
	
  MC2011:	
  Faye	
  Wade	
   	
   1	
  

Proceedings of Conference: People and Buildings held at the offices of Arup UK, 
23rd September 2011. London: Network for Comfort and Energy Use in Buildings, 
http://nceub.org.uk 
 
Could shared lighting controls cause conflict in open-plan offices? 
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Sophisticated occupant lighting control has become increasingly common in office 
environments. These systems frequently require groups of occupants to share the 
control of a series of luminaires, generating the potential for compromise and conflict 
within the group. The extent to which shared control could generate conflict is 
explored in a case study building, in which shared handheld controllers are to be 
introduced for groups of luminaires. A quantitative social survey was used to 
determine occupant lighting preferences within the proposed luminaire groups. The 
results indicate that there is minimal divergence in individual’s preferences, 
suggesting that this will not be a source of conflict. Illuminance variability at 
individual desks within the luminaire groups was also measured, a variation in 
daylight level was found; this is suggested to be a potential source of conflict.   
 
Keywords: lighting, control, conflict, daylight, occupant preferences 
 
Introduction 
Occupant controlled lighting  

Manual controls can reduce lighting 
energy consumption by minimising unnecessary 
use of light, for example when spaces are 
unoccupied (A Slater et al., 1996), they also 
provide the ability to operate the lighting below 
its maximum illuminance (Moore et al., 2002a). 
The provision of control improves occupant 
satisfaction (Leaman & Bordass, 2001), 
motivation and vigilance (Veitch et al., 2008). 

Occupants are often expected to share 
control in open-plan spaces. However, energy 
saving and occupant satisfaction benefits of 
manual control could be undermined by shared 
controls, particularly if conflict situations arise. 
This paper studies the potential sources of 
conflict with shared controls, an area that has 
previously received minimal attention.  
Conflict 

The well documented variation in 
individual lighting preferences (Moore et al., 
2002a; Tregenza et al., 1974; A Slater et al., 
1996) provides reason to believe there may be conflict when occupants are expected 
to share control. Occupants with comparable working environments and tasks select 
very different illuminance levels when given the opportunity (Tregenza et al., 1974).  

Figure 1: The probability of 
switching in relation to daylight 

factor (CIBSE, 1994, p. 148). 
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Previous research suggests that daylight level influences lighting preferences 
and the use of control (Escuyer & Fontoynont, 2001; Roche et al., 2000); therefore, 
daylight variability amongst those who share control may be a potential source of 
conflict. Figure 1 was originally developed in 1985 by the Building Research 
Establishment (BRE, 1985), and has been reproduced in more recent lighting guides 
(Loe & Mansfield 1998, p.12; CIBSE 1994, p.148). This shows that with a higher 
daylight factor, the probability of an occupant manually switching lights on when 
entering the room decreases, clearly demonstrating the relationship between natural 
light and switching behaviour.  

The novel research strategy used here focuses on the variation in individual 
preferences as a potential source of conflict. The influence that daylight variability 
has on the use of control and whether this could be a source of conflict is considered; 
this has not been linked in previous research.   
 
Method 
Case study building 

The case study for this research is the first floor of a refurbished office 
building, which is owned by University College London (UCL) and occupied by the 
UCL Energy Institute. There are two open-plan office spaces; postgraduate students 
and researchers occupy these (Figure 2). 
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Figure 2: Seating plan with open-plan spaces and lighting control groups 

indicated. 
 

The installed lighting strategy is described in Table 1. A single presence 
detector controls up to nine luminaires, it is proposed that hand-held controllers will 
be provided to override the detectors. Each luminaire group illuminates the workspace 
of between 1-9 occupants; hence, these occupants will have shared control. The 
occupants have been assigned to shared lighting control groups (numbered 1 – 10 in 
Figure 2) based on the layout of the luminaires and the office seating plan. 
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Table 1: Description of the installed lighting strategy 
 
Occupant surveys 

Within each shared control group, the level of divergence between 
individual’s lighting preferences has been used to study potential sources of conflict. 
Lighting preferences and perceptions have been obtained through a quantitative 
survey; chosen as a good way to measure occupant attitudes and preferences 
(Dillman, 2000; Fink & Kosecoff, 1985) and to provide standardised participant 
responses (Saunders et al., 2009). 

The lighting survey asked occupants to rate a range of lighting and control 
factors using seven-point Likert scales. The survey was tested prior to full 
administration using a cognitive interview (Forsyth & Lessler, 2004; Dillman, 2000). 
The administration procedure used was adapted from Dillman’s Tailored Design 
Method (Dillman, 2000), and included a personalised pre-notice email. All occupants 
of the open-plan offices were sampled; this represents the full population of interest. 
The response rate was 82 % of the office occupants; the split between age, gender and 
students and researchers was roughly the same in the sample as in the population. 
Consequently, the characteristics of the survey participants were deemed to be 
reasonably representative of the population of interest. 	
  
Illuminance measurements 

The variation in natural illuminance has been studied as a potential source of 
conflict. Daylight factor has been calculated for each desk location, this is quoted as a 
percentage of the external illuminance, which is ideal for this study as it is directly 
comparable for each desk. The procedure used has been deduced from a number of 
sources (Hopkinson et al., 1966; Loe & Mansfield, 1998; CIBSE, 1994), as there is 
limited guidance on how to physically measure daylight factor. Illuminance was 
measured at each desk and the nearest window simultaneously. Unobstructed external 
illuminance measurements were taken at 15 minute intervals. Konica Minolta T-1, T-
10 or IDEAL Sperry 61-681 illuminance meters were used for all measurements. In 
the case study building, the luminaires cannot be turned off; so artificial illuminance 
was measured with the blinds down and subtracted from the artificial and natural 
illuminance, to determine the natural contribution.  

Compromises were made with the external measurements, ideally external and 
internal illuminance measurements are obtained simultaneously; however, this is time 
consuming and requires two operators, as highlighted by Hopkinson et. al. (1966). A 

Technical Specification  
Luminaires Thorn Elevation 600x600 mm recessed luminaire 

with tubular fluorescent lamp installed at ceiling 
height of 2.75m.  

Occupant Detection Ex-Or microwave presence detector (part # 
MLS2421DF) controls up to 9 luminaires 
according to occupancy.  

Daylight Linking No dimming according to daylight levels. 

Manual Control No manual control. 

Office Furnishings  
Décor  Ceiling tiles and walls are white and the furniture 

is primarily white. 
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second difficulty of measuring daylight is the inherent variability of sky illuminance 
(Hopkinson et al., 1966); this was addressed by conducting the measurements on an 
overcast day, although some variability in light level was still apparent.  

The intermittent external illuminance measurements were corrected for by 
using the window measurements in the calculation of daylight factor (Equation 1).  

 
 

 
Equation 1: Calculation of Daylight Factor (DF) (CF = Correction Factor) 

 
Results and Discussion	
  
Daylight Variation 

Daylight factor ranged from 0.07 % to 17.64 %; in the student room the mean 
daylight factor was 3.29 % (standard deviation: 4.24 %), whilst in the researchers 
rooms it was 0.73 % (standard deviation: 0.50 %). Daylight factor is influenced by 
window orientation (P. R. Boyce & Raynham, 2009, p.133) so more daylight is 
expected in the east facing student room. Furthermore, a large church overshadows 
the researchers rooms, whilst smaller town houses overshadow the student room. The 
difficulty in measuring daylight factor has revealed the requirement to develop a 
robust method for conducting daylight factor measurements efficiently and 
accurately. 

Desks adjacent to windows showed the highest daylight factors, particularly in 
the student room; however, non-parametric tests showed that this correlation was 
weak and the relationship was not significant at the 95 % level. This may be attributed 
to the building’s shallow plan and large glazed areas.  

The relationship illustrated in Figure 1 has been used to estimate the 
probability of switching a light on upon entering the room, for each occupant. The 
results indicate a highly variable switching probability within some lighting groups; 
this can be as extreme as one group member being 99 % likely to switch a light on, 
whilst another is only 5 % likely. This is recognised as a potential source of conflict; 
however, the true extent of conflict can only be established when the controls are in 
place. Furthermore, Figure 1 was originally developed by the Building Research 
Establishment (BRE) in 1985 (BRE, 1985), since then the capabilities of office 
lighting have altered, as have lighting requirements. Thus there is a requirement to 
update the graph in light of these advances.	
  
Divergence within Control Groups 

To assess potential sources of conflict, the level of disagreement between 
individual’s lighting preferences has been calculated (Equation 2) for each shared 
control group. The difference in response between each pair of group members was 
calculated and divided by the number of group members to normalise. Each variable 
was measured on a scale of 1-7; hence, the maximum disagreement index is 7. 
 

 
 

 
Equation 2: Calculation of disagreement index for each group. 
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Disagreement indices have been calculated for responses to survey questions 
regarding occupants’ perception of lighting at desks, preferred natural and artificial 
lighting mix and control preferences. A dot plot showing the calculated disagreement 
indices for each lighting group is shown in Figure 3, with a description of each 
variable in Table 2. 

Figure 3: The variation in disagreement index for different lighting variables. 

Table 2: A description the variables studied above. 
 
 All of the calculated disagreement indices are below 2.5, suggesting that 
generally the occupants of each group have similar lighting and control preferences. 
This indicates that within the case study building, occupant lighting preferences are 
unlikely to be a source of conflict. To build on the work presented here, the 
occurrence of conflict needs to be assessed when the controls are in place; for this, 
questions directly regarding the use of the control would be most appropriate. 
 
Conclusion 

This paper has detailed a study into the potential sources of conflict with 
shared lighting controls in an open-plan office.  

The measurement of daylight factor revealed some of the difficulties in 
conducting this procedure accurately and efficiently. There is a clear requirement to 

Descriptor Question Scale 
Perception of light 
for PC work 

How would you describe the level of lighting 
in the current office for PC/ Laptop based 
work? 

1 = Too Little                            
7 = Too Much 

Perception of light 
for desk work 

How would you describe the level of lighting 
in the current office for desk based work? 

1 = Too Little                       
7 = Too Much 

Preferred natural 
artificial mix 

Please select your preferred mix of natural 
and artificial lighting. 

1 =No Natural Light              
7=Completely Natural 
Light 

Fully automated 
control Please specify your preference for the 

following lighting control methods: fully 
automated, fully manual, automated control 
with manual switches to override. 

1 = Strongly Against         
7 = Strongly For Fully Manual Control 

Automated control 
with manual override 
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develop a robust methodology for this. The relationship between daylight factor and 
switching probability (Figure 1) has been used to suggest that variable daylight factor 
may be a source of conflict. However, this relationship was last investigated in 1985 
(BRE, 1985), this requires updating to reflect more recent advances in lighting 
technology. 

The divergence between occupant preferences was minimal, suggesting that 
this is not a source of conflict. Future research should assess the conflict that arises 
once the lighting controls are in place. This may be used in the case study building to 
validate the divergence in preferences method presented here.  
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