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Abstract: This paper discusses the planning, implementation and results of a design research project developed with 
Industrial Design post-graduate students, which used ergonomics and user-centred design approaches in health-services 
environments, specifically Intensive Care Units (ICU) in Hospitals, to design innovative ICU design concepts. Initially, a 
review of the literature shows current approaches to ICU design, mainly from an architectural perspective. Current and 
futuristic visions for ICU spaces are illustrated through examples from architecture and science fiction movies. The 
concept of “very large scale integration” within digital technologies is also discussed, as a basis for possible design 
directions. Subsequently, field work through user-observations, surveys and unstructured interviews of patients, family, 
and healthcare workers (mainly nurses and medical doctors) carried on at the Calvary John James Hospital (CJJH) and 
the Canberra Hospital (CH) are described, and main findings are summarized. Based on the previous research, tangible 
outcomes of this project also include some short-term solutions as well as futuristic conceptual design proposals.  

Keywords: Industrial Design (ID), User-Centered Design (UCD), Intensive Care Units (ICU) 

Introduction and Background: Setting the Project 

ncreasingly, formal research components are required in the education of Industrial 
Designers, and subsequently the development of products and services. While previous 
undergraduate programs included significant research for design projects, more formalised 

aspects of research training and application have subsequently been included in courses of 
industrial design, and mainly in postgraduate courses. Significant design outcomes are achieved 
when there is a successful integration of the theoretical and the applied aspects of design research 
and practice (Schumacher and Trathen 2009). Within this research for design context, 
ergonomics and user-centred design approaches in health-services environments are relevant and 
beneficial to addressing design problems in these important areas. In an education context they 
also offer real problems for research-based industrial design students to learn from, and design 
for society’s needs. Hospitals are a fertile ground for design problems and elements of hospital 
design have had a history of being designed from a “rational perspective” (Berg and Gulden 
2012) but a “participatory” user centred design approach takes into consideration the range of 
stakeholders and users of the place, in this case, Intensive Care Units (ICU).  

As such, the University of Canberra (UC) has engaged with building strong links with the 
health service of the Canberra region. It has recently opened a GP super clinic on campus and is 
engaged with education for various allied health professions, such as nursing, midwifery, 
occupational therapy and physiotherapy. This places health service as a strategic, central and 
important focus of UC’s research, teaching and community service. Industrial Design, a 
multidisciplinary and applied profession, does not sit outside this engagement with the wider 
community and has developed links with local health services providers.  

In 2012, the UC Industrial Design staff were initially approached by Dr. Balaji Bikshandi, at 
the time director of the ICU unit of the Calvary John James Hospital (CJJH), who had a strong 
interest in developing some ideas to improve ICU environments. This contact was facilitated by 
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the Human Factors and Ergonomics Society of Australia (HFESA) and subsequently also 
included collaboration with the Canberra Hospital (CH), to investigate and propose design 
solutions to their perceived inadequacies of the current ICU set ups. 

The authors approached students enrolled in a two year masters of industrial design, a 
masters by coursework consisting of research training, applied design studios and applied design 
research project components. While projects in this course were traditionally developed 
individually, the identified complexity of this project meant it was best suited for a team-based 
approach, and two students were engaged in the project to work together on the overall problem.  

Hospitals and Intensive Care Units are highly specialised areas and bring their own set of 
unique circumstances that need to be thoroughly understood by designers before key problems 
are identified and appropriate design solutions conceived. As the description of the project below 
details, there are many potential users interfacing with the ICU wards of these hospitals such as; 
1) the variety of health care professionals (medical specialists, doctors, nurses, nurse assistants,
and others), 2) the variety of other staff (administrative managers, technical staff, cleaners, 
security and others), and 3) the patients, usually accompanied by family and friends.  

In this academic, research-driven Industrial Design project, the students had to deal with the 
complexity of both the range of users and the various stakeholders involved in the project and 
this added another level difficulty. Furthermore, within the Australian research requirements, 
application to ensure ethical treatment of human subjects within this project had to be pursued. 
Finally, in order to deal with the complexities of the project, the postgraduate design students 
adopted a user-centred and participatory ergonomics and system’s design approach.  

In summary, this project was conducted in two main phases, each during the academic 
semesters of 2012. The initial phase comprised the main secondary research and literature 
review, while the second phase was developed through primary design research, namely user 
observations and unstructured interviews conducted in the hospitals, to develop innovative and 
futuristic ICU design concepts. 

Literature Review 

Healthcare Facility Design 

We shape our buildings and afterwards our buildings shape us.... Winston Churchill, 
May 10, 1941 (cited by Carr 2010) 

Initially, the literature review looked at health-care facility design, room layouts, and the effects 
they have on both staff and patients. Emotional, physical and social factors were examined, and 
research was also conducted into the organization of bedside equipment and furniture and 
equipment-related issues surrounding patients and impeding care. This initial research identified 
several areas where design improvements were needed. Health care facilities encompass a wide 
range of types, from small and relatively simple medical clinics to large, complex, and costly, 
teaching and research hospitals. Flexibility must be a basic feature of any new health care 
facility, due to changing needs and rapid evolution of medical procedures, technologies, and 
equipment.  

The design of health care facilities is governed by many regulations and technical 
requirements. It is also affected by many less defined needs and pressures. The most 
pressing of these are workforce shortages, reimbursements, malpractice insurance, 
physician-hospital relations, capacity, care for the uninsured, patient safety, advances in 
technology, and patient satisfaction per a recent American College of Healthcare 
Executives survey of hospital CEOs. (Carr 2010) 

2



MONTANA-HOYOS ET AL.: USER-CENTERED, RESEARCH-BASED DESIGN 

 
 

Good design in the health care setting starts by recognizing the basic functional needs, but 
does not end there—it must also meet the emotional needs of those who use such facilities at 
times of uncertainty, dependency, and stress. Meeting the emotional needs of users is also 
described as the psychosocial value of spaces. Heerwagen (2008) states that:  

Buildings affect our psyche as well as our bodies. They can be inspiring and supportive 
of daily activities, or they can deplete the spirits and undermine the best intentions of the 
designer. It is not by chance that such results occur. Positively experienced, 
psychologically healthy buildings have a host of features that distinguish them from less 
enjoyable buildings. Buildings with high psychosocial value are designed around basic 
human needs, ancient preferences, and connections to the patterns of nature and the 
mind. 

Furthermore, understanding the effects of architecture and design of healthcare facilities has not 
only an important social impact, but also a tangible economic impact. A joint study by Harvard 
and Stanford Universities found that 36% of all hospital failures are caused by problems with 
equipment or facilities. Poor room layout accounted for 8.5% of total failures and equipment 
error accounted for 4% (Tucker et al. 2008). The Cost of these errors, both in human and 
financial terms is huge. Up to 98,000 people die each year in the US as a result of medical error 
with a cost to the US economy of up to $29 billion (AHRQ 2007).  

Improvements implemented in the hospital will traditionally address either quality of patient 
care or operational efficiency. In most cases one of these will be improved to the detriment of the 
other. To reduce the chance of medical error, staff must invest more time in double checks and 
redundancies, at the cost of efficiency. Likewise, improvements in efficiency are at the cost of 
patient care. (Pauker, Zane, and Salem 2005). However, by making functionality and usability 
improvements to layout and equipment, both patient safety and staff efficiency can be improved. 
(Tucker et al. 2008). 

ICU Design, Layout and Guidelines 

“ICUs are specialty-nursing units designed, equipped and staffed with skilled personnel 
for treating very critical patients or those requiring specialized care and equipment.” 
(Bhutkar et al. 2008)  

The design and layout of the ICU is continually adapting and developing. It is common for 
designers from different disciplines to consult and collaborate on this subject; such is modern 
design. Through this, a designer’s role, when considering ICU design, is to facilitate the potential 
patients’ wants and needs as well as those of staff members.  

Like anything associated with healthcare, ICU design needs to adhere to particular 
guidelines. There are many guidelines that relate to the floor plan and layout of the ICU. In some 
cases however, these guidelines can be influenced by the hospital itself, through patient 
admissions, staff and visitor traffic, etc. Wedel et al. (1995) from the Society of Critical Care 
Medicine put forward guidelines directly relating to ICU design, as follows: 

 “Direct or indirect visualization by healthcare professionals should be available at all 
times. 

 Whether the ICU is open plan or modular, patients should be visible from a nursing 
station. 

 Noise levels should not exceed 45dB in daytime and 20dB at night.  
 Materials with high absorption properties should be used for walls and ceilings.”  
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Other key conditions promoted within the abovementioned report are the use of utilities 
including electrical power, water supply, oxygen, etc. These are generally accounted for within a 
headboard of beam system. 

Another important ergonomic consideration in the ICU is the noise levels. Many studies 
have been undertaken to assess the mean noise levels within ICU’s and hospitals in general. The 
Society of Critical Care Medicine found in 1995 that “noise levels in most hospitals are between 
50-70dB with occasional episodes above this range” (Wedel et al. 1995). More recently, a study 
conducted by Akansel and Kaymakci (2008) into noise levels within the ICU specifically 
concluded that the average noise level within the ICU was 64dB, and that it ranged from 49-
89dB. 

In order for an ICU to operate accurately and efficiently, areas such as floor plan/layout, 
equipment, circulation etc. need to be considered. It is important that the design of the ICU 
allows for direct observation on the part of the nurses. Hamilton (2010) also places importance 
on each room/unit having an outside window. This also contributes to a patient’s recovery time.  

Very important topics in ICU layout and design are “Observation versus Privacy.” These 
terms refer to the ICU configuration, in that some support the need for unobstructed direct 
observation of patients by nurses and medical staff, whereas others place an emphasis on privacy 
and the effect this can have on patient recovery time. These terms are described by researchers as 
“incompatible polar opposites” (Hamilton 2010). In some cases, material choices can have a 
significant impact and cater for both needs to a certain extent. For example, glass can be used as 
a barrier between patients to limit noise whilst still allowing for appropriate patient observation 
by staff. Privacy is becoming a more considered element when catering for patient needs. 

Furthermore, Hamilton (2010) raises the argument of “Centralized versus Decentralized” 
nursing stations. In an open plan ICU, a centralized nursing station allows staff to be central and 
provide support to all patients from a common area. Individual nursing stations potentially 
increase the need for more staff members, as they focus on one or two patients directly within 
close proximity. 

Patient Wellbeing 

Our aim should be to provide “care that is respectful of and responsive to individual 
patient preferences, needs, and values and ensuring that patient values guide all clinical 
decisions.” (Mansfield et al. 2011) 

An important aspect of Patient-Centred Care, which promotes a positive psychological and 
spiritual experience, is the health care environment. “Many of the family’s concerns can be 
readily addressed by allowing the family to enjoy greater interaction with the patient and the 
ward” (Stark 2004). Ultimately, an overall patient-centred and family-conscious approach to ICU 
design should be adopted. This includes accommodating “[not just the] physiological needs of 
the patients, but their psychological and spiritual needs as well” (Stark 2004). A space that is less 
stressful for the patient, their family and hospital staff will promote faster patient recovery. 
According to Antonovsky (2001) elements that affect overall patient well-being are: 

 “Family and friend access to patients 
 Encourage patients to participate in their own care 
 Customise the care for the individual patient 
 Provide a connection to nature” 

Being ill or suffering an injury can cause a person a great deal of stress. Inhabiting an 
unfamiliar surrounding/environment, diminished privacy and independence and lack of 
knowledge can all contribute to a patient being in a traumatised emotional state (Mansfield et al. 
2011). This type of emotional and physical stress inhibits the recovery process, and is 
emphasised in patients with mental health problems. “Better designed hospitals create an overall 
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improved atmosphere, leading to patients with mental health problems being less confrontational 
and general patients requiring less analgesic medication” (Lawson, Phiri, and Wells-Thorpe 
2004). 

The Effect on Nurses 

There are elements of an ICU that can either improve or diminish nurses’ ability to perform their 
duty as well as affect their work satisfaction. An example of this is the debate between open plan 
layout and single rooms. Both of these options have pros and cons, similarly when referenced 
with patients. An open plan layout allows for greater visibility of all patients but can cause 
distractions that can contribute to errors. Conversely, single rooms allow for more direct focus by 
nurses, however this layout can cause nurses more fatigue navigating from room to room 
(O’Neill 2012). The effect that the ICU layout has on nurses was an important aspect we 
addressed in our further research within participating hospitals. 

Equipment: Tubes, Cords and Wires 

The ICU houses a huge array of advanced equipment for treating and monitoring patients. 
However, the abundance of technology in the modern ICU has raised new problems as well. One 
of the main concerns in ICUs is the over-abundance of wires and tubes that surround any patient 
in a serious or critical condition. This is not a new problem; it was first identified in 1979 by 
Cesarano and Piergeorge, who coined the term “the spaghetti syndrome” to describe it. The 
tangle of wires and tubes around a patient presents potential problems on a number of fronts. 
Firstly they restrict access by healthcare professionals to the patient. The routine tasks of doctors 
and nurses are made more difficult and time consuming because of the interference of cables and 
tubes, which can prevent timely execution of tasks. 

The tangle of cords also increases the chance of misconnection, that is the connection of a 
tube or cord to an input or output into which it will fit but was not designed for. This may result 
in medication being incorrectly delivered to the patient (ISMP 2012). A 2005 study found that in 
56% of cases, misconnection of lines or tubes resulted in patent harm, with the majority of these 
incidents considered to be preventable (Needham et al. 2005). 

Wireless Technology 

There are several potential solutions to the problem of wires and tubes around the patients’ 
bedside; the most obvious solution being the implementation of wireless technology to eliminate 
the need for wires altogether. The potential advantages of wireless technology in hospitals and in 
the ICU in particular have garnered a high level of interest and research. Many hospitals around 
the world are trialling this technology and are looking at methods for implementation. 
Unfortunately, there are numerous problems that surround the use of wireless systems in 
hospitals. Probably the most commonly raised concern with wireless technology in a hospital 
setting is the potential for interference with other hospital equipment. In addition, studies have 
shown that different wireless standards can also interfere with one-another. Further complicating 
the adoption of wireless technology is the lack of a universal standard. Providing power for 
wireless devices will be a challenge as well. 

Outlet Configuration 

Wireless is not the only solution to improving bedside organisation, another potential solution for 
this is changing the positioning of the outlets. Outlets for power and gas, and ports for data cords 
are typically arranged in a single panel. Traditionally these are in a “headwall” configuration, 
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with outlets set in a panel that sits on the wall behind the patients head. This is the system that 
was (at the time of the project) implemented in the CJJH ICU.  

The two main alternatives to a headwall configuration are ceiling-mounted boom and 
column layouts. Research conducted in the ICU of a major children’s hospital in Dallas, Texas 
(Pati et al. 2008), found that there are significant advantages to a ceiling-boom when managing 
cords and tubing. The boom means wires and tubes are up off the ground; greatly reducing the 
potential for trip hazards. Booms were found to have ergonomic improvements in that they 
reduced the need for care givers to stretch, lean or bend over. 

Equipment Interaction 

At any given time, an occupied room in the ICU is likely to house several different pieces of 
equipment. These fulfil a specific function, whether that is providing care, monitoring the patient 
or both. Generally each device operates in isolation from other equipment in the room, and this is 
necessary in order to allow equipment to be added or removed from a patient’s room as needed. 
The downside, however, is that those pieces of equipment do not always interact efficiently. This 
occurs on two levels; 1) physically and 2) at an information processing level. 

Poor physical interaction with equipment relates to equipment that does not fit well with 
other devices in the available space. There is the potential for one device to obstruct the proper 
operation of another device or interfere with the tasks of healthcare professionals. Through the 
literature search, the authors could not find evidence of research undertaken in this specific area. 
Thus, one of the objectives of the project became to look at this area and ascertain whether 
problems exist in the physical interaction of equipment, and if so, how they could be solved or 
improved.  

Field Research in CH and CJJH 

The main goal of this project was to propose user-centred, research-based design outcomes 
which would increase efficiency and usability in the ICU, and ultimately increase the quality of 
patient care. For this purpose, and supported on the previous literature review, research was 
undertaken in both CH and CJJH, both in Canberra. This design research led the team to 
significant insights and complemented the previous literature review. Hereunder, we will briefly 
describe this process.  

Research Methods: Observations and Unstructured Interviews 

Due to the complex nature of the systems and equipment employed in intensive care units, first 
hand research was essential for the validity of this study. Direct observation is a key method of 
design research, allowing the researcher to observe the habits and routines of people and gain 
insight into their needs. The difference between needs and wants may seem incidental but in the 
context of innovative design it is very important. A person’s wants may be superficial, 
changeable or subject to bias based on the existing products they use. Needs are more 
fundamental and relate to intrinsic truths about how a person interacts with their environment and 
the people around them. 

It is important to note however, that when researching the usability of a space there is rarely 
only one user group. Direct observation helps to build a complete picture of the different users 
and stakeholders, and what their needs might be. In the context of the ICU bedside environment 
the user groups are mainly: nurses, doctors, patients, cleaners, wards-men and visitors. Each of 
these user groups has a different set of needs and these can often be conflicting.  

Human ethics approval was obtained prior to this stage of the research. It is important to 
supplement observational research with interviews in order to build as complete a picture as 
possible. Interviews provided information about events that were not witnessed by researchers. 
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Preference was always placed on first-hand information, but in the case of uncommon, yet 
significant events, staff members provided information to researchers. One example of this is the 
process in the event of a patient emergency. The postgraduate design students were not able to 
witness an emergency, but were able to gain a good level of understanding through interviews. 
Research included six sessions at CH ICU and three at the CJJH ICU. An average session 
consisted of 2-3 hours leading to a total observation time of approximately 21 hours. 
Observations were carried out in the morning; generally between the times of 9am and 1pm. Data 
was recorded through the use of note taking, sketching and photographs. Interviews were 
recorded using a voice recorder and brief videos when necessary, mindful of the ethics and 
privacy implications, especially with patients and families.  

 

 
Figure 1. ICU room at Calvary John-James Hospital 

Source:Authors  

Main Findings of the Field Research 

Cords and Tubes 

The issues presented by the abundance of cords and tubes in the ICU bedspace were always a key 
aspect of this study. A number of specific issues were raised by the literature review and were 
confirmed by our observation and interviews. First and foremost is the problem of cords and 
tubes restricting access to the patient. Cords and tubes in the bedside area represent a serious trip 
hazard for staff members, particularly nurses. This is an occupational health and safety risk to 
staff members and a risk to patients if a cord is accidentally pulled out.  

It was observed that although there is standardisation across the ICU in the positioning of 
equipment, there is a reasonable level of variation in how the cords are organised. Tangling of 
tubes is also a serious issue that ties up a significant amount of staff time. As an example, when 
receiving a patient from surgery, two staff members spent 20 minutes setting up and connecting 
the lines. 

When not in use, cords are coiled by hand and tied with a length of string that hangs from 
the plug. Some cords are then hung on small plastic hooks that are situated under the monitor and 
next to the outlets. At CH, spare cords are placed on a low shelf on the back wall while at CJJH 
they are kept in a small basket that hangs below the monitor. Hygiene is another consideration; 
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whenever a patient is discharged the whole bedside area is cleaned and this includes the cords. 
Most of the tubes are disposable and are therefore thrown out; the cords must be cleaned 
however. 

Figures 2 and 3. Problems with cords, tubes and equipment 
Source: Authors  

Bed and Chair 

There are many issues related to the use of both the bed and chair within the ICU bedspace. 
Firstly, when the patient is in the chair, the bed must remain in the bedside area. However, due to 
minimal available space, sometimes the bed’s position can intrude on the general walking area 
outside of the bedspace. 

There are also differences between CH and CJJH in how a patient is moved from the bed to 
the chair. The procedure in CH is to manoeuvre the bed out of position, move the patient, and 
then replace the bed with the chair once the patient is settled. However, in the case of CJJH, the 
chair is placed next to the bed and the patient is moved. The bed then stays in its original position 
with the chair sitting alongside. Essentially, in both cases having both the bed and chair in the 
room restricts the amount of free space severely, allowing only one point of access to the patient. 

Equipment surrounding the bed and the tubes and cords associated with this equipment all 
pose a risk to the process of moving a patient. Before beginning to move a patient, the nurse will 
try to position the attached equipment to one side of the bed and the chair on the other. This is to 
allow for a clear transfer from one to the other. However, this also means the attachments end up 
stretched over the bed and caught in between sheets and railings. This has the potential not only 
to obstruct and inhibit the patients’ movement, but also places the cords and tubes in risk of 
being pulled out. 

When looking at the layout of the ICU bedspace as well as the furniture and equipment 
within it, it is clear that the bed is the largest element within the space. There is a need for the bed 
to be large enough to accommodate all shapes and sizes of patients. However there are issues 
when transporting patients out of the ICU to other areas of the hospital. Through our 
observations at CH we witnessed a patient being transported from the ICU to receive a CAT 
scan. This entailed four staff members plus medication poles accompanying the patient (in the 
bed) through the halls and into an elevator. The bed barely fit in the elevator due to its size, and 
staff and the accompanying equipment worsened the problem. Manoeuvrability of the bed did 
not appear to be an issue; however the size of the bed was problematic.  
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Both CH and CJJH have different patient chairs. CH has large reclining chairs on wheels 
whereas the chairs at CJJH do not all have wheels and don’t recline. In CH we observed nurses 
having to wheel the chairs from the storage area to the bedspace. This was made difficult due to 
the size of the chairs, as they are very large, which also makes them very heavy. Both of these 
factors mean it is extremely difficult to move a patient after he is positioned in the chair. The 
chairs at CJJH are smaller than those of the CH; however they are just as difficult to manoeuvre 
without wheels. To compensate for not reclining, the chairs have a footstool underneath. 
However, this scrapes along the ground when the chair is moved. 

Manoeuvrability and Mobility of Equipment 

The sicker the patient, the more pieces of equipment we have to use.  
(ICU Specialist, CH)  

The nature of the ICU being high dependency and critical care results in a large amount of 
equipment being needed. There is a need for more and more pieces of equipment as the severity 
of a patient’s condition increases. To facilitate storage and manoeuvrability, smaller devices are 
attached to larger mobile elements. In the ICU environment it is important for equipment to stay 
in place while being easy to move if needed. In most cases, the wheels of equipment are fitted 
with small foot brakes. Other, newer, equipment has larger and more accessible brakes such as 
the dialysis machine shown in figure 4, below.  

 

 
Figures 4 and 5. Wheels and brakes for mobility  

Source: Authors  
 

In regard to Intravenous (IV) poles, as previously mentioned, in transporting a patient the 
medication poles are often wheeled along beside the bed. The wheels become an issue when 
moving over different surfaces, for example when moving into the elevators. In CH we witnessed 
a nurse having to lift the fully loaded pole off the ground to move it over a joint in the floor.  

Significant differences were found in the two ICUs studied in regard to the nurse stations 
within the bedspace. Firstly CJJH still operates with a paper system, whereas CH is digitally 
integrated. For obvious reasons the latter is a far more current solution. However, in both ICUs 
the stations are positioned at the foot of the bed, with a small space between bed and station. 
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Curtains 

While not evident during the literature review, upon conducting interviews with staff, in 
particular nurses, it quickly became clear there was immense discomfort with space-dividing 
curtains. Almost all of the nurses interviewed vented their frustrations with the curtain dividers 
used within both hospitals’ ICUs. The curtains surrounding the bedspace are made up of sections 
that have a tendency to not only become detached from each other, but also jam. The nature of 
the small connections and the slide railing along with rapid movement caused by staff often 
resulted in the curtains getting caught. The aforementioned need for adjusting curtains also 
presents hygiene issues. Nurses need to touch them often with both clean and unclean 
hands/gloves. Another hygiene issue pertaining to the curtains is that they do not have a distinct 
storage solution when they are drawn closed. 

Figures 6 and 7. Problems with Curtains 
Source: Authors 

Conclusions 

Tangible Design Outcomes: Short and Long Term Concepts 

This design research project culminated with two separate design outcomes; one focusing on 
short-term solutions and the other one focusing on long term outcomes. The genesis for this 
study was the idea of an integrated patient care environment and this was the main focus of the 
design outcomes. The team developed a long-term, conceptual and futuristic design proposal 
possibly projecting twenty years in the future for implementation. This proposal is providing new 
ideas and concepts for an Integrated Patient Care Environment (IPCE), where health 
professionals, patients and equipment all interact with one another precisely, efficiently and 
without obstacles. 
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Medication / IV Pole Concept 

As identified through the direct observations and interviews, the medication/IV poles used in 
both CH and CJJH present many problems. Firstly, the star spoke wheel design; reminiscent of 5 
point office-chair bases creates a large footprint. Whilst there is the need for the wide base as to 
avoid tipping, the nature of this solution makes a 600mm diameter area unusable. Staff members 
were witnessed tripping and stepping on them creating a risk for health and safety. This issue 
worsens when more than one pole is needed, being a major concern within the ICU where space 
is at such a premium. 

The proposed design concept (as shown in Figure 8) utilises principles applied by Dyson (in 
his ball barrow and vacuum cleaners) in limiting the amount of contact with the floor for better 
mobility. A sphere becomes the wheels and allows the user to move the pole in any direction. 
The sphere being housed within two circular brackets achieves this. These brackets eliminate the 
need for the sphere to have a fixed point, thus 360° movement on the x-axis. The two brackets 
have small wheels housed on their inner circle to reduce friction between the sphere and 
brackets. 

 

 
 

Figure 8. IV pole concept with reduced footprint and improved manoeuvrability 
Source: Authors 

Futuristic ICU Concepts  

The first step in developing the futuristic design for the ICU Bedspace was to look at how the 
space could be reorganised. The team quickly realised that a certain amount of equipment, cords 
and tubes would always need to be present in the space. By organising the space better, however, 
their interference with staff could be lessened. Initially a design solution was proposed, and while 
it was conceived by the postgraduate design students as the final design solution, this concept 
was ultimately deemed by the supervisors as to not meet the brief of a “futuristic” design 
solution, but rather a possible evolvement for a 5 year future. Nevertheless it was felt that the 
concept was worth pursuing to a stage of semi-refinement, as depicted in figures 9 and 10. 
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Figures 9 and 10. Short term (5 year) future development of integrated ICU bed. The images depict two positions of the 

same bed, addressing problems observed with mobility of patients.  
Source: Authors  

 
The final outcome of this project was a futuristic concept for the ICU bedspace. Highly 
conceptual in nature, it is imagined as a design for 2030. The concept is a hub in the centre of the 
bedspace, integrating multiple systems and pieces of equipment into one design into which the 
bed docs and becomes a part of. As a response to the futuristic aspect of the brief, the concept 
utilises several advanced and emerging technologies as well as some simpler and more practical 
solutions, as depicted in figures 11 and 12.  

 

 
Figure 11. Long-term (20 year) future development of integrated ICU bed using currently developed and  

emerging technologies 
Source: Authors 
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Both the literature review and the primary research informed the final futuristic design.  

[It] features a large, subtly curved column that houses utility outlets for gas liquid and 
power. This column blends into a rectangular rail that sits directly above the bed and 
supports three separate semi-transparent OLED screens. The screens can be raised and 
lowered independently of one another and are housed by the rectangular rail when 
raised. The OLED screens provide a large amount of space for medical staff to view 
detailed patient information. They are semi-transparent to allow staff to monitor the 
patient even when the screens are lowered and displaying information. The bed docks 
into the main hub via a wireless connector plate positioned in the floor. This allows the 
bed to be powered and to share information with the main hub without the need for a 
precise connection point. When not connected the bed is powered by a battery housed in 
the base. (Fenwick and Stehlik 2012, 9) 

The bed can be raised into a recliner chair position for patient comfort, or lowered to allow staff 
members better access to the patient.  

The initial idea behind this project was better integration and organisation of bedside 
systems and equipment. The concept achieves this in a number of ways. The majority of the 
utility outlets were relocated from the back wall to a column next to the bed. This places outlets 
much closer to the equipment that uses them.  

The intravenous (IV) pumps and fluid bags were also integrated directly into the bed itself. 
Almost all patients in the ICU require this equipment and so its incorporation into the bed was 
logical. The IV pumps slot into a connector on the side of the bed and receive power through the 
bed, eliminating the need for cords entirely. Between three and five pumps can be attached, 
depending on the size of the pumps. A removable pole attaches to the corner to the bed and 
supports up to five bags of IV fluid. This number of pumps and bags will be sufficient for most 
ICU patients while those in a high acuity state may require a mobile medication pole to support 
additional equipment.  

Lines running between IV bags, pumps and patient are kept ordered by a simple attachment 
to the pole. This helps prevent tangling and makes it easier for staff members to follow a line 
from one end to the other. At the same time the lines are not locked in place so patient movement 
will not inadvertently pull them out. 

Equally as important as the integration of physical equipment was the integration of the ICU 
systems such as patient monitoring and response to emergencies. Currently many, if not most of 
these systems, operate independently of each other. The future concept addresses this by 
incorporating these systems into the bed hub. Patient vital signs are monitored by discreet 
wireless devices that feed information to the main hub. This information is analysed and 
displayed on the OLED screens with key information and the patient’s predicted trends 
highlighted.  

When the system detects a patient emergency, a response is automatically triggered. The side 
screens and bedside guards retract and the whole bed is lowered. This allows for immediate and 
clear access to the patient. Meanwhile, the end screen displays the relevant patient information so 
staff members that rush to the bedside can quickly bring themselves up to speed and respond 
appropriately. This emergency response can also be initiated by a staff member. 
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Figure 11. Long-term (20 year) future development of integrated ICU bed using currently developed  

and emerging technologies 
Source: Authors  

Improvements When Moving Patients 

Currently the process of transporting patients can be difficult and time consuming for staff 
members. IV pumps and bags must be disconnected from medication poles and attached to a pole 
on the bed or the medication pole must be wheeled along beside the bed. A monitor is often 
placed at the foot of the bed so the doctor, walking behind the head of the bed, can keep track of 
the patient’s vitals. In our concept bed, this equipment is already attached and therefore needs not 
be adjusted. IV pumps and bags are attached to the side of the bed and the screen at the foot of 
the bed will automatically raise and begin displaying patient information when the bed is 
disconnected from the dock. Manoeuvring the bed is also made easier with a large and accessible 
foot break that locks all four wheels with one press. 

Patient Comfort 

ICU patients who are capable of sitting are often placed in recliner chairs for their comfort. 
Unfortunately this means the recliner and the bed must share the already cramped bedspace. By 
incorporating the functionality of the recliner chair into the bed this problem is eliminated. Staff 
members are also no longer required to move patients from bed to chair which can be a difficult 
and labour intensive procedure. As a patient’s condition improves they are likely to find 
themselves in need of mental stimulation. To address this, the screen at the end of the bed is dual 
facing and can be used by the patient for entertainment. 

Final comments 

It is important to note that due to time and budget constraints, none of the concepts have been 
developed into real products that can be tested or marketed. However, the project was successful 
due to a number of factors: The two students worked well together and developed appropriate 
techniques for working on such a complex problem by recognising their various individual 
strengths as industrial designers and using appropriate design research methods and approaches. 
The students, the university staff and the various staff of the two hospitals all had a positive 
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experience from this cooperation. A key factor in creating this outcome was the ongoing 
communication between the stakeholders by all being kept involved at the critical stages of the 
project and subsequent evaluation.  

Industrial design and universities have both the opportunity and responsibility to contribute 
to the broader community and develop solutions to socially relevant problems such as those 
facing society under the broad heading of health. These forms of design research and its 
application move industrial and product design away from the perception of being merely a 
“contributor to the throwaway society,” but acting as a positive agent contributing to society. 

The final outcomes of this design research project have been widely published in 
ergonomics, medical and design-related media, being presented at the HFESA conference in 
2012, and feature in Pulse IT magazine. The success of the project and its outcomes was 
independently verified when the students won an Ergonomics award by the HFESA 
(http://www.ergonomics.org.au/default.aspx) society in 2012, and subsequently received the 
Core77 Design Awards for 2013 under the Strategy and Research category 
(http://www.core77designawards.com/2013/recipients/observation-analysis-icu-designs/) . 

This project has led to several other successful collaborations with industrial design, the 
university, health professionals and institutions, and has provided a key focus for future 
Industrial Design research and curriculum refinement in UC and other institutions.  
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