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Introduction 
In this study we investigate if we can 

enhance the appreciation and affective 
evaluation of pleasant ambiences created 
with lighting by adding fragrances. Creating 
pleasant ambiences is considered beneficial 
for different applications, such as hospital 
rooms, care centres, and schools. For 
example a cosy ambience is expected to relax 
scholars that are stressed, while an activating 
ambience is expected to counteract feelings 
of sadness.  

The focus of lighting research currently 
shifts from pure visual functionality of 
lighting towards biological and psychological 
effects of lighting. Effects of illumination 
level (McCloughan et al, 1999) and 
correlated colour temperature (CCT) (Knez 
& Kers, 2000) on people's mood are 
reported, often with complex interactions 
with gender, age and exposure time (Knez & 
Kers, 2000; McCloughan et al., 1999). We 
believe that the psychological effects of 
lighting are mediated by atmosphere 
perception. Atmosphere represents the 
affective state of the environment, and is 
known to be almost immediately recognized 
(Vogels, 2008). On the longer term perceived 
atmosphere is expected to change the 
emotional state of a person in the room 
towards the affective state of the perceived 
atmosphere. Consistent effects of lighting on 
atmosphere perception are found. Increasing 
the illumination results in a more lively, 
more stimulating, less tense and less hostile 
environment (Boyce & Cuttle, 1990; Vogels 
et al., 2008). Warm white light is more 
preferred (Nakamura & Karasawa, 1999) and 
perceived as cosier and less tense (Vogels et 
al., 2008) as compared to cold white light. 
Hence, by combining functional white 
lighting with coloured accent lighting 
pleasant affective ambiences may be created 

(Seuntiëns & Vogels, 2008), and are 
accordingly identified (Kuijsters et al., 2012). 

So far, these atmospheres have been 
created using different light settings only. 
Our hypothesis is that the light induced 
atmospheres can be enhanced by adding 
ambient fragrances. Research revealed that 
ambient scents may improve the evaluation 
of brand names (Morrin & Ratneshwar, 
2000) and of stores and their merchandise 
(Spangenberg et al., 1996). The type of scent 
or intensity did not in influence the enhanced 
perceptions (Spangenberg et al., 1996). 
Mattila and Wirtz (2001) showed that the 
presence of an ambient scent and/or music 
results in significantly more positive ratings 
for the perceived atmosphere. In their 
research the type of fragrance, however, 
seems to play a role, since the atmosphere 
ratings are most positive when the volume of 
the music and the arousing nature of the 
fragrance are congruent.  

To test our hypothesis in the context of the 
findings of Mattila and Wirtz (2001), we 
evaluated two atmospheres created with 
lighting (i.e., a low arousing atmosphere 
referred to as cosy, and a high arousing 
atmosphere referred to as activating) in 
combination with two fragrances (i.e., a low 
arousing fragrance referred to as relaxing, 
and a high arousing fragrance referred to as 
exciting). We expect that ambiences which 
are congruent between lighting and fragrance 
are more appreciated than incongruent 
ambiences.  

Experimental design 
The experiment had a within-subjects 

design with lighting (2 levels: activating and 
cosy) and fragrance (3 levels: no fragrance, 
exciting and relaxing) as independent 
variables, while the scores on the atmosphere 
and appreciation questionnaire were the 
dependent variables. The appreciation was 



 

87 
 

measured   from   ‘dislike   extremely’   to   ‘like  
extremely’.   The   atmosphere questionnaire 
measured perceived atmosphere with 11 
items based on four dimensions: cosiness, 
liveliness, detachment, and tenseness 
(Vogels, 2008).  The  scales  ranged   from  ‘not  
applicable   at  all’   to   ‘very  applicable’.   In the 
first experimental week the participants 
evaluated the ambiences in a fully 
randomized order in different sessions, 
separated by at least one hour. They were 
immersed in the ambience and were asked to 
wait for two minutes before filling in the 
questionnaires. In the second experimental 
week the same participants evaluated both 
fragrances   on   pleasantness   (from   ‘extremely  
unpleasant’   to   ‘extremely   pleasant’),  
intensity   (from   ‘extremely   weak’   to  
‘extremely   strong’),   and   familiarity   (from  
‘unknown   /   unfamiliar’   to   ‘well   known   /  
familiar’).   All   questions   were   rated   on   a  
15cm continuous scale. 

Participants: Thirty-five interns and 
employees (mean age 24.3 ± 1.97 years) 
from Philips Research in Eindhoven (The 
Netherlands) participated in this experiment. 
Eighteen of them were males. None of the 
participants had colour deficiencies as 
measured with the Ishihara test. 

Experimental room: The experimental 
room had the dimensions L x W x H = 6.1m 
x 3.7m x 3.0m. The colour of the walls and 
ceiling was white. The floor consisted of 
dark grey carpet tiles. The windows were 
closed with a white shutter in order to 
prevent influences of natural light. The room 
was decorated with typical (achromatic) 
living-room furniture and accessories. 

Functional white lighting was provided by 
six spots projecting towards the floor; 60W 
halogen lamp (Philips MasterLine TC 60W 
G8.5 12V 1CT), six spots projecting towards 
the left wall, and a diffuse light system 
containing six luminaires with fluorescent 
lamps; four lamps with a CCT 6000K 
(Philips Master TL5 HE 14W/865 SLV) and 
two lamps with low CCT 2800K (Philips 
Master TL5 HE 14W/827 SLV). Coloured 
accent lighting was provided by 6 RGB 
LED-spots (Philips Fiorenza Rainbow) high-

power projecting RGB Luxeon LEDs 
towards the left wall, a RGB LED wall 
washer projecting on the opposite wall, and 
two LED Living Colours (Philips, model: 
Bloom Black). Finally, two RGB floor lights 
were placed against the left wall.  

Ambient fragrances were diffused in the 
room with electric Ambi-Pur dispensers 
(model Electro). These dispensers were set at 
a diffusion speed level 3 out of 5 in order to 
have a moderate intensity level. Fragrances 
were introduced in the room at least 30 
minutes before a session and at least 2 hours 
were scheduled between two scented 
conditions. The lab was fully ventilated with 
two exhaust fans to ensure complete removal 
of the fragrances. The room was sniff-tested 
before each session; no odours were detected 
to have remained in the room. 

 Stimuli: Six ambiences were created with 
two lighting setting and three fragrance 
levels. The lighting settings were based on 
previous research (Seuntiëns & Vogels, 
2008), reflecting a low arousing pleasant 
lighting  (‘cosy’)  and  a  high  arousing  pleasant  
lighting   (‘activating’).   The   ‘cosy’   ambience  
had a low illumination (100lx), low CCT 
(2100K) and orange coloured accent lighting; 
the spots projecting towards the wall the 
diffuse lighting system and the floor lights 
were  turned  off.  The  ‘activating’  lighting  had  
a high illumination (800lx), high CCT 
(4300K) and coloured accent lighting in the 
cyan/blue spectrum (see Figure 1). 

  
Fig. 1: Ambiances reflecting an ‘activating’ (top) and 

‘cosy’ (bottom) atmosphere 

The selection of the fragrances was 
entrusted to the company International 
Flavours and Fragrances (IFF) in Hilversum, 
The Netherlands. The fragrances were 
selected on their arousal and pleasantness 
properties. A high arousing pleasant 
fragrance (named: Refreshing passion) was 
selected   as   the   ‘exciting’   fragrance,   and   a  
low arousing pleasant fragrance (named: 
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Sensolia)   was   selected   as   the   ‘relaxing’  
fragrance.  

Results 
A principal component analysis with 

Varimax rotation revealed that the eleven 
items of the atmosphere questionnaire were 
indeed grouped in four underlying 
dimensions, explaining 74.9% of the 
variance. Two items on each atmosphere 
dimension had a high loading (above 0.8) 
with high inter-rater   reliability   (Cronbach’s  
alpha): Stimulating and Inspiring for 
Liveliness   (α   =   0.78),   Threatening and 
Frightening for   Tenseness   (α   =   0.84),  Cosy 
and Intimate for   Cosiness   (α   =   0.74),   and  
Business-like and Formal for   detachment   (α  
= 0.86).  

The two fragrances were on average 
perceived as pleasant (scores on a 15-cm 
scale; relaxing: M = 10.0, SD = 3.2 and 
exciting: M = 10.4, SD = 3.1), intense 
(relaxing: M = 10.3, SD = 2.6 and exciting: 
M = 10.8, SD = 2.4) and moderate familiar 
relaxing: M = 9.2, SD = 3.7 and exciting: M 
= 9.9, SD = 3.3). Eleven participants, 
however, evaluated one or both fragrances as 
unpleasant. These participants were removed 
from further analyses because we want to 
investigate if adding a pleasant fragrance 
may enhance the affective evaluation of an 
ambience, and not if these two specific 
fragrances may. 

The ambiences with a cosy lighting setting 
received higher cosiness scores than the 
ambiences with an activating lighting setting 
(see Figure 2. Indeed the analysis of variance 

(with lighting and fragrance as factors) 
revealed a significant effect of lighting on 
cosiness, F(1,  23)  =  43.17,  p  <  .001,  η2 = .65. 
Significantly higher liveliness scores were 
given to the ambiences with an activating 
lighting setting than to the ambiences with a 
cosy lighting setting, F(1, 23) = 5.69, p = 
.026,   η2 = .20. Also the detachment scores 
were significantly higher for the activating 
lighting setting than for the cosy lighting 
setting, F(1,  23)  =  42.79,  p  <  .001,  η2 = .65. 

Fragrance significantly affected 
appreciation, F(2,  46)  =  6.64,  p  =  .003,  η2 = 
.22, cosiness, F(2, 46) = 10.88, p < .001,  η2 = 
.31, and detachment, F(2, 46) = 5.49, p = 
.007,   η2 = .19. Post-hoc tests revealed that 
the relaxing fragrance was more appreciated 
than the no fragrance condition (p = .004, d = 
.58). The no fragrance condition was less 
cosy than both the relaxing (p = .001, d = 
.38) and exciting fragrance conditions (p = 
.003, d = .41). Lastly, the detachment scores 
of the no fragrance condition was 
significantly higher than both the relaxing (p 
= .012, d = .30) and exciting fragrance 
conditions (p = .023, d = .30). An interaction 
effect between fragrance and lighting was 
found on the liveliness dimension, F(2, 46) = 
3.71,   p   =   .032,   η2 = .14. As can be seen in 
Figure 2, adding a fragrance (exciting or 
relaxing) increases the liveliness scores for 
the cosy lighting, but not for the activating 
lighting. 

The congruency effect was tested by 
comparing the congruent conditions (cosy 
lighting with a relaxing fragrance and

  
Fig. 2: Average atmosphere and appreciation scores, separated by activating lighting (left) and cosy lighting 

(right). The different markers reflect the three fragrance levels. Error bars represent the 95% CI.   
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activating lighting with an exciting 
fragrance) with the incongruent conditions 
(cosy lighting with an exciting fragrance and 
activating lighting with a relaxing fragrance). 
No significant effects of congruency were 
found. 

Discussion and Conclusion 
In line with previous research, we found 

that the cosy ambience (low illumination, 
low CCT and orange accent lighting) was 
cosier, less lively and less detached than the 
activating ambience (higher illumination, 
high CCT and cyan/blue accent lighting) 
(Kuijsters et al., 2012). Adding an ambient 
fragrance enhanced the appreciation and 
cosiness scores and decreased the detachment 
of the ambiences. 

In contrast to the lighting, the arousal 
properties of the scent failed to influence the 
affective evaluation. No significant 
difference between the fragrances nor a 
congruency effect with lighting was found. 
This finding is in line with previous research 
stating that the presence of a scent is more 
important than its nature (Mattila & Wirtz, 
2001; Spangenberg et al., 1996). On the other 
hand, it may also be that the two fragrances 
were not accurately enough selected. The two 
fragrances were reported orally by 
participants to be both very sweet, which 
suggest a more relaxing nature of the 
fragrances. This may be the reason why both 
fragrances failed to enhance the liveliness 
scores. 

Eleven participants rated one or both of 
the fragrances as unpleasant. This suggests 
that smell is highly sensible to inter-
individual variability, especially on 
pleasantness (Rouby, Pouliot, & Bensafi, 
2009). It might also be that the diffusion 
level of the fragrances in the experiment was 
too high, resulting in a too intense perception 
of the fragrances, and as such reducing the 
perceived pleasantness (Rouby et al., 2009). 
Indeed the group that rated the fragrances as 
unpleasant also rated the fragrances as very 
intense. 

We may conclude that adding ambient 
fragrance is a promising way to further 
enhance pleasant affective ambiences. The 

scented ambiences are more appreciated, 
cosier and less detached than the unscented 
ambiences. Additional experiments are 
needed in which we pre-test the type of 
fragrance and the diffusion level to ensure 
the selection of an arousing and relaxing 
fragrance with a perceived moderate intensity 
level. Also personalization can be 
investigated for an optimal effect on 
atmosphere perception.  
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