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ABSTRACT
Students in Schools of Architecture around the world 

are discovering the joys and perils of software that 

models the physics of light transmission and reflection 

in buildings. Radiosity and ray tracing options are 

being explored by program developers in their search 

for the correct balance between simulation efficiency 

and realism. The hyper-realistic images produced 

almost as a by-product of the simulation of the light 

intensities have their critics in the architectural realm, 

however they are in the main extraordinarily seductive. 

These images are what are encouraging students to 

undertake the often steep learning curve required to 

run this light simulation software. 

The paper reports a simple “doll’ s house” calibration 

exercise where:  

• the picture “predictions” of the software were 

compared with photographs of a similar physical 

model “building” under sunny and overcast sky 

conditions. 

• the colour rendition of the software, given different 

lamp colour spectra, was compared with photographs 

of similar test patterns. 

It also describes a case study of three different 

architects’ design processes examining through 

interview with the designers the potential impact of 

this high end rendering software on their design 

thinking. The software applied to these in architectural 

practices’ designs comprises Lightscape
1
, Radiance

2

and Inspirer
3
.

INTRODUCTION
Computer software provides an increasingly invaluable 

service in architectural practices with companies 

beginning to explore visualization options such as 

VRML, interactive animation, daylight studies and, 

artificial lighting simulation. All of these features work 

in one direction: to convey ideas about a design from 

the designer to the client and sometimes from the 

designer to her/himself. The software simulates spatial 

concepts and can display material characteristics as well 

as textural implications. Although these functions exist 

as standard tools on nearly all of the latest drafting 

software there is another more advanced set of “high 

end” rendering programs that attempt to model the 

physics of the light exchange in a space. They use this 

capacity to produce far more realistic visualisations 

than normal CAD software. This report looks at this 

family of programs and assesses their ability to offer a 

better understanding of architectural concepts as well as 

the benefits they can offer the architect/designer in the 

design process by offering more accurate visualizations. 

LITERATURE REVIEW
To achieve the aim of this research this review 

examines current definitions of light quality and what it 

is made up of. Then the methods and the techniques 

used to evaluate light quality where visual simulations 

may be applied are reviewed.

Overview of Lighting Quality Knowledge 

Defining and agreeing on a definition of lighting quality 

is a much-debated topic. As a 1980’s discussion reveals 

even minimal agreement is hard to achieve
4
.

The majority of the published research that was found 

in this literature search on lighting quality emanates 

from the Institute of Research in Construction (IRC), 

Canada. This research takes a new approach to previous 

studies of light quality by looking at it from a 

behavioural point of view
5
. In the ’96 and ’97 papers 

Veitch et al recommended a future research direction 

for light quality. This was followed up by a study
6
 into 

all areas of light quality. Veitch based this research on a 

behavioural definition of light quality: light quality 

“exists (within the space) when the luminous conditions 

are suitable for the needs of the people who will use the 

space”. These needs were grouped into six dimensions, 

which are listed below.
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Good lighting quality is said to exist when a lighting 

system supplies light in support of:

• Visual quality i.e. it creates good conditions for 

seeing

• Post-visual performance (task performance and 

behavioural effects other than vision) i.e. it supports 

task performance or setting- appropriate behaviours 

• Social interaction and communication i.e. it fosters 

desirable interaction and communication

• Mood state (happiness, alertness, satisfaction, 

preference) i.e. it creates a situationally-appropriate 

mood 

• Health i.e. it provides good conditions for health and 

avoids ill-effects.

• Aesthetic judgements (assessments of the appearance 

of the space or the lighting) i.e. it contributes to the 

aesthetic appreciation of the space.

The aesthetic judgement of a lighted environment is 

the factor of light quality that most depends on the 

assessment of the appearance of the lighting. Visual 

simulations represent the appearance of spaces and 

therefore hold some potential as a tool for analysis of 

the aesthetic dimension of light quality.

Review of Research Studies into Light 

Quality

Assuming the aesthetic dimension of lighting quality is 

the area of lighting which visual simulations measure 

best, the validity and knowledge of this area of study 

must still be established.

Research into the aesthetic impressions of lighting in a 

space were first carried out by Flynn et al and he was 

able to determine three factors of this quality of 

lighting: perceptual clarity, evaluative impressions, 

spaciousness
7
.  Flynn et al were able to take  their 

research to a stage where a technique for relating 

lighting conditions to the factors was established
8
. This 

research was deemed to be important and valid enough 

for it to be still included unchanged 14 years later in 

the IESNA Lighting Handbook
9
.

There have been a great number of physiological 

studies into how lighting conditions effect people’s 

impressions of a space. These studies have produced 

mixed results. Some studies have sought to determine 

what factors relate lighting distribution to human 

aesthetic impression
10 11

The amount of research into this aspect of light quality 

is extensive but not sufficiently conclusive that it allows 

prediction of people’s impressions of a particular 

lighting scheme. This research does however show that 

it is a very real and measurable aspect of the light 

quality in any artificially lit environment. 

Evaluation of Methodologies used in 

Measuring Light Quality

The validity of aesthetic impression being a measurable 

dimension of good lighting has been established. Now 

the methodologies used in previous studies have to be 

reviewed to determine if they can be used to measure 

computer visual simulations.

All studies in this area of research have measured some 

form of subjective judgements to establish the 

observers’ impressions of the space being studied
12

.

They use semantic differential scaling, a tool developed 

by Charles Osgood in the 1950’s to measure word and 

concept meaning
13

.

Semantic differential scales are bipolar scales, with 

anywhere from five to 100 categories used in the rating. 

The ends of these scales are defined with polar 

adjectives. When these scales are used in 

questionnaires, observers are asked to respond to a form 

of visual stimulation, and rate their responses on the 

scales.

All previous studies have used these methods to 

determine which lighting schemes cue similar 

responses.

The research performed by Flynn has been described as 

the most influential in using these techniques to assess 

the psychological effects of different lighting systems
14

.

This has been because of the integration of various 

techniques of semantic differential scales into a well-

resolved analysis process in the study of lighting 

psychology.

Other researchers used a similar technique
15 16

 but have 

produced less consistent results.

The actual validity of these procedures has been 

questioned on several occasions
17 18

. However the same 

procedures laid down by Flynn have been used, referred 

to and refined constantly in a large number of studies 

investigating the relationships between subjective 
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judgements and physical aspects of the lighted 

environment
19 20 21 22 23 24 25 26

.

A valid and extensively used methodology by which to 

assess the aesthetic dimension of light quality of a 

space exists and is still used in current research. 

Therefore the methodology laid down by Flynn and 

improved upon has been used in this research project.  

Photographs and Aesthetic Impressions 

The subjective assessment of aesthetic impressions is a 

form of psychophysical study that relates human 

perception and judgement to environmental stimuli.  

Other areas of environmental behaviour than the 

aesthetic dimensions of light quality that use such 

techniques in their studies include landscape visual 

quality studies
27

. In these studies
28 29 30

 photographs 

have been used to represent landscapes in 

psychophysical questionnaires. They have been found 

to be acceptable surrogates for the landscapes they 

represent. A study has also been done by Bergen et al
31

 to test the validity of computer generated graphic 

images of forest landscapes as surrogates for 

photographs in visual quality management.

In a study of lighting quality in artificially lit 

environments, Di Laura
32

 asserts that computer visual 

simulations are merely ‘synthetic photographs’. All 

previous studies into the application of computer 

visual simulations in lighting design found in this 

literature survey have compared computer images to 

photographs, not the real space. 
33 34 35 36

While there have been no studies that directly set out 

to prove that observers obtain the same aesthetic 

impression from viewing photographs as they would 

from viewing the real space, it has been taken for 

granted that photographs would evoke a similar 

response as a visit in person. An example of such a 

study was performed by Oh
37

, when views of buildings 

through the media of computer images and 

photographs were measured on a set of subjective 

semantic differentials using a method similar to Flynn 
38

. It was taken for granted in this study that the 

photographs would evoke a similar response as a visit 

in person.

In a study by Lau et al39
scale models were compared 

with reality on two subjective scales to evaluate the 

ability of scale models to convey the subjective 

response created by the lighting. This proved they 

could, therefore use a different medium to represent and 

convey the subjective  impression created by the 

lighting.

A study by Danford
40

 explored the ability of colour 

photographic slides to elicit descriptive and affective 

responses comparable to those elicited by a more direct 

experience of an architectural setting as measured by a 

series of rating scales. The results showed a close 

correlation between the two responses. 

While it has not been proven that simulations are 

effective in conveying the aesthetic impression of a 

space, if it can be proven that computer visual 

simulation of spaces can be used as surrogates for 

photographs of the same space ,(elicit the same 

aesthetic impression). In addition, photographs do 

apparently convey aesthetic impression. This 

methodology has been used by Curtis
41

 to compare the 

ability of 3D Studio Max, Lightscape and Radiance to 

model the aesthetic impression of lighting.

PRELIMINARY TESTING
The aim of this research was to test the modelling 

ability of both the Lightscape and Radiance rendering 

programs by comparing the results with a physical 

model analysed in daylight and sunlight conditions as 

well as in an artificial sky and heliodon. In order to do 

this a simple model of a dolls house was chosen so that 

rendering times would not be so great, allowing the 

comparison of a greater range of renderings. 

Each texture in the model was scanned in to the 

computer in tiff format, for use as textures on the 

computer models. This process ensures that the 

representation of materials are as similar as possible 

between the physical and computerized models. 

Normalisation of each texture’s reflectivity was 

achieved by measuring the reflectivity of each material 

with a Minolta reflectometer which measures the CIE 

xy coordinates and reflectivity of each colour. 

Lighting tests were carried out in a standard manner for 

each of the modelling techniques, without any camera 

or computer post processing. Both Lightscape and 

Radiance were tested for their capability and relative 

ease of use in their standard equivalent operations to 

each of the physical tests. 
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Radiance render: September

9am  12pm  3pm

Using a sun angle calculator to match sun angles in photographs of a real model outside

9am 12pm 3pm

Lightscape render: September

9am 12pm 3pm

The results of this investigation lead to the following 

conclusions: 

� Lightscape’ s ability accurately to model reality 

is unconvincing when used in standard mode.  

� Radiance has the ability to accurately simulate 

physical reality more convincingly.

� Lightscape’s visually stimulating pictures would 

be useful during the design process but should 

probably not be treated as accurate 

representations.  

� Radiance can be relied on to produce accurate 

pictures of the look and feel of interior spaces.

From these comparative results an answer to the 

question "can CAD programs model reality?" can be 

attempted. It also provides a solution to the next 

problem "should they be trusted to model spaces that 

don't yet exist?". Basically, on the evidence of this 

and the other pictures generated, if used in the 

standard manner replicating the physical modelling 

process: Radiance should and Lightscape should not.  

As design tools, the time taken for the modelling in 

these programs is also a concern. The initial 3D 

electronic model was constructed in AutoCAD. In the 

initial stages Lightscape has a lengthy process of 

surface orientation and alignment coupled with the 

light leakage problem, whereas Radiance is a little 

quicker to get initial images. The more significant 

time difference came in the rendering. Lightscape on 

average took 20-30 minutes to produce 1 ray traced 

image (including the radiosity process) but Radiance 

took on average 1 hour to complete a picture. 

Other tests that were conducted of the basic rendering 

capabilities of these programs (Maunder, 2000) 

included measuring the xyY coordinates of a series of 

lamps, and of the squares in a standard colour chart. 

The following show the photograph, the Radiance and 

the Lightscape image for one of these lamps. 

Left to Right: Photograph, Radiance, Lightscape 
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PRACTICAL APPLICATION

High end rendering software can provide more 

realistic images of architectural environments than 

standard CAD renderers. But they are not often used 

in architectural practices to convey spatial intentions 

apparently because they are too complex to learn and 

too time consuming to use. This research was 

designed to test this hypothesis. 

Architects and designers are using computers more 

and more as a means of aiding them in their design. 

The 3D capabilities of today’s standard CAD 

packages are improving with each new release. At the 

same time advanced rendering software is making the 

same improvements and interfaces are becoming more 

user-friendly. Despite this, use of these programs in 

practice is very low. Only one company in Wellington 

could be found to be using Lightscape to participate 

in this study. They were using it not only to produce 

visualizations for clients but also to help the design 

process and the detailing of finishes. 

COMPARING THE PROGRAMS
Comparing the quality of output from each program 

was a little more difficult. Each different program has 

a somewhat unique way of accessing and collecting 

the necessary information such as material definitions 

and lighting data to produce the images. Using the 

information gathered in the case studies for 

comparison of the visual performance of each 

program would require some very large assumptions 

about the material and lighting specifications for the 

scene. This would inevitably taint the accuracy of the 

results pertaining to the rendering capabilities of each 

program. What would be tested would be the usability 

and functionality of each program in the commercial 

environment. 

A standard scene was established to facilitate 

comparisons of rendering capabilities so that the 

testing could be as systematic as possible. The scene 

comprised some curves and a few standard materials
42

that could be easily reproduced. There had to be two 

artificial lighting options (point source and spot light) 

that would show how well each program replicated 

ambient light from an internal source and a source 

with more directional properties. In addition to this, a 

scenario lit by sunlight through openings illustrated 

the ability to deal with transparent filters (glass). The 

respective abilities of the various renderers could then 

be demonstrated to the designers using the simple 

images of an interior containing a cone, a cube and a 

sphere that are appended to this paper. 

In addition to Inspirer and Rayfront the scene was 

processed using Lightscape and ArchiCAD so that 

comparisons with more widely used software could be 

made. The research concluded by conducting two 

case studies of the application of this software in 

practice. For this, models and images produced by an 

interior design firm and an architecture firm were re-

processed with Inspirer and Radiance. The images 

from this standard comparison are appended to this 

paper.

METHODOLOGY
Through preliminary meetings with two design firms 

enough information was gathered to suggest a 

plausible approach to assessing objectively the 

performance of the rendering software. One firm was 

in interior design the other was in architecture. Even 

at this stage it was apparent that the initial hypothesis 

would be challenged. Whereas it had been assumed 

that quality and accuracy of image was paramount the 

primary focus of the practitioners was on the 

constraints of time and cost. 

Much of the internal workings of the practices could 

be recorded through interviews with the staff. From 

the initial discussions it was apparent that some of the 

strong misconceptions of computer capabilities 

described are subconsciously affecting people. For 

example the Lightscape user first insisted that it was a 

visualization tool and no designing was done on it. 

But observation of his use of the program revealed he 

was designing finishes of surfaces and colours as well 

as all the lighting.  

Apart from recording the rendering practices of the 

firms their expectations were tested by subjecting 

their own designs to one of the high end renderers. 

The images at the end of this paper are of  

1. a house modelled in AutoCAD and rendered 

in Rayfront/Radiance. 

2. a hair dressing salon modelled in AutoCAD/ 

Lightscape and rendered in Inspirer. 

CONCLUSIONS
From the interview process in which these images 

were examined along with the structured interview, it 

would appear that of the two companies interviewed 
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those dealing with complete developments including 

site and access are less interested in programs like 

Rayfront and Inspirer. Interior design firms dealing 

with finishes and materials apparently more readily 

see benefit from using programs that deal with the 

light distribution and the reflective properties of 

surfaces live on screen in a more sophisticated manner 

than they can at present.  

It is common to believe that light reveals form and 

therefore the more accurately you simulate light, the 

more accurately you simulate form. Having completed 

this research it is clear that the architects are more 

interested in displaying to the client where the 

entrance is and where the kitchen is. Their usage of 

3D renderings is as a kind of extension of traditional 

plans and sections. They would not be classed as 

computer renderers and neither would they class 

themselves in this manner. 

Generally companies do not see a need for more 

realistic images because the software is not being used 

to create realistic images (from a client perspective) 

but rather to create a sales image that convinces the 

client to continue the project with the firm. In this 

respect it is important to have the usability and speed 

with which a standard renderer can produce “glossy” 

images. Similarly in the design process, the quick 

interaction and production of variations is seen as the 

key aspect of a 3D CAD program’s usefulness. In 

terms of the quality of image produced the 

participants in the case studies had this to say: 

“Inspirer deals with the light a lot better than 

Lightscape. Inspirer has a lot more clarity and is a 

sharper image but seems less real. Sometimes you 

want to go for a more realistic image and you need to 

simulate depth with something like Photoshop. 

Materiality and aesthetics are more important to the 

client over lighting of a space.” 

Interior Designer.

“ArchiCAD produces crisper images and makes the 

client aware of the detail better than Rayfront. I think 

there is a greater degree of 3-dimensionality with the 

ArchiCAD images. Form and shape are the important 

considerations and we are not trying to produce 

photo-realistic images but produce a strong idea of 

what the client is committing to and give it some life.”

  Architect. 

IMAGES TESTING RENDER CAPABILITIES
Natural Light

ArchiCAD 6.5        Lightscape  Inspirer           Rayfront 

Spot Light Source

ArchiCAD 6.5 n      Lightscape  Inspirer            Rayfront 

Case Study Images
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Architects ArchiCAD  vs Rayfront 

Interior Designers using Lightscape 

Inspirer
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