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Abstract: Previous studies have investigated the effect of color on the assessment of loudness in
various cases, such as cars, trains, and concert halls. This study sets out to explore the influence of
color on the loudness perception of household appliances, in particular in the case of coffee makers.
To this end, images of a coffee maker colored in black, red, dark green, light blue, light green, and
white were displayed to participants during a magnitude estimation task. In a repeated measures
design, the sound of a coffee maker was used synchronously as a stimulus presented in different
sound levels (74, 78, 82, and 86 dB LAeq). The sample of participants was selected to be gender
balanced and unfamiliar with similar experiments. Statistical analysis suggested that the color of
the visual stimulus had no influence on loudness judgments. However, a gender-based statistically
significant influence regarding the color of the coffee maker on loudness evaluation was found for
females. An interpretation of the results is attempted in the discussion. The results of this study
suggest that since there is the possibility of gender differences in the assessment of loudness for
household appliances, special care should be taken in similar studies to account for these effects.
Finally, these gender differences could possibly be utilized for product sound design and product
marketing where the appropriate use of color has been found to be effective.

Keywords: loudness; color influence; magnitude estimation; audiovisual; multisensory; sex differences;
gender effect; household appliances

1. Introduction

Loudness has been defined as the auditory sensation in terms of which sounds can be
ordered on a scale extending from soft to loud [1] or otherwise the subjective intensity of
a sound [2]. The study of loudness falls within the field of psychoacoustics and employs
methods of psychophysics. The accurate estimation of loudness is important in many fields,
such as environmental noise [3], product sound design [4], sound-quality engineering [5],
and soundscapes [6]. The perception of loudness is mainly related to sound pressure level
(SPL). However, loudness also changes with other physical properties of sound (e.g., fre-
quency, bandwidth, duration, spectral complexity of a sound, the presence of other sounds,
etc.) [7]. Although loudness mainly depends on the physical properties of the sound,
studies have shown that loudness judgments may also be influenced by non-acoustical
factors such as multisensory interactions, changes in memory, the manner in which sounds
are presented and how they are measured, cognitive factors, the psychological and physical
state of the listener, and cross-cultural differences [7-10].

Studies on the multisensory interactions of loudness have mainly focused on audio—
visual interactions, with fewer studies on other areas, e.g., loudness and the sense of
touch [11] and loudness in the presence of vibrotactile stimulation [12]. Audio—visual
studies have shown that loudness ratings of white noise depend on the type of picture
shown simultaneously with the noise [13]; the loudness of sounds presented at the same
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sound pressure level can be judged to be different depending on the picture presented
with the sound [14], and low-level noise bursts are rated louder when they are heard in
the presence of lights than in their absence [15]. Studies focused on more specific stimuli
have shown that the visibility or visual characteristics of noise barriers can affect their
perceived loudness [16,17], visual information can affect the perceived road traffic noise [18],
the visibility (distance) of a chiller can influence its perceived loudness [19], and visual
information can affect the perceived loudness in an auditorium [20] and also the perceived
loudness of vehicles [21-23].

An important aspect of audio—visual interactions regarding loudness is the influence
of color. Various studies have investigated the effect of color in cases such as pink noise [24],
trains [25-27], cars [28,29], acoustic halls [30], radios [31,32], absolute thresholds of hear-
ing [33], uniform exciting noise (UEN) [32,33], synthetic vowels [34], and noise annoyance
evaluations [35]. In a study by Kim et al. [24], the auditory component of the stimulus was
a wide range of pink noise, and the visual component used ten chromatic colors and two
achromatic colors. The results showed that when the color was close to red or white, the
noise was perceived as significantly louder and noisier, and when the color was close to
green or blue, the noise was perceived as significantly softer and quieter. In a study by
Menzel et al. [28], still images of red or dark green vehicles seem to elicit higher loudness
ratings compared to light-green or blue vehicles. Similar tendencies were observed in a
study with Japanese subjects [29]. A study by Patsouras et al. [25] focused on the impact
of different colors of trains on their perceived loudness and found that a red-colored train
resulted in higher estimation, while a green-colored train seemed to reduce the perceived
loudness. However, in a follow-up study by Parizet and Koehl [26], no influence of train
color on loudness evaluation could be found. Regarding the influence of colors on the
loudness perception of radios, it was found that crying colors [31] generally cause an
overestimation of loudness compared to an average rating. In a study regarding acoustic
hall colors, the results show that color has little or no effect on loudness (and reverberance)
compared to changing the gain (or reverberation time). However, color does affect visual
and auditory preference, and these are positively correlated and mutually influential [30].

Interpretations of the results and the effect of color in the perception of loudness can
be placed into three categories according to studies: the associations of colors with specific
object characteristics, associations with visual features of colors, and the importance of
the context of the measurements. Regarding the associations of colors with specific object
characteristics, in one of the aforementioned studies [28], it was assumed that certain colors,
such as bright red, are traditionally associated with premium sports cars and could thus
cause subjects to assume the vehicle possesses a powerful and, therefore, loud engine,
which, in turn, could lead to higher loudness ratings. In a study [36] involving images of
small and large trucks combined with truck sounds of different levels, the subjects were
asked to rate the loudest. It was found that a sound associated with pictures of big trucks
frequently was judged as being louder. In another study comparing luxury and sports
vehicles [21], the results indicated that frequent drivers perceived that the sound associated
with luxury vehicles was louder than that associated with sporty vehicles. On the other
hand, infrequent drivers perceived almost no difference between the loudness of the two
vehicle types.

Several studies have associated visual features of colors, such as luminance, hue,
and saturation to loudness [24,31,34,37]. In a study [31], crying colors (colors that stand
out) generally caused an overestimation of loudness. In another study [24], the chroma
of the color was manipulated while the hue and value were kept constant. The results
revealed that the loudness of the noise increased when the chroma of the color was higher
and decreased when the chroma was lower. In a study by Anikin and Johansson [34],
the loudness and pitch of acoustic stimuli were associated with both the luminance and
saturation of the presented colors. In a related study, the color red was found to have high
loadings on the powerful factor [29]. The collective associations of loudness with visual
features such as luminance, hue, and saturation can be found in [34].
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Regarding the importance of the context of measurements, a study by Menzel et al. [33]
used methods that require subjects to concentrate on the auditory stimulus (Békésy-tracking,
loudness matching). In both cases, no influence of color on either absolute threshold or
loudness perception measured via adjustment could be found. A review [38] presented how
loudness assessments depend on what the listener focuses on when estimating loudness.
The study concluded that according to the instructions listeners are provided with and to
the quantity and quality of the information provided about the sound source, loudness
might relate to the strength of the sound emitted by the source (the distal stimulus) or
received by the ears (the proximal stimulus). These two percepts do not depend on the
physical attributes of the sound in the same way, and the listener’s focus might vary from
one listener to another in the same experiment. These observations could thus account
for results in the literature according to which some parameters (sound pressure level,
source position, monaural vs. binaural listening . .. ) have a weaker effect on the loudness
of sounds whose source is identifiable by the listener and when individual differences
are observed.

The main aim of this study is to investigate the effect of color on the perception of
loudness in the case of household appliances, in particular, the case of a coffee maker. As a
secondary aim, this study investigated if there are gender-based differences in the effect of
color on the perception of loudness in the case of household appliances since it has been
found that female subjects are more strongly influenced in their loudness judgments by
simultaneously presented color patches [31]. In general, there are gender-based differences
in the perception of color [39-41], color preference [42], and gender-based differences that
exist in the retina [43].

This paper has been organized as follows: Section 2 presents the methodology em-
ployed. Section 3 includes the findings of the research, while Section 4 analyses the data,
addresses the research questions, and identifies the limitations and areas for further re-
search. Finally, Section 5 provides a brief summary and contextualizes the study.

2. Methods
2.1. Auditory and Visual Stimuli

The sound of a coffee maker unit was used as an auditory stimulus and was recorded
0.7 m away from the source at a height of 1.2 m. The signal was recorded in the vicinity
of a similar environment presented in Figure 1 using a portable recording device, Sound
Devices 722 (Sound Devices, Reedsburg, WI, USA). The recordings were performed in an
uncompressed PCM (pulse-code modulation) format with a 96 KHz sample rate and a
24-bit depth and saved in waveform audio file format (*.wav). The same files were used
for audio reproduction avoiding any other audio file conversion [44]. The dynamic range
was adjusted during recording in order to obtain as low a background noise as possible.
The sound had a steady-state nature, so a measurement time of 60 s was sufficient for our
purpose of extracting a sample for the experiment. The reason for selecting this sound
excerpt was to achieve a stationary noise reasonably representative of the sound source
under normal working conditions. To avoid clicks, Gaussian shaping with 10 ms rise and
fall time was applied to the beginning and end of the sound. The sound was always the
same during the experiment, but the sound level varied, as in similar studies [45]. Only
the sound level was modified, which had an equal impact on all frequencies of sound. The
sound levels were chosen to represent typical levels for the A-weighted equivalent sound
pressure level, LAeq, measured at the same distance from the source.

The images were created with Blender 2.93 software (Blender Foundation, Amsterdam,
The Netherlands) [46]. All of the picture elements were three-dimensional. The coffee
machine was designed to look similar to commercially available coffee machines but not
identical to them. The scene of the image was designed to resemble a probable location
assumed to be representative of plausible contexts where the investigated sound source is
most likely to be experienced. Various options were considered for the final selection of
the colors. The colors selected in previous relevant studies were taken into account [26,28].
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In [28], the selected colors were dark green, light green, red, and blue, while in [26], they
were red, blue, white, and green. For this study, a combination of the above options
was chosen. Six colors were assigned to the model under the same neutral lighting and
rendering condition. The colors are black, red, dark green, light blue, light green, and
white. The light-green color that was used in this study can also be found and referred to
by the name light-rose green, and the light-blue color by the name crystal blue [47]. In this
research, for simplicity, we used the names light green and light blue, respectively. The
colors and their color values in the RGB (red, green, blue), HEX (hexadecimal), and RGBA
(red, green, blue, alpha) color space that is used in Blender are presented in Table 1. The
RGB color model is an additive color model in which the red, green, and blue primary
colors of light are added together in various ways to reproduce a broad array of colors,
an idea based on the trichromatism of the receptors of our vision system, the cones L, M,
and S. The name of the model comes from the initials of the three additive primary colors,
red, green, and blue. Whereas RGB is a combination of three colors (Red, Green, and Blue),
RGBA is the same as RGB with the extension of alpha (alpha = transparency), and HEX
uses hexadecimal values to represent the colors.

Table 1. Colors that were used for the coffee maker 3D model.

Color RGB HEX RGBA (Blender)
Black (0,0,0) 000000 (0,0,0,1)
Red (179,0,0) B30000 (0.451,0,0,1)
Dark Green (0, 100, 0) 006400 (0,0.127,0, 1)
Light Blue (92,179, 255) 5CB3FF (0.107,0.451,1, 1)
Light Green (219, 249, 219) DBFIDB (0.708, 0.947,0.708, 1)
White (255, 255, 255) FFFFFF (1,1,1,1)

2.2. Participants

In total, 24 persons participated in the listening tests. They comprised 12 male partici-
pants (Mage = 29.0 years, SD,ge = 4.4 years) and 12 female participants (Mage = 27.5 years,
SDage = 5.9 years). A gender-balanced representation was desirable, as previous studies
found that there is a gender difference in the estimation of loudness [31]. In order to
achieve a homogenous group, a qualified majority of participants were university students,
self-reporting normal hearing and vision. The participants were not reimbursed for their
time and took part voluntarily. Informed consent was obtained from all participants before
the experiment.

2.3. Experimental Design and Procedure
2.3.1. Experimental Room

The experiment was conducted in university facilities. The test room was measured to
be sound-proof [48], utilizing an appropriate excitation signal [49]. Additionally, after the
measurements, the room was found to have a sufficiently low reverberation time [50,51].
The room was equipped with two loudspeakers (Adam Audio, A7X) that produced the
experimental sounds and one large computer display (Dell U2719D Monitor 27”) in which
the visual stimuli of the experiment were presented. The middle point of the display
was 1.2 m from the floor. The conditions were similar to [45]. The loudspeakers were
initially calibrated in the listening position with a 01dB-Steel SAB02 sound level meter
(01 dB-Stell, Limonest, France). Throughout the experiments, there was a second sound
level meter, Extech 407740 (Extech, Nashua, NH, USA), to frequently monitor the sound
level meters. The participants were seated in the middle of the test room behind a desk
0.70 m away from the display, as in similar studies [28,32,33]. The lighting level was low
during the experiment, and the lighting was directed so that there were no reflections
on the display. The participants were instructed to keep their eyes focused on the image
throughout the experiment.
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Figure 1. Visual stimuli of the 6 color settings of the coffee maker (top to bottom: (a) black, (b) red,
(c) dark green, (d) light blue, (e) light green, (f) white). (For specific interpretations of the colors in
this figure, the reader is referred to Table 1).

2.3.2. Experimental Design

For this research, the method of free magnitude estimation [52] was applied, as has
been used in many similar studies [25,26,28,32]. The method is a type of unbounded,
continuous scaling procedure where the listener is presented with a series of stimulus levels
in random order and is asked to respond with a number that matches its loudness [7]. A
method based on the principle of line length was also considered since it has been found
to have similar results with magnitude estimation [53]. However, it was not used since it
was only applied partly in one of the aforementioned studies [32]. Categorical methods [1]
were not considered since, unlike the magnitude estimation scale, they are not effective in
producing responses that are approximately proportional to loudness [52,54].
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For this study, a repeated-measures design was used; that is, each participant was
exposed to all conditions acting as his/her own control. To minimize memory effects
during the loudness judgments, four different sound levels were applied, similar to [26,28].
Therefore, two independent variables were manipulated: the sound level (4 levels: 74, 78,
82, and 86 dB LAeq) and the different colors of the coffee maker (6 levels: black, red, dark
green, light blue, light green, and white). The dependent variable was the loudness of the
coffee maker.

In the listening tests, written instructions with appropriate adaptation were provided
to the participants, which informed that they were about to rate the perceived loudness
of sounds accompanying the images of coffee makers [55]. The participants were told
they would be presented with scenes of a coffee maker together with the sound of the
coffee maker. This information was provided to remove any ambiguity of the sound. The
participants were instructed to rate the loudness of the scenery as a whole by tapping an
appropriate number on the keyboard and then pressing ‘Enter’. They were told to do so by
giving arbitrary positive numbers that correspond to perceived loudness. The participants
were tested individually.

At the beginning of each session, a short training sequence was inserted consisting of
four randomly chosen stimulus combinations. After the practice sequence, the participants
were informed that they would be presented with 72 ratings. In each session, all possible
combinations of auditory and visual stimuli were presented three times in random order.
Each sound-image combination was presented for 4 s, similar to [28], before a black screen
appeared, enabling the participants to rate the stimuli. There was no time limit when
providing a response. This resulted in 72 loudness ratings per subject per session. The
whole experiment lasted approximately 15 min. After the experiment, the participants were
informed about the nature of the study and were allowed to ask questions. The study was
approved by the Committee on Ethics and Deontology of Research (C.E.D.R), Technical
University of Crete, Greece (Project identification code: Protocol number 37/5.5.2022).

3. Results
3.1. General Results

In order to directly evaluate and present the influence of the color, the relative loudness
ratings were calculated using the ratios between the geometric means obtained for a given
color and one of the black colors for 86 dBA, which was found to be the highest, were
computed. These relative loudness ratings are presented in Figures 2 and 3. The same
concept of relative loudness ratings has been used in similar studies [25,28,29]. Geometric
means have also been used in similar studies [26] and in fields other than acoustics for mag-
nitude estimates [56]. As stated by Marks and Florentine [57]: ‘distributions of magnitude
estimations typically are highly skewed and often log normal, leading many investigators,
appropriately, to use geometric averages (for loudness measurements)’.

The mean, standard deviation, median, notch, and violin plots are presented in
Figure 2. The notches on the sides of a box plot can be interpreted as a comparison interval
around the median values. The height of the notch is the median +/— 1.57 x IQR/sqrt(n)
where IQR is the interquartile range defined by the 25th and 75th percentiles, and n is the
number of data points. An estimate of the probability density is displayed symmetrically
on both sides of the boxplot. This marks the edges of the violin shape. The density traces
surround the boxplot and convey a better idea of the magnitude of the density over the
range of the data. The probability density function was estimated using kernel density
estimation (Parzen [58]).

For some graphs (e.g., Figure 2, Black 86 dBA), the upper notch (upper bound of the
95% confidence interval of the median) has a higher value than the third quartile. The
distance between the notches and the median is proportional to the inverse of the square
root of the sample size (1/sqrt(n)). This phenomenon can sometimes occur when the
sample size is small.
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Figure 2. Relative loudness ratings (ref: black color 86dBA results), grouped by level and pre-
sented per color of the visual stimuli. Boxplots (median: horizontal black line, lower limit:
first quartile, upper limit: third quartile, notch inf.: median — 1.57 x IQR/sqrt(n), notch sup:
median + 1.57 x IQR/sqrt(n)), violin plots (upper limit: 99th percentile, lower limit: 1st percentile),
mean: cross, upper, and lower limits: standard deviation.
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Figure 3. Relative loudness ratings (ref: black color 86dBA results), grouped by level and presented
per gender and per color of the visual stimuli. Boxplots (median: horizontal black line, lower
limit: first quartile, upper limit: third quartile, notch inf.: median — 1.57 x IQR/sqrt(n), notch sup:
median + 1.57 x IQR/sqrt(n)), violin plots (upper limit: 99th percentile, lower limit: 1st percentile),
mean: cross, upper, and lower limits: standard deviation.
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As a second step, the influence of the two independent variables was investigated
using an analysis of variance (ANOVA). The geometric means of the three evaluations
provided by subjects were used, and ANOVA (repeated measures) was conducted us-
ing the set of data thus obtained. It appeared that the only significant factor was level
(F(3, 69) = 218.668, p < 0.001). Color was not significant (F(5, 115) = 1.669, p = 0.148), nor the
interaction between the factors (F(15, 345) = 0.877, p = 0.591). An ANOVA table is presented
in Table 2.

Table 2. ANOVA table (Within Subjects Effects).

Sum of Squares df Mean Square F 4
Color 0.0605 5 0.01211 1.669 0.148
Residual 0.8343 115 0.00725
Level 37.6833 3 12.56109 218.668 <0.001
Residual 3.9636 69 0.05744
Color * dB 0.0663 15 0.00442 0.877 0.591
Residual 1.7381 345 0.00504

3.2. Results per Gender

Additionally, as stated in the introduction, gender-based differences in the effect of
color on the perception of loudness were also investigated. Similar to the previous section
(Section 3.1), the ratios between the geometric means obtained for a given color and the one
of the black color for 86 dBA that was found to be the highest were used. For each gender,
the mean, standard deviation, median, notch, and violin plots are presented in Figure 3.
The results are presented per gender for comparison purposes. Violin plots, boxplots, and
notches were calculated and plotted similarly to Section 3.1.

As a second step, the influence of the two independent variables and the effect on
gender were investigated using an analysis of variance (ANOVA). The geometric mean of
the three evaluations provided by a subject was used, and the ANOVA (repeated measures)
was conducted using the set of data obtained (Table 3). It appears that there was a significant
interaction between color and gender (F(5, 110) = 0.021, p = 0.009). The interaction between
level and gender and the interaction between color, level, and gender failed to reach
statistical significance. An additional ANOVA (repeated measures) conducted using the set
of data for the female subjects revealed that color was a significant factor (F(5, 55) = 3.23,
p = 0.012). The same ANOVA (repeated measures) conducted using the set of data for the
male subjects revealed that color was not a significant factor (F(5, 55) = 2.011, p = 0.091).

Table 3. ANOVA table (Within Subjects Effects).

Sum of Squares df Mean Square F p

Color 0.0605 5 0.01211 1.831 0.113

Color * Gender 0.1069 5 0.02139 3.235 0.009
Residual 0.7273 110 0.00661

Level 37.6833 3 12.56109 214.051  <0.001

Level * Gender 0.0906 3 0.03018 0.514 0.674
Residual 3.8731 66 0.05868

Color * dB 0.0663 15 0.00442 0.881 0.586

Color * dB * Gender 0.0834 15 0.00556 1.109 0.347
Residual 1.6547 330 0.00501

Since the ANOVA resulted in significance, the Scheffé and Tukey post-hoc analyses
were used to identify which pairs of means contributed to the significant F value. As can
be seen in Table 4, the differences between these pairwise comparisons and the corrected
p-values show that the effect is been driven by the differences between black and light
green, t(11) = 4.001, prukey = 0.019, pschefrc = 0.050 and between dark green and light green,
t(11) = 4.428, prykey = 0.010, pschefre = 0.028.
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Table 4. Post Hoc Comparisons—Color.

Comparison
Mean Difference SE dF t PTukey PScheffé

Color Color
red black —0.02840 0.01425 11.0 —1.9925 0.403 0.576
dgreen —0.04313 0.01621 11.0 —2.6604 0.161 0.292
blue —0.01308 0.02095 11.0 —0.6242 0.987 0.994
lgreen 0.01152 0.01272 11.0 0.9056 0.937 0.971
white —0.01430 0.01407 11.0 —1.0165 0.903 0.953
black dgreen —0.01473 0.00478 11.0 —3.0788 0.085 0.175
blue 0.01533 0.02112 11.0 0.7258 0.974 0.989
lgreen 0.03992 0.00998 11.0 4.0010 0.019 0.050
white 0.01410 0.01438 11.0 0.9807 0.915 0.959
dgreen blue 0.03006 0.02276 11.0 1.3203 0.769 0.873
lgreen 0.05465 0.01234 11.0 4.4275 0.010 0.028
white 0.02883 0.01620 11.0 1.7791 0.514 0.679
blue lgreen 0.02460 0.01566 11.0 1.5707 0.631 0.775
white —0.00123 0.01278 11.0 —0.0959 1.000 1.000
Igreen white —0.02582 0.01220 11.0 —2.1170 0.345 0.516

4. Discussion
4.1. Discussion of General Results

The aim of this research was to investigate the effect of color on the perception of
loudness in the case of household appliances. As presented in the introduction, the noise
created by household appliances [59,60] is not the only factor that affects their perceived
loudness, and additionally, a number of studies have shown that the modulation of the
auditory cues elicited by our interaction with different products can dramatically change
the way they are perceived [4]. However, the results of this study show that the loudness
of the product investigated, while positively affected by sound levels, is not appreciably
affected by its color. The ANOVA analysis of the data revealed a p-value of 0.148, thus
indicating no statistical significance.

This shows that the findings of some previous studies relating the color of vehicles
to loudness, e.g., [25,28,29], may not translate to the context of household appliances. The
same result was found in a similar study that failed to relate the color of an acoustic hall to
its perceived loudness [30]. Additionally, in a study by Parizet and Koehl [26], no influence
of train color on loudness evaluation could be found.

Three different approaches to interpreting the difference in the evaluation of loudness
found in the literature were presented in the introduction: the associations of colors
with specific object characteristics, the context of the measurements, and the association
with the visual features of the colors. Regarding the first approach, unlike other studies
in which the color was associated with the object characteristics (e.g., bright red with
premium sports cars [28]), in the case of this study, there is no obvious corresponding
correlation. Additionally, the size of the household appliance was the same for each color
variation (e.g., sound associated with pictures of big trucks was judged as being louder [36]).
Therefore, it can be assumed that this did not affect the outcome of this study. However,
it is possible that this factor could possibly have an effect on the case of other household
appliances. We hope that our research will serve as a base for future studies on this matter.

Concerning the effect of the context of measurements, this research used the method
of magnitude estimation, similar to other studies in which the influence of color was
observed [25,28,29]. Additionally, the participants were selected to be unfamiliar with
such experiments. As stated in a similar study: ‘Some subjects were very used to sound
experiments. Such people may have paid their whole attention to the sound, without taking
images into account’ [26]. Additionally, as mentioned in the methodology, the participants
were asked to focus on the screen where the visual stimuli were presented. Therefore, it
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can be assumed that this factor probably also did not have an effect on the outcome of
this study.

Finally, regarding the association with the visual features of the colors, as presented in
the introduction, there is evidence that the red /loud combination can raise physiological
arousal and induce the perception of excitement [61]. Such a feeling of excitement may
contribute to an overestimation of loudness. Colors such as red or pink seem to cause an
increase in loudness, while grey or pale green were observed to decrease loudness [32]. A
gender effect was found in the results, which will be further discussed in the next section
(Section 4.2).

4.2. Discussion of Results per Gender

The secondary aim of this research was to investigate if there are gender-based differ-
ences in the effect of color on the perception of loudness in the case of household appliances.
The results of this study show that there was a significant interaction between color and
gender. The ANOVA analysis of the data revealed a p-value of 0.009, thus indicating
statistical significance. Additionally, the post-hoc analysis revealed that the pairs of the
means that contributed to the significant F value were between black and light green and
between dark green and light green.

As presented in the previous section, from the three different approaches for interpret-
ing the difference in the evaluation of loudness found in the literature, only the association
with the visual features of the colors played a probable role in this result. As mentioned
before, the red /loud combination can raise physiological arousal and induce the perception
of excitement [61], and colors such as red or pink seem to cause an increase in loudness,
while grey or pale green were observed to decrease loudness [32]. As presented in the
introduction, several studies have associated the visual features of colors such as luminance,
hue, and saturation to loudness [24,31,34,37]. Regarding this research, it is possible that
the differences found between couples (black and light green and between dark green and
light green) are justified by the differences between them in those visual features.

It was mentioned in the introduction that female subjects are more strongly influenced
in their loudness judgments by simultaneously presented color patches [31] and that there
are gender-based differences in the perception of colors [39-41] and color preference [42].
In general, sex differences have been found in the auditory system [62] in various regions
such primary auditory cortex (PAC) [63] and in the peripheral auditory system as well
as in higher-level cognitive processing [64]. Females, as a group, have greater hearing
sensitivity, greater susceptibility to noise exposure at high frequencies, shorter latencies in
their auditory brain-stem responses, more spontaneous otoacoustic emissions, and stronger
click-evoked otoacoustic emissions than males as a group. Males are better at sound
localization, detecting binaural beats, and detecting signals in complex masking tasks than
females [62]. This sexual dichotomy seems consistent with the concept of evolutionary
advantages in a hunter—gatherer society [65].

Perhaps more relevant to this research, in a study by Ruytjens et al. [63], while listening
to an insignificant stimulus such as noise, males deactivated the prefrontal attention areas
as compared to silence. Females, on the other hand, had no deactivation of the attention
areas and had higher activation in the primary auditory cortex. Previously, a sex difference
in the PAC was demonstrated while lip reading [66,67]. These studies showed only female
activation in the PAC during lip reading because they associate the absence of speech sound
with visual lip movements. Males, on the other hand, did not display activation in the PAC
and focus on the present visual lip image itself. The current study shows that even simple
sounds induce different activation patterns, especially in the PAC. Apparently, male and
female brains handle an insignificant stimulus such as noise differently, and we speculate
that this is due to the different engagement of the auditory—prefrontal attention network. In
humans, the prefrontal cortex is engaged in diverse cognitive processes, including cognitive
control, working memory, and attention [68].
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Perhaps these differences in the perception of audio—visual stimuli have also played
a role in the results of this research. Further investigations are definitely needed, using
larger listener panels, before concluding that the color of the sound source can influence
the loudness of the household appliance. However, since this study showed that there are
gender-based differences in the effect of color on the perception of loudness in the case of
household appliances, this could be useful for product sound design since, in general, the
impact of color on marketing is important [69].

4.3. Limitations

There are several limitations to our research. It is likely that our experimental setup
focused attention on the sound, amplifying the influence of sound stimuli over visual
stimuli. In realistic surroundings, people may be less attentive to ambient noises, especially
at lower sound levels. For example, members necessarily turn out to be fast aware of the
sound in this sort of study. As presented in the introduction, regarding the importance of
the context of the measurements [33], for methods that require subjects to concentrate on
the auditory stimulus, no influence of color on either the absolute threshold or loudness
perception measured via adjustment could be found. Thus, any input from the visual
system, such as the color information, might be reduced in similar approaches in its
importance in contrast to the acoustic stimulus. The effect of focus was observed in a
similar study [45]: “The evidence on sound source visibility was also contradictory: the
results depended on whether individuals were instructed to focus on the visual aspects of
the landscape or on the sound’.

Although 3D technology is increasingly being used in research on audio—visual per-
ception [70,71], the visual content was presented on a 2D display. A more immersive
arrangement might have improved the experiment’s ecological validity. Static 2D images,
on the other hand, may not necessarily be less reliable than dynamic virtual models. In a
meta-analysis study [72], it was suggested that both types of simulation generate statisti-
cally equivalent results and that a choice of simulation media should be based on efficiency
rather than concerns about validity. However, it can be stated that the more realistic the
situation, the larger the possible loudness reduction induced by visual images for the same
acoustic stimuli [27].

Finally, the absolute magnitude estimation shows at least some of the contextual effects
in the judgment of loudness that are shown by other methods, such as category rating and
ratio magnitude estimation [73]. For example, ratio magnitude estimation liekly enhances
sequential (contextual) effects; that is, the way that stimuli and responses on trial nn affect
responses on trial 7 4 1 (for a more thorough discussion of the sequential effects, see [7]).
However, although they are useful for studying decisional processes, other methods, such
as ratio magnitude estimation, are probably not methods of choice when the goal is to
measure loudness in ways that minimize such sequential effects.

5. Conclusions

The present study investigated: (i) the influence of color on the loudness perception
of household appliances, in particular in the case of coffee makers, and (ii) gender differ-
ences and individual differences in the influence of color on the loudness perception of
household appliances.

Regarding the first aim of this research, the main results and conclusions are:

(1) The results of this study show that the loudness of the household appliance inves-
tigated, while positively affected by sound levels, is not appreciably affected by its
color. The ANOVA analysis of the data revealed a p-value of 0.148, thus indicating no
statistical significance.

(2) These results show that the findings of some previous studies relating the color of
vehicles to loudness may not translate to the context of household appliances.

(3) Three different approaches to interpreting possible differences in the evaluation of
loudness were discussed: associations of colors with specific object characteristics, the
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context of the measurements, and the association with the visual features of the colors.
A possible impact on this study may have been the latter factor; however, without
causing a statistical significance in the total results.

Regarding the second aim of this research, the main results, conclusions, and implica-
tions are:

(1) The results of this study show that there was a significant interaction between color
and gender. The ANOVA (repeated measures) conducted revealed that color was a
significant factor (p = 0.012) for female subjects.

(2) The post-hoc analysis revealed that the pairs of means that contributed to the sig-
nificant F value were between black and light green and between dark green and
light green.

(3) Similar studies on perceived loudness should take into account possible gender-based
differences and effects.

(4) Since this study showed that there are gender-based differences in the effect of color
on the perception of loudness in the case of household appliances, this could possibly
be utilized for product sound design and product marketing where the appropriate
use of color has been found to be effective.
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