus inside. Organisations can be conceived as a collective
that accommodates individual differences (Kavada, 2010). Despite of these differences, focusing on
shared values strengthens the collectiveness. Minzberg speaks about the collective intention: ‘how an
organisation composed of many people makes up its mind” (Mintzberg, 1989). The degree in which
an employee identifies himself with the organisational values and goals, determines the affective
connectedness (Verbruggen, 1994).

Social observation is the state of being together with the focus outside, purely as observation, to collect
external information about others, their behaviour, attitude and their activities. The already mentioned
mirror neurons play an important role to learn during this social observation.

These four foci of thinking can be compared with the four competences mentioned by Covey, the 1Q,

EQ, PQ and SQ. Social observation without judgement concerns observing other people, their plans,
behaviour and ways of working that is related to the 1Q as IQ tells about among other things structure
and strategies. Collectiveness asks for the focus on the shared values as a common good of knowledge
worker and organisation and is as such connected with the EQ. Awareness is the state of being conscious
of what is happening in contemporaneity experiencing all sensory information. Awareness is mostly
connected with the PQ as sensory information strengthens awareness. Contemplation can be reached

by listening to one’s intuition that is connected with the SQ. The four thinking foci and their relation

with the competences 1Q, EQ, PQ and SQ, are showed in the next figure (Figure 5). These four types of
competences as mentioned by the modern western psychologist Covey correspond with the Vipasyana
or Insight Meditation according to the Mahayana tradition that started in the first century AD in the North
West of India as the mainstream in Buddhism. In the ninth chapter of Shantideva’s Bodhicaryavatara the
four types of mindfulness are mentioned: Citta, Vedana, Kaya and Dharma (Negi and Choglamsar, 2012).
Citta, citta-smritupasthana, is related to the mind or the 1Q. Vedana, vedana smrityopsthana, is connected
to feelings, or the EQ. Kaya, kayasmrityupasthana stands for the body or the PQ. The Dharma, dharma-
smritupasthana, is related spirituality or the SQ. Old Eastern insights of Buddhism meet modern western

psychology.
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The four competences are combined with the four thinking foci giving these competences a description of
the mood of the knowledge worker at a certain moment.

2.3.3  Energy of the knowledge network

The knowledge worker uses all his individual strengths to a knowledge network or organisational network
which just like the knowledge worker himself can be conceived as a living creature, that autonomously
functions with competences and with relatedness to other networks and companies in the surrounding
market and its economic circumstances (de Waal, 2001). The focus on the organisational goals as described
in the mission statements functions- like the goals of the knowledge worker- as intrinsic motivator (Figure
6). Just like the knowledge worker, also the organisation shows the four types of competences, the 1Q,

the EQ, the PQ and the SQ. The 1Q of the organisation can be conceived as the structure, methods and

the strategy (Nieuwenhuis, 2002). The EQ of an organisation is comparable with the culture. The PQ is
comparable with all resources (financial, physical and informational resources). The SQ can be conceived
as the inner intuition that is composed by all employees together (Figure 6). All these competences
together can be conceived as the organisational strengths. In case of for instance a low organisational EQ,
the culture shows a low degree of willingness to cooperate and a limited coherence. This has a negative
influence on flowing energy to create output together. However, when an organisation functions as a social
system with a high EQ and without waste of energy of the employees because employees are working
together, the effectiveness is highest (Georgopoulos and Tannenbaum, 1957). To optimise the productivity
of the knowledge worker concerning his thinking processes, it is important that the mental energy of

the knowledge worker can easily flow in the network. In the force field of the network, which can be

both virtual or non-virtual, all energies of the knowledge workers come together. All added values of the
knowledge workers together can be conceived as the added value of the organisation and concern the total
knowledge productivity. Under the conditions that the employees cooperate with each other, and goals

of the individuals have the same direction as the company’s objectives, the shared value will be optimal
which contributes to knowledge productivity. For the knowledge worker the added value contributes to his
happiness. For the organisation the added value contributes to its success (Chernatony and Harris, 2000).
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Figure 6: knowledge worker and knowledge organisation:
Flowing energy between the knowledge worker and the organisation

Regarding the energy and the work moods of the knowledge worker as described above the physical
work environment can be supportive by offering the next conditions:

Table 7: Physical conditions that support the energy and the work moods of the knowledge worker \

offering a variety of spaces, in inner and outer areas to be able to make choices for being alone or
among others

providing a variety of spaces to concentrate with the focus inside (inners self) or to observe or
communicate with others with the focus outside (outer world with others)

optimising and facilitating the mental energy of the knowledge worker with attention for unconscious
thinking processes and free ways of thinking

facilitating a variety of mental, emotional, physical and spiritual processes with variations related to
work moods and energy levels

protecting and strengthening the synergy between knowledge worker and knowledge organisation by
supporting mutual attractiveness

creating places where one can think on his own

creating places that are challenging as contextual sensing supports awareness

creating places that invite to look for shared values and synergy

creating an atmosphere where people feel psychologically safe

designing sightlines to be able to observe others during different activities

making areas providing psychological safety where people feel free to think and act

providing identity contributing to feelings of coherence of the knowledge worker and the network
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2.4 Knowledge

In this knowledge economy it is a challenge to create new knowledge and to broaden, deepen and
integrate existing knowledge into new knowledge. This process shows various activities, from rationalizing
with quantitative data, collecting and searching existing data, combining data till musing and day
dreaming. Finding intelligent integration of knowledge asks for creative thinking. Collecting and searching
data ask for an open mind to other knowledge workers, the extern networks and markets. Discussing data
asks for social integration. Scrutinizing data asks for concentration. It is this mix of moods, attitudes and
work processes that has to be nurtured by the physical environment.

In the literature, four knowledge related terms are interesting: codified knowledge, tacit-knowledge

and implicit knowledge and information redundancy. Knowledge is divided into codified knowledge of
quantitative and measurable data that can be stored in among other things, (E-) books and computer

data networks, and tacit knowledge that is less sizable and less measurable such as a mixture of skills,
experiences and data located in the head of the knowledge worker. In discussions people can express their
tacit knowledge that helps to broaden and deepen the analyses, a serious reason why people prefer to
waork together and not separated at home (Becker and Sims, 2000). Working at a distance from colleagues
reduces the ‘tacit learning processes’ (Becker and Sims, 2000). Regarding tacit knowledge, additionally the
term ‘implicit knowledge” is applied (Weggeman, 2001) with the subtle difference that implicit knowledge
yet possibly partly can be codified, while tacit knowledge cannot be codified at all. Implicit learning

can produce tacit knowledge that is acquired independently of conscious thinking patterns and strongly
connected with intuition (Reber, 1989). Implicit knowledge is always richer and more sophisticated than
explicit knowledge (Reber, 1989) and due to this quality it needs to be nurtured in the work environment.
Sharing implicit knowledge takes place where people feel free and are challenged (Danner and Lonky,
1981; Amabile and Gryskiewicz, 1988; Amabile and Conti, 1999; Gagné and Deci, 2005) to think and
discuss about divergent topics with other knowledge workers coming from different knowledge disciplines
(Kessels et al, 2011). The shared values play an important role: the degree on which employees share
their implicit knowledge depends on the collective ambition (Weggeman, 2001). Next to the implicit
learning processes, information redundancy contributes to broadening and deepening of knowledge
topics. Redundant information, apparently data that don't play any role of importance, contributes to the
generation of ideas by creating connections of thoughts by coincidence. As such, it stimulates dialogue and
communication (Nonake and Takeuchi, 1995; Weggeman, 2001). It is assumed that physically showing
knowledge by for instance touchable antique or new books, rewards (knowledge workers are proud of the
achieved results) or recently published articles, can stimulate the knowledge worker.

Regarding knowledge as described above the physical work environment can be supportive by offering
the next conditions:

Table 8: Physical conditions that support knowledge \

supporting the share of implicit and tacit knowledge by stimulating informal meetings in an
atmosphere where people feel free and psychologically feel safe

creating a not too efficient building and efficient facilities to enlarge the chance of information
redundancy

creating an atmosphere where people feel challenged by meeting other knowledge workers and their

products

maximising contacts with knowledge in different ways varying from visible antique books, till scientific
rewards, achieved milestones and recently published articles

making knowledge easily visible and touchable
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2.5 Key factors related to space

After collecting all elements in the previous chapters (Tables 2 till 8) that contribute to the productivity of
the knowledge worker, a categorization is necessary in the huge amount of conditions in order to manage
the physical environment. Looking at all conditions, it appears that they can be assigned into four key factors
which characterise the productive environment. These key factors are structure and variety (two building
aspects) and psychological safety and identity (both building aspects and user applications)( Table 9).

Table 9: Four key factors to support the demand side \

structure environmental cue Structure, the logistic scheme inclusive, is determinant for order,
clearness, movement and the chance on meeting

variety environmental cue Different thinking processes, activities, moods and energy levels of
the knowledge workers ask for variety. A variety in spaces, climat-
aspects, expression and atmosphere: from open till shuttered or hid-
den, movement till quietness, inside and outside, cosy till industrial

psychological  both environmental  To think and act freely and to speak openly, one needs to feel
safety cue and user psychologically safe. This is basic for undertaking initiative and feel
application free to work at one’s own targets as integrative part of the
organisational targets
identity both environmental A mix of organisational expression, group identity, individual
cue and user identity and identity of place contribute to feelings of involvement,
application coherence and confidence.

Structure and variety

The first two key factors structure and variety are building characteristics which are in accordance how
people experience both nature and culture (Plotinus, 1969; Berlyne, 1972; de Jong, 1995).

Structure and variety are recognisable in nature. Due to structure people recognise natural elements such
as an oak, a rose or 3 zebra. Every oak, rose or zebra shows the same characteristics in its structure, so
that people recognise these natural elements. However nature is lively and shows a huge variety. No
oak, rose or zebra ever appears in the same way. Every oak differs from another oak, which is the same
for the rose and the zebra. Exactly the same phenomenon is recognisable in culture. Peaple recognise for
instance the culture of the old Egypt or the Islam while every old Egyptian pyramid or image and every
Islamite mosque is different and shows variety. Structure and variety are the basic natural characteristics
which make the environment recognisable and causes feelings of safety at the one hand and which
makes it lively and interesting at the other hand. The knowledge worker is defined as someone who
shows many types of activities varying from analysing, discussing and collaborating till developing
(Bosch-Sijtsema et al, 2010) and imposes a variety of conditions on the physical environment. Depending
on his mood and the type of activity the knowledge worker wants to do, the physical environment has
to offer a variety of spaces and atmospheres. In addition, next to variety the knowledge worker needs
structure to understand where he is and where he has to go. Conditions such as stimulating physical
contacts between knowledge workers, supporting meetings by coincidence, proximity and sight lines, are
primarily based on the structure of the building as the structure determines the logistics of the building.
Conditions such as a variety of sheltered and open places, a mix of inside and outside, different places to
meet and to think alone, facilitating a variety of mental, emotional, physical and spiritual processes and
different places to stay for a while or areas for movement, concern the need for variety in the building.
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»,@k Like music, people need variety but only with a constant theme
Y (Gaillard, 2009)

For me personally, the most positive influence of the work environment
WTT”@Q is variety (Weggeman, 2007).

Psychological safety and Identity

Next to the two key factors structure and variety, the mentioned conditions concern two other
characteristics that are important for the knowledge worker i.e. psychologically safety and identity. In an
environment that feels psychologically safe, people feel free to speak to mention their personal goals and
to feel free to make their own choices (Edmondson, 1999). An environment that facilitates identity supports
feelings of individuality, social feelings of belonging to groups or the organisation and proudness for the
organisation where someone works. Psychological safety and identity are characteristics inside and outside
the building that partly are created by the building itself, as for instance the proportions of spaces, and
partly are created by the users of the building. If applied colours, furnishing and decorations are carefully
chosen and make sense in relation to the organisational goals, culture and the context, this feeds feelings
of psychological safety and identity. The environment asks for homogeneous language: the language of
the management, their style and the culture, correspond to the language of the building. This language, or
identity forms the sense of place, with individual, group and organisational identity to stimulate feelings of
belonging and coherence. It provides the environment with sense, people want to belong to.

Psychological safety

I think that creativity strongly is stimulated when you feel safe. If a situation is not
safe, your thoughts are in the here and now. To dare to let go and feeling safe, is a
necessary precondition for a creative process. It is important to stimulate people to
think freely

Identity

To be honest, it is important for me to have my own place, it is a type of anchor,

it makes you feel free. ....It is important that buildings are recognisable, that
strengthens your identity. I like for instance a statue of Einstein. Something generic
tells nothing about who you are. ...It is important that a building something shows
about what happens. You want to have the feeling that you are at a place with
sense that coincides with your identity.... (Robbert Dijkgraaf 2012).
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In the text above attention has been paid to mental energy and the exchange of information among
knowledge workers. The central processes in the knowledge economy are thinking and interacting.

The knowledge worker as individual, groups of knowledge workers and knowledge, all contribute to
these processes. In the building of knowledge (Figure 7) a thoughtful interpretation of structure, variety,
psychological safety and identity , contribute to optimal performance.

team of
knowledge  knowledge

workers
S5
o)
thinking

processes
and
interactions e——e—— structure
. . o—o—— variety
Figure 7: interior )
The building of the o——e—— psychological safety
knowledge organisation the knowledge worker ——o—— identity

For a better understanding of the content of these four key factors, all conditions mentioned in the text
before are allocated to the four key factors in Table 10). This allocation is practical in design processes.
Structure in the first place directly followed by variety deserve attention in the very beginning of the
design process when an architect is finding out the optimal basic principles of the structure and logistics
in his first building design. In an early phase he has to make choices concerning the structure and it is
practical to have insight in existing conditions on structure and variety to make the right choices at the
beginning of the design process. Psychological safety and identity come to the fore in the next phase
as the more ambient factors receive attention in the interior architecture. Due to their different roles of
importance, it is practical to have separately insight in the allocation to the four key factors.

Table 10: the four key factors with their physical conditions \

structure supporting the quality and quantity of interactions between knowledge workers both formal
and informal
creating an atmosphere where people feel challenged by meeting other kowledge worders
and their products
providing direct eye contacts between knowledge workers belonging to the same
knowledge discipline and other knowledge disciplines
optimising and facilitating the mental energy of the knowledge worker with attention for
unconscious thinking processes and free ways of thinking
creating a close connection between the learning and work environment
stimulating the unconscious thinking processes
giving room for meditating and musing and one can think on his own
stimulating movement inside and outside
designing sightlines to be able to observe others during different activities
creating proximity
stimulating direct eye contact in communication
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creating a not too efficient building and efficient facilities to enlarge the change of
information redundancy

variety

offering a variety of spaces, in inner and outer areas to be able to make choices for being
alone or among others

facilitating a variety of mental, emotional, physical and spiritual processes with variations
related to moods and energy levels

providing a variety of spaces to concentrate with the focus inside (inners self) or to
observe or communicate with others with the focus outside (outer world with others)
offering a variety of spaces where knowledge workers observe and meet each other in
different circumstances and during different activities

providing employees with self-control in choosing their own ways of working

offering a variety of spaces from shelter till openness

creating a variety of possibilities for supporting the vitality and bodily condition of the
knowledge worker

psychological
safety

creating an atmosphere where people feel psychologically safe

making areas providing psychological safety where people feel free to think and act
providing a psychologically safe environment where people feel free to speak openly
about their personal goals and connectedness with the network

supporting the share of implicit and tacit knowledge by stimulating informal meetings in
an atmosphere where people feel free and psychologically feel safe

identity

generating feelings of identity to support recognition of roles, connectedness and
cohesion and uniqueness in social interactions

facilitating identity on group level in order to support social feelings of belonging and
experiencing the groups identity and on network level to support feelings fo recognition,
affect and proudness

stimulating awareness of both networks goals and personal goals and drives by showing
individual, group and organisational goals

creating places that are challenging as contextual sensing supports awareness

creating places that invite to look for shared values and synergy

protecting and strengthening the synergy between knowledge worker and knowledge
organisation by supporting mutual attractiveness

facilitating teamwork in which people experience esteem and receive positive feedback
stimulating the curiosity degree among knowledge workers during social interactions
creating and establishing an atmosphere to feed a culture of discipline and responsibilities
stimulating the curiosity degree making knowledge touchable, visible and accessible
maximising contacts with knowledge in different ways varying from visible antique
books, till scientific rewards, achieved milestones and recently published articles

making knowledge easily visible and touchable

experiencing the physical environment as informal rather than controlling

2.6 Key factors related to mood and time
The above mentioned conditions don't play continuously their roles in the same way but this depends on
the mood of the knowledge warker.
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Science is a special mix of individual and social. | myself am more fond
% of the social side. I like to have the opportunity to meet other people,
talk to them, but in my own research | recognise converging and diverging periods.
In the diverging periods | often read and look around and maybe | go not so deeply.
But at other times suddenly | only focus on two maybe three topics and | need rest
for longer period to think deeply and concentrated (Robbert Dijkgraaf, 2012).

One time he prefers to discuss with other knowledge workers in teams and the other time he wants

to remain hidden in solitude to deepen a certain topic. As such a knowledge worker does not prefer

at the same time a space where he can meet others and a space to be alone for musing and to be
concentrated. The physical environment has to facilitate different work moods and different activities
that change over time. In paragraph 2.3.2 the four types of work mood were presented: contemplation,
awareness, collectiveness and social observation. These moods have to be nurtured and as such the
content of the four key factors have to be interpreted depending on these specified moods. To translate
the content of the key factors into some practical quidelines to be able to design work areas that support
a specified mood, a literature review is conducted. The mentioned conditions above are rather abstract
and it may be helpful to recognise more concrete examples from different researches, such as applying
a variety of house plants, being able to observe symbols (Cooper, 1974; Ashforth and Mael, 1989) or
concrete descriptions of restorative environments (Kaplan, 1983). Next it is interesting that this merely
hypothetical view on knowledge productivity with new insights in work moods and energy of the
knowledge worker can be supported by many serious scientific environmental researches. In Table 11
these guidelines are presented that can be helpful to design a physical work environment where the
knowledge worker and groups of knowledge workers can flourish.

Table 11: Practical guidelines how to support the work moods of the knowledge worker \

Contemplation: a sense of things being under control, feeling free to choose the place that’s fits as an
environmental self regulation creating and maintaing on’s self, enjoying nature

Psychological safety identity

clearness, constance and |different types of spaces and places where people |self involvement by personal
stability (Mead, 1934; environments feel comfortable and belongings
Erikson,1950; Rosenberg, (Alexander et al, 1977) psychologically safe (Bettelheim, 1969; Tuan,
1979; Proshansky et al, 1983) (Rogers, 1954; Vischer, 2005;| 1974, 1980; Relph, 1976;
Knight & Haslam, 2010b) | Godkin, 1980; Rowles, 1983;
Rochberg-Halton's,1986;
Korpela, 1989; Elsbach, 2003;
de Croon et al, 2005; Elsbach
& Bechky, 2007; Millward et
al, 2007)

c
S
=
)
a
=
T
S
=
S
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structure, logic and seperated, hidden places informal rather than a restorative environments
coherence (Ellemers et al, and places to be alone controlling atmosphere (Kaplan, 1983)
2004; Kaplan, 1983; Korpela, inclusive (Lukashok & (Dickinson, 1995)
1989) Lynch,1956; Ladd, 1977;
Cooper-Marcus, 1978, 1979;
Hester,1979; Baum & Davis,
1980; Wyman, 1985; Korpela,
1989; Csikszentmihalyi,
2003; Heerwagen et al,
2004; Vischer, 2005)
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Contemplation - continued
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Collectiveness

logistic with hidden spaces
(Lukashok & Lynch,1956;
Ladd, 1977; Cooper-Marcus,
1978, 1979; Hester,1979;
Baum & Davis, 1980; Wyman,
1985; Korpela, 1989; Vischer,
2005; Heerwagen et al, 2004)

differents routes and
spaces inside and outside
(Kaplan & Kaplan, 1989;
McCoy & Evans, 2002)

control of favourite place
(Kaplan, 1983; Dickinson,
1985; Korpela, 1989)

spatial /place identity
(Proshansky et al, 1983; Fried,
1963)

structure that stimulates to
go outside (Kaplan & Kaplan,
1989; Csikszentmihalyi, 1998)

Social observation: observing people in different conditions and during a diversity of

a variety of nature, inside
houseplants and outside a
variety of green (Kaplan &
Kaplan, 1989; Ackerman,
1991; Ulrich, 1993;
Csikszentmihalyi, 1998;
McCoy & Evans, 2002;
Senge, 2008)

place belonginess
(Proshansky et al, 1983)

symbols (Cooper, 1974;
Ashforth & Mael, 1989 )
and meaning (Ellemers et
al, 2004)

activities

Structure

Variety

Psychological Safety

Identity

visibility and sight into
corridors, staircases, junctions
and space, inside and outside
(Hagstrom,
1965; Heerwagen et al, 2004)

different spaces and
environments, inside and
outside with sight on
different functionalities
where people act and
behave in different ways
(Kaplan & Kaplan, 1989;
McCoy & Evans, 2002)

places where people
feel comfortable and
psychologically safe (Rogers,
1954; Visscher, 2005; Knight
& Haslam, 2010b)

individual identity and
group identity (Sani et al,
2008; Knight & Haslam,
2010)

logistic accentuating
the common places for
inspiration, informal meeting,
coffee breaks, lunches
(Hagstrom, 1965; Mayer, 1976
Allen, 1977; Eveland & Bikson,
1987; Kraut et al, 1988)

a variety of nature, inside
houseplants and outside
a variety of green (Kaplan
& Kaplan, 1989; Ackerman,
1991; Ulrich, 1993;
Csikszentmihalyi, 1998;
McCoy & Evans, 2002;
Senge, 2008)

possibilities to observe from
shuttered places till open
and crowded areas (Jacobs,
1993)

Collectiveness: experiencing (from the perspective of one’s own drives and targets) in the other individuals and
groups in different qualities in relation to their personal drives and targets

Structure

Variety

Psychological Safety

Identity

movement patterns
stimulating daily informal
contacts facilitating face-
to-face communication
(Hagstrom, 1965; Mavyer,
1976; Allen, 1977; Backhouse
& Drew, 1992;Eveland &
Bikson, 1987; Kraut et al,
1988)

shuttered meeting places
both formal and informal
(Hagstrom, 1965; Kraut et al,
1988)

places where people
feel comfortable and
psychologically safe (Rogers,
1954; Visscher, 2005; Knight
& Haslam, 2010b)

intertwining of personal
place (Elsbach, 2003; Zeisel,

2006) and organisational
identity (Knight and Haslam,
2010a/b; Knight et al, 2010)

structure with well planned
and interesting junctions
(Kraut et al, 1988)

hidden places, or places
not directly located in
sight, inside and outside
for small confidential talks
(Csikszentmihalyi; 2003)

identity of being connected
by place identity,
organisational identity,
group identity and symbols
(Cooper, 1974; Proshansky et
al, 1983; Ashforth & Mael,
1989; Korpela, 1989; Knight
& Haslam, 2010 a/b)
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sight and visibility inside
and outside

visibility and sight on
movements, nature (waving
trees inclusive) outside
(Kaplan & Kaplan, 1989;
Ulrich, 1993)

)
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<

visibility and sight on
aesthetics (Brill, 1984 ;
Knight & Haslam, 2010b)

complexity (McCoy & Evans,
2002; Kaplan& Kaplan, 1989)

2.7

showing variety in spaces,

forms, aesthetics, textures,

light, colours, temperature
to make an inspiring and
challenging environment
(Danner & Lonky, 1981;
Amabile and Gryskiewicz,
1988; Kaplan and Kaplan,
1989; Amabile and Conti,
1999; McCoy and Evans,

2002))

nature using a variety of
houseplants and green
outside (Kaplan & Kaplan,
1989; Ackerman, 1991; Ulrich,
1993; Csikszentmihalyi, 1998;
McCoy & Evans, 2002; Senge,
2008)Csikszentmihalyi, 1998;
McCoy & Evans, 2002;
Senge, 2008)

activating sensory
information
(Schneider, 1987)

Reflections and conclusions

Identity

places where people
feel comfortable and
psychologically safe
(Rogers, 1954; Visscher,
2005; Knight & Haslam,
2010b)

sense of place asking for
attention (Fried, 1963;
Proshansky et al, 1983;

Knight and Haslam, 2010a)

personal identity (Elsbach,
2003; Zeisel, 2006)

organisational identity
(Ashforth & Mael, 1989;
Dickinson, 1995)

group identity (Ashforth &
Mael, 1989; Millward et al,
2007; Sani et al, 2008 )

This view on knowledge productivity is based on a hypothetical approach making use of less measurable
topics that all show many mutual relationships. This approach shows a combination of views from
neurological, spiritual, economical till philosophical knowledge disciplines as knowledge productivity
shows many aspects. The central question ‘How can the knowledge worker be a productive worker?’
leads to the energy efficiency and effectivity of this knowledge worker as mental energy is the main
source in knowledge productivity. Insights from the West meet insights from the East and together they
show that the physical work environment needs to support four work moods with different types of
energy. These four work moods are contemplation, awareness, collectiveness and social observation.
Especially four environmental features facilitate these four work moods, namely structure, variety,
psychological safety and identity. In this hypothetical view the knowledge worker is not a data robot
translating and combining facts and figures and is approached as a human doing, but this knowledge
worker is conceived as a unique individual, actually as a human being.

si This theory on the knowledge worker, knowledge networks and knowledge gave
insight in four factors of the physical environment that could contribute to a productive

physical environment. Based on empirical findings the key factors are structure, variety, psychological
safety and identity. After this in-depth analysis of the demand side, the next chapters will explore the
supply side i.e. the physical environment.
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The happy knowledge worker with daylight, natural materials and a green environment.







Robbert Dijkgraaf

Hiien




In this digital era we only touch the buttons of keyboards, sweep rapidly across the
touchscreen, make fleeting photos of reality and even strike virtual dogs with tiny plastic
touch screen pens. We design brick stone walls by touching one button, without the feeling
of the brick stone itself, without handling it, even without drawing some stones by hand.
However, materials and real things stimulate imagination and experience and support
comprehension for complex and abstract topics, as behaviour of electromagnetic fields or
the expanding cosmos. It is professor Robbert Dijkgraaf who is able to make extremely
complicated topics understandable so that they even seem to be rather simple, just by
showing physical things such as balls and umbrella’s. Also in the old times, the Italian
painter Raphael painted Ptolemy in the School of Athens in exactly the same way giving this
astronomer a ball in his hands to be able to explain about the complex cosmos.




As Einstein said ‘Look into Nature, and then you will understand everything better’, Nature is our teacher
in learning processes and offers a helpingmang't' "b‘e..@ productive, healthy and happy knowledge worker
(Marc van den Tweel, Algemeen Digecteur Natuurmo’ﬂ%enten). "

To analyse the effects of the physical environment, the first focus will
be on plants. In general plants have a positive effect on productivity. But
what is the mechanism and are researches on the interaction between

plants and productivity comparable?
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Chapter Three

The influence of plants on productivity
A critical assessment of research findings and test methods

Bakker 1.C., Van der Voordt, D.J.M. (2010), The influence of plants on productivity: a critical assessment of
research findings and test methods. Facilities,28(9/10), 416-439

i People are often not aware of the environment and do not distinguish the influence of
individual parts, but experience the environment as a totality. To learn how to assess

and understand the complex relationship between this totality and the complex topic of productivity,
we first focus on plants. The choice to have a closer look at plants is made because plants can easily
be added to and removed from the environment and can be isolated from the context. There are
also indications that plants influence productivity. Because of this reason, it is interesting to study the
relationship between this component and productivity.

This paper aims to review available research into the impact of plants on people and labour productivity

in order to test a number of hypotheses and the reliability and validity of “evidence based” statements.
An extended literature review has been conducted of research concerning the potential impacts of plants
on people and labour productivity. In order to be able to compare the findings of different researchers, an
analysis was made of similarities and dissimilarities with regard to the research context, starting-points
and test methods. The paper identifies a lack of precise descriptions of the research design and poor
comparability between different researches with regard to the characteristics of the plant, test persons,
test procedures, surrounding conditions and contents of the reports. Although we can be concluded that
plants have a positive impact on the productivity of human beings, it is remarkable that in research reports
and research papers the properties of the plant itself are only mentioned by exception. The condition of
the plant - whether it is healthy or not - is not described at all. Only 17 studies and underlying papers
have been investigated and no new research has been conducted with the proposed improvements. The
findings can be used by managers to legitimate investments in plants and by researchers to improve (the
comparability of) research into plants. In addition to the review of the impact of plants on different types of
productivity a vision is presented about the impact of the vitality of plants. Furthermore recommendations
are given on how to cope with the methodological problem of poor comparability of research.

abstract

Keywords plants; productivity rate, research methods; work psychology, work place

3.1 Introduction

In order to be able to design the optimal working environment where people can flourish in their work
and organisations will be successful, it is important to know how the physical environment affects people
and productivity. One of the variables is the presence of plants. In search of evidence-based knowledge
about the impact of plants on labour productivity it turned out that the existing literature is not always
clear on what the impact exactly is. It is needed to define this impact more exactly. Second we observed
a large variety of research methods and test conditions. As a consequence, the comparability of different
research projects and the conclusions that came out of the research is limited. And third, the first scan
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of a number of studies and included references showed that in particular information about the plants
themselves is often lacking. This is an omission, because probably nobody will be more productive by
seeing a faded or dead plant. Apart from the appearance, the type of the plant may be an important
issue too. It may be expected that people respond differently when seeing a cactus or a rose plant. These
observations have lead to three main questions for a more extensive literature review on the impact of
plants on productivity:

1. What is the influence of plants on productivity?

2. Are different researches sufficiently comparable to draw sound conclusions?

3. What is the impact of the appearance and vitality of the plant?

These questions have been rephrased into three hypotheses:

Hypothesis 1: Plants have a different impact on different types of productivity.
Productivity covers a diversity of activities such as routine work and creativity. Creativity tasks and
complex knowledge work need inspiration and deepening. Through history many statements of
famous philosophers, writers and artists such as Nietzsche or Liszt refer to the inspiring and deepening
effect of nature. Our hypothesis is that in case of routine work plants might help to support wellbeing
and as such keep people going on, whereas in case of creativity work a positive effect is expected in
relation to inspiration and deepening.

Hypothesis 2: Research concerning the impact of plants on productivity is not well comparable.
Research is rather complex. Even when the focus is just on one “dependant” variable, plants, many
“independent” variables can influence the results. It is expected that research so far does not use
standardised research methods.

Hypothesis 3: Both the appearance, type and vitality of the plant have an impact on productivity.
One of the wonders of nature is its infinite variation combined within certain patterns and structures.
Each variety has its own characteristics. As a consequence one might expect different effects of different
plants. In particularly the vitality of a plant is expected to be important. Probably a healthy plant has a
more positive impact on people than a plant that is not vital. In addition it is important that a plant lives
in an environment with healthy conditions that support the plant and conditions people need.

3.2 Research methods and conceptual model
Initially, 17 research studies from renowned researchers and research institutes were collected
(see the Appendix A).These documents have been scanned on possible effects of plants on people and
labour productivity, relevant variables and references for further reading (see list of references). Without
any exception all studies make a significant contribution to the field. Together an incredible amount of
data has been collected on many different effects. Second, in order to enlarge the knowledge that came
out of the documents - both technical and psychological - discussions with specialists of the knowledge
institutes TNO and Fytagoras/TNO have taken place as well. Third, because of the many different
phenomena that are being mentioned in the studies and additional references, the need came up to
develop a conceptual model that visualises the different types of impact of plants on human beings
(Figure 1). Two different mechanisms have been traced:
1. Evolutionary influence.
Since our genesis we have been surrounded by green plants and trees. From this point of view it is gene-
rally assumed that seeing plants has, in general, a restful effect (Ulrich, 1984; Kaplan and Kaplan, 1989).
2. Healthy indoor climate.
Plants have an impact on the indoor climate; this indoor climate in turn affects people and their
productivity (Wolverton, 1989; Wood et al, 2004).
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The evolution of human beings and a healthy indoor climate affect people in three ways: plants evoke
a physical/physiological response, an affective response and/or a cognitive response. In the literature
six components of the indoor climate are being mentioned in relation to the impact of plants: light,
temperature, relative air humidity, air quality, sound and static electricity. Another point of attention is
the characteristics of plants themselves, including form properties and metabolics. The latter are hardly
mentioned in the literature.

This conceptual model has been used as a guiding principle to analyse and discuss the collected data

to examine the research findings and conclusions in the studies more closely. In a cyclic process of
reading, reflecting, discussing, further reading etc. a list of items has been traced with regard to the test
conditions (Table 1). This list includes six main aspects:

. characteristics of the plant;

. the test surroundings;

. the test persons;

. the test process;

. test strategies; and

. methods and variables.

AN U1 AW N

Table 2 shows the variables that have been investigated in each research.
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Table 1: Overview of items to compare different researches on plants

Plants

Test sur

ts

Testproces

Test

Methods and Variables

spot

* position in space

- height of view

- indoor/outdoor

R

sort

variety

intensity

- dimension/ number
per square m

number

size

cleanliness order

maintenance situation

pot ground/
hydroponics

pot size

form pot

artificial plant

image plants

flower

micro-organism
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institute
- outdoor area
- laboratory
- education
- office
- shop
- hospital /care
space type
+ one person space
- two persons space
« multi persons space
* various
space characteristics
- number of windows
- size of windows
- size of space
relation to temperature
light level
relation lighting
- fluorescent broad
spectrum
- neon light
day light
Relative Air Humidity
ventilation system
- natural ventilation
- mechanical ventilation
+ air treatment
* Qirco
quantity ventilation
- design ventilation
quantity
- real ventilation quantity
sound
static electricity
colour space
fragrance
interior elements
smoke
specification and VOC's
parts and

value parts of dust
€02 and value €02
€0 and value CO
moulds
pathological micro-org.
time
- link to seasons
- link day/night
one cell organism
weather

testsubjects

men

women

children

patients

students

employees

age

number

sort of work

concentration

creativity

routine

commitment

testpersons

- relevance

- seriousness of
participation

- to participate
own choice

- involvement
final result

- preference
for plants

reduction

hawthorne-effect

- attention

habituation proces

- attention

test surrounding

- clear information
at the beginning

- intensive
accompaniment

- acceptation
management

test aspects

- placebo

observation

- observation by testsubject

- observation researcher

- technical supporting
measurements

- data semantic questionnaire

- data standard interview

- data interview/ survey

- data question conversation

+ questionnaire

« computer program

biofysical observation

- hartbeat

« syst bloodpressure

- muscle tension

- skin conductance

« electr brain activity

number measurements

test duration

- hours

- days

- weeks

- months

- years

objectifying

- knowledge structure
questionnaire

effects

- affective feeling

- affective mood

- affective behaviour

« physical primary

- physical secondary

- phygological effects

* cognitive

« cognitive concentration

- cognitive memory

- cognitive reaction time

- cognitive discipline

other mentioned effects

- productivity /performance

- sound

- ecologically/reduction energy

- staff keeping and recruitment

- on working environment

- on plants

start conditions

- single plant

- many plants

information
- observation
- by testsubject
- by researcher
- biofysical
« questionnaires
- standard
- scoremodel
- quantative
- qualitive
- interview method
- guidance question
conversation
* no guidance
- computer program
« ZIPER test
fee
- credit
task
- association task
- key typing task VDT
- computertask
- sortingtask
- concentration task
technology
- air/ventilationsystems
- lightsystems
- measurement
- airquality
concept
- position plants
- number plants




Table 2: Aspects that have been mentioned in 17 studies

Studies (numbers according to Appendix A)

Component

aspect

Plants

spot

position in space
height of view
indoor/outdoor
view

sort

variety

~

intensity

number

size

cleanliness order
maintenance situation
pot ground/hydroponics

dimension/number per square m

> XX X|[>x X< X x x X

o

pot size

form pot
artificial plant
image plants
flower
micro-organism
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Test surroundings

type of environment

outdoor area
laboratory
education
office

)
hospital /care

space type

space characteristics

one person space
two persons space
multi persons space
various

number of windows
size of windows

temperature
light level
type of light

size of space

known

known

fluorescent broad spectrum
neon light

unknown

day light
Relative Air Humidity
ventilation system

known

known

natural ventilation
mechanical ventilation
air treatment

airco

quantity of ventilation

sound

static electricity
colour space
fragrance

designed ventilation quantity
real ventilation quantity
known

known
known

interior elements
smoke
specification VOC's
value VOC's

parts of dust
value parts of dust

€02

value €02

©

value CO
moulds

path micro-org.

XX > X X X XX X X X X X

time

one cell organismn
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Studies (numbers according to Appendix A) - continued -

Component

aspect

1

Test persons

test persons

no distinction
e

women
children
patients
students

type of work

employees
age

number
concentration
creativity
routine

commitment
testpersons

relevance

seriousness of participation
to participate is own choice
involvement in final result
preference for plants

_ oo WwWlwonAaENOUN 2 v &

Testproces

reduction hawthorne-effect
habituation proces

test surrounding

test aspects

attention

attention

clear information at the beginning
intensive accompaniment
acceptation management

placebo

Test strategies

observation

observation by test person
observation researcher
tecnical measurements
data semantic questionnaire
data standard interview
data interview/ survey

biofysical observation

data question conversation
questionnaire

computer programme
hartbeat

syst bloodpressure

muscle tension

number of measurements
test period

skin conductance
electr brain activity
known

ours

days

weeks

objectivity
effects

months
years

knowledge structure questionnaire

affective feeling
affective mood
affective behaviour

other mentioned effects

physiologically primary
physiologically secondary
cognitive
productivity/performance
sound

ecological / reduction of energy

start conditions

staff retaining and recruitment
impact on working environment
impact on plants

other

single plant

many plants
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Total mentioned aspects

Uncovering the secrets of a productive work environment IThe influence of plants

w
~
=5



3.3 Research findings

3.3.1 Effects of plants on human beings: physical, physiological, affective and cognitive response
The next responses are mentioned rather often:

- physical/physiological:
primary physical responses are effects on blood pressure and heart beat and physiological decrease
of complaints of headache; secondary responses are physiological phenomena like faster recovery (all
documents excl. no 9, 6, 10, 13, 14)

- affective:
positive affective response on mood and affective behaviour like self-confidence, alertness or less
aggression and positive feelings like pleasure (all documents, excl. no 9, 13, 14, 16 and 17)

- cognitive:
positive cognitive responses are better concentration capacity and higher response speed (all
documents excl. no. 9, 13 and 14).

Ulrich (1984), Fjeld et al ( 1998) and Lohr et all (1996) showed significant statistical correlations
between seeing plants and physical/physiological, affective and cognitive responses. These researchers
use different methods like questionnaires, the Zipertest (Zuckerman Inventory or Personal Reactions),
interviews and observation of behaviour. Unfortunately a clear explanation of the set-up of these
methods is often missing.

In most research also quantitative effects were also mentioned, be it quite underexposed. The following

quantitative data are interesting:

- Wolf (2002) mentions in her research at shops an increase of sale concerning all products of 12%
when plants are present;

- Lohr et all (1996) appoint an increase of the response speed of 120% at simple recognition tests;

- Fjeld (1995) shows a decrease of symptomatic physical complaints of 23% at 51 office employees;

- Research of Fjeld et al (1998) among 48 employees of an X-ray division showed a 25% decrease of
health complaints by using plants; and

- In 20012002 Fjeld revealed an average 24% reduction of physical complaints among different groups
of 48 bank employees after the introduction of plants and light with a broad spectrum.

When the results are analysed more closely, a uniform effect on physical /physiological, affective and
cognitive responses comes up. This confirms the statements of many famous people that emphasise
the positive effects of nature on human beings. Greek philosophers used the so called ‘peri-pathetic
method: walking through the academy garden, to discuss their ideas (Csikszentmihalyi,1996,1998).
Based on studies such as presented above, it can be concluded that a relation exists between seeing
and experiencing plants and physical /physiological, affective and cognitive responses. This relation
however is merely qualitatively described and to a lesser extent quantitatively defined. The exact effect
of plants on human being is still not clear. In accordance with the model, three explanatory options are
possible. The effect can be evolutionary: during centuries of development of human beings, plants have
always been an important part of nature and a strong foundation in our existence. A second effect is the
improvement of the indoor climate. Many aspects of the indoor climate are strongly connected to the
presence of plants. Third, metabolics may have an influence on people. Plants form metabolics, chemical
compounds with amongst other things fragrances and colour properties. These substances may be
expected to influence people, but this has not been proven by research so far. Little attention has been
paid to the impact of intermediary variables such as research conditions and test persons. So, although
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the positive effects of plants on human beings are widely accepted and supported by research, we have
to interpret the research findings carefully.

3.3.2 Effects of plants on the indoor climate

Plants and indoor climate affect one another. To be able to interpret research findings on the impact of
plants correctly, detailed information is needed about the indoor climate in the test situation. But due to
differences in descriptions and lack of essential information concerning technical data that might affect
the process and the impact of plants it is rather difficult to draw clear conclusions. Nevertheless some
interesting results have been found with regard to the six components of indoor climate that are included
in the conceptual model: light, temperature, relative air humidity, air quality, sound and static electricity.

Light

With regard to photosynthesis the blue and red part of the spectrum are necessary for healthy plants.
In many buildings light with a broad spectrum is absent, so probably insufficient blue and red light
will be available for the plant. This obstructs the growth and also the processes of photosynthesis and
metabolism. It is striking that in the examined studies both light colours (spectrum) and light intensity
are usually not mentioned at all, in spite of its importance for the health of the plant. Vice versa the
reflection of light on the leafs of plants affect the variation on light colours in the physical surrounding.

Temperature

Stec et al (2005) revealed that an outside awning of plants is more effective than a reqular awning.
Schempp (2002) mentions a difference of two up to three degrees with regard to outside temperature
by application of an outside awning with plants in combination with plants inside.

Relative air humidity

Research of Costa and James (1995) and Strickler (1994) showed that the relative air humidity of a space
without air treatment increases with approximately 5% when plants are used. It is necessary to use a
quite large number of plants. Lohr et al (1996) mentions an increase from zero to 15% if 3 space is not
ventilated; in a ventilated room there is an increase of 3 to 5%. Applying plants means that you have

to take care for them. When for instance the value of relative air humidity is too low, the stomata at the
base of leafs will close.

Air quality

In the air volatile organic compounds (VOC's ) occur, such as small dust particles, moulds, bacteria,
metabolics, CO and C02. Air quality is expressed by the VOC's concentration which is quantified in parts
per million (ppm) value. Based on the experiments of Wolverton (1989) it is known that a synergetic
process between plant and micro organisms that attaches themselves to the root structure of the

plant contributes to the reduction of the VOC's-value. Van der Wal and Hoogeveen (1993) proved that
unrealistic amounts of plants are needed to reach a sufficient reduction of the VOC's value. Quite often
the indoor climate in buildings is not optimal for plants and therefore also not optimal for the process of
VOC's reduction. Plants also have a positive influence on the reduction of dust accumulation. Research of
Lohr et all (1996) showed that plants in optimal conditions can cause a dust reduction of 20%. Plants are
selected in buildings in such a way that they will not grow too rapidly, because rapid growth increases
the exploitation costs too much. It may be concluded that a positive effect of plants is not the right
argument to use of plants as a means to control or improve the indoor air quality. Ventilation is much
more effective.
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Sound

Research of Costa and James (1995) shows that the reverberation time of sounds with a high frequency
is shortened when plants are used, and as such the space will be quieter. At low frequencies more
inflection of the sound takes place. Dependent of the exact location and the spreading, sound absorption
takes place.

Static electricity

Employees working at least four hours at screens undergo less inconvenience of static electricity, when
plants are in their workspace, then other employees without plants in their rooms (Dortmont and Bergs,
2007).

Overall we may conclude that in real working environments the influence of plants on the indoor climate
is rather small. So this can not be a convincing argument to apply plants in working environment.

333 Effects of plants on productivity

According to the studies that have been analysed, the question of whether plants have an impact on
the functioning and productivity of people can be answered in a positive way (Table 3). Most studies
mention the positive qualities of plants. However, it is hardly possible to compare the studies in a
systematic way because of the lack of clear definitions of productivity and performance and a lack of
clear information about which activities have been measured, what exactly has been measured, what
the characteristics were of the test persons and in which way the measured results were achieved.
Because of the large amount of variables it is impossible to establish clear conclusions.

Table 3: Effects of plants on labour productivity \

Research Conclusions Doc. number (appendix A)

Asami et al (1989) indoor plants reduce the fatigue of the eye when working with screens
Conklin (1974-1978);
Isen (1990-1993); plants in offices lead to higher employee morale and higher effectiveness
Knez (1995);
Isen (1990, 1993); if people are in a positive mood, their creativity raises
Isen & Shalker (1982) | positive phenomena stimulate the brain for recalling more information and
they initiate more cognitive manipulation that causes a higher level of creativity
Larsen(1998) a larger number of plants improves the mood, but reduces concentration;
the perceived productivity increases in connection to the number of plants
Lohr et al (1996) plants lead to 12% increase of the response speed and reduce the number of mistakes
Mayer et al (2006) plants strengthen the capacity to think about life problems
Mayer & Frantz (2004) | plants evoke a positive feeling of alliance and increase problem solving capacity
Srivens (1980) &
Marchant (1982) With plants increase of productivity 10 - 15%
Ottoson & Grahn (2005) | staying one hour in a green space improves concentration
Shibata & Suzuki (2002) | Plants have a larger impact on performances related to females than to males. In spaces with
a plant men performed better: conducting a sorting and association task men performed on a
lower level than women in case of no plants in the room, but when a plant was placed in front
of them, men performed better than women. The impact of plants was larger at the association
task, than at the sorting task. Plants had a negative effect on women in sorting tasks. 1, 5, 11
Shibata & Suzuki (2002)| the presence of plants increases the performance score of women; in general the
presence of a plant increases the mood and the appreciation of the space 11
Shoemaker (1992) plants have no impact on work satisfaction 5
Stone (1998) Plants have a negative impact on performance and task perception 11
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In spite of the methodological shortcomings we can discern a common red thread:

- Plants bring people in a better mood and improve confidence and openness of the mind to the
surrounding world. Plants have also a positive social effect in relation to alliance and morality.

- If people are in a better mood, the perceived productivity increases, whereas the measured (‘real’)
productivity score decreased.

- The amount of plants plays a role.

- The presence of a plant stimulates people in different ways.

- The effect of plants can be different depending on the activities.

- With regard to productivity of creative work, a clear positive relation is evident on the basis of the
research above.

3.4 Reflections on the attention paid to five test items

As has been said before, to improve the comparability of research on plants, a test structure has

been developed with five test characteristics that should be described very clearly the plant; the test
surroundings; the test persons; the test process; and the test itself. Furthermore standard items have been
formulated per aspect. The collected studies have been examined on the attention paid to these five
aspects and the components (Table 2).

3.4.1 The plant itself

Looking at the plant itself, most reports and papers only pay attention to its type, variety and number and
sometimes the spot. Heights and sizes of pots are mentioned as well. The characteristics of the plant itself
are usually not described at all. Several types of plants are used, with different varieties (Table 4).
Particularly the Dracaena with the Spathiphyllum and the Epipremnum are often used. Because of the
different plants that are involved in the investigations, the conclusions from the studies are not comparable.

Table 4: Names of plants appointed in the research documents (numbers refer to the numbers of the documents in Appendixh

Plant species Lohr Burchett Tarran Wood Larsen e.a. Van der Wal
(7) (in 5) (16) (©) (13+14)
Strickler Klein Hesselink Wolverton Shabita &
(in 5) (5) (€) Suzuki (10+11)

Aglaonema
Chamaedora
Dracaena
Epipremium
Homalomena
Hoya
Philodendron
Sansevieria
Scindapsus
Syngonium
Dizygotheca
Ficus benjamina
Hedera
Howea
Spathiphyllum
Schefflera
orchidee
bromelia achtigen
Augusta
Phycorapis
Strelizia

X
X
X
X
X
X
X
X
X
X
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3.4.2 Test surrounding

Most studies mentioned whether the tests have taken place inside or outside. In all studies, the
environment of the test is described, including offices, a laboratory, shops, care sector and education
buildings. Most attention is paid to the size of the space and the relative air humidity. All other aspects of
the test surroundings are mentioned only very briefly and to an insufficient degree. Colour specification is
extremely limited, whereas this variable affects the light frequencies required for the photosynthesis of
the plant.

3.43 Test persons

The test persons vary from children to students (graduates and undergraduates), clients and employees
and include men and women in different sectors. Usually reports and papers do not give any information
about the psychological and social psychological situation of test persons or personal characteristics
(beside age and sex), personal conditions or mood specifications. So, no valid statements can be made
about the impact of these issues. Sometimes attention is given to the willingness of people to participate
in the experiment.

3.4.4 Test process

Processes are very complex; there are many factors playing a role and also influencing one another.

No single study paid attention to psychological effects like the Hawthorne effect. In a number of cases
attention was paid to habituation. However, the way which habituation has been defined and being
measured is described insufficiently. It is possible that both the habituation of the test persons and the
early effects of VOC'S-reduction of plants have affected the test results, but in which way is still not known.

3.45 Test methods and variables

Observations, measurements, impact and test duration are only comparable in a limited way. The
observations vary from individual perceptions of the test persons to observations by research workers
and standard questionnaires with scores and/or scales. Biophysical observation has taken place to a
limited extent.

It may be concluded that because of the huge variety in test characteristics the comparability of the 17
analysed documents is limited. Testing phenomena like effects of plants on productivity is related to
many variables, so it is a very complex process. As a consequence it is nearly impossible to draw sound
and transparent conclusions. Many studies do not pay sufficient attention to important terms. Quite often
terms have not been formulated consistently or accurately. At this moment, there is no standard research
framework that can be used as a guideline to design research. A positive exception is study nr. 5 of TNO
(Klein Hesselink et al, 2006). The appointment of 55 aspects is a relatively complete description. The
analysis of Fjeld and Bonnevie (2002) scores also high with an appointment of 44 aspects. The more
technical considerations of Wood et al (2004) and Van de Wal (1991) have high scores as well. They
focus on a pure technical and well-defined input.

3.5 A closer look at the appearance and vitality of a plant

Table 5 shows an overview of relevant aspects with regard to appearance and vitality. Based on this
scheme, all remarks about the appearance and vitality of plants have been collected and analysed. It
is obvious that researchers do not pay sufficient attention to the appearance of plants or their health
condition. Research with significant evidence of the impact of the appearance and health condition of 3
plant on human behaviour has not been found yet. It has been noted that plants with flowers
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Table 5: Characteristics of plants and its application in 17 studies

Plant characteristics 17 studies (numbers refer to Appendix A)

=2
=

aspect subaspect 1|/2(3(4(5|6(7 (8|9 |10[11{12(13

chemical activity bioproces system
admission chem. compounds
quantity of transpiration
plants plant type
differentiation plant sort
plant variety
sizes plant height
planten width
proportions
form appel/pear form
fulness/mass
horizontally or straight
structure structure plant
structure branches
structure leaf
mesophyll
number/ intensity
size
form
surface/tactility characteristic
colour mix
colour expression
structure
position
expression
brilliance
difference colour front/back
leaf edge
fragrance plant  nature
flower mentioned
expression
form
structure
colour
colour differentiation
position
fragrance
number/ intensity
brilliance
seeds and number
fructification size
form
colour differentiation
colour expression
structure
position
dynamics dynamics
external factors  pot form
pot ground/hydroponics
position
integration environment
care and carefulness
solitarily /group
performance fine or grove structure
metabolics
health degree of vitality

NNV WN =

total
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give most entertainment (Nakamura and Fujii, 1992). Costa and James (1995) discuss the size of the
leaf and/or the length of the little hairs in connection with admission of specks of dust and chemical
substances. Only the study of Van Dortmont and Bergs (1997) discusses plant properties based on
conversations with garden experts.

The comparative analysis shows that hardly any attention is being paid to the properties of the plant
itself, like the shape of the leafs, colours and structures of the vascular bundle. One can imagine that
a cactus has another effect on people than a rose plant, and that an unhealthy or nearly dead plant
makes people feel less pleasantly than a strong and healthy plant. These considerations are missing in
nowadays research.

3.6 Discussion and conclusions

Hypothesis 1: Plants have a different impact on different types of productivity.

Although a consistent positive influence of plants on creativity came out from the studies mentioned, the
influence of plants on overall productivity varies. In general plants have a positive impact on the physical /
physiological and affective response of people. Through centuries people are aware of the impressive
nature. Modern research supports the so-called “Biophilia Hypothesis” that refers to the biological basis for
human values in nature (Kellert and Wilson, 1993). There is also a growing awareness of the importance
of nature to children’s development - intellectually, emotionally,

socially, spiritually, and physically (Kellert, 1995; Moore and Cooper Marcus, 2008). Plants support people
in their feelings of safety, because all plants have a clear structure. Concerning cognition, the effects

of plants are different for various reasons. Many factors are playing a role. Another issue is the infinite
diversity of people, their way of being, living, doing, feeling and thinking. All people are completely
different concerning Intelligence and Emotional, Spiritual and Physical Quotient. Their personal situations
are also different. So one might question of it is really possible to measure the effects of plants on people.

Hypothesis 2: Research concerning the impact of plants on productivity is not well comparable.

Due to the lack of essential information and indistinct and incomplete data, the comparability of

the analysed studies is limited. Accuracy concerning the various aspects playing a role in research is
necessary to establish clear conclusions. Because of the complexity of this type of research and the lack
of accurate information about the many aspects playing a role there is doubt about the validity of the
posited conclusions from present research.

Hypothesis 3: Both the appearance, type and vitality of the plant have an impact on the influence of plants
on productivity.

None of the analysed studies discussed the appearance of the plant on a scientific basis.

Only study 3 refers to the vitality of the plant, whereas, hypothetically it is assumed that the more
healthy the plant, the more positive the impact on people. It is remarkable that researchers were looking
for a physical environment that is healthy for human beings, without paying sincere attention to the
plant itself. Plants are - like ourselves - living beings and are permanently changing their form, colours
and fragrances. It is really important to treat plants with respect. Nowadays, they are cultivated in a
world with emphasis on low costs and less time. So, it’s really the question if the cheap pots and cheap
potting soils are benefiting the plants it selves. Moreover, the spots where plants in buildings will be
placed are often too windy, too dark without day light, or lack the blue and red light of the spectrum.
When plants are unhappy, they can’'t make people feel happy. When more attention is paid to the

plant itself and when the plant stays healthier, this stronger interaction between people and plant will
generate positive effects in a more socialising way. An interesting example is a home for older people,
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where the older men and women were allowed to take care for their own plants, which they had
selected themselves. These elderly people were feeling better and had fewer complaints (Rodin and
Langer, 1977). Just by bringing user involvement in the organisation, both plants and users of a building
will be happier.

3.7 Recommendations

It is highly recommended to make the approach of future research less unambiguous in order to
improve its comparability with other research and to support sound conclusions. For that purpose a more
elaborated standard research approach is needed. The tables and schemes that came out of this paper
may be helpful here, in particular in recording of the properties of plants in a structured way. It is also
important to use unambiguous definitions without overlaps and to pay more attention to the appearance
and vitality of plants. This will help to create a more complete picture. However, people have to be
humble. Nature is so infinite in her expressions, that it is impossible to gather all variations of nature in

a model made by human beings. Finally it is recommended to pay more attention to the health of the
plants themselves. It is hypothesised that the happier the plant, the more positive effect the plant has on
human beings. It is interesting to study this hypothesis more closely.
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Ks The review of the effects of plants on productivity showed that plants can contribute
to the four key factors of the physical environment: structure, variety, psychological

safety and identity. Plants have a distinctive structure and show an endless variety. They also showed
to support people’s feelings of safety. The extensive overview of characteristics of plants that all
contribute to its appearance, can be used to create uniqueness and as such to contribute to identity.
Based on this review two lessons can be learnt. First, productivity is a complicated concept in which
many interrelated aspects play a role such as employee morale and work satisfaction. The second
lesson is that the research method can have influence on the research findings. Most research is
conducted in laboratory settings. However, lab situations do not represent the complex real life
situation and organisational context. These two lessons learned have been taken into account in

the next step of this research. The study on plants will be not continued because a very interesting
aspect, namely a possible influence of metabolics actually cannot clearly be measured. In addition,

a closer look into a complex and integrated component of the physical environment is needed to
understand the impact of particular components in connection to the totality of the environment. We
have selected colour to include in the next step, both due to its complexity and also because colour
just like plants can easily be adapted, added or removed.
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