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Motivation 
Printer noise is one of the noise sources of distraction in 
offices [1]. Moreover to that, printer noise is found to decrease 
performance, increase cognitive load and annoyance in office 
environments [2]. There are recent publications in the field of 
printer noise sound generation mechanisms as well as the 
sound quality evaluations such as [3]–[6], however these 
research are mostly based on the office type big scale printers. 
Also Fastl [7] investigated the printer noise loudness, 
noisiness and annoyance, but the investigated printers were 
needle type and daisywheel type printers which are not so 
much in use nowadays. 

What we also know, that pandemic brought our lives a 
concept of home-office. There we try to create office spaces 
in our homes, but usually the printers we use are not the bigger 
office type printers but rather the small scale printers. The aim 
of this project is to understand sound quality perception of 
these small scale home type printers and this study includes 
the first investigations. 

Methodology 
Three laser printers from three different well-known brands 
are selected. The printing sounds are recorded in 1 m away 
from the device, front side being 1m height. 4 seconds of 
printing stimuli are selected from each recording. Online 
listening experiments are conducted to obtain preference 
evaluations of the laser printers as well as the understand the 
effect of tonal content on annoyance evaluations.  

Stimuli 
Stimuli used in listening experiments from 3 different laser 
printer noise can be seen in Figure 1. During the printing, 
printers have relatively stationary noise character with 
observable tonal components. The frequency and the number 
of the tonal components vary. Impulsive noise can also be 
observed usually at the beginning and at the end of the 
printing phase, where the paper is taken in and out. 

Stimuli have almost the same A-weighted levels. Same A-
weighted levels at the beginning allows to eliminate the 
dominant effect of loudness on sound quality and to focus on 
the other features of the sound on quality perception. 
Averaged loudness values are also almost the same, rather 
than the peaks at the beginning where the paper inlet occurs. 
Lastly, sharpness values vary as the tonal components lie in 
the different frequency bands. A-weighted levels, loudness 
calculations and sharpness calculations of the stimuli are 
given in Figure 2.  

 

 

 

 

 

 

Figure 1: Stimuli from 3 laser printers (Spec Size:4096, 
Hanning window) 

 

 

Figure 2: A-weighted Levels, Loudness and Sharpness 
values of stimuli 

Listening Experiments 
Two listening experiment are conducted to evaluate 
preference of printer noise and the effect of tonal content in 
printers. First listening experiment has two parts. In the first 
test, the three laser printer stimuli are given to the participants 
and participants need to evaluate the preference of the printer 
sounds they hear. In the second part of the experiments, 
participants are asked to write which features of the sounds 
they focused on while evaluating, in a free interview format. 
In a second experiment, the tonality of the laser printers is 
further investigated in a classical category scaling experiment 
with a slider. 19 participants are attended both tests. Most of 
the participants are recorded to have no acoustics background, 
they were naïve participants. Only 2 of the participants 
answered the question “have you studied acoustics or do you 
have any information about acoustics” as yes. Mean age of the 
participants is 25.3 with SD of 7.1. Range of the participant 
age is from 19 to 47. 
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Laser Printer Noise Preference Evaluations 
Preference Results 
Results of the preference evaluations are shown in Figure 3. 
Mean evaluations, standard deviations and the median 
evaluations are given in this figure. Participants found the 
printer 2 as the least preferable sound. Printer 1 has the highest 
ratings although it was not so different than printer 3. The 
printer 3 evaluations are normally distributed, and 1 is a little 
bit away from normally distributed, however the laser printer 
2 results are quite skewed, actually the tendency is in the 
direction of less preference. 

 

Figure 3: Results of preference evaluations. 

Free Interview Results 
In the second part of the first experiments, participants are 
asked to give the aspects of the sound which they were 
focusing on when they were evaluating the preference. Since 
the participants are naïve, it is important to understand how 
non-acousticians describe the listening experiments and how 
much hints the acousticians can get from this language for 
better sound quality modelling. Although the same given 
information is irrelevant, it is still possible to talk about some 
categorizations. These categorizations are called as “paper 
intake”, “frequency / pitch / constant tone” and “loudness / 
volume”. The obtained results are given in Table 1.  

Table 1: Results of Free Interview - Preference 

Category Descriptors 

Pa
pe
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The sound of the paper as it was being 
transcribed on by the printer 
clacking sound 
The paper being processed by the printer  
On the intake of the paper and print out  
The sound that the machine makes when the 
printing is about to start 

fr
eq

ue
nc

y 
/ 

pi
tc

h 
/ 

co
ns

ta
nt

 
to
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Pitch 
tone 
the pitch of the sound 
How high the constant noise was  
frequency 

 

Table 2 (Continued): Results of Free Interview - 
Preference 

lo
ud
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 / 
vo

lu
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the loudness  
longer and slower sound than a loud and 
quick one  
how noisy the printers. I prefer a printer 
with less noise. 
the volume  

 

“Paper Intake” explains the evaluations related to the 
initialization and paper intake sounds of the printers. It seems 
that the initial impression of how printing noise starts has a 
crucial role in preference evaluations. “Frequency / pitch / 
constant tone” explains the descriptions focused on the tonal 
components of the printers. Participants usually used the 
words ‘constant tone’, ‘pitch’ or even ‘hum’ which can be 
categorized to describe the perception of tonal content. Lastly, 
although the calculated loudness values are not so different 
than each other, still there were so many hints in the 
evaluations that participants “prefer a printer with less noise” 
as expected. 

These observations are actually in line with the study from 
2012 [4], where they evaluated the office type big scale 
printers and they also described the “printer quietness” having 
two main portions. First one is the stationary part, what they 
call as “tone noise” and the second part is the nonstationary 
part what they call as “impact noise” where printer on, paper 
pick up, paper out and printer off has the role with different 
weightings.  

Here it is important to note that the most important difference 
between the office type printers and the home type printers 
are the fan noise and loudness. Office printers have included 
fans usually work almost consistently unless the device is in 
sleep mode, where the home type printers don’t. Usually, 
office type printers are relatively louder than home type 
printers, which might change the weighting of the separate 
effects on sound quality modelling. 

Tonality in Laser Printers 
Second listening experiment is designed to investigate the 
effect of tonal component in printer noise annoyance 
evaluations. There are different standardized methods to 
calculate tonality, mainly Tone-to-Noise Ratio, Prominence 
Ratio, DIN 45681 Tonality, Aures/Terhard tonality and 
Psychoacoustic Tonality. DIN 45681 tonality and 
Psychoacoustic Tonality calculations are compared in this 
study. 

It is known from the recent publications that perception of 
tonal annoyance is frequency dependent [8]–[11]. The main 
aim of this listening experiment is to replicate these results 
using the real signals from printer noise and evaluate the 
efficiency of different available tonality models in estimating 
the effect of tonal content in annoyance evaluations. 

Calculated tonality values for each laser printers per DIN 
45681 and Psychoacoustic Tonality is given in Figure 4. Left 
side of each figure is from DIN45681 whereas the right side 
shows the Psychoacoustic Tonality calculations. DIN 
standard for all three cases imposes a penalty values, as 4, 5 
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and 4 dB, and the tonal content seems to be relatively constant 
for all 4 seconds. Moreover, it overestimates especially for the 
second printer the tonal component around 15 kHz and the 
number of tones for the first printer around 300 and 500 Hz. 
Where the psychoacoustic tonality can especially get the 
peaks where paper is taken into the device, and the calculated 
averaged values over time are always less than or slightly 
higher than defined threshold of 0.4 tuHMS. 

 

Figure 4: Tonality based on DIN45681(left) and 
Psychoacoustic Tonality(right) for each stimulus. 

 
If we can observe the tonality calculations averaged over time, 
it is possible to see there for the laser printer 1 and 3 calculated 
tonality peaks are below 0.4 threshold and for the laser printer 
2, only one tone is slightly above the threshold (Figure 5). 

 

Figure 5: Specific tonality for each laser printer averaged 
over time, based on Psychoacoustic Tonality (ECMA 17th 
edition). 

Experiment Design 
The available tones in each laser printer are filtered out from 
the recordings. The tones are selected by visual observations 
from spectrograms as well as the available tones defined in 
DIN 45681 standard. Figure 6 shows one example of filtered 
tonal components for printer 1. First image on the left side 
shows the original stimulus, and the other ones are the ones 
with filtered out tonal components. In a similar manner, 
printer 2 and printer 3 stimuli tonal components are also 
filtered out. At the end 14 stimuli are obtained, where 3 of 
them are original recordings and 11 of them are stimuli with 
filtered tonal component. 

 

Figure 6: Spectrogram of original stimulus (a) and stimuli 
where the tonal components are filtered (b-e) (Spec 
size:4096, Hanning), for printer 1 

 
Original recordings and the ones with tones taken out are 
combined all in category scaling experiment where the 
participants need to evaluate the annoyance of the stimuli. 
Main reason that all three printers are investigated in one 
session that there might be a danger if the participants 
evaluate the stimuli in pairwise comparison nature, that the 
effects can be overestimated. The main idea here is to check 
if any significant decrease in annoyance can be observed by 
the absence of salient tones.  

Results 
Results of three original stimuli in comparison with the first 
experiment of preference can be seen in Figure 7. The 
annoyance evaluations are given in blue line in the second y-
axis in reverse order. The same trend is observed, where the 
printer 2 has the least preference and the most annoyance 
results. Trend for the printer 1 and 3 can also be regarded as 
similar. 

 

Figure 7: Annoyance evaluations of three original stimuli in 
comparison to the preference evaluations. 

 
However, the distribution of all the data (all 14 stimuli) show 
no significant difference is observed between any of these 14 
stimuli pairs (Figure 8). For the participants, annoyance of a 
laser printer noise was more or less the same regardless of 
which tone was taken out. In an overall sense no statistical 
significance is observed (p<0.05) but some tendencies. 
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Figure 8: Annoyance evaluations of all 14 stimuli, mean 
values and standard deviations 

 
Decrease in average annoyance evaluations are calculated for 
each taken tone, in comparison to the annoyance evaluations 
of real recordings. Only for the second laser printer, where the 
only tone observed to be slightly above 0.4 tuHMS, the 
highest decrease in average annoyance evaluations are 
obtained. (with 14.4 points of decreased annoyance). 
Although this decrease is not statistically significant, the 
tendency shows that for possible increased number of 
participants or a less strict significance level, this tone could 
be the only tone which might have significant effect on 
decrease on average annoyance value. For printer 2, 
calculated tonal components based on DIN 45681 and 
Psychoacoustic tonality is given in Figure 9. 

 

Figure 9: Tonality (DIN45681, green) and specific 
Psychoacoustic Tonality (ECMA 74, 17th edition, red) for 
printer 2. 

Conclusions 
Home type laser printer noise quality perception needs to be 
modelled in two stages where paper in and out part and 
stationary part needs to be evaluated separately. Sound quality 
model needs to include the both portions with different 
weighing. For the possible tonality issues in the other types 
and brands, first results show that the psychoacoustic tonality 
has the capability of evaluating tonal annoyance. Lastly some 
variation in loudness should be also introduced in following 
steps so that the interaction effects can be investigated more 
in detail.  

For the further research, the number of samples are going to 
be increased since three printers are not enough to represent 
the market. Number of participants are also going to be 
increased for further steps.  

Effect of tonality can be further investigated by conducting 
further experiments. Especially it is planned to conduct the 
same experiments with acoustic experts, to understand the 
differences between expert and naïve evaluations on tonality 
perception as well as the free interview results. 
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