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ABSTRACT

Today, there is a significant amount of research projects focusing on human health and well-being and the
connection between the environment and human psychological responses. A holistic approach to integrating control
room communications with comfortable interiors is emerging. This paper discusses the socio-cultural aspects of
comfort and the sensory communication aspects of environmental comfort design for future control room interiors.
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INTRODUCTION

Environmental design

The National Academy of Environmental Design (2009), states “Environmental design addresses the impact of the
built environment on individuals and the natural world and creates a wide range of interventions informed by human
and environmental systems. Environmental design comprises architects, planners, landscape architects, interior
designers, preservationists, building technology specialists, and researchers from a wide range of disciplines. Their
shared body of knowledge and professional skills affect communities, landscapes, buildings, products, and the
individuals who occupy and use them.” The term has expanded to apply to ecological and sustainability issues
(Szokolay, 2008). Most people relate the term to “green” buildings, global warming and sustainability and focus on
the technical and efficiency aspects of environmental design. However, for this paper a human factors psychologist
presents the term from a psychosocial viewpoint.

Humans need air, water, food and shelter to survive. Some of the early forms of shelter were caves. Caves are an
excellent choice for steady temperature, protection from the elements and intruders. Some environmental designers
believe the beginning of environmental design can be traced back to the drawings on cave walls during the early
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Paleolithic to Neolithic period (35,000 to 4,000 B.C.). Researchers continue to study the true meaning of primitive
rock art and cave drawings found in different cave locations around the world (Evans, 2014). According to the
Maude Group (2013), “Contemporary environmental designers have long understood that sensory communication
has remained the most meaningful way to connect to an audience since its invention in the Paleolithic period”. The
drawings may be the beginning of communicating narratives visually (Figure 1.). Communicating narratives visually
has profound influences on the viewer. Therefore, most building or room interiors perceived as ‘comfortable’ would
comprise of elements that replicate some aspect of sensory communication.

Figure 1. Bison painting in the Cave of Altamira, near Santander, Spain.
Comfort

The most common definition for comfort found in literature is “a state of physical ease and freedom from pain or
constraint”, (Google, 2014). A Science direct review of 318 papers, with discomfort in the title, written from 2003 to
July 31%, 2013, revealed that 52% of the papers related to patient pain studies. Emotional and psychological issues
are not often mentioned in titles, although were sometimes mentioned in the papers. Helander & Zhang, (1997) note
that discomfort is related to biomechanics and fatigue factors, and comfort to a sense of well-being and aesthetics.
Comfort is a term that is often associated with a physical state or an environmental factor.

According to Looze, Kuijt-Evers & Dieén (2003) generally accepted definitions in comfort literature are; (1)
comfort is a construct of a subjectively defined personal nature; (2) comfort is affected by factors of a various
nature (physical, physiological, psychological); and (3) comfort is a reaction to the environment. Green & Jordan
(2002) discusses how environmental sustainability interrelates between comfort, pleasure and the usability of
products. Richards (1980), stresses that comfort involves the sense of subjective well-being. That is, the reaction a
person has to an environment or situation. Slater (1985) defines comfort as a pleasant state of physiological,
psychological and physical harmony between a human being and the immediate environment.

Chappells & Shove (2005) discuss comfort as a universal physiological construct or a negotiable socio-cultural
construct. Kuijer & Jong (2012) argue the universal physiological construct is problematic for reducing energy
consumption and negotiable socio-cultural construct offers novel opportunities for sustainable design for exploring
practices of thermal comfort. A consequence of negotiable socio-cultural construct is that comfort is seen as an
achievement rather than an attribute. Understanding the psychological and emotional connections between human
and the environment goes beyond physical comfort (Ong, 2013).

INTERIOR DESIGN CONSIDERATIONS

Control room

The control room originated around fifty years ago and its main purpose was to protect workers and equipment from
harsh and often dangerous working conditions. Designs were rudimentary, lacked sound proofing, windows were a
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rarity and controls were limited to emergency stop buttons and evacuation alarms. After WWII, new technologies
emerged and socio-economic changes occurred in industrialized countries (Figure 2.). The type of work and skills
required to perform the new work brought about an increased interest in worker and workplace psychology.

Figure 2. A control room from the 1950’s.

The Information age, internet and aging population and emergence of the knowledge worker accelerated the need to
develop control rooms based on engineering criteria and scientific frames of reference for the past thirty years.

In the late 90’s control rooms were purpose built and industrial and commercial control room standardization
emerged. The nuclear renaissance and heightened interest in alternative power, i.e., solar, wind and bio-fuels
provided the impetus for new control room design (Ivergard & Hunt, 2010). The purpose of a control room varies
from a recording studio, a driver’s seat in a car, a plane cockpit or a rapid transit operations center. An important
aspect to control room design is to understand the operators and the purpose and guide the operators through
effective design to achieve the end purpose. With a renewed interest in thrift and sustainability, designing cost
effective, low maintenance, sustainable, comfortable environmental interiors, for present day control rooms is a
challenge (Ivergard & Hunt, 2010).

Today the implementation and construction of new, state of the art control room runs a risk of being outdated by the
time it is built. New control rooms race against the expediential growth of new technology, world economic
downturns, political and social unrest and climate change. The cost of space in a control room is at a premium and
some control rooms are designed without the necessary human factor assessments and sacrifice space to offset costs.
The resulting control room layouts are challenging and inadequate to provide productive, environmentally
comfortable interiors. Retaining highly skilled operators in an environmentally uncomfortable interior is not
optimum. Future control rooms may face the same issues with space and cost restraints.

In fifty years will we need control rooms? The need to control processes from a room may not be necessary. Imagine
an operator monitoring a power plant from a remote device located off shore on a yacht. Future control rooms and
maintenance may be operated and performed by robots or avatars.

There are many factors that affect future control rooms and control room interiors not included in this paper.
Economic, political and societal decisions made today shape our co-existence with the environment for the future.
This paper discusses the socio-cultural aspects of comfort and the sensory communication aspects of environmental
design for future control room interiors.

Control Room Interiors
The control room dimensions are usually determined by the task analysis. A task analysis is a multi-disciplined
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effort. Various task analysis methods are preferred depending on the functions and systems and purpose of the
control room (Brown, 2001). With advent of screen technology Cognitive Work Analysis (CWA) is becoming more
widely used. According to Lintern, (2012) resulting screen displays permit operators to deal more effectively with
unexpected situations than the traditional display. However, CWA is an arduous process and requires a long lead
time.

Maintenance is an area that will grow quickly as future control rooms are designed. Maintenance is often the last
item to be addressed; however there are maintenance requirements in the control room. With the focus now on
sustainability and risk assessment, maintenance should move to the forefront of sustainable design. More automation
means less operators and more maintenance work. General and preventative maintenance, replacements, repairs,
redesign installations work tasks are required by humans or machines. Sufficient space for tasks should be assessed
for environmental comfort during the design phase.

Traditional control room layouts (Figure 3.) have basic considerations (Salvendy, 2012; Stanton 2005). Going
beyond the basics and layout considerations, additional environmental considerations are taken into account, e.g.
lighting, and temperature.

Figure 3. Conceptual Layout for control room.

Environmental Comfort

Environmental comfort is a new term, although the topic is taught at in all architecture schools. It is the comfort
criteria in the design of the built environment in terms of heat, light and sound. Recently air quality was added and
sometimes physical comfort. Environmental comfort is the middle space between the human and the environment
beyond (Ong, 2013). Heat or thermal temperature is not considered one of our senses although it is complex and
important. If we fail to maintain our body temperature within set limits, we face death. Thermal temperature in
building design is fundamental and important. Temperature is the number one compliant by occupants and affects
productivity and health (Vink, 2005). People prefer to be in control of their own temperature and will move in and
out of varying temperatures not only for comfort but for social interaction. The connection between the two
activities leads to overall satisfaction. Studies concluded that people are more adaptable to a wider range of
environmental conditions than is acceptable within the current comfort standards (Heschong, 1979; Schiller, 1990).
Light in this context is defined in terms of adequate brightness, lack of glare, neutrality of color. A sense of outdoor
light or the actual daylight helps with the sense of time. There are lighting comfort standards but no visual comfort
standards. Research continues on the health benefits of day lighting and an awareness of the external climatic
conditions (Aripin, 2007). The human sensory system welcomes variety, some degree of randomness referred to as
contrast pattern recognition, or sensory variability (Heerwagen, 1992). Unchanging environments are boring.
Humans experience physiological and emotional daily cycles. We live through our senses and need changing
patterns of stimuli to activate them (Humphery 1980; Platt 1961, Cooper 1968; Schooler 1984; Cabanac 2005).
Sound is more true to the measurements than heat and light. Air quality is a growing issue in buildings as well as
outdoors, especially in large cities. Circulating fresh outside air is best but not always practical depending on the
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building location to outside noise or pollutants. Ong (2013) states, “Environmental comfort is not a scientific dispute
but one that argues for a greater recognition of the diversity of human culture”.

Comfortable Interiors

Comfortable interiors appear to have aspects of the outdoor environment. Throughout history the great wonders of
the world are a blend of art, architecture, science and engineering, a form of usable beauty (Figure 4.).

Figure 4. Taj Mahal, India, completed in AD 1648 (2008).

Beyond the visual aspects, the other senses (hearing, taste, smell, touch) are stimulated. Traditional control room
interiors tend to be stark, perceived as cold or non-organic, shape edged and devoid of color. An artist’s replication
of a traditional control room diorama, hand carved from birch and maple wood and formed from steel, encased and
frozen in time, void of human presence, making the inherent function obsolete. The viewer of this diorama is to
consider their pre-conceived knowledge of the mechanics and functions of a control room, as well as open up to the
possibility of how this knowledge can, and will, change through time and context (Figure 5.).

Figure 5. Apparatus, by Roxy Paine, 2014.

New and retrofitted control rooms benefit from on-going innovations in lighting, air and temperature, flooring,
acoustics, glass and building materials, screen design, chairs and workstations, and clothing fabric Brooker,
Reynolds, & Martin, 2011; Lecher, 2012). All of these innovations provide options to the more traditional control
room physical interiors. Additionally, the operator is realized as an integral part of the system and considerations are
made to accommodate the operator’s physical, psychological, and emotional attributes in the design of future control
room interiors.
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Future control room interiors

Cinema, games, art, fantasy and science fiction provide us with a plethora of future possibilities for control room.
The movies, “Enders Game,” “Iron Man”, and “Pacific Rim”, are visual representations of the futuristic control
room interiors and integration of the sensory communication aspects of environmental comfort design and socio-
cultural aspects of comfort for control room interiors (Figure 6a. & Figure 6b.)

Figure 6b. The control room with a view, from the movie Ender’s Game. 2013.

One of the most famous imaginative control rooms is Dr. Who’s TARDIS control room. The TARDIS has gone
through updates and upgrades, not unlike real control rooms (Naser, 2005). The TARDIS features relatively open
floor plans, in which the control console is vaguely in the middle of the room. Control rooms, interchangeably called
console rooms, usually contains walls with roundels, scanners for viewing the TARDIS exterior, and have fairly
sparse furnishings. No known TARDIS control room allows for the operation of the console from a seated position.
The shape, size and ambience of a control room is highly variable, even within the Doctor's TARDIS, A control
room's look can be changed over time. The process by which an operator can transform a control room is fairly
simple, like changing a "desktop theme". On some occasions, a TARDIS manages the change itself. Once, the
Doctor regenerated with extreme violence, destroying much of his control room; the TARDIS was able to
completely redesign its interior and console room without the Doctor's assistance. The console room has gone
through at least twelve redesigns, though the TARDIS reveals that she archived 30 versions. Once a control room is
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reconfigured, the TARDIS archives the old design "for neatness". The TARDIS effectively "curates" a museum of
control rooms in the Doctor's personal past and future (Figure 7.).
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Figure 7. Doctor Who’s TARDIS control room, 2012.

Imagination suggests that future control room interiors are a holistic blend of art, science, engineering, and human
centric. Future control rooms feel organic, the temperature, lighting, color and shape of the room are optional,
chairs and workstations regulate workload and situation awareness for the operators. Operators of the future enjoy
customizing their work area for temperature, light, sound and color. Temperature, lighting and color variation and
management keep operators alert and clear-headed. Future control room walls, floor and ceilings have
individualized light and color schemes for different groups of operators or may change color by sensing mood
changes or workload stress or situation awareness cues and direct operators to appropriate tasks. Sounds for alarms
are easily recognizable due to accompanied vibrations. All the senses and environmental comfort elements are
incorporated into future control room interiors design.

CONCLUSIONS

Since the earliest evolutionary phases of human life, we have had a visceral, survivalist need to be sensitive and
responsive to our surroundings” (Bilchik, 2002). Today, there is a significant amount of research projects focusing
on human health and well-being and the connection between the environment and human psychological responses.
Environmental comfort is a new multidiscipline, and shares the middle ground between the human and the
environment and addresses the socio-cultural aspects of comfort and the sensory communication aspects of
environmental design (Ong, 2013).

Most of the predictions for future control rooms (Montague, 2012; Wood, 2013; Schwarz, Kehr, Herme & Reitere,
2012; Stedinger & Howard, 2010) envision a human centric design focusing on comfortable, seamless collaborative
workspaces. The work is incident or crisis management and keeping up with technology. The workforce is diverse in
culture, gender and age. The nature of work in the future itself will be holistic and collaborative rather than
hierarchal and compartmentalized. Although, there is mention of new innovative products that serve to provide for
physical comfort for temperature, air flow, and lighting, there is little mention of integrating the psychological
aspects or all five senses in control room interiors. Therefore, the integration of environmental comfort to include
socio-cultural aspects of comfort and the sensory communication aspects of environmental design for future control
room interiors should be implemented and further studies are needed.
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