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SUMMARY 
 
Three computer laboratory spaces, each with four different lighting conditions, were modelled 
and rendered using ‘Lightscape’ software. These computer models were checked for 
photometric accuracy by comparing computed luminance values with measurements in the 
real situations. Corrections were made to the models where necessary; and then 
comparisons were made between subjective assessments for specific viewpoints of screen 
images, colour print-out images, and the real situation. Several consistent patterns of 
difference were found and are reported.  
 
 
INTRODUCTION 
 
This paper describes a study carried out by seven postgraduate students under the author’s 
supervision. The study involved rendering real situations using ‘Lightscape’ software; 
checking the photometric accuracy of the rendered models; making corrections to the models 
where necessary; and comparing subjective assessments of screen images, colour print-out 
images, and the real situation. 
 
The real situations comprise three computer laboratories, all approximately 22m x 9m and 
having similar furniture layouts, but each having a distinctly different lighting system as can be 
seen in Figures 1(a), 2(a) and 3(a). In each of the laboratories, 24 students workspaces are 
arranged in two rows running along the length of the room, with the rear row raised 400mm. 
The students face the instructor across the width of the room, and they all have a worksurface 
in front of them and a computer behind them. The instructor’s computer screen is recessed 
into the benchtop, and four video projectors present images on screens mounted the long wall 
behind the instructor. This arrangement provides for three teaching modes: 
  

Lecture mode: Students face the instructor, and can take notes while the instructor 
explains computer applications and demonstrates them on the projection screens. 
Application mode: Students turn their backs to the instructor for hands-on computer 
applications. The instructor can see the students’ computer screens and can identify 
students with problems. 
Examination mode: For written examinations or similar paper-based activities, 
students make conventional use of the worksurfaces.  

 
A specific lighting condition is provided for each of these modes. For example, when the 
instructor comes to the end of a demonstration, a touch on the preset control on the benchtop 
redirects the emphasis of the lighting from the instructor’s position and the students’ worktops 
to the back of the room. The students swivel their seats to work on the computers, and the 
lighting provides them with a comfortable balance of brightness and avoidance of screen 
reflections. Lighting preset controls are located also by the doors. 
 
In addition, there is a fourth non-teaching mode: 
  

Security mode: Because of the value of the equipment housed in these laboratories, 
they are never in darkness. Each laboratory has two fully-glazed doors, so that even 
when the laboratory is locked, every part can be seen from outside. There is no “off” 
setting on the preset controls, and the security setting provides a low level of 
illumination. 

 



 

 

 

  

 
 
Figure 1(a) and (b) Photograph of Laboratory A (above) and ‘Lightscape’ rendering (below) 

 



 

 

 
 
The three laboratories have a common purpose and similar layouts, and the appearance of 
the lighting systems is the principal difference between them. The first of them to be built, 
Laboratory A, is shown in Figure 1(a), and has a simple system of uplighting provided by up-
turned fluorescent-lamp industrial reflectors on electrical trunking, with selective lighting by 
halogen MR16 spotlights. The next in the series, Laboratory B shown in Figure 2(a), was 
given a more up-market appearance by use of a bright red suspended tubular lighting system 
that incorporates fluorescent uplighting and a track system on its underside that supports 
halogen spotlights. Finally, for Laboratory C shown in Figure 3(a), the designers devised a 
striking “Escher” pattern of floating ceiling panels, which again provides fluorescent uplighting, 
and with spotlighting by aimable units recessed into the panels. Another difference for this 
installation was the use of coloured dichroic spotlights directed onto the rear wall for the 
applications and security modes. 
 
In this way, the three laboratories are basically similar in layout but with different types of 
lighting system, and the outputs of each system adjusted for four preset lighting modes, giving 
a total of 12 different situations.  
 
 
THE INVESTIGATION 
 
Stage 1: Modelling the real situations 
 
The seven students sorted out among themselves for each student to model two of the 
situations, with every situation being covered. ‘3-D Autocad’ models of the laboratories had 
been prepared in advance, and were made available. This left the students with the tasks of 
recording the details of the lamps, luminaires, and room surfaces. Reflectances were 
calculated from comparison luminance measurements with a standard reflectance surface. 
Each student used these data to produce ‘Lightscape’ renderings for their chosen two preset 
lighting conditions. This involved searching manufacturers’ catalogues and web sites for 
photometric data, and using the ‘Lightscape’ library to furnish the spaces and to add textures 
where appropriate. 
 
As the models increased in complexity, so the rendering times increased. A Pentium 125 MHz 
PC could take up to 40 hours to render a single condition. Some shortcomings were not 
evident until the rendering was complete, and frustration increased as students had to redo 
renderings to incorporate corrections or improvements. Eventually the frustration gave way to 
satisfaction as lifelike, colourful images appeared on the screens, as seen in Figures 1(b), 
2(b), 3(b) and 4(b). 
 
Stage 2: Checking the photometrics 
 
Students selected at least three viewpoints within the space, and produced on-screen 
perspective renderings for these viewpoints. They identified the visually significant surfaces, 
and then by clicking on them, they were able to read off the computed luminance values. 
Then the students returned to the real location, set the preset control, situated themselves at 
each of the viewpoints, and measured the surface luminance values using a Minolta LS-100 
meter.  
 



 

 

 

 

  
 
Figure 2 (a) and (b) Photograph of Laboratory B (above) and ‘Lightscape” rendering (below)  



 

 

Large discrepancies between the computed and measured values were found. The laboratory 
users would not allow the students to fiddle with the lighting presets, and so there was no way 
of knowing to what extent the outputs of any of the lamps were dimmed, but we were told that 
for the examination mode, everything was “full-on”. Even for this situation, the measured 
values were much lower than the computed values. In fact, they were typically around 50% 
lower. This could possibly be explained by the combined effects of lamp lumen depreciation 
and luminaire dirt depreciation, but as the laboratories were heavily used, there was no 
practical way of assessing this. ‘Lightscape’ does not have facility for including light loss 
factors, and so the students reduced the lamp lumen outputs pro rata. By extending this 
procedure to the other lighting modes, and adding some trial-and-error changes of surface 
reflection properties, reasonably accurate models were achieved for all twelve situations. 
Students were instructed not to click on ‘Properties’ and adjust brightness, as the aim was to 
achieve photometrically accurate models of the real situations. 
 
Stage 3: Subjective evaluation 
 
Each student prepared a subjective evaluation questionnaire, and assembled a team of six 
observers who assessed that student’s two conditions. The assessments were repeated three 
times, viewing on-screen images, colour print-outs, and the real situation. Generally the 
subjects made the assessments in pairs, with different sequences of viewing the three media, 
and in the real situation care was taken to match the observers’ viewpoints with those of the 
other media. 
 
Because individual preparation of questionnaires was part of the project, it is not possible to 
make direct comparisons between the assessments of the media or the conditions. Also, the 
small subject groups were not suitable for reliable analysis. Nonetheless, all the students had 
completed the same course on research methods, so it was not surprising that all employed 
some form of scaling subjectively assessed variables. Some students employed 5- or 7-point 
semantic differential scales such as Bright-Dim, and others elicited multi-point Agree-
Disagree responses to statements such as “The room is bright”. Generally the scales included 
assessment of: 
 

Brightness 
Spaciousness 
Pleasantness, attractiveness 
Colourfulness 
Uniformity  
Shadows, shadowing 
Glare 
Comfort, comfortable 
Clarity, visibility 
Ease (or difficulty) of seeing 
Reflections on worksurfaces, computer screens 

 
An overview of the students’ findings shows some consistent patterns of similarities and 
differences. 

 
 



 

 

 

 
 
 

  
Figure 3(a) and (b) Photograph of Laboratory C (above) and “Lightscape’ rendering (below) 

 



 

 

 
 

  
Figure 4(a) and (b) Photograph of application mode lighting in Laboratory C (above) and 

‘Lightscape’ rendering of security mode lighting (below) 
 

 



 

 

FINDINGS 
 
The three media being compared are on-screen images, colour print-out images, and the real 
situation. It should be noted that the computer model being assessed had been adjusted to 
achieve a close luminance match to the real situation. 
  
1. It was a general finding that the print-out images appeared darker than either the screen 

images or the real situation. The students found that more similar brightness impressions 
could be obtained by increasing the brightness toggle before printing. 

 
2. Agreement between assessments for the three media deteriorated substantially for the 

low-illuminance security mode situations. Both the screen and print-out images appeared 
darker than the real situation, with much lower assessments of ease of seeing and 
visibility. At the same time, colours appeared more saturated. One comment was that the 
screen image “does not seem to have any low-illumination colour vision fall-off.” 

 
3. Screen images gained higher qualitative ratings (more pleasant, more attractive) than 

print-out images. 
 
4. Both print-out and screen images appeared to have more shadow than the real situation. 
 
5. Print-out images generally received low ratings for colour evaluations. 
 
6. For the lecture mode lighting, the view from the instructor’s position was rated glaring in 

the real situation. Neither the screen nor the print-out images simulated this effect. 
 
7. Two of the students simulated a student’s view of a computer screen, and asked 

questions about ease of seeing and screen reflections. These were rated quite distracting 
in the real situation, but again, neither the screen nor the print-out images simulated this 
effect. 

 
8. While the above reads like a catalogue of deficiencies, it was found that, for all but the 

low illuminance modes, there was generally good agreement for assessments of 
pleasantness, spaciousness and uniformity. Brightness assessments of screen images 
generally agreed well with the real situation, but as noted above, print-out images 
appeared darker unless some tweaking of the brightness setting was performed. 
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