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Short Communication 

On the bright side: The influence of brightness on overall taste 
intensity perception 

Kimberley van der Heijden *, Anouk Festjens , Caroline Goukens 
Department of Marketing and Supply Chain Management, Maastricht University School of Business and Economics, The Netherlands   
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A B S T R A C T   

Ambient light luminance (i.e., brightness or dimness) is a frequently used tool by managers to enhance the 
overall ambience in their restaurants. The current research explores how a change in a restaurant’s ambient 
brightness influences the overall taste intensity perception of the food that is being served there. We conducted a 
between-group experiment in a field setting (i.e., a fine-dining restaurant), where we manipulated the illumi-
nance level of the ambient light (dim vs. bright). Guests were served a dish—tailored to our research ques-
tion—and asked to evaluate its overall taste intensity. The results demonstrate that guests exposed to the bright 
ambient light perceived the overall taste of the dish as more intense as opposed to guests exposed to the dim 
ambient light. The results thus show that modifying the ambient illuminance level in a restaurant does not only 
affect the overall ambience but also changes the overall taste experience of the food being served. This finding is 
not only theoretically relevant for research on multisensory integration, but it also provides tools for taste 
modulation, and—as such—for strategies to decrease salt and sugar consumption among diners.   

1. Introduction 

Remember the last time you went out for a fine-dining experience. 
Chances are high that you entered a restaurant where soft music was 
playing in the background and lights were dimmed, urging you to sit 
back and enjoy the upcoming experience. Restaurant managers are well 
aware of the powerful effects of ambient stimuli (e.g., lightening, music, 
or scent; for a review see Krishna, 2012) and gratefully use them to 
improve the overall ambience in restaurants to enhance consumers’ 
dining experiences (Biswas et al., 2017). In fact, of the wide range of 
ambient stimuli at their disposal, managers frequently use ambient light 
luminance (brightness or dimness) because they can control this factor 
relatively easily and with minimal monetary investment (Biswas et al., 
2017). 

The effect of illuminance on the consumption experience is an 
important topic of research. While some studies focused on the impact of 
changing the hue of lighting (e.g., Spence, Velasco, & Knoeferle, 2014), 
several other studies have examined how the level of illuminance (i.e., 
brightness or dimness) affects food preferences and intake (e.g., Biswas 
et al., 2017; Bschaden et al., 2020; Gal, Wheeler, & Shiv, 2007; Xu & 
Labroo, 2014). For example, it was found that ambient brightness in-
creases people’s desire for spicier (Xu & Labroo, 2014) and healthier 

(Biswas et al., 2017) food. Likewise, it was reported that consumers with 
a preference for strong coffee tend to drink more coffee under bright 
than under dim lights, and that the opposite holds for consumers with a 
preference for mild coffee (Gal et al., 2007). 

Yet, less is known on how illuminance affects consumers’ overall 
taste intensity perception of their food choices. Still, many factors (e.g., 
liking) that affect one’s food intake originate from perceptions of overall 
taste intensity (Vickers, Holton, & Wang, 2001). As such, overall taste 
intensity perception is a more rudimentary dependent measure than 
food preference and consumption, and insights on how illumance affects 
it are—from a theoretical perspective—important if we want to fully 
understand how consumers’ dining experiences are impacted by the 
brightness or dimness of a restaurant. Furthermore, investigating how 
luminance impacts perceptions of overall taste intensity is not only 
theoretically relevant, but it also provides tools for taste modulation, 
and—as such—for strategies to decrease salt and sugar consumption 
among diners. 

The aim of the current research is thus to investigate whether 
exposure to a specific level of illuminance (i.e., brightness or dimness) 
influences the overall taste intensity perception of a food item. Specif-
ically, we organized an experiment in a field setting (i.e., a fine-dining 
restaurant) where we manipulated light luminance and tested how it 

* Corresponding author at: Maastricht University School of Business and Economics, Tongersestraat 53 6211LM Maastricht, The Netherlands. 
E-mail address: kcw.vanderheijden@maastrichtuniversity.nl (K. van der Heijden).  

Contents lists available at ScienceDirect 

Food Quality and Preference 

journal homepage: www.elsevier.com/locate/foodqual 

https://doi.org/10.1016/j.foodqual.2020.104099 
Received 18 June 2020; Received in revised form 29 September 2020; Accepted 29 September 2020   

mailto:kcw.vanderheijden@maastrichtuniversity.nl
www.sciencedirect.com/science/journal/09503293
https://www.elsevier.com/locate/foodqual
https://doi.org/10.1016/j.foodqual.2020.104099
https://doi.org/10.1016/j.foodqual.2020.104099
https://doi.org/10.1016/j.foodqual.2020.104099
http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodqual.2020.104099&domain=pdf


Food Quality and Preference 88 (2021) 104099

2

affected the overall taste intensity perception of the food served there. 
Note that when we refer to overall taste, we refer to the everyday notion 
of overall taste (meaning flavour), and thus not to gustation. 

There are a few other articles that investigated how illuminance 
influences the sensory attributes of food. Some work, for example, 
looked at how illuminance affects the taste thresholds of basic tastes. 
Katsuura et al. (2005) found that higher levels of illuminance increased 
taste sensitivity for sweet and bitter tastes. Similarly, Srivastava et al. 
(2013) demonstrated that increased levels of illuminance lowered the 
taste recognition threshold for sweet foods. 

Other research focused on the impact of illuminance on basic taste 
intensity perceptions (i.e., saltiness in Bschaden et al., 2020, study 1; 
sweetness, saltiness and sourness in Rebollar et al., 2017; see also Wilson 
& Gregson, 1967 for other early research in this area). However, this line 
of research led to mixed results. For example, Rebollar et al. (2017) 
asked participants to sample a sweetened natural yoghurt in both a 
bright versus dimly lit tasting room, and to rate its level of sweetness. 
They found that participants rated the yoghurt as sweeter under bright 
(vs. dim) levels of illuminance. In contrast, Bschaden et al. (2020) asked 
participants to sample a tomato soup on two separate days under 
different illuminance conditions (bright vs. dim) and—amongst other 
variables—to evaluate a number of basic tastes (i.e., sweetness, salti-
ness, and sourness). Their results showed that the tomato soup was 
perceived as saltier under low (vs. high) levels of illuminance, yet they 
reported no effects of illuminance level on sourness and sweetness. As 
such, their findings are not consistent with the findings by Rebollar et al. 
(2017), Katsuura et al. (2005), and Srivastava et al. (2013). Furthermore 
they also failed to replicate this finding in a second study (where they 
adapted the environment and illuminance levels). 

In contrast to earlier work—which mainly focused on the taste in-
tensity of one or a few basic taste attributes in isolation—the current 
research investigates whether exposure to a specific level of illuminance 
influences the overall taste intensity perception of a food item. Note that 
the typical dishes that we eat for lunch or dinner typically consist of a 
blend of different tastes and we virtually never experience pure basic 
tastes in isolation. For the current study, we therefore created a food 
item tailored for our particular research question—a dish consisting of a 
balance of basic tastes (i.e., sweet, salt, bitter and sour)—and asked 
participants to rate the overall taste intensity of this food item. Note that 
we did not include umami as a taste in the experiment as it has the 
property to boost some of the other basic tastes, and thus potentially 
impact the taste composition (Suwankanit et al. 2013). 

Furthermore, to optimize the ecological validity of our findings, we 
ran this study in a field setting (i.e., restaurant)—in contrast to previous 
research which has mainly been conducted in controlled laboratory 
settings (Bschaden et al., 2020; Gregson, 1964; Katsuura et al., 2005; 
Rebollar et al., 2017; Srivastava et al., 2013; Wilson & Gregson, 1967). 

Since we know from prior research that the specifics of a study setting 
can impact food-related measures (García-Segovia et al., 2015), we 
opted to conduct this study in a fine-dining restaurant. 

Lastly, and contrary to previous studies investigating the effect of 
illuminance on overall taste intensity perception, we decided for a 
between-group design. The latter allowed us to avoid any learning ef-
fects over the course of the study, which might have confounded pre-
vious studies. In the remainder of this article, we will explain our 
experimental design and our findings. We end with a discussion of our 
findings, limitations, and suggestions for future research. 

2. Method 

2.1. Place 

To test if the overall taste of a complex dish is perceived as being 
more intense under bright (vs. dim) lighting conditions, we conducted a 
field experiment at a fine-dining restaurant. See Fig. 1 for an impression 
of the restaurant. The study took place in late Autumn on weeknights 
and the weekend (i.e., Thursday through Saturday) during the dinner 
service (6:00 PM to 11:00 PM). This setup ensured that the level of 
daylight and the number of guests was relatively constant on the 
different experimental days. 

2.2. Participants 

Participants were one-hundred-fifty-two guests who visited the 
restaurant during our experiment. A power analysis (power = 80%; α =
0.05), using saltiness perception in Bschaden et al. (2020, study 1) as 
primary dependent variable, indicated a required number of partici-
pants of 128 participants. So this number (n = 152) allowed for a 
dropout rate of 15%. Fourteen guests did not agree to participate in the 
study, leaving a final sample of one-hundred-thirty-eight (49.3% female, 
Mage = 50.53 years). 

2.3. Illuminance manipulation 

A common measure for illumination is the amount of lux (Areni & 
Kim, 1994). A lux can be described as the luminous flux of one lumen 
produced per square meter. In our experiment, we manipulated the light 
intensity by adapting the illuminance levels of the pendant lamps (warm 
white light, 55 W) above each table. In the dim ambient light condition, 
the illuminance was set at 13 lx and in the bright ambient light condi-
tion, the light luminance was set at 300 lx. These luminance levels were 
the same as in previous research (i.e., Bschaden et al., 2020; Biswas 
et al., 2017). Depending on the day that the guests were visiting the 
restaurant, they were assigned to either the dim or the bright ambient 

Fig. 1. Impression of the restaurant in daylight.  
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light condition. To compare, the ambient light illuminance amounts 500 
lx in a typical office setting (National Science Foundation) and daylight 
is 10.000 lx. 

2.4. Procedure 

Upon entering the restaurant, a waiter (i.e., a research assistant) 
welcomed the guest and guided him or her to one of the tables. As is 
common in this restaurant, every guest received the same 4-course 
menu. After the guest took a seat and ordered a drink, the waiter 
immediately served him or her the first course. She explained that this 
dish was a new addition to the menu, and that the chefs therefore would 
like to get some feedback. After receiving consent from the guests, the 
waiter distributed a short questionnaire (i.e., flipped to ensure that the 
questions were not immediately visible) and asked the guests to taste the 
dish prior to turning the page and completing it. 

Important is that the chefs especially composed this dish—an amu-
se—to allow for an optimal test of the current research question. It thus 
contained the four basic tastes (i.e., salt, sour, sweet, and bitter) and 
consisted of multiple textures (e.g., crispy and creamy elements) while 
being as balanced as possible. The dish could be consumed within two or 
three bites, and was developed such that there would be a minimal 
chance of triggering an allergic reaction. Fig. 2 shows a picture of the 
dish as well as a list of its ingredients. 

After consuming the dish, the guests rated the perceived overall taste 
intensity of the dish (on a 9-point Likert scale ranging from 1 = ‘not 
intense’ to 9 = ‘extremely intense’), and its perceived pleasantness (on a 
6-point Likert scale ranging from 1 = ‘extremely unpleasant’ to 6 =
‘extremely pleasant’). Next, the guests rated the level of the ambient 
illuminance (i.e., manipulation check; rated on a 9-point Likert scale 
ranging from 1 = ‘not intense’ to 9 = ‘extremely intense’), and its 
perceived pleasantness (on a 6-point Likert scale ranging from 1 =
‘extremely unpleasant’ to 6 = ‘extremely pleasant’). 

Next, as the brightness level might also influence the perceived in-
tensity of other sensory modalities (Krishna, 2012; Walsh, 2003), guests 
also rated the perceived intensity of the ambient sounds that were pre-
sent in the restaurant during their tasting of the dish (i.e., ‘How do you 
perceive the intensity of the sound in the room?’), the ambient aromas 
(i.e., ‘How do you perceive the intensity of the smell in the room?’), and 
the ambient tactile stimuli (i.e., ‘How do you perceive the intensity of 
the touch with the cutlery?’); all on 9-point Likert scales ranging from 1 
= ‘not intense’ to 9 = ‘extremely intense’. We made sure that all stimuli 
of the other sensory modalities were kept constant over the different 
experimental days—i.e., similar room scents, same cutlery, identical 
music volume (55 dB), and similar music track list. 

Finally, guests indicated which of the basic tastes (i.e., sweet, salt, 

sour, bitter, or none) they perceived to be dominant while tasting the 
(balanced) dish. Once the guest completed their questionnaire, the 
waiter collected it and thanked him or her for the participation. 

3. Results 

The results of the manipulation check showed that the bright 
ambient light condition was perceived as more intense in terms of the 
level of illuminance as opposed to the dim ambient light condition 
(Mbrightlight = 6.26, SD = 1.56 vs. Mdimlight = 4.68, SD = 1.69; F 
(1,133) = 31.710, p < .001, η2 = 0.193). Moreover, the illuminance 
level was perceived as equally pleasant in both the bright and dim 
ambient light condition (Mbrightlight = 4.66, SD = 0.77 vs. Mdimlight =
4.69, SD = 1.08; F(1,132) = 0.034, p = .854, η2 = 0.000). 

An ANOVA with light intensity as the independent variable and 
overall taste intensity as the dependent variable revealed a main effect 
of the level of light intensity (F(1,136) = 18.227, p < .001, η2 = 0.118). 
Specifically, guests in the bright ambient light condition rated the 
overall taste as more intense (Mbrightlight = 7.12, SD = 1.11) as opposed 
to guests in the dim ambient light condition (Mdimlight = 6.43, SD =
0.74). 

A second ANOVA revealed that light intensity had no effect on the 
pleasantness of the perceived overall taste intensity (Mbrightlight = 5.12, 
SD = 0.73 vs. Mdimlight = 5.13, SD = 0.82; F(1,131) = 0.010, p = .922, 
η2 = 0.000). Recall that we also asked guests which of the four basic 
tastes they considered to be dominant. We found that 43.2% did not 
consider any of the tastes to be dominant, followed by 6.8% who 
considered the sweet taste to be dominant, 14.4% the salty taste, 13.6% 
the bitter taste, and 22% the sour taste (4.3% did not fill out the ques-
tion). Thus, consistent with our theorizing, there seems to be a balance 
of basic tastes in the dish we used. 

Furthermore, we also tested the effect of light intensity on the 
perceived intensity of other sensory modalities, and found an enhancing 
effect of light illuminance on the perceived intensity of the auditory and 
olfactory stimuli (sound: Mdimlight = 4.81, SD = 2.05 vs. Mbrightight =
5.70, SD = 1.86; F(1,133) = 7.006, p = .009, η2 = 0.050; scent: 
Mdimlight = 4.37, SD = 2.12 vs. Mbrightight = 5.07, SD = 2.00; F(1,134) 
= 4.008, p = .047, η2 = 0.029), but not on the perceived intensity of 
haptic stimuli (Mdimlight = 5.37, SD = 1.65 vs. Mbrightlight = 5.67, SD =
1.91; F(1,128) = 0.883, p = .349, η2 = 0.007). 

4. Discussion 

The aim of the present work was to test how the level of ambient 
brightness or dimness of a restaurant influences one’s overall taste in-
tensity perception. We tested this research question in a field setting, 

Fig. 2. Ingredient list and amuse.  
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namely a fine-dining restaurant. The results show that guests dining in a 
brightly lit restaurant perceive the overall taste of a dish—created for 
the purpose of the study—to be more intense than guests dining in a 
dimly lit restaurant. 

4.1. Link to previous literature 

Our findings are consistent with prior research demonstrating lower 
taste thresholds of sweet and salty foods (Katsuura et al., 2005; Srivas-
tava et al., 2013) and increased taste intensity perception of sweet food 
(Rebollar et al., 2017) in brightly (vs. dimly) lit environments. Never-
theless, our findings seem inconsistent with one of the studies (i.e., study 
1) in the article of Bschaden et al. (2020) who reported that people 
perceive a soup as saltier under low as opposed to bright illuminance. 
Yet, they failed to replicate their results in a second study. Moreover, 
Bschaden et al. (2020, study 1) reported that their participants consid-
ered the dim light condition as less pleasant than the bright light con-
dition. As pleasantness ratings and intensity judgements are found to be 
closely related (Veldhuizen, van Rooden, & Kroeze, 2006), this latter 
result may have impacted their results. In the current research, we did 
not find a significant difference in the perceived pleasantness of the two 
illuminance conditions, nor did we find a difference in the pleasantness 
of the overall taste intensity perception. As such, our results cannot be 
explained by any differences in experienced pleasantness. 

4.2. Potential explanations 

We realize that the field setting of this study did not allow us to fully 
control the restaurant environment, and thus isolate the mechanism. 
Yet, our findings are consistent with some earlier work in this research 
area. 

The neuroscientific framework “A Theory Of Magnitude (ATOM)”, 
for example, suggests a common neural mechanism for representing 
magnitude between pairs of prothetic (i.e., magnitude-based) di-
mensions (Walsh, 2003). It assumes a correlation between magnitudes 
in different domains—that is, bigger and brighter in one domain should 
correlate with bigger and brighter in another domain. As such, this 
theory predicts that higher intensities of a specific stimulus in one mo-
dality (e.g., visual domain) triggers higher intensity perceptions of a 
stimulus in another modality (e.g., gustatory domain). 

In a similar vein, previous research has found that exposure to bright 
(vs. dim) light increases mental awareness (Biswas et al., 2017) and 
intensifies initial affective reactions (Xu & Labroo, 2014). Also, Gal et al. 
(2007) put forward the concept of cross-modal associations, where the 
perception of a stimulus in one modality (i.e., light intensity) may be 
mentally associated with the perception of a stimulus in another mo-
dality (i.e., taste intensity). 

Furthermore, it could also be the case that the above described ef-
fects result from indirect parallel processes. For example, illuminance 
level could have indirectly influenced the overall taste intensity 
perception by changing the perceived appearance of the food (e.g., 
Piqueras-Fiszman et al., 2012) or by changing the perceived level of 
ambient noise (Spence et al., 2019). As we measured perceived ambient 
noise in our survey, we were able to test this last alternative explanation. 
We conducted a mediation analysis with level of illuminance as inde-
pendent variable, perceived level of sound intensity as mediator and 
perceived intensity of overall taste as dependent variable. This analysis 
yields an insignificant indirect effect of perceived level of sound in-
tensity (indirect effect: B = 0.0096, SE = 0.0460, 95% CI [-0.0830, 
0.1087]; Model 4, Hayes, 2018). As such, we conclude that perceived 
level of ambient noise cannot explain guests’ difference in overall taste 
intensity perceptions. 

Additionally, to account for possible effects on food appearance, we 

ran a small online control study (N = 100, 62.7% female, Mage, = 36.27 
years). In this study, we asked participants to rate a picture of the dish 
taken under either a bright or a dim light (see Fig. 3 for the pictures). 
Specifically, we asked participants to rate the expected overall taste (i.e., 
‘How would you expect the taste of the dish to be?’) and expected overall 
taste intensity (i.e. ‘How would you expect the flavour intensity of the 
dish to be?’) both on 9 point Likert scales. The results reveal an insig-
nificant effect for both expected overall taste (F(1,98) = 0.371, p =
0.544, η2 = 0.004) as well as expected overall taste intensity (F(1,98) =
1.709, p = 0.194, η2 = 0.017). These findings cast doubt on the possi-
bility that the observed effects result from changes in the appearance of 
the food. 

To conclude, there remain a number of possible theories which 
could—partially—explain the documented effect. We hope that our 
research will serve as an inspiration for future research to look into the 
above-mentioned theories within this specific study context. 

5. Contributions 

This article has both theoretical and practical implications. With 
regards to the former, the present research was conducted in an 
ecologically valid setting (i.e., a fine-dining restaurant) under natural 
conditions and therefore answers the question that was put forward by 
Bschaden et al. (2020) on whether light intensity—as a sole ambient 
factor—is able to impact sensory perception outside an artificial setting. 

Furthermore, our study contributes to the increasing stream of 
research on multisensory store experiences (for a review see Krishna 
2012), which aims at understanding how different sensory inputs 
interact with each other in retail settings. Our study adds to this stream 
of research by demonstrating that a change in a stimulus related to one 
sense can enhance the perception of a stimulus represented in another 
modality. 

From a managerial perspective, our study provides interesting in-
sights. In many restaurants, illuminance can be controlled with relative 
ease and minimal monetary investment (Biswas et al., 2017), yet illu-
minance is mainly used to create a nice ambience. Our findings suggest 
that changing the illuminance in a restaurant—at the same time—also 
changes the taste experience of the food consumed in the restaurant. The 
latter might offer some tactics to reduce the use of flavour enhancers, 
and as such indirectly contribute to the health of restaurant diners. In a 
similar vein, supermarkets—who often provide food samples to their 
customers—may benefit from bright ambient lighting. The present 
research suggests that brighter lit environments increase the overall 
taste intensity perception of the food being sampled. 

Fig. 3. Stimuli control study (bright vs. dim condition).  
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