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Abstract 

Current operating environments require organisations to be agile and innovative, and military 

organisations are no different. Recent research has highlighted how the physical environment 

relates to collaboration, innovation and cognitive function. In particular, 19th and 20th century 

trends in office design that favoured minimalist and utilitarian function have been shown to 

have negative and detrimental effects on the mental wellbeing of employees. In contrast, 

using the concept of biophilic design that emphasises human connection with nature has been 

shown to have productivity and wellbeing enhancing effects on those same employees. In this 

paper we draw on the findings of the organisational perception study conducted recently in a 

busy military establishment where the physical working environment emerged as a major 

concern. The study findings prompted further research into addressing different aspects of the 

physical working environment as applied to this particular setting. However, we advocate 

going beyond the study setting and applying principles of biophilic design in other military 

establishments to not only create restorative and innovative work environment but to enhance 

cognitive function and positively contribute to C2 in military establishments. 
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1. Introduction 

While technology, ranging from current information systems to emerging capabilities such as artificial intelligence and 

introduction of autonomous agents into human teams, is said to enhance command and control (C2) agility and organisational 

effectiveness (Nissen & Place 2016; Yue et al 2016), there are other non-technological factors that impact on C2, particularly 

the command aspect of it. Pigeau and McCann (2002) advocate that command is predominantly a function of creativity and 

will and it is only humans who possess the dedication, drive and motivation to raise merely satisfactory military performance 

to outstanding levels (p54). Effective command entails organisational, physical, psychological and technological 

considerations.  The evidence is mounting that physical work environments (i.e., material spaces and objects) have a powerful 

role in shaping a range of psychological and behavioural outcomes for employees and influence their mental status, actions, 

abilities and performance (Davis 2011, Scander et al 2019). The research in this area also contributes to an understanding of 

how the physical environment relates to collaboration, innovation, and the overall behaviour of individuals in organisations 

and points to a fact that it is the quality of the employee’s workplace environment and its visual appeal that most impacts on 

their level of motivation and subsequent performance (Oksanen & Ståhle 2013).  
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During the 1st century BC, the Roman architect, Marcus Vitruvius, named three criteria of good architectural design: firmitas, 

utilitas and venustas, i.e. that a building must be strong and structurally stable (firmitas), meet the functional needs of its 

occupants (utilitas), and appeal to their aesthetic senses (venustas) (Vitruvius, 1826). According to Vitruvius, architecture is 

an imitation of nature and for centuries the aesthetic experience of a building, exterior and interior, was regarded as a vital 

consideration during a design phase. However, in the 20th century, concerns of improving utilitarian measures, such as fire 

safety, construction costs, and efficient uses of space seem to have overtaken the aesthetic dimension of design (Coburn et 

al 2018).  

Studies indicate that aesthetic qualities of architecture have an impact on our mood, cognitive functioning, behaviour, and 
even mental health (Coburn 2014, Gay & Birrell 2014). At the same time, average actual hours worked for both full-time and 
part-time employed people have generally increased over the past three decades (Australian Labour Market Statistics 2010). 
In the military, 9-10 hour long working days are not uncommon. Moreover, a current societal trend is to spend more and 
more time indoors. A recent European study reveals that we spend upwards of 90% of our life indoors (The Indoor 
Generation Study 2018). Therefore, understanding the workplace environment, its functionality and quality is essential for 
achieving strategic organisational objectives and securing employees’ wellbeing.   
 
While the design of the overall architecture of buildings we work in is important, the design of the physical working 
environment and of break out areas, where staff are able to step away from their desks to refresh and reconnect with 
themselves, gain focus, and boost mental energy, is equally important. Particularly for knowledge employees, taking a break 
is crucial, in fact it leads to improved performance (Fritz, et al 2011). However, not all breaks are equal. An effective break 
must offer a psychological detachment, i.e. mentally switching off from a task. It should offer complete withdrawal from the 
predominant environmental conditions or the main flow of activity. Therefore, what happens during a break and where it 
takes place does matter (Sonnentag et al 2010).     
 
In this paper, we draw on the findings of the organisational perception study conducted recently in a busy military 

establishment where the physical working environment emerged as a major concern. The study findings prompted further 

research into addressing different aspects of the physical working environment as applied to this particular setting. However, 

we advocate going beyond the study setting and applying principles of biophilic design in other military establishments to not 

only create restorative and innovative work environments but to enhance cognitive function and positively contribute to C2 in 

military establishments.     

2. Organisational Perception Studies – a tool for evidence based action  

Current operating environments require organisations to be agile and innovative. Agility does not apply only to the front line; 

it includes the wider organisation supporting and commanding operations. Important aspects of an agile organisation are 

robust feedback loops and reviews to be acted upon. Perception is the way humans interpret their experiences. Perception 

surveys are most often used when one is trying to find out how people understand or feel about their situations or 

environments. They are used to assess needs, answer questions, solve problems, establish baselines, analyse trends, and select 

goals. They reveal what exists, in what amount, and in what context. 

In organisations, perceptions of leaders, managers, employees, working environment, and the organisation at large shape the 

climate and effectiveness of the working environment (Otara 2011). Employee perceptions are related to a number of 

outcomes, including job satisfaction, employee health and wellbeing and job performance, just to name a few. Understanding 

how employees perceive their workplace and gaining insights into organisational issues that are of concern to staff pave a 

way to improvements that will positively affect the employees and the organisation more broadly. Thus organisational 

perception studies serve as an operational tool to drive evidence-based action. 

An organisational perception study involving the entire staff of a military establishment comprising uniformed and 

civilian personnel was conducted by Defence Science and Technology researchers in late 2018. The literature on 

organisational and team effectiveness (Kozlowski & Ilgen 2006; Mathieu, et al 2008; Salas, et al 2009) provided grounding 

for this study. In addition, issues surrounding career, wellbeing and the physical working environment were of specific 

interest to the management of this establishment and these were also explored in this study. The study, based on a survey 

administered electronically and comprising qualitative and quantitative data, covered the following aspects of organisational 

functioning: 

• Information flows and communication 
• Cognition 
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• Organisational culture and cognition 
• Physical environment and cognition 
• Career  
• Resources 
• Organisational culture and wellbeing 
• Physical environment and wellbeing 
• Average hours worked 

Based on 355 useable responses (approx. 65% response rate), analysis of the study results provided a rich picture of the 

various attributes of working at this establishment. Of specific interest here is data pertaining to the impact of physical 

working environments on cognitive work aspects and on the overall wellbeing of the staff. The finding surrounding these 

issues gave rise to further research into physical workplace attributes and in particular, to biophilic design aspects of break 

out areas as places for mental restoration. 

3. The Importance of Physical Environment in Workplaces 

Research has shown that apart from typical considerations, such as for water quality, lighting and noise, thermal comfort and 
indoor air quality, consideration must also be given to the workplace colour schemes, interior plants, sounds, and layout of 
individual workspaces in order to enhance employee wellbeing (Kamarulzaman et al 2011). 

Mental fatigue is considered an important occupational and health safety factor in modern workplaces. A significant and 

growing body of literature is demonstrating not only the value but the importance of how and where workplace breaks occur 

to alleviate this fatigue (Kaplan, 1995; Ulrich et al, 1991; Cleveland, 2014; Gillis & Gatersleben, 2015). While many 

workplaces already have an allocated break room for employees to use, these spaces are typically designed for food 

consumption and not necessarily for mental restoration. This is in contrast to the literature that highlights that, particularly for 

knowledge employees, stepping away from their desks enables individuals to refresh and reconnect with themselves, gain 

focus, and boost mental energy that leads to better performance and productivity (Kaplan, 1995). It can be considered a 

failure on the part of modern organisations to account for these effects when considering the overall wellbeing of their 

employees. This also explains why some physical working environments are preferred over others and how they can either 

energise or drain individuals.  

In military environments, particularly those of a classified nature, there is a distinct lack of biophilic design; lean and 

minimalist have traditionally been the guiding design principles. It is not uncommon for such environments to be windowless 

and monochrome, leaving staff uninspired and drained. We term this the dungeon effect. Recent research by Söderlund and 

Newman (2017) has demonstrated the negative effects of constant contact with an austere environment: “environments that 

are devoid of any representation of nature can not only make us psychologically unwell and regressive in our behaviour but 

also make us display physical symptoms and responses” (p.756). Salingaros and Masden (2008: p.69) further emphasise that 

“environments devoid of neurologically nourishing information mimic signs of human pathology. Drab minimalist surfaces 

reproduce symptoms of strokes and macular degeneration”. These arguments align with the findings of the perception study 

where physical design of the building was a strong negative theme in qualitative commentary. Given this mounting empirical 

evidence, there is an ever greater imperative to examine ways in which to reduce these negative effects.  

Impact of physical working environment on collaboration, creativity, innovation and wellbeing 

The current operating environment, characterised by uncertainty and complexity, requires collaborative ways of working and 

innovation to achieve goals in more effective way (Leung 2013). Collaboration, creativity and innovation are based on 

communication and human centred processes, and elements in the immediate working environment can either facilitate or 

inhibit effective collaboration and innovation. Just as innovation requires flexible thinking, innovative spaces should be 

appealing and require flexible design. This includes options to change lighting, seating, and even rooms within a space, as 

well as the ability to use the same space for very different purposes. 

The study sought staff’s perceptions on whether the physical working environment supported collaboration and 
creativity/innovation. The quantitative findings reveal that the prevailing opinion is that the layout of the working 
environment neither supports collaboration nor innovation/creativity, with a relatively low mean scores (scale 1-5), as 
depicted in Figure 1.    
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Figure 1 Physical environment - collaboration, creativity/innovation - mean score 

The military staff in the establishment spend many hours each day indoors and their wellbeing is therefore tightly coupled 
with the working environment. In this study, the staff were probed whether the physical working environment supported their 
mental, physical and social wellbeing. The quantitative results reveal that the respondents do not perceive their working 
environment as supporting these aspects of their wellbeing, indicated in Figure 2 by a relatively low mean scores (scale 1-5) 
to these statements. 

 

Figure 2 Physical environment – mental, physical and social wellbeing - mean score 

The relatively low mean scores in the category of Physical Environment and Wellbeing correspond to those in the Physical 

Environment and Cognition category with an average score of 2.75 for the statement dealing with the impact of physical 

environment on creativity /innovation, and 3.05 average score for the statement about physical environment and collaborative 

work. Furthermore, the qualitative comments substantiate the quantitative findings and highlight many sub-optimal aspects of 

the working environment, e.g. lack of natural light; unavailability of spaces, either indoor or outdoor, to recharge and unwind; 

and the overall austere design is seen as very detrimental to wellbeing, creativity, and generally not being optimal for 

effective work. For example: 

There are no recreational spaces where you can go to unwind/relax, i.e. pleasant/comfortable areas. The gym is a 

good facility, but is not a place to relax; the mess does not have quiet/comfortable areas… the two outdoor areas 

that have seating are open to weather and are bleak places (i.e. not conducive to relaxing). The only option to 

relax, away from the work environment is to sit in your car. 

I think that the physical environment within the building is drab, boring, and does not promote mental well-being. 

To overcome this, I suggest that pot plants (living, not fake) be dispersed liberally about the two floors in order to 

provide colour and visual stimulation. 

…More real house plants inside the building would help in creating a healthier atmosphere…. 

Lack of natural sunlight is unsatisfactory. In the very least - ALL breakout rooms on external walls/in the corners 

of each floor should have windows. 

Working without direct sunlight and in a huge open plan environment is not optimal to effective work and physical 

/ mental wellbeing. 

… I am looking forward to departing as it is a very poor work environment. 
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4. Biophilic Design as a Way Forward 

Biophilic design, a concept referring to an innate human need to affiliate with nature and natural processes, is rapidly gaining 

momentum in the design (and re-design) of workplaces and other modern living spaces (Cleveland, 2014). This concept 

offers a means to  address the failure of modern design to consider the aesthetic needs of humans. Biophilic design can be 

viewed in three categories: nature of the space, nature in the space, and natural analogues1 (Browning, et al. 2014). These 

design components, when appropriately incorporated, provide an enriched environment where individuals can reduce their 

stress and anxiety and feel relaxed. In a workplace environment, employing this concept in the design of workplace break 

areas therefore plays an important role in improving individuals’ work quality and satisfaction. In this section, four aspects of 

biophilic design will be examined in the context of the perceptions study in order to offer military organisations a means of 

addressing this crucial gap in workplace wellbeing.   

Plant Life 

Incorporating plants in the workplace and break areas brings 

more life to the urban setting of buildings and creates a 

connectedness with the natural world outside and this 

connectedness helps to bring more peace and serenity to the 

workplace while enhancing mental restoration, creativity, and 

cognitive function (Cleveland, 2014). Studies have 

demonstrated that spending only one minute observing plant 

life can lower stress and enhance a sense of calm (Lee et al., 

2015; Lindemann-Matthies and Matthies, 2018).  

The desire for plant life was clear from the qualitative comments gathered in the perception study, as discussed above. Staff 

are conscious of the negative impacts of environments devoid of natural elements and are encouraging the organisation to 

adopt more biophilic practices. This consciousness is valuable, and research has found that perceived and actual productivity 

increases in green environments as compared to minimalist environments (Nieuwenhuis et al, 2014).  

One of the concerns often cited by military environments is security. Live plant installations typically require ongoing 

maintenance and vetting these types of contractors is not always practical. Fortunately, studies have also demonstrated that 

plant life need not necessarily be living; artificial plants manufactured to a high standard are often indistinguishable from 

living plants and offer the very similar psychological restorative effects (Heath, Jackson & Goode, 2018). 

Natural Scenery  

The use of natural scenery in a break room can be perceived 

as creating a retreat for individuals where they can find a 

place of relaxation for a short period of time to energise 

themselves. Studies have shown that images of natural 

scenery, such as mountains, oceans and savannah, can 

enhance the wellbeing of people and create a place where 

they feel connected to the environment (Cleveland, 2014). This visual connection with nature has further been demonstrated 

to lower blood pressure and heart rate as well as improve cognitive engagement and performance (Browning, et al. 2014). 

As highlighted earlier, military environments are often lacking in natural prospects and vistas and this causes a range of 

unhealthy psychological and physiological symptoms. The military environment that was the subject of the perceptions study 

is a particularly stark example of this; the building has scarcely any windows. Therefore, the incorporation of natural scenery 

is particularly important in such buildings. While it may not feasible to incorporate natural light to the existing facility, it is 

essential, at a minimum, to create visual effects and replace the scenery staff would otherwise have access to through a 

window.  

                                                             
1 Nature of the space refers to the direct and physical presence of nature in a space or place; nature in the space refers to spatial 

configurations in nature that trigger a fascination with the unknown; and natural analogues refers to the organic, non-living and indirect 
evocations of nature.  

Key points Outcome/benefits 

Use plant life in the 

workplace 

Plants bring a sense of 

calm and lower stress 

Plants satisfy an innate 

craving for connection with 

nature 

Connection with nature 

enhances mental 

restoration and creativity 

Benefits of plant life not 

confined to living specimens 

High quality artificial 

plants can have the same 

effect 

Key points Outcome/benefits 

Natural scenery creates a 

mental retreat for individuals 

Individuals experience 

mental rejuvenation  

Scenery images influence 

attitudes 

Stress decreases and 

positive attitudes increase 
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Colour 

Colour is one of the main visual features that people 

notice in the first instance and it has a direct impact on 

their cognition and behaviour (Xu and Zhang, 2012). 

Psychological research and neuroscience have shown that 

colour applications affect the perceptual experience and 

performance of people in particular environments 

(Bolwerk, et al., 2014). In particular, it has been found 

that colours stimulate the creativity part of the brain 

located in the frontal and parietal lobes (Bolwerk, etc al., 

2014). The colour palette for any break area, therefore, 

has significant bearing on the optimisation of workplace 

efficiency. 

One of the areas of interest for the perceptions study was collaboration and innovation; in particular, the survey questioned 

respondents on whether they felt the workplace was conducive to collaboration and innovation [see Figure 1]. Use of words 

such as drab, boring and bleak in the qualitative data evoke a strong image of colourlessness and hopelessness. In an 

environment characterised by the need for innovation and creativity, such images are in stark contrast to those stated needs. 

Given the effects of colour on the creativity areas of the brain, an effective use of colour would benefit the improvement of 

this perception as well as the instances of creative and innovative work.   

Furniture 

Research shows that spacious rooms create a more positive 

atmosphere and impose calmness (Castell, Oberfeld and Hecht, 

2014). An innovative approach to furniture deployment assists 

in improving interaction, connectedness and produces more 

creativity in individuals (Oksanen and Stahle, 2013).  

Current office configurations such as numerous rows of 

workstations are inherited from the industrial era. Described as 

a “command and control” structure, this design was useful 

where factory managers required the ability to observe and 

oversee their staff (Scopeliano & Jokic, 2019). This 

configuration is increasingly unfit for the modern workplace. 

Furniture is now being employed to create a variety of 

different spaces within a workplace, including the ability to 

rapidly reconfigure a space to meet the needs of users. Future furniture technologies are also set to create acoustic 

environments whereby a “physical hood” would offer a flexible and movable cocoon to groups of people (Scopeliano & 

Jokic, 2019).  

Optimal furniture configuration also draws from social interaction theories such as natural collision and serendipitous 

interaction, which are linked to enhanced productivity and collaboration (Brown et al, 2013). By creating spaces that allow 

for (and even promote) such interactions, organisations can greatly enhance the capacity for its employees to engage in 

creative collaboration and communication.  

5. Conclusion 

There is strong research evidence that, following intensive cognitive activities, exposure of individuals to natural 

environments and/or natural analogues can promote stress reduction and assist in mental recovery. There are also business 

benefits of incorporating biophilic design into working environments with studies showing increases in work performance, 

cognitive ability, and less absenteeism in ‘human friendly’ offices. Thus, the use of biophilic design has far-reaching impact 

on individuals and organisations alike. When considering agile C2, it is necessary to understand the overall sociotechnical 

system and appreciate complexity of cognitive work in such a system and the impact of physical environment on individuals.  

Key points Outcome/benefits 

Colour affects the experience and 

performance of individuals 

Colours stimulate the 

creativity area of the brain 

Warm colours can produce 

feelings of heat, happiness and 

socialisation among people 

Evokes positive and happy 

emotions 

Cool colours are more likely to 

bring positive outcomes such as 

creating a relaxing and calming 

atmosphere 

Lower stress and anxiety 

levels 

Key points  Outcome/benefits 

Furniture is important for 

functionality of the space 

Flexible design with 

furniture 

Innovative furniture can 

increase creativity leading 

to better work productivity 

Furniture to encompass 

both singular and social 

aspects  

Singular furniture for 

personal time alone to relax 

Social furnishing can 

facilitate communication 

and bring people together 

Furniture colour can affect 

individuals’ cognition and 

behaviour  

Soft colours should be 

considered for furniture 

such as softer tones of 

warm and cool colours  
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Following the original perceptions study, the research team offered the organisation a number of recommendations to 

incorporate biophilic design in the breakout areas of the establishment. An organisational assessment by means of perception 

studies, being a systematic process of obtaining valid information about various aspects of organisational functioning, can 

serve as a tool to initiate evidence-based action. Such assessment is, at least implicitly, linked to the concept of organisational 

effectiveness. The utility of such studies lies in regularly tracing the outcomes of any interventions over time. Subsequently, 

the organisation engaged the study team to conduct annual perception surveys. This will offer the opportunity to monitor and 

evaluate implementation of recommendations and actions undertaken. In particular, through successive studies the 

management will be able to understand the impacts of biophilic design and further assess its impact on organisational 

effectiveness.  
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