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Abstract: The focus of this paper is on the shift from the GLS (incandescent) technologies that 
dominated 20th century experience of light, to Light Emitting Diodes (LEDs). It argues that expectations, 
based upon the performance and behaviour of 20th century lighting technologies, have profoundly 
influenced the direction taken in developing LED technologies for lighting design applications. However, 
the light from LEDs, stubbornly refuses to conform to the norms of previous forms of lighting.  As a light 
source the LED is completely different in feeling, form and technological delivery, and does not easily 
create the same lighting conditions as the 20th century light sources. The profound differences between 
GLS and LED lighting mean that the expectations of both designers and consumers are often 
inappropriate, and contribute to unsatisfactory applications of the technology. This paper reports on 
findings from experimental, practice-based research into approaches to lighting design using LED 
technologies. The research posed a series of questions around designing with LEDS: How can designers 
come to grips with the challenges and potential of LED technology? What changes in attitudes and 
expectations for lighting does this new technology require from designers and consumers? What 
radically different possibilities for lighting design might emerge once we move beyond the conditioning 
and practices established by 20th century light sources?  
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1. Introduction 

How we interpret visual experience is strongly influenced by what we have already seen – a process 
some researchers liken to recognition – using the data base of previous images in the visual cortex 
(Julian, 2011). Similarly, the way we interpret spatial experience is shaped by previous experience. This 
conditioning of expectations by experience plays out in reactions to technology change. New 
technologies that play into our expectations, enabling better delivery of a valued perceptual experience, 
are rapidly incorporated into our environments and practices. Those that deliver less immediate 
benefits, and that challenge perceptual expectations, struggle to gain a foothold in our lives. 

Light Emitting Diodes (LEDs) belong to the latter category, at least in respect of their penetration into 
domestic space. The contrasting rapidity with which they have transformed urban night-life, re-
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energising the role of artists in city-branding, and proliferating light festivals, speaks to the proximity of 
LED lighting effects to visual expectations of festival atmosphere and display; that is, a play of intense, 
spectacular and constantly changing colour against the contrasting blackness of the night. Expectations 
of light in domestic space are very different. While LEDs rapidly supplant fireworks and neon as a source 
of the spectacular in public night-life, the demand that they likewise supplant the General Lighting 
Service (GLS) technologies that have dominated lighting in the domestic sphere for the past century, has 
met with less success. The reason for this difference lies in the technology. LEDs generate intense light; 
GLS fittings generate abundant light. The significance of this difference for domestic lighting design is 
only beginning to be appreciated.  

LEDs offer greater energy efficiency and longevity than other light sources and are being adopted 
across the lighting market (Shur and Zukauskas, 2005). The residential sector is a substantial part of the 
lighting market overall, currently estimated at 40% globally (McKinsey, 2012). For the full benefits of 
energy efficiency to be obtained, the residential market needs to engage with LED technology.  

If we are to design successfully for LEDs in domestic space we must understand the relationship 
between LED lighting effects and our expectations of visual pleasure and task facilitation through 
lighting in the home. Equally, designers of domestic light fittings and lighting effects need to re-examine 
the assumptions that have shaped their approach to design. Culturally, our expectations of the 
relationship between light fitting and lighting effect have been shaped by GLS technologies. LEDs behave 
very differently. 

This paper reports on findings from practice-led research into the design of domestic light fittings for 
LED light sources. Iterative experimental development and trial of LED-based light fittings, informed by 
user feedback on lived experience of the lit spaces, raised unanticipated questions concerning design 
approach. A starting assumption of the research, that ‘the problem of designing for LEDs’ would be 
(relatively easily) solved through the production of a fitting - a beautiful, light-distributing form, similar 
in conception to the iconic light fittings of the 20

th
 century - proved overly-optimistic (see Figure 1). 

What was quickly revealed by the research was a need not only for technical understanding of the 
behaviour of LEDs, but for insight into our expectations of light, and into the strategies by which those 
expectations have been met in contexts beyond those lit by GLS technology. 

The argument of the paper proceeds in three steps: first, a discussion of the way that GLS technology 
has shaped both consumer and designer expectations of domestic lighting over the past century; 
second, a discussion of the new paradigm presented by the intense light of LEDs; and third, an account 
of the practice-led research, and of the mixture of practical, technical and historical understandings that 
informed it. The paper concludes with a discussion of possible directions for the development of LED 
fittings in domestic settings. 

2. General lighting service 

2.1. The GLS: an all-purpose light source 

The light from GLS is created by burning a tungsten filament in a vacuum. This incandescence emits a 
spectrum of light similar to that of the sun and other burning sources such as fire. Humans have evolved 
with this spectrum, and it is comfortable for our eyes. The GLS spectral distribution is smooth and the 
colour rendering quality is excellent (Tregenza and Loe, 1998). By contrast the spectrum from artificial 
light generated by LEDs is uneven, which impacts colour rendering (Shur and Zukauskas, 2005).  
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The colour temperature of the GLS lamp hovers in the warmer tones of 2800K, creating what has 
been called “incandescent coziness” (Kellog, 2009). These warmer tones are similar to the colour of late 
afternoon light, and are registered by our senses as appropriate to end-of-day activities (Czeisler, 2013). 
Research into light quality has revealed that we find warm light especially attractive at night; particularly 
in places intended for relaxation and social activity so GLS technology fits well into expectations within 
the domestic sphere (Hopkinson and Collins, 1970). In terms of the behaviour of the light, the most 
influential characteristic of the GLS lamp is its ability to emit light evenly in all directions – only 
interrupted by the socket. 

In summary, the GLS lamp produces light that is comfortable and attractive to our eyes, renders 
colour well, and disperses light evenly. Joined to these qualities, and definitive in its impact, is the 
abundance of light produced by this source. In contrast to the scarce light of pre-industrial times, the 
light produced by the GLS lamp is plentiful, high intensity, and flows generously out in all directions. 
Supported by the industrial technologies of centralised power generation and distributive grid, that 
supply abundant electricity to outlets in every residence on demand, GLS lighting transformed 20

th
 

century domestic life. It can be seen as one of the constitutive technologies of embodied experience 
within cultural modernity. 

2.2. Expectations of lit domestic space in the GLS era 

Historically, GLS technologies completed a transition that had commenced with the introduction of gas, 
from portable light sources such as candles and lamps to lighting that belonged to the infrastructure of 
each space. Rather than transport light from one space to another, we became accustomed to move 
unencumbered through lit spaces, from task to task and from room to room. GLS light fittings in 
domestic environments are capable of flooding a room with light, rather than lighting just the task or 
immediate personal space. 

An important dimension to this transition was the reorganisation of fuel provision. Pre-industrial 
lighting involved the burning of fuel as an immediate source of light. Provision of fuel for lighting had 
been a part of everyday domestic economy; even the wealthy practiced frugality in consumption of this 
valued resource (O'Dea, 1951). Lavish lighting of interiors was reserved for occasions of significant 
display, such as public assemblies or private parties (Crowe Leviner, 2000). The centralised production 
and distribution of gas and electricity, with embedded infrastructure to enable ready access, 
transformed this domestic economy. Establishment of a remote and apparently unlimited source of 
energy removed constraint on local production of light, and rendered redundant the habits of frugal 
consumption. 

A third dimension of this transformation of spatial experience was the development of an aesthetic 
that excluded deep shadow. While GLS technologies made the banishment of shadows possible, it was 
the hygiene movement that made such banishment culturally desirable (Rybczynski, 1986). The GLS 
incandescent lamp, in contrast to previous light technologies, provided light that was instantaneous and 
clean, with no unwanted by-products such as stained walls, smells or messy wax.  A new desire to flood 
interior spaces with abundant light was extended, through GLS technologies, beyond the hours of 
daylight and into the evening. For the moderns, architectural beauty was reconceived as ‘the 
magnificent play of masses brought together in light’ (LeCorbusier, 1946, p. 186). The white walls of 
modernist interiors relied upon both ample daylight, and abundant light at night, for their aesthetic 
impact. 
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An important participant in this new spatial aesthetic was the unrestricted and mobile modern body, 
moving freely from one space to the next. Differences in atmosphere between one space and another, 
between occupied space and unoccupied space, between interior and exterior, were banished wherever 
possible. Light that flowed evenly throughout a dwelling, and that eliminated boundaries and 
distinctions, played a central role in shaping the embodied experience of modern life. The sculptural 
forms of GLS luminaires, suspended in architectural space from ceiling fixtures, reproduced in miniature 
the new aesthetic preference for detached, free-floating and unencumbered objects, bathed in light.  

The shift to bright, even lighting in the home paralleled the ideas being developed by illumination 
engineers for working situations (Cuttle, 2012). Homes were no longer the cosy retreats of the 19th 
century. Rather, they were to be the dwelling place of reason, fitness and efficiency. The house was to 
be ‘a machine for living in ’  (LeCorbusier, 1946, p.95) Reform movements, such as the domestic science 
movement influenced by the writings of Frederick Taylor, focussed on efficiency and hygiene  (Taylor, 
1913). Domestic spaces of production and cleanliness, such as the kitchen and bathroom, reflected the 
uniformly illuminated aesthetic of the efficient modern workplace. 

As the 20th century progressed, designers came to understand, and exploit, the freedom created by 
electric light. The technology that underpins GLS lamps is simple, easily available and relatively 
inexpensive. As light is abundantly produced, there is no need for craft in optimising scarce light. The 
light quality itself is pleasing, so there is less need to mediate glare. Further, GLS lamps (like 
fluorescents) perform well at higher temperatures, so heat management is relatively simple. Heat 
generated by the light is easily dispersed by air, and is not a concern as long as there is sufficient 
distance between the lamp and any combustible or heat absorbing material. 

These properties of the GLS lamp allow, if not demand, a three-dimensional response, where the 
shape and form of the lamp is integrated into design of the fitting. GLS luminaires are often three-
dimensional, glowing objects in space (Figure 1). Lighting typologies that have evolved since the 
introduction of GLS illumination are now so familiar as to be taken for granted; hanging pendants (often 
centrally in a room), standing lamps with conical or drum shades, wall brackets, table lamps, ceiling 
“oyster” lamps. 

 

 
     1a.           1b.             1c. 

Figure 1: Iconic luminaires for GLS lamps by 20
th

 C. designers: 1a) Poul Henningsen, 1b) Isamu Noguchi, 
1c) Issey Miyake. 
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If GLS technology was a crucial contributor to development of a spatial aesthetic of openness and 
light in European modernism of the 1920s and 30s, it played an equally central role in the colourful pop 
and consumer cultures of the 1960s and 70s.  

The post-World War II availability of plastics made possible a wider range of sculptural shapes and 
brilliant colours for use in conjunction with GLS lamps. Like plastic, the flexible nature of GLS 
illumination lends itself to playful experimentation. Designers of luminaires rapidly moved beyond a 
concern with utility and comfort: a light fitting now could be almost anything; a sculpture, an artwork, a 
symbol of style, fashion or status.  Increasingly designers saw their role as being to ‘dress’ the light 
source, rather than to focus on optical principles or performance (Artemide, 2014). Designers with no 
particular knowledge of lighting or light sources were able to create popular and attractive light fittings.  

A whole sector of the lighting design industry has developed to showcase such work, with new 
ranges of enticing light fittings being launched every year at events such as Euroluce in Milan or Light 
and Build in Frankfurt. Success for lighting designers, both professional and commercial, is grasped 
through these events. It is unsurprising that designers, as they begin to work with LEDs, should aim to 
display their work in such settings. However the expectation that LED should lend itself to the lighting 
typologies of GLS, or that they are amenable to display at lighting showcase events, overlooks the 
profound differences between these two lighting technologies. 

Designers have been struggling to work with LED because the landscapes of interior light enabled by 
GLS have set in place taken-for-granted expectations of the forms and effects at which lighting design 
should aim. That designers have been able to work easily with light, without specialised technical 
knowledge, was a bonus of GLS. Working with LED presents wholly unanticipated challenges. 

3. New lighting technologies 

3.1. What is an LED? 

An LED is a light producing semi-conductor device that is comprised of a layer of electron-rich material 
(p) separated from a layer of electron deficient material (n). When voltage is applied, electrons flow 
from the (p) area to the (n) area. Each electron flow emits a photon of light. Importantly, another effect 
of the electron flow is the production of heat at the junction of the (p) and (n) layers (Shur & Zukauskas, 
2005). 

In the early days of the technology (1970s) only green and red light could be created and LEDs were 
most commonly used as indicator lights and for signage. It was not possible at that stage to produce 
blue or white light. 

The breakthrough came in 1996 with the announcement from an engineer, Shuji Nakamurra, that a 
bright blue LED had been created using InGaN (Indium Gallium Nitrate) in the substrate (Johnstone, 
2007).  When the InGaN chip is mounted into a package and a phosphor (similar to that used in 
fluorescent technology) is added, white light is created.  The package includes a lens, known as the 
primary optic, which directs and shapes the light for its intended application. The package provides 
protection for the LED chip and also acts as a conductive path to extract heat from the junction via a 
thermal pad (Hansen, 2011). 

Nakamurra’s invention was important, not only because it enables production of blue and white 
light, but also because the light source itself is relatively bright. LEDs could now be explored as a source 
of architectural lighting.  
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3.2. Intense light – a new paradigm 

“[The] appreciation of specific material qualities of light, the ecstasies of the bulb’s colour 
reproduction and temperature, the patina and multi-sensuality of orchestrating 
lightscapes through the shadows … is at the heart of understanding the contestation 
against adopting a new technology” (Bille, 2012). 

Light from different light sources has a particular feel and behaviour. The carefully husbanded, 
scarce light of pre-industrial times was only able to illuminate specific areas.  Outside the circle of 
comforting candle or lamp light, darkness reigned. The light sources introduced during the industrial 
revolution (advanced oil lamps, gas lighting and electric lighting) produced light that was progressively 
more abundant in volume and quality. The light flowed out to illuminate larger areas and even whole 
rooms from a single source.  

The light from LEDs is different: it is neither scarce nor abundant, and yet has characteristics of both. 
As for pre-industrial light sources, LEDs can only illuminate specific areas. The amount of light flowing 
from an LED is high, but is narrowly directional and piercingly intense. LED light is crisp and glarey, with a 
sharp divide between intense pinpoints of light and unrelieved shadow. As the LED has no distribution of 
light across a filament or tube at the source, as do incandescent and fluorescent lamps, discomfort is 
experienced when the intense pinpoint of an LED light source is directly viewed (Lay, 1974). By contrast, 
GLS lamps distribute light evenly from the source along the tungsten filament, so discomfort glare is less 
pronounced. The even distribution of light from GLS lamps means that transitions between illuminated 
areas and darker areas are relatively gradual, with soft edges.  

When LEDs were introduced into the architectural market, the light compared poorly to 
incandescent light in terms of colour temperature and colour rendering. Since that time there have been 
improvements in these areas, as predicted by researchers (Azevedo et al., 2009). However, despite 
improvements to the colour of LED light, the experience of light from an LED light source remains 
uncomfortable. 

To put the issue briefly, designing for LED light sources is comprehensively different to working with 
GLS lamps. LEDs are technically more complex, and demand that the designer understand issues like 
thermal management, driver technology, and lens technology. Conditions of general illumination, easily 
generated by the omni-directional and generous spread of incandescent light, cannot be easily created 
with LEDs. The narrow stream of light is generated from an intense, pinpoint source that has no fixed 
form. Designers need to work out how to organise the LEDs, how many to use, and in what 
arrangement. There is no sensuously shaped GLS lamp to build a light fitting around.  The whole 
paradigm of an illuminated glowing object in space is challenged by LED technology. 

The narrow distribution of light from LEDs means these light sources need different placement 
within interiors, and different strategies to give volume to the light. Designers need to develop expertise 
in the use of optical principles to refract, reflect and diffuse intense light. Historical research into the 
mediation of earlier light sources through application of these general optical principles provides some 
guidance, but few easy answers. The requirement for mediation is completely different. What LEDs 
require is not the magnification of light, as in conditions of scarce light; or gentle moderation, as for 
abundant light. Further, the intensity of light produced by the LED means that material choices for use in 
mediating this light source are more limited than when working with earlier lighting technologies. For 
example, conventional diffusing materials such as frosted glass or acrylic do not work well with LEDs  
(Lau, 2013).  
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LEDs are a relatively new light source and we have, as yet, no innate understanding of how they 
behave. We have no history or tradition of light fittings for this source from which we can learn; there 
are no iconic shapes or traditional forms for LED technology. The typologies of light fitting that we are 
familiar with, and instinctively draw upon, were developed for abundant light and have limited 
application for LEDs. 

3.3. The response of the lighting industry 

Historically, each new light source has created new conditions for lighting. The early users of a new light 
source have instinctively tried to adapt it to match their pre-existing expectations of lighting effect and 
behaviour. This was true even of the transition from scarce to abundant light (Bluhm and Lippincott, 
2000). Currently, our cultural expectations of lighting in domestic interiors, as well as our skills in, and 
knowledge of, the design of appropriate light fittings, are being challenged by LEDs. 

The considerable energy directed by the lighting industry into the adaptation of LED technology to 
domestic settings, has been frustrated by the difficulty of making LEDs conform to expectations shaped 
by GLS lighting. For the mass domestic lighting market there has been an emphasis on retaining existing 
light fittings, and retrofitting them with LED lamps. This strategy locates LEDs in typologies of light fitting 
that are not only unsuitable for the light produced by LEDs but, due to the different requirements for 
heat management, do not allow the LEDs to perform well (Willmorth, 2014). 

The focus on retrofit has led the industry to develop versions of the LED that mimic, as closely as 
possible, both the visual form and the maintenance requirements of the GLS lamp. Two examples are 
the E27 retrofit and COB (Chip On Board) lamps, which have a degree of omni-directionality and also fit 
into the sockets of existing light fittings.  However, this approach produces significant technical and 
performance issues; poor thermal management and poor optical distribution, to name just two. 

 

Figure 2: COB lamp, retrofit LED lamp with E27 base (Source: Philips, 2015; Tmart, 2015). 

It is concerning that a great deal of effort is being put into addressing the technical and aesthetic 
problems attendant upon the retrofit approach, despite its unsuitability to LED technology. Drivers for 
this approach include the desire to protect existing investment, not only of consumers, whose dwellings 
were fitted upon construction with electrical outlets appropriate to the installation of pendant, standard 
and table lamps, and whose stylistic preferences have been exercised in their choice of luminaires; but 
also of producers, who have made significant investments in resource networks and in tooling for the 
manufacture of existing lighting typologies. However retrofit is a short-term approach and works to the 
detriment of the long-term (Hansen, 2011; Willmorth, 2014a). Recognising this, some writers have 
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drawn parallels with the demise of Kodak, following its refusal to engage with digital camera 
technologies until too late (Chopra, 2010).  

3.4. The way forward 

Lighting expert and editor Kevin Willmorth (2014b, p.80) describes the pre-LED world of lighting design 
as “a mix of pure instinct, artistic flare and just a dash of verification” and candidly admits to enjoying 
the freedom of designing “like kids playing in the park.” However, as Willmorth reminds us, the lighting 
sector now makes far greater technical demands. The freedoms enjoyed by designers of previous light 
sources have not really prepared them, or the industry, for working with the new light source. 

4. Discussion 

4. 1. The practice 

“Light is the experience of inhabiting the world of the visible, and its qualities – of 
brilliance and shade, tint and colour and saturation – are a variation upon this experience”  
(Ingold, 2000) 

Light is an experiential phenomenon. Whilst it is possible to describe it in quantitative terms (lumen, 
colour temperature, etc), qualitative issues are to the fore in our difficulty in adapting to LED. An 
experimental, practice-led approach allowed direct engagement with qualitative and experiential 
outcomes of different approaches to luminaire design for LED.  

There are a number of functions that luminaires or light fittings need to fulfill. These include 
provision of  protection for the actual light source, enclosing cabling for safety and supporting any 
associated control gear (Tregenza and Loe, 1998). Light fittings also provide a visual link between the 
light source and the surrounding architecture. Finally, light fittings need to provide optical control so 
that the light is distributed according to the required function. Due to the challenges inherent in the 
light created by LEDs, light fittings using this light source need to provide a degree of mediation of the 
light - possibly to a larger extent than they necessary for incandescent light sources which already have 
an acceptable quality of light.  

There are a number of methods of providing optical control of light commonly used in light fittings or 
in architectural lighting approaches (Tregenza and Loe, 1998; Rea, 2000). The principle of obstruction 
uses masking to control light. In terms of light fittings this can be seen in the use of louvres to protect 
the viewer from glare. Obstruction is also used in architecture where coves can be used to mask a light 
source or in the beautiful perforated screens used in Islamic architecture to mediate bright exterior 
light.  

Reflection occurs when light falls on a surface and is then redirected back - the angle, amount and 
spread of the reflected light depends on the shape and material of the surface (Rea, 2000). The principle 
of reflection can be seen in downlights where omni-directional light sources are given a downward 
direction by the use of reflective material. Reflection can be seen in architectural applications – 
particularly in colder climates where scarce sunlight is reflected into interiors by the use of light 
shelves(Norberg-Schulz, 1996).  

Refraction describes the behavior of light when it changes direction at the junction of two 
transparent materials of different optical densities such as air and glass (Rea, 2000). If the surfaces 
where the light emerges are cut at a variety of angles, the light is then “scattered”. The most spectacular 
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examples are the 18
th

 century lead crystal chandeliers where the scattering effect gave volume to the 
scarce light of candles. In current times, refractive plastic surfaces with diamond shaped patterns are 
used to mediate the light from a variety of light sources.   

Diffusion occurs when the light passes through a material and is spread in many directions by small 
particles within the material itself. Light fittings with diffusing material such as paper, textile, frosted 
glass and translucent plastic use the principle of diffusion to mediate light. 

McDermott (2011) who conducted practice-led research into designing for LEDs as the focus of her 
doctoral project, experimented with a number of different strategies for mediating the light from LEDs, 
using these principles. In this paper we focus upon a series of experiments that took adjustable louvres, 
such as venetian blinds, as a starting point for thinking about the moderation of intense light within 
domestic settings. The mediation and regulation of intense sunlight through adjustable louvres, either 
by shutters or blinds, has been familiar from ancient times. In this situation of venetian blinds the optical 
principles employed in this mediation are obstruction, where the direct sunlight is blocked, and 
reflection where a small amount of light is reflected into the interior. 

McDermott (2011) had also observed historical examples where reflective surfaces were attached to 
walls to enhance the light of candles and oil lamps. With the understanding that the narrowly focused 
light of LEDs needed to given volume, this practice planned to use the whole wall as a reflective surface.  

This practice also considered how the light fitting may enhance the lighting in a particular space – in 
this situation it was a corridor. Research has found that impression of spaciousness can also be 
reinforced by the use of peripheral lighting such as illuminated walls and is particularly useful in 
corridors, lobbies and circulation areas (Flynn, 1988). It has also been found that, in lighting human 
subjects, light from the side is preferred to that from directly above (Marsden, 1972).  

This practice took advantage of the very compact size of LEDs to create a discrete fitting that would 
sit neatly against the wall, thus complementing the architectural form of the interior. The effect aimed 
at was very different to that of the even, general illumination created by a centrally situated GLS light 
source. 

In early experimentation the simple curved profile of a venetian blind louvre was adopted. A large 
single blade was back-lit by LEDs, reflecting light to the adjacent wall surface. Rotation of the light 
source and of the louvre was to achieve a spread of light. 

 

 

Figure 3: The light-louvre concept: curved blade mock-up (left and top right); gull wing mock-up (bottom 
right) (Source: the author). 
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It was realised early in the development of the curve-profile, rotating louvre of perforated metal, 
which was the first experimental form tested, that this form would expose the viewer to glare from LEDs 
without offering advantages in terms of light spread. Additionally it was recognised that a rotating 
mechanism would be difficult to develop within the resources of the project.  The light spread from a 
fixed curved shape was quite limited, as illustrated by the mock-up (Figure 3, top right). 

A second experiment focussed on generating as great a spread of light as possible. To this end a ‘gull-
wing’ shape was mocked-up using cardboard and wire, for testing. Following the success of tests, a set 
of 3 more formally realised versions of the gull-wing approach were created using a range of acrylics; 2a) 
a solid acrylic with a reflective under-surface, 2b) clear acrylic, painted white on the upper surface, and 
2c) an opalescent acrylic, as used in light boxes and retail situations. Material experimentation was 
limited to different types of acrylic, at this stage, for cost reasons. That quality of materials is an issue, 
quickly became apparent. The opalescent acrylic of Model 2c looked cheap, as did the solid acrylic of 2a. 
The clear acrylic painted white on the upper side of model 2b, had a more neutral appearance and 
created a better spread of light. Painted acrylic was therefore taken forward into further translucent 
models. Model 2a, which blocked all light, was developed into a solid metal version made from brushed 
stainless steel, to give this fitting a higher quality finish. The use of translucent acrylics introduced the 
principle of diffusion into the practice.  

In the third stage of experimentation, the focus was on development of a flat and continuous light 
source. Ribbon-style Nichia LEDs were mounted on an aluminium strip for thermal management, and 
attached to a board that simulated a flat wall surface.  An escutcheon around the module prevented 
accidental exposure of naked LEDs, to the eye. The small size of the LEDs was important to the success 
of the light-louvre fitting. Using a different linear light source, such as a small fluorescent, would have 
necessitated mounting the louvre at a greater distance from the wall, destroying the elegant aesthetic 
that was sought. 

In developing the light-louvres, initial spacing of the LEDs was too great, creating ‘spots of light’. 
When diffusion was attempted the individual light sources remained distinct, which detracted from the 
effect. A tailored light source comprising a continuous strip of LEDs, was integrated into the diffusion 
model more successfully. It became evident that to achieve better light spread, and to use the gull-wing 
shape effectively, sophisticated lenses would need to be developed and the light flow calculated using 
photometric software. 

 

 

Figure 4: From left: Model 2a, Model 2b, Model 2c (Source: the author). 
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4.2. What was learned from this practice?  

As Fredrik Nystrom from Danish lighting manufacturer Louis Poulsen, has commented, when designing 
with LEDs you need to ‘design the light source’ (personal communication, 2009). LEDs are essentially a 
formless light source, and the designer must group or manipulate them to achieve the desired effect. 
But it is not just a matter of grouping the LEDs; better understanding of optics is required. The 
requirement for technical expertise constrains easy entry to the field of designers without specific 
training in lighting design.  

The light-louvre project also highlighted the sensitivity necessary in material choice when working 
with LEDs. Slight changes in material can significantly influence the lighting effect. The material of the 
fitting needs to add quality to the ‘feel’ of the light when designing for LEDs. This is in contrast to 
designing for GLS sources where a wide range of materials could be used very effectively. 

In this series of experiments, different types of plastic were tried for the diffusion model, before 
deciding upon back-painted clear acrylic. Similarly, different finishes were tried for the metal louvres. 
The early examples used a softer metal finish on the underside. The final version (Figure 6 right) had a 
highly polished finish that created a more spectacular light spread, but may be too hard-edged for some 
applications.  More resources would be needed to find just the right finish and material – the correct 
balance of diffuse and specular finish. 

 

 

Figure 5: Reflection+Diffusion louvre (left). Reflection+Obstruction louvre (right) (Source: the author).  

Author took a ‘back to front’ approach to the design of the light-louvre, with lighting effect being the 
prime consideration in giving shape to the luminaire. This approach is also suggested by Italian designer 
Michele de Lucchi who has recommended that designers working with this technology should create a 
system of light, which then creates the shape of the light fitting (Artemide, 2014). This contrasts with 
the approach to design of many light fittings of the 20

th
 century, where the priority was on explorations 

of form, material or cultural ideas. 

 Author made no attempt to create conditions of general illumination through the light-louvres. 
Artefacts such as these would need to exist within a system of other LED lights; cove lighting, portable 
work lights, wall lights, suspended lights and other, yet-to-be-developed typologies of light fitting, each 
catering to a specific lighting need within the space. 



1180 R. McDermortt and S. Stewart 

 
 

4.3. The role of evaluation 

Experimental practice using LEDs within exhibition or festival contexts, provides limited opportunity for 
feedback and evaluation. The very different temporality of experience of light in domestic spaces, makes 
possible a more formal approach to incorporation of user feedback in the design process. It was 
considered particularly important to get feedback on the ‘liveability’ of the quality of light produced by 
the light-louvres, and their suitability for domestic use. 

There is little precedent for in-situ evaluation of domestic light fittings. Most formal qualitative 
evaluation of lighting has been undertaken under laboratory conditions or within work-based situations 
(Veitch, 2006). For evaluation of the light-louvres, a new method was developed to obtain feedback 
from lay (non-professional) research participants. 

Canter (1974) observed that much light exists below the level of consciousness. In recognition of this 
it was decided to sensitise the research participants to specific dimensions of light quality, and so to 
enhance their awareness of particular light effects. A first step in this process was to obtain subjective 
responses to various forms of lighting through a method known as semantic differential scaling, 
developed by John Flynn and based on the work of Osgood et al (Flynn et al., 1973). The second part of 
the process employed a technique called ‘domestication.’ This involves leaving experimental prototypes 
in a household for a period of time to allow inhabitants of those spaces an opportunity to develop a feel 
for, and relation to, the artefacts. Participants are interviewed about their response to, and opinion of, 
the experimental prototype at the end of the process (Routarinne and Redström, 2007). The adaptation 
of these two processes to evaluation of the light-louvres has been covered in more detail in [author’s 
publication redacted to maintain anonymity]. 

4.4. Feedback 

Two light-louvre prototypes were tested; one developed from the back-painted clear acrylic gull-wing 
model (2b) that combined reflection and diffusion to moderate the LEDs, and the other a metal version 
of the solid acrylic gull-wing (2a), that combined reflection and partial obstruction to moderate light. 

In feedback, light from the ‘reflection + diffusion’ model was seen to have some warmth and create a 
relaxed, calm ambience in the area in which was placed. Expressions such as lightweight, soft, and halo-
effect were used. A shift worker commented that this light-louvre created a pleasing connection 
between darkness of early morning and daylight. Others commented that it provided a connection 
between different light levels (verandah and living room, for example). There was generally positive 
feedback on the way the light functioned within the space, the atmosphere created, and the way the 
light radiated out from the light-louvre, washing across the wall. One participant even commented that 
light coming from the side was “more romantic – something to do with sunsets.” Another described the 
reflection + diffusion model as “a good hall light.” Others also suggested placement of this model in 
hallways and vestibules.  A very long version of the reflection + diffusion model that could connect 
different floors in a stairwell was suggested, to take advantage of the modularity of LEDs. Horizontal 
placement (above bookshelves, for example) and ceiling-based placements were also suggested.  

On the other hand, as one research participant noted, you either loved or hated the reflection + 
obstruction model. Whilst there were some positive words (festive, fancy, dramatic, complex, 
interesting) to describe the light, it was perceived to be less comfortable and less functional than the 
reflection + diffusion model. Some thought it more of an artwork than a light fitting. The long strip of 
light created by this fitting was controversial.  Interestingly, many research participants expresssed 
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appreciation of this unusual effect, which provoked comment from visitors and household inhabitants.  
However the reflection + obstruction fitting was considered suitable only to “a particular approach to 
interior design” whilst the reflection + diffusion model was thought to be more generally acceptable.  

5. Conclusions 

The aim of the practice-led research was to better understand LEDs as a light source, and to use these 
understandings to develop new design approaches to domestic lighting using LEDs. 

Tacit acceptance of general illumination as a goal, when lighting interiors, is thrown into question by 
the behaviour of LEDs, which are resistant to this approach. Recognition of the extent to which 
aesthetics of early 20

th
 century architecture has shaped attitudes to the illumination of interiors, led to 

research into pre-industrial lighting and lighting in non-western cultures. Tanizaki’s ode to scarce light in 
traditional Japanese dwellings, and Bille’s discussion of the hygge in Denmark, helped establish the 
potential desirability of lighting cultures other than those established by GLS, and opened the practice to 
non-uniform approaches to lighting interiors  (Tanizaki, 1933; Bille and Sorenson, 2007).  

Findings from the experimentation with light-louvres, together with other lighting artefacts 
generated as part of the doctoral research project, point to a future where lighting may become more 
particular to each interior. The all-purpose, omni-directional light source creating conditions of general 
illumination may be superseded by a variety of new lighting artefacts, each achieving a different effect 
and performing a different function. 

Are people ready to live with scattered light sources with differing intensities of light, when they are 
used to the uniform light of GLS? Whilst there is research to support a preference for non-uniform light 
sources (Marsden, 1972) the cultural conditioning of the last one hundred years may make it a difficult 
transition.   
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