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Abstract

Lighting is an important environmental factor that stimulates the emotional response of consumers, hence,
promoting consumer’s purchase. This research focused on how the illuminance and correlated colour
temperature (CCT) affected the emotional response of Thai customers in clothing retail stores. The first
investigated the effect of horizontal illuminance levels on the emotional state and perception of participants who
viewed different Ten lighting scenes projected on a screen. The subjects evaluated their emotional states and
perception on a five-point Likert scale questionnaire. The second experiment was carried out under lighting
conditions using 1:10 scale models. Nine lighting scenes containing mixed CCT were evaluated in this
experiment using the similar scales as the first experiment. These scenes were homogenous light and mixed light
of CCT of 2700K, 4000K and 6500K. Results in the first experiment showed that different illuminance levels
impacted the emotional state and perception of participants who represented customers in clothing retail stores
at high statistical significance (p<0.01) with an illuminance of 400 lux achieving optimal scores. The second
indicated that CCT affected the emotional state and perception at high statistical significance (p<0.01).
Homogenous light scenes (Cool White (CW+CW)) consisting of ambient lighting at 4000K and accent lighting
at 4000K gave the highest scores. These findings suggested the recommended lighting design characteristics to
improve clothing sales as suitable for Thai people.
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1. Introduction

The clothing business shows continual growth, with cut-throat competition between traditional bricks and
mortar stores and the online market. In-store sales increase the chances of unplanned purchases. Many studies
suggested that a well-designed store environment increased opportunities for consumer spending [1]. The
Stimulus-Organism-Response (SOR) theory of Mehrabian and Russell [2] posits that the physical environment
of a shopping store has an effect on consumer perception and modifies behaviour. The perception process begins
with receiving stimuli from the environment that then trigger emotional state such as pleasure, arousal and
dominance. Using the SOR theory, many studies identified several effects of environmental stimuli on customer
emotional states including lighting, colour, air quality, music, temperature, scent and design of the store indoor
environment [3-9]. Lighting influences the store environment and can impact consumer perception and
behaviour [10,11]. Lighting affects customer perception through their vision [12] and then regulates purchasing
decisions [13].

Several environmental cues of emotional customer responses to retail atmospherics have been studied to

determine their impact on the shopping experience.
Yoo C, Park J, Maclnnis DJ [3] demonstrated that environmental stimuli affecting store attitudes through
design, lighting, air quality, inside decoration and music, while Fiore AM, Dennis C, Kim J [5] found that in-
store environmental stimuli included ambient cues (music, lighting, scent and temperature), design cues
(parking wall colour and size of parking space) and social cues (crowding and staff appearance).



Xu Y [6] showed that store environmental stimuli such as ambience, design, employees and crowding
influenced the emotional state of Generation Y consumers, while Kumar A. [7] suggested that the in-store
environment consisting of ambient cues, design cues and social cues influenced customer behaviour. Chang HJ,
Eckman M, Yan RN.[8] investigated the impact of the store environment on impulse buying behaviour, with
results indicating that environmental stimuli consisted of ambient characteristics, design characteristics and
social characteristics, while Hari GM, Piyush KS, Surabhi K [9] noted that store environment stimuli including
the ambience (temperature, air quality, noise lighting and music), space (layout, equipment and furnishings) and
signs (signage, personal, artifacts and style of décor) impacted customer behaviour.

Previous evidence suggested that emotional states act as a mediator between the physical store environment
and customer behaviour response. The store environment is an important stimulant that affects emotional states
and consumer behaviour and this situation can increase the opportunity for consumer purchases [1]

The effect of lighting on consumer emotional response has generated copious research [10,11,14-18]
investigated the differences between two lighting conditions (soft and bright light) on customer interaction with
displays. They found that bright lighting attracted customers to approach to product. Summers TA, Hebert PR.
[17] also used the SOR model to examine the effect of display lighting on approach-avoidance behaviour of
customers. Augmenting the lighting increased consumer interaction with the product.

Park NK, Farr CA. [19] investigated the effects of three factors as 1) correlated colour temperature (CCT)
(3000K vs. 5000K), 2) colour rendering index (CRI) (75 vs. 95) and 3) age (older vs. younger) on readability by
figure to background value contrast, colour perception and adequate room lighting for elderly consumers in a
retail store environment. Results showed that a higher colour temperature light source created a warmer
sensation for older adults than younger adults. Older adults also felt more comfortable than younger participants
under all lighting conditions, while higher colour-rendering light sources also improved readability. Warmer
lighting made reading difficult for older adults because there was less contrast.

Park NK, Farr CA. [20], the SOR model to investigate the effects of light colour on perceptions, emotional
states and behavioural intentions between different cultural groups. Their results showed that consumers were
aroused and pleased by certain lighting conditions. They also found that cultural differences affected both
perceptions and behavioural intentions of “approach-avoid” in a retail environment.

Later, Baumstarck A, Park NK [21] investigated the impact of CCT, intensity, glare and lighting installation
(overhead and frontal lighting) of dressing room lighting on customer perception using the SOR theory
framework of Mehrabian and Russell. Results showed that dressing room lighting direction impacted facial
shadowing and perceived roominess, while frontal lighting gave a better performance. The evidence indicated
that lighting design in stores was one of the most important factors to promote a conducive retail visual
environment.

Lighting standards differ in other countries, especially in the USA and the UK. In Thailand, the current
standard in retail lighting is derived from the CIE European standard [22]. Many studies have highlighted the
differences between Thai and European people in terms of visual perception and culture [20,23]. However, no
study exists relating to retail lighting design preferences for Thai people. The main purpose of this study was to
explore the effects of lighting on the emotional state and perception of Thai customers in clothing stores. Two
experiments were conducted. The first investigated the effect of illuminance on the emotional state and
perception of Thai customers in clothing retail stores, while the second explored the effect of correlated colour
temperature (CCT). Findings can be used as a guideline to design suitable lighting for Thai clothing stores.

The study model, based on the SOR theory of Mehrabian and Russell [2] described the relationship between
lighting conditions and the emotional states and perceptions of Thai people on their purchasing behaviour in
retail clothing stores. Several studies have used the Mehrabian-Russell (M-R) model of emotional states as a
mediator of retail lighting [17-19]. The study framework based on SOR model is shown in Figure 1.
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Figure 1 Study framework based on the SOR model.



2. Materials and methods

2.1 Experiment 1
2.1.1 Participants

To investigate the effect of illuminance on emotional state and perception of customers in clothing retail
stores, 50 undergraduate students from the Faculty of Architecture, Kasetsart University aged 18-60 were
selected. This age range was chosen because those younger than 18 required less light, while those over 60
required more light than the average person [13]. None of the participants suffered from colour blindness or
other eye problems that might affect the results. The time taken to conduct the experiment ranged from 25 to 45
min, with the average as 31 min.

2.1.2 Experimental setting

The experiment was carried out under lighting conditions in a medium-class ready-to-wear clothing store
using a simulation of DIALux 4.13. The clothing store had an area of 100 m? with ceiling height of 3.5 metres
(10 x 10 x 3.5 m®). This clothing store was selected for the study since the brand had the highest number of
clothing outlets in Thailand. The floor, ceiling and walls were white with white furniture. These colours of
investigated clothing store in this study were obtained from the results of pre-test survey, which shown that
these colours were used in most of the Thai clothing stores. All investigated images of lighting conditions were
projected onto a screen in a completely dark experiment room. This method has been used in many previous
retail lighting studies. [24]

2.1.3 Lighting conditions

Ten lighting scenes with average horizontal illuminances of 100, 200, 300, 400, 500, 600, 700, 800, 900 and
1000 lux were assessed in the clothing retail store. These values were selected because 500 lux was the
recommended illuminance for most retail lighting [25,26] with the investigated values higher and lower in 100
lux increments. Ambient lighting was achieved using four fluorescent sidelights (GE Lighting
F32T8/SPX30/ECO) mounted on the ceiling. The lighting met IESNA recommendations for a minimum 80 CRI
[25] and 3000K light source or warm-white were selected for study because this CCT value was investigated in
many previous studies and was found to be suitable for using in retail stores [10,20,21,24]. This method has
been used in many previous studies [27]. And there are some previous lighting studies indicated that there is no
difference in visual perception between dark laboratory room and real environment [28].

2.1.4 Experimental procedure

When first entering the experiment room, each subject was instructed to sit down for at least 60 sec to adjust
their eyes to the lighting conditions [19]. The experiment room was completely dark with no external light
interference (the average illuminance measured on the floor laboratory room by a lux meter was 0-5 lux). Ten
lighting scenes consisting of different average horizontal illuminance were randomly shown to each participant.
The subjects evaluated their emotional states and perception on a five-point Likert scale questionnaire that was
used in many previous studies [19,23]. A Balanced Latin Square experimental design controlled the sequencing
and carry-over effects.
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Figure 2 Experimental setting in experiment 1.



2.1.5 Measurement of emotional states and perception
Emotional states and perception were self-measured using a semantic differential scale that has been used in
many previous emotional state studies [17-19]. Data were analysed using a one-way Analysis of Variance

(ANOVA), with the Sidak t-test employed for further pair-comparison.

Table 1 Emotional states and perception scale.

Emotional state and perception of the participants Level

1. Emotional State 5 4 3 2 1

Arousal Excited Calm
Motivated Not motivated

Pleasure Pleasant Unpleasant
Like Dislike

2. Perception 5 4 3 2 1

Perception of brightness Bright Dim

Perception of light colour Cool Warm

Price and quality perception Clear Unclear
High quality Low quality

Visual perception Uniformity Not uniform
Enough Not enough

2.2 Experiment 2

2.2.1 Participants

To investigate the effect of correlated colour temperature on emotional state and perception of customers in
clothing retail stores, 50 undergraduate students from the Faculty of Architecture, Kasetsart University aged 18-
60 were selected for reasons explained earlier. All the subjects had normal eyesight with no inherent eye
problems that might impact the results. Participants spent between 25 and 45 min to complete the experiment
and the average time taken was 31 min.

2.2.2 Experimental setting

The experiment was carried out under lighting conditions in a medium-class ready-to-wear clothing store
using 1:10 scale models. This method has been used in many previous retail lighting studies and was time-
efficient and within budget, with no evidence of any scaling effect on the results [29-31]. Each subject was sat
20 cm. from the back of the model and fixed his/her eyes at the height 1.50 m (in 1:10 scale) from the floor.
Therefore, only small areas outside the model that could be seen within his/her visual field. The clothing store
had an area of 100 m? with ceiling height of 3.5 meters (8 x 10 x 3.5 m?) and a white floor, ceiling, walls and
furniture.

2.2.3 Lighting condition

Nine lighting scenes of clothing retail stores containing mixed CCT were tested in this experiment. CCT of
2700K, 4000K and 6500K were selected for study because these values were also investigated in many previous
studies [19,29,32] and lamps with these CCT are generally sold in Thailand. The scenes were mixed between
homogenous light and mixed light, with 70% ambient lighting and 30% accent lighting. The horizontal
illuminance value was held constant at 400 lux (obtained from Experiment 1), while the CRI was held constant
at 80 as the normal light source in everyday life.

Table 2 Ambient and accent lighting scenes of different correlated colour temperature values.

Lighting Scene

Ambient Lighting

Accent Lighting

Homogenous light scenes

1. WW-WW Warm White 2700K Warm White 2700K
2. CW-CW Cool White 4000K Cool White 4000K
3. DL-DL Daylight 6500K Daylight 6500K
Mixed light scenes

4. WW-CW Warm White 2700K Cool White 4000K
5. WW-DL Warm White 2700K Daylight 6500K

6. CW-WW Cool White 4000K Warm White 2700K
7. CW-DL Cool White 4000K Daylight 6500K

8. DL-WW Daylight 6500K Warm White 2700K
9. DL-CW Daylight 6500K Cool White 4000K




2.2.4 Experimental procedure

When each participant first entered the experiment room, he/she was instructed to sit down for at least 60
seconds, similar to the first experiment [19]. The experiment room was completely dark. The subjects were
shown nine lighting scenes in random orders and completed a similar questionnaire to the first experiment. All
procedures were similar to the first experiment. The data were analysed using a one-way ANOVA, with the
Sidak t-test employed for further pair-comparison.
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Figure 3 Experimental setting in experiment 2.

3. Results

3.1 Study of the effect of illuminance on the emotional state and perception of customers in a clothing store for
Thai people.

Table 3 shows the effect of illuminance on the emotional state and perception of customers in a clothing
store for Thai people. Different illuminances created highly statistically significant differences in arousal
(»=0.000), with statistically significant differences in motivation and pleasure (p=0.027 and p=0.010
respectively). Overall results of emotional state showed that different illuminances created highly statistically
significant differences in overall emotional state (p=0.000). The value of 400 lux created the highest overall
emotional state of customers (mean=3.808), significantly higher than the other illuminance values. For
perception, ANOVA results showed a highly significant effect of illuminance on the perception of brightness,
light colour, price, quality perception, uniformity and visibility (»p=0000), while CCT had a highly significant
effect on overall perception (p=0.000). The illuminance value of 400 lux created the highest overall perception
(mean=3.847), significantly higher than the other illuminance values.

Table 3 The effect of illuminance on the emotional state and perception of customers in a clothing store for Thai

people.

Variable Illuminance (lux)

100 200 300 400 500

X SD X SD X SD X SD X N)
1.Emotional state
Arousal 2.843 1.222 3.392 1.167 3.784  0.878 3.882 0.738 3.137 1.113
Motivation 3.156 1.172 3.509 0.945 3.784  0.878 3.764 0.862 3.764 1.067
Pleasure 3.333 1.125 3.686 1.067 3.686 0.812 3.882 0.738 3.254 0913
Like 3.392 1.327 3.666 1.089 3.803 0916 3.705 0.641 3411 1.023
Overall emotional state 3.181 1.224 3.563 1.069 3.764  0.867 3.808 0.747 3.279 1.029
2. Perception
Perception of Brightness 2.647 1.277 3.647 1.277 4.039 0958 4.156 0.945 3.078 1.213
Perception of Light Colour 3.725 1.114 3.725 0.943 3372 0.958 3.705 2.602 3.549 1.006
Price Perception 2.725 1.167 3.568 1.204 3882 0972 4.039 0.893 3.078 1.128
Quality Perception 2.725 1.217 3.431 1.081 3.666  0.930 3.823 0.994 3.117 1.177
Uniformity 3.019 1.240 3.352 1.110 3.470  0.856 3.823 0.887 3.372 1.112
Visual Perception 2.607 1.250 2.924 1.329 3.960  0.999 4.058 0.881 3.078 1.163

Overall perception 2.908 1.264 3.526 1.159 3.732 0971 3.872 0.940 3.212 1.141




Table 3 The effect of illuminance on the emotional state and perception of customers in a clothing store for Thai
people. (Continued)

Variable Illuminance (lux) p-value
600 700 800 900 1000
X SD X SD X SD X SD X SD
1.Emotional state
Arousal 3.215 1.064 3.509 0.966 3.627 0.958 3.627 0.999 3.627 0.841  0.000™
Motivation 3.451 1.025 3.431 0.984 3.607 0.960 3.509 0.880 3.686 0.882  0.027"
Pleasure 3392 0.939 3.529 0.856 3.509 0.880 3.529 0.924 3.784 0.855  0.010°
Like 3490  0.924 3.470 0.783 3.509 0.924 3.509 0.966 3.509 0.937 0443
Overall emotional state 3.387  0.988 3.485 0.895 3.563 0.926 3.544 0.937 3.730 0.877 _ 0.000"
2. Perception
Perception of Brightness 3.411 1.151 3.784 1.025 4.019 0.989 3.960 1.019 4.000 0.979  0.000"
Perception of Light Colour 3451 0.944 3.470 1.007 3.274 1.021 3.392 1.001 3313 1.067  0.653
Price Perception 3392 1.096 3.647 1.054 3.882 1.032 3.803 1.058 3.902 0.943  0.000™
Quality Perception 3.235 1.031 3.627 0.958 3.745 0.844 3.725 0.981 3.862 0.938  0.000™
Uniformity 3235  0.862 3.529 1.026 3.607 0.981 3.607 0.850 3.843 0.924  0.001™"
Visual Perception 3411 1.061 3.686 0.783 3.921 0.989 3.902 1.005 4.058 0.925  0.000"
Overall perception 3356 1.024 3.624 1.007 3.741 1.002 3.732 0.998 3.830 0.987  0.000"

*Statistically significant (p <0.05)
""Highly statistically significant (» <0.01)

3.2 The effect of CCT on the emotional state and perception of customers in a clothing store for Thai people

Table 4 shows the effect of CCT on the emotional state and perception of customers in a clothing store for
Thai people. Different CCT values created statistically significant differences in motivation and preference
(»=0.016 and p=0.029 respectively). Overall results of emotional state showed that differences in CCT created
highly statistically significant differences in overall emotional state (p=0.000). WW-DL created the highest
overall emotional state of customers (mean=3.532), significantly higher than the other CCT values. For
perception, ANOVA results demonstrated a highly significant effect of CCT on light colour and quality
perception (p=0000 and p=0001 respectively). Results also showed that CCT significantly affected price
perception, uniformity and visual perception (p=0.019, p=0. 017 and p=0. 011 respectively). Results showed
that CCT also had a highly significant effect on overall perception (p=0.000). DL-DL created the highest overall
perception (mean=3.899), significantly higher than the other CCT values.

Table 4 Mean values of the emotional state and perception of different correlated colour temperature.

Variable Correlated colour temperature (CCT)

WW-WW CW-CW DL-DL WW-CW WW-DL

X SD X SD X SD X SD X SD
1.Emotional State
Arousal 2.842 1.241 3.394 0.823 3.236 0.913 3.210 1.142 3.105 0.863
Motivation 2.657 0.189 3.473 0.144 3.263 0.139 3.210 0.189 3.447 0.163
Pleasure 2.763 1.101 3.500 0.862 3.210 0.843 3.210 1.211 3.342 0.937
Like 2473 1.309 3.605 1.151 3.210 1.166 3.157 1.263 4236 4.895
Overall emotional state 2.684 1.203 3.493 0.934 3.230 0.945 3.197 1.185 3.532 2.588
2.Customer Perception 2.723 1.097 3.741 0.874 3.899 2.832 3.017 1.157 3.140 0.889
Perception of Brightness 3.078 1.194 3.710 0.835 3.763 0.852 3.210 1.043 3.131 0.905
Perception of Light Colour 1.842 0916 3.842 0.717 4.368 0.785 2.394 1.128 2973 0.787
Price Perception 2.605 0.789 3.842 0.855 4.684 6.605 3.157 1.053 3.184 0.865
Quality Perception 2.657 0.908 3.605 0.916 3.368 0.997 3.263 1.031 3.263 0.949
Uniformity 3.210 1.043 3.736 0.949 3.605 0.945 3.078 1.238 3.105 0.98
Visual Perception 2.947 1.161 3.710 0.983 3.605 1.001 3.000 1.273 3.184 0.865
Overall customer response 2.723 1.097 3.741 0.874 3.899 2.832 3.017 1.157 3.140 0.889

CW-WW CW-DL DL-WW DL-CW p- value

X SD X SD X SD X SD
1.Emotional State
Arousal 3.000 0.986 2.973 0.999 3.473 0.829 3.157 0.789 0.107
Motivation 3.210 0.151 3.026 0.138 3.342 0.169 3.236 0.138 0.016"
Pleasure 3.210 0.843 3.236 0.942 3.368 0.882 3.315 1.042 0.106
Like 3.105 1.007 3.105 0.952 3.210 1.211 3.289 1.112 0.029"
Overall emotional state 3.131 0.939 3.085 0.934 3.348 0.998 3.250 0.950 0.000""
2.Customer Perception 3.122 0.835 3.754 2.779 3.114 0.945 3.530 0.892 0.000™
Perception of Brightness 3.052 0.803 4.605 6.610 3.342 0.878 3421 0.948 0.110
Perception of Light Colour 2.973 0.884 3.973 0.636 2.473 0.861 3.868 0.741 0.000™
Price Perception 3.157 0.789 3.473 0.687 3.184 0.865 3.526 0.829 0.019"
Quality Perception 3.131 0.875 3.473 0.646 3.263 0.890 3.473 0.892 0.001""
Uniformity 3.184 0.865 3.526 0.796 3.184 0.896 3.473 0.922 0.017
Visual Perception 3.236 0.819 3.473 0.829 3.236 1.050 3.421 0.976 0.011"
Overall customer response 3.122 0.835 3.754 2.779 3.114 0.945 3.530 0.892 0.000™

*Statistically significant (p <0.05)
""Highly statistically significant (p <0.01)



4. Discussion

4.1 Theoretical implications

Lighting impacts the emotional state and perception of customers in clothing stores to stimulate impulse
buying [33]. Findings indicated that optimal average horizontal illuminance to maximise emotional state and
perception of customers in clothing stores for Thai people was 400 lux. This result contrasted with other
international illuminance lighting standards as 300 lux for sales area [28] and 200 lux for store boutiques [25].
The illuminance levels found here were higher than the CIE and IES standards in Europe and the United States
but this result found were close to MS 1525 standards in Malaysia as 300-400 for General offices, shops, and
stores [34]. This situation seemed to indicate that cultural differences could have an effect on this difference of
illuminance level. The reason could be supported by several works. Park and Farr (2007) showed that there was
a different lighting preference between different cultures [20]. Bergamin et al. (1998) also iris showed that color
differences affect visual perception [23]. However, this difference can be from both in terms of experimental
methods and cultural differences. Therefore, further work is required to explore more about what is the cause of
the difference.

Findings showed that the optimal correlated colour temperature to maximise the emotional state and
perception of customers in clothing stores for Thai people was homogenous light of CCT 4000K.

These study results were consistent with previous research on colour of light. Wongmasora K, Inkarojrit V
[35] investigated the effect of CCT on the satisfaction of Thai customers at cosmetic counters. Results showed
that customers were more satisfied with high CCT light than low CCT. Lin YF, Yoon SY [36] studied the effect
of CCT on the perception of store identity. Their results indicated that warm colour light and warm colour
surface of the store resulted in customer perception of store identity as luxurious or “high class”. By contrast,
cool colour light and cool colour surface of the store were perceived by customers as more “technical”. Their
findings concurred with our study since the clothing store used was a medium-class ready-to-wear clothing
outlet.

4.2 Study limitations and further studies

Apart from the conclusion made from this study, .to make a more comprehensive conclusion, there should be
further works on some issues. This study investigated only one type (a medium-class ready-to-wear clothing
store) and some areas only, further work is required for other types of clothing store (luxury clothes retail and
low budget clothes retail) and other areas (fitting room, dressing areas, and shop window). Further studies
should also be investigated in other groups subjects, such as older adults. Also, this study was carried out in the
simulated environment and a scaled model, thus, there should be further study in real clothing shop
environment.

5. Conclusion

This study investigated the effects of illuminance levels and CCT on the emotional state and perception of
participants representing customers in Thai retail clothing stores. Two studies were conducted.

Results of the first study showed the optimal illuminance impacting both emotional states and customer
perception was average horizontal illuminance of 400 lux. The second study results indicated that the optimal
CCT was CW-CW (ambient lighting of cool white 4000K and accent lighting of cool white 4000K). These
findings suggested the recommended lighting design characteristics to improve clothing sales as suitable for
Thai people.
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