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Abstract 
 

Lack of knowledge on how to describe perceived lighting parameters hampers building 

owners in specifying desired lit environments and lighting manufacturers in developing 

products for new applications. Applying sensory methods to lighting could promote more 

desirable lit environments and increased knowhow with regards to user perception and 

comfort.  

 

In 2014 SP Technical Research Institute of Sweden inaugurated a multi-sensory 

laboratory. The pre-study presented in this report explored the possibilities to develop and 

apply sensory methods for analytical evaluation to lighting. The method development was 

based on Quantitative Descriptive Analysis (QDA).  

  

Preliminary panel selection criteria were identified and a group of seven persons was 

trained to carry out analytical assessment of downlight fixtures. The aim was to identify 

possibilities and challenges with sensory evaluation of lighting rather than to produce 

accurate results. Some steps were therefore simplified compared to full-scale evaluations.  

 

The results showed the importance of colour. For instance, different colours were 

assessed similarly between different light sources, although their physical light spectrum 

differed significantly. This indicates the usefulness of applying sensory methods 

complementary to physical light metering. 

 

Furthermore, the study indicated that sensory methods can be applied to lighting and 

should be further developed based on the pilot test. For example, the adaptation of the eye 

needs to be handled; some parameters should be assessed before adaptation to current 

light settings, others after. Definitions of adequate parameters should be refined, where 

colours are a particular challenge. Lastly, the added values of panel assessments to 

physical measurements for certain parameters should be further investigated to explore 

the full potential of applying sensory methods to lighting.   
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Preface 
 

In 2014 SP Technical Research Institute of Sweden inaugurated a multi-sensory 

laboratory. Previously, SP has merely worked with sensory evaluation of food products. 

The new laboratory facilities opened up for sensory assessment of different types of 

products using trained panels. The pilot study presented here made use of the multi-

sensory laboratory to explore the possibilities of applying sensory methodology to 

lighting. We would like to thank the Sound and Vibration section for letting us use the 

laboratory for the pilot tests.      

 

We would furthermore like to thank ExSPerience for funding the pre-study. ExSPerience 

is an interdisciplinary research project at SP, which focuses on the user perspective of 

technology and on measuring the unmeasurable. The project promotes collaboration and 

takes benefit from the wide range of skills and competences within the SP group.    
 

The now finalized ExSPerience pilot project has been aimed to strategically strengthen 

the SP competence in the area of perceived lit environment. A first step in this effort has 

been to strengthen the knowledge in methods for lighting evaluation and explore the 

possibilities to apply sensory methods to lighting. 

 

We would also like to express our gratitude to the SP colleagues who contributed to this 

project both by practical involvement in the analytical panel and by their reflections on 

the experimental setup and methodology: Nata Amiryarahmadi, Ragne Emardson, 

Carolina Hiller and Maria Nilsson Tengelin.  

 

 

 
Uppsala 2015-06-29  
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1 Background  
 

Electricity for lighting is today a large share of the total energy use in Swedish buildings. 

Approximately 20% of the household electricity is used for lighting [1], and for 

commercial buildings it constitutes 40 % of the total electricity use [2]. To motivate 

building owners, product developers, and users to convert into more energy efficient 

lighting, it is necessary to show not only financial advantages and energy savings, but 

also to introduce lighting that yields a positive experience for the end user. In commercial 

buildings for example, the lit environment affects both the working environment for staff 

and the customer experience, and thus also the sales volume. 

 

The method used in this study is based on analytical (objective) sensory science, where a 

trained panel evaluate perceived (sensory) parameters for lighting such as the blueness of 

the light, flicker, and contrast. It is then possible to connect these objective results to 

subjective (hedonic) results from consumer surveys, so called preference mapping.  With 

this approach, not only the hedonic liking of the evaluated products but also the 

knowledge of which objective parameters, and their magnitude, that describe each of the 

evaluated product can be deducted. Once these connections are established, it is possible 

to exclude the consumer surveys from product development and instead perform 

significantly less extensive measurements with the trained panel, and this makes it 

possible to shorten the development cycle time for the next generation of products. For 

municipalities and building owners, this knowledge creates the possibility to generate 

perception-based requirements for lighting tendering. 

 

In the long term perspective, the new knowledge on which parameters govern the liking 

of luminaires
1
 and lit environments is expected to simplify development of new 

luminaires in the lighting industry in the sense that the focus can be directed at these 

specific parameters. Thereby, the development cycle will be shortened. This, in turn, is 

expected to increase demand as well as acceptance for new energy efficient luminaires. 

 

  

                                                      
1
 A luminaire, also called light fitting, is a complete lighting unit, i.e. the electrical device that 

creates artificial light by use of an electric lamp.  

https://en.wikipedia.org/wiki/Lamp_(electrical_component)
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2 Sensory methodology 
 

As long as there has been a supply of goods and services, humans have judged these 

according to their senses. The scientific discipline of sensory analysis was defined in 

1974 by Sidel and Stone [3]. Sensory analysis measures, analyses, and interprets reactions 

on goods, products, and services as they are perceived by our senses: sight, smell, taste, 

feel and hearing. Sensory analysis consists of both qualitative and quantitative 

approaches, and measurements include both consumers who provide subjective 

assessments, and trained panels who provide objective measurements.  

 

Today, sensory methods are applied within a small number of different industrial sectors 

but in principle, it should be possible to apply the methodology within most trades 

concerned with product and service development, quality control, and marketing. One 

sector that has developed and implemented the methods to a large extent is the food 

industry, where quality control of products is mostly done with the use of senses, sight, 

smell and taste. Apart from the food industry, the methods are also used in the automotive 

industry [4], and the packaging industry. As an example, Tetra Pak has their own sensory 

laboratories for packaging. In addition, there are also studies where sensory panels have 

been used to assess scents from building materials [5], and quality of the indoor air [6].  

 

The methods have not been used in the lighting industry so far. 
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3 Methodological description of sensory 

evaluation of lighting 
 

The sensory (analytical) panel constitutes the measuring device for objective assessment 

of properties of a set of products. The objective assessments do not include any form of 

evaluation on whether the product is desirable or not, the parameters are measured solely 

according to a scale common to all panel participants. Normally a number of 8-12 

assessors participate in one panel. The base for the method is Quantitative Descriptive 

Analysis (QDA) [3,7], which is one of the main methods used in analytical sensory 

evaluation. The results of the assessments are analysed using statistical methods, analysis 

of variance (ANOVA) and Principal Component Analysis (PCA)[7]. In parallel with the 

sensory measurements, physical measurement of lighting parameters such as colour, 

luminous flux and power is conducted.  

 

Since the analytical panel, together with the physical measuring instruments, is the main 

measuring device, it is critical to ensure its reliability. The panel therefore consists of 

people who are suited to perform analytical assessments, meaning that they have well 

developed senses for the assessments being made [8]. In order to ensure this, each panel 

member needs to fulfil certain selection criteria. In the areas where sensory analysis 

traditionally is applied there are standardized tests that can be used in the selection 

process, and also international standards available. Since sensory analysis is new in the 

area of lighting, no such standards exist, and a first draft of selection criteria therefore had 

to be defined within the project: 

 Full vision on each of the eyes (after possible correction by glasses or lenses) 

 No diagnosed eye diseases (e.g. not over-sensitive to light) 

 Full colour vision 

 Two fully functioning eyes 

 

The panel is trained in order for the evaluated parameters to be aligned for all individuals, 

which may be called calibration. Each assessment is made in several replications, most 

commonly duplicates or triplicates. An important aspect is that each of the panel 

members has to be trained and calibrated to ensure that the assessments yield objective 

and useable results. 

 

Each parameter to be evaluated is always defined by the panel as part of the training.  
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4 Test of method and questionnaire 
 

An evaluation of lighting using sensory methods was performed in December 2014 in the 

multi-sensory laboratory at SP, Borås. Seven panel members were trained to perform 

assessments of lighting products. The whole procedure from training and calibration to 

assessment was performed during one day. The purpose of the activity was to identify 

possibilities and challenges when applying sensory methodology for evaluation of 

lighting rather than producing accurate and replicable results. Due to the limited time and 

scope of the exercise, some steps were shortened in comparison to a full-scale 

assessment. 

 

Two test booths were equipped with polystyrene roofs in which downlight luminaires 

were installed. Drapes were put up on the booths in order to prevent light leakage and to 

isolate the two booths from each other. Four light sources were used in the downlights, 

one halogen lamp and three LED lamps. The properties of the lamps are shown in 

Table 1. 

 
Table 1. Lamps used in the assessment. 

Name Lamp type Power (W) 
Luminous flux 

(lm) 

Colour 

temperature 

(CCT) 

H3W Halogen 35 230 2700 K 

L3W LED 4.5 230 2700 K 

L2W LED 2 120 2700 K 

L2C LED 2 120 6000 K 

 

Light has to be assessed by looking at objects reflecting the light. To identify which 

objects would be suitable for the assessment several different objects were procured and 

placed in the booths as shown in Figure 1 and Figure 2. During the first trial mirrors, 

matchboxes, soda cans, magazines and a colour map were used.  

 

 
Figure 1.The two test booths fitted with polystyrene roofs, downlights, and objects for 

viewing. 
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Figure 2. The different objects to be viewed during the assessments: mirror, colour 

map, magazine, soda cans, and a matchbox. 

 

 

4.1 Evaluation procedure 
 

The procedure of the sensory evaluation is described in the following section: 

1. Presentation of experimental setup and method. The panel was introduced to the 

experiment. Some participants were familiar with the procedure, and some were 

completely new to the subject. Figure 3 shows the assessment leader describing 

the evaluation method. 

 

 
 Figure 3. Introduction to the experiments. 

2. Appropriate objects for viewing were selected. The ability of the assessors to 

evaluate the different objects similarly determined which objects would be used 

for viewing. The final setup of the booths contained a mirror and two soda cans 

as shown in Figure 4. 

 



11 

 

 
 Figure 4. Final booth configuration for pilot experiments. 

 

3. Calibration. In a full-scale evaluation, each panel participant assesses each of the 

parameters individually, and the assessments are combined and compared 

afterwards. A common scale is agreed upon, and new assessments are made in 

order to ensure similar results between the panel participants in an iterative 

manner. In this case, with access to only two booths for the seven panellists and a 

short time-frame, the panel members all observed the booths at the same time to 

identify which properties to assess, and all participants made the individual 

assessments at the same time as shown in Figure 5 and Figure 6. 

 

 
 Figure 5. Panel agreeing on the parameters to be assessed. 
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 Figure 6. Calibration assessment of the agreed parameters by one of the panellists. 

 

Once the parameters to be assessed were defined and agreed upon, evaluations 

were made on reference products by the use of a line-scale with two anchor 

points: ‘to a small extent’ and ‘to a large extent’. The two light sources that were 

judged to yield the largest variation in parameter values were chosen to be 

references. The questionnaire in Swedish can be seen in Appendix 1. Seven 

parameters were identified. During training, assessment of the parameters was 

done only once for each panellist. By collecting all the assessments into a single 

questionnaire, the individual scales were adjusted and a common scale was 

agreed upon, see Figure 7. 

 

 
Figure 7. By collection of all the assessments into the same questionnaire, it was 

possible to define a common scale for all panel participants. 

 

In most cases, all participants assessed the parameters is the same order, i.e. 

which product yielded the sharpest shadow etc., but the scales differed largely 

before calibration. In one case, where the order of the assessments varied the 
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most, it was concluded that the parameter definition was unclear whereby it was 

redefined. In another case, the definition could be interpreted in two opposite 

ways. Discussions within the group resulted in a new, unambiguous definition. 

The final set of parameters to be assessed including their definitions is shown in 

Table 2. 

 
Table 2. Parameter definitions. 

Parameter Definition 

Glare Level of glare viewing the x marked in the ceiling 

Yellowness of light 

source 

Level of yellowness when viewing the x marked in the 

ceiling 

Heat 
Level of heat on the back of the hand having held the hand 

5 seconds 1 cm from the light source 

Non-uniformity  
Level of non-uniformity on the whole back wall. To a 

small extent = even, to a large extent = uneven 

Sharpness of 

shadow 

Sharpness of shadow of mirror on the edge closest to the 

back wall 

Blueness 
Brightness of blue colour on Fanta can. To a small extent 

= light blue, to a large extent = dark blue 

Orangeness 
Brightness of orange colour on Fanta can. To a small 

extent = light orange, to a large extent = dark orange 

 

4. Assessment. Once calibrated, the panel performed assessments of all four light 

sources in a random order in two replicates, i.e. all panellists assessed each 

product twice in random order. Figure 8 and Figure 9 shows assessment in 

progress. For each assessment, the questionnaire shown in Appendix 1 was used. 

 

 
 Figure 8. Assessment of the heat from the light source. 
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Figure 9. All assessments were made in two replicates. 

 

 

4.2 Results 
 

All evaluations were transferred from the line scale to numerical values in order to enable 

statistical analysis of the results. 

 

Figure 10 shows the average assessments of all seven parameters for the four light 

sources. As can be seen from the figure, all samples were evaluated to have the same 

blueness. Looking at the different physical light spectrums, this is not the case; one of the 

light sources has considerably less intensity in blue. A light source with less blue content 

would normally be expected to be assessed as less blue. This illustrates the importance of 

taking the perceived properties into account and not only the physical. Another 

conclusion from the same parameter (blueness) is that more thorough calibration is 

required to separate products in this aspect. The same reasoning applies to yellowness; 

the spectrums differ and it could therefore have been expected that the yellowness would 

do the same. Still, yellowness is also assessed similarly between the different products. 

 

 
 Figure 10. Average results from assessments of all light sources for the whole panel. 

 

 

Figure 11 shows a PCA-plot illustrating the relationship between the products and 

parameters used in the assessment experiment. The plot is based on a multivariate 

analysis. The axes are controlled by the samples, where PC1 explains 81.5 % of the 
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variation and PC2 explains 15.8 % of the variation. In a case where a product is close to a 

parameter, this parameter characterizes that product. As seen in the figure, H3W is 

characterized to a large extent by non-uniformity and heat. It can also be seen that L2W 

and L3W yield a very similar experience, and that L2C probably had low assessments on 

non-uniformity and heat. 

 

 
Figure 11. PCA-plot showing the relationship between the products and parameters used 

in the experiment.  

 

In the following tables, Table 3 – Table 8, the significant differences between the 

products are shown, where 

***  p < 0.001 
**  p < 0.01 
*  p < 0.05 

 
Table 3. Glare (Ns = no significant differences). 

 L2W L2C H3W L3W 

L2W -    

L2C ** -   

H3W ** ** -  

L3W Ns * Ns - 

 
Table 4. Yellowness (Ns = no significant differences). 

 L2W L2C H3W L3W 

L2W -    

L2C Ns -   

H3W *** *** -  

L3W Ns Ns *** - 

 
Table 5. Heat (Ns = no significant differences). 

 L2W L2C H3W L3W 

L2W -    

L2C Ns -   

H3W *** *** -  

L3W Ns Ns *** - 
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Table 6. Non-uniformity (Ns = no significant differences). 

 L2W L2C H3W L3W 

L2W -    

L2C Ns -   

H3W *** *** -  

L3W Ns Ns *** - 

 
Table 7. Sharpness of shadow (Ns = no significant differences). 

 L2W L2C H3W L3W 

L2W -    

L2C Ns -   

H3W Ns ** -  

L3W Ns Ns Ns - 

 
Table 8. Orangeness (Ns = no significant differences). 
 L2W L2C H3W L3W 

L2W -    

L2C Ns -   

H3W *** *** -  

L3W Ns * * - 

  

For blueness, no significant difference was found. 

 

4.2.1 Verification of panel 
 

The panel was evaluated to verify that all individual panellists were able to make robust 

assessments. In Figure 12, the assessments of the individual panel members are shown. 

The x-axis shows the mean square error (MSE) between the different assessments of the 

same product (variation between the two replicates). The y-axis shows the p-values on 

how well that individual assessed according to the calibrated scale. The ideal assessor has 

all the data points in the lower left corner, small variation between the replicates, and all 

assessments according to the calibrated scale.  

 

 
 Figure 12. Robustness of the assessments of different panel participants.  
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5 Lessons learned 
 

The presented study was intended as a pilot study for a larger project with the aim of 

defining a method for sensory evaluation of lighting. Conclusions can therefore be drawn 

on two levels, both as learnings in preparation for the full study and as evidence of the 

validity of the method. 

 

5.1 Sensory analysis of lighting 
 

The results of the sensory analysis presented here yielded some clear results about the 

properties of lighting as well as for the relevance of the method. 

 

The lamp with the lowest spectral flux in the blue region, H3W, was perceived to be as 

blue as the other lamps. Furthermore, the LED lamps with a correlated colour temperature 

(CCT) of 2 700 K were assessed to have equal yellowness to the halogen lamp H3W. 

This could indicate that the new LED lamps have a more desirable spectrum compared to 

compact fluorescent lamps or older LED lamps which were generally perceived as 

inferior to (traditional) incandescent lamps in terms of spectral quality.  

 

Another reflection is that the PCA plots (Figure 11) can be used to plot other 

characteristics as well in order to get a better evaluation. By adding measured physical 

data to the plot, it would for example be possible to analyse whether sensory colours are 

the same as the physically measured ones.  

 

The presented study shows that using sensory analysis for assessment of lighting adds 

value to the current state-of-the-art methods. Once the method has been refined and 

developed further, it is expected that this can be developed as a service within SP where 

clients are invited to assess their lighting products or lit environments using an 

established multi-sensory panel. This will make it possible to couple the measured 

sensory data to the physical measurements, and also to consumer survey results on the 

liking of products and thus feeding back to the sensory analysis which parameters govern 

liking of a product. Having this information will enable the clients to shorten their 

development cycles and offer more attractive products and lit environments to their 

customers. 

 

5.2 Refinement of method and recommendations for 

further studies  
 

The aim has been to create a method for assessment of lighting that creates an added 

value to the existing methods of physical measurements. The pilot study presented in this 

report indicates that sensory methods have a large potential to be applied in the area of 

lighting assessment, but also that several refinements and further additions to the method 

are necessary. To further develop the method, more extensive training of the panel 

participants is essential. This was not possible during the pre-study due to time 

constraints. Having done the more extensive training, the assessments have to be made in 

a larger scale with a full set of parameters and a relevant set of products.  

 

To fully describe the potential of the methodology and identify opportunities for 

improvement it should also be evaluated from the participant’s point of view. Surveys 

with the panellists can be used to explore the view of the participants regarding what was 

easy, what was difficult, what worked well, what needs to be modified etc. 
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The following aspects should be addressed in a future study in order to formulate a robust 

method for sensory analysis of lighting: 

1. Clear definitions of what to measure. To ensure a well calibrated response, the 

panel needs to have clear definitions of what to measure, and how each parameter 

should be measured. When observing an object, it was found to be critical that 

the same point is observed, and that it is observed from the same position. An 

example of this is glare, where a viewpoint needs to be marked in combination 

with a fixed position of the assessor in order to receive a calibrated result. In 

terms of colour, it was found that definitions such as colour saturation and 

brightness were difficult to use. Care must be taken during training to ensure a 

common definition and unambiguity. It is also of interest to investigate whether 

objects should be more satin in order to avoid reflections that might lower the 

resolution of the assessments. Reflections were excluded from the presented 

study due to difficulties in finding a common definition. More work is needed to 

create a common definition of how to assess reflections.  

 

2. Adaptation of the eye needs to be taken into account. The eye is very dynamic 

and adjusts to different lighting conditions. There is a risk that the order of 

assessing objects, and the conditions around the booths, influences the 

assessments. To avoid this, the participants need to have a set time in each booth 

before assessing the products. This time-limit needs to be taken from previous 

studies on eye adaption.  

 

3. The importance of objects for viewing. This short study has highlighted the need 

to have several objects to choose from when assessing products depending on the 

amount of directional light, light intensity, spectrum etc. 

 

Lastly, an important aspect to consider is that the parameters used for sensory evaluation 

should complement the physical measurements that are common practice today in order 

for the method to add value. 
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