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In the recent years, despite significant advances in the development 
and design of electronic devices, thanks to which the technical 
characteristics of even low-end devices have reached a decent 
quality determining high processing speed and large storage 
capacity that eventually have almost completely rid users 
of inconvenience when using computers and smartphones, 
the screen pulsation or the so-called pulse-width modulation 
(PWM) has turned out to be an unexpected factor causing 
severe visual discomfort in individuals showing increased 
sensitivity to visual load. This issue is extensively studied 
by both domestic [1–6] and foreign authors [7–11].

There are no data on the prevalence of PWM symptoms 
among both children and students in the available scientific 
literature, however, according to the popular science sources, 
the prevalence of PWM symptoms is 10–20% [12], which 
requires further investigation. 

When describing the technical details, it should be noted 
that there are two methods to change screen brightness. The 
first approach is based on changing the screen luminance, 

when the light emitted by the source is continuous. The second 
approach is based on using PWM, when the light emitted 
by the screen has certain pulsation frequency. This means that 
there is some backlight flicker frequency (for example, 120 Hz), 
which, depending on the pulse length, i.e. the time for that 
the light-emitting diodes (LEDs) are turned on (on-off time 
ratio), determines the resulting light intensity of screen. The 
differences between the approaches are illustrated by Fig. 1.

The PWM symptoms can represent eye pain, eye fatigue, 
spasm of accommodation, headache, and nausea making 
it impossible to use the screen with PWM. In case of prolonged 
exposure, failure of the visual system adaptation causing temporary 
visual impairment can be observed.

It is important to consider that an LCD screen consists 
of liquid crystals not emitting, but only transmitting light. The liquid 
crystal layer has its own refresh rate (this parameter is usually 
specified in the screen technical characteristics). The underlying 
layer of LED backlight, in contrast, emits its own light, which 
is what leads to the emergence of PWM. This means that 
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Fig. 1. Comparison of different techniques to change the screen brightness — through changing luminance (on the left) and applying PWM (on the right). The figure is 
taken from the free source [13].
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the cause of PWM in LCD screens is the backlight flicker 
[14], not the screen refresh rate. Furthermore, manufacturers 
do not publish this parameter for commercial reasons, thereby 
creating a certain risk for the susceptible population when 
buying screens. 

We have not found the reason, why the PWM technology 
is used in modern screens, since, as it was mentioned above, 
not all parameters are specified in the technical characteristics of 
screens. There is a number of opinions actively discussed 
on forums, such as 4PDA [15]: that in the recent years 
manufacturers have set the goal to create the screen that can 
be used in bright outdoor light and that such an innovation has 
significantly increased the screen brightness characteristics. 
Moreover, high screen brightness is associated with the 
characteristic noise of electromagnetic origin. Thus, to reduce 
the voltage resulting in such noise, manufacturers have probably 
taken the path of reducing the flicker rate, and that causes 
uncomfortable sensations in some proportion of the population. 

The other, more grounded version is the change 
of the backlight technology from luminescent to LED, which 
has led to the emergence of PWM [14].

From a physiological point of view, PWM can be compared 
with the critical flicker fusion frequency (CFFF), when the eye 
stops recognizing pulsation with increasing frequency, and 
the estimated threshold value is about 60 Hz. Furthermore, 
there is a term “transient twinkle perception” (TTP) showing that 
the human eye is capable of recognizing a more high-frequency 
flicker under certain conditions [14].

The literature provides the data suggesting that the 
recommended safe PWM threshold should not drop below 200 Hz. 
Otherwise, such screens can cause visual discomfort [14].

GOST 33393–2015 “Buildings and structures” [16] provides 
a standard value of light pulsation in the workplace, which 
is 300 Hz. Furthermore, on sale there are more expensive 
screens with the PWM exceeding 2000 Hz that cause no 
visual discomfort. This probably represents a technical solution 

to the problem.
The author does not set a goal to substantiate the screen 

pulsation standards. However, it can be concluded that the 
screen PWM values of 100–120 Hz are undesirable and can 
cause visual discomfort in the susceptible part of the population. 
The paper provides the author’s opinion about the main available 
methods to assess PWM that is based on the results of testing 
the PWM measurement method by taking pictures of the screen 
in dynamics and the literature data.

Methods to determine PWM of the screen 

The method developed by enthusiasts and distributed via 
Internet [17], which can be also found on the web-site 
of photographer Anatoly Lupashin, is of interest. In accordance 
with the method, screens of various designs (Huawei MateBook 
D14, HP Pavilion 14-ec002ur, Xiaomi 11 Light 5G NE, iPhone 
11, 23-inch AOC monitors) with the table displayed were used 
to determine PWM (Fig. 2). The Canon EOS 2000D camera 
with the exposure time set to 1/20 s was used to perform 
shooting in motion (horizontal motion along the screen) aimed 
to obtain blurred vertical lines of the diagnostic table (Fig. 2). 
Then the image of vertical lines of the diagnostic table was 
visually assessed. When there was pulsation, the alternating 
light and darkened bands corresponding to the phases 
of the light-emitting diode pulsation of the screen could be seen 
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on the vertical lines. To quantify PWM, the number of bands 
was multiplied by the exposure time (20) to obtain the number 
of pulses per second (Hz).

Determining PWM of the screen is an important problem. 
The pulsation coefficient (C

p
) is calculated using the following 

formula:

where Е is luminosity (lx). This means that the coefficient 
considers luminosity values only (maximum, minimum and 
average) and does not consider the oscillation frequency, 
therefore, this method involving the use of luminometer-
pulsmeter is unsuitable for assessment of PWM.

Ideally, PWM should be assessed using an oscilloscope 
with a photosensor capable of plotting the screen luminosity 
oscillation curve. Unfortunately, such expensive units are not 
included in the list of devices for hygienic assessment of video 
display terminals (VDT). In this regard, in our case it was difficult 
to access such equipment. Furthermore, it is hard to find 
equipment of this type (oscilloscopes with photosensors) in the 
free market. There are papers (for example, the post published 

Fig. 2. Example of the table for PWM determination by taking pictures in dynamics 
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Fig. 3. Example of taking pictures in dynamics (23-inch AOC office monitor) — no PWM

on Yandex Zen [18]) reporting that users have manufactured 
photosensors for smartphones on their own, however, this 
requires certain technical competence.

The lack of information about the presence of PWM in the data
sheets of devices, as well as the method for hygienic examination 
of this factors, has led to the emergence of forums and web-
sites focused on “combating PWM” (RTINGS.com), where 
enthusiasts test screens for PWM by themselves and people, 
ho have faced the problem of PWM, acquire information about 
the comfort of their desired device for vision, because in this 
category of users buying the screen with PWM can result 
in discomfort and inability to use the screen. 

There are simple methods to determine PWM, such 
as the “pencil test” involving “waving” pencil in front of the screen 
or taking a video of the screen in the slow mode, which 
reveals the characteristic bands on the screen. However, these 
methods do not allow PWM quantification.

The author has tested a PWM measurement method 
involving taking pictures of the screen in dynamics using 
the available equipment. As a result, PWM values not exceeding 
120 Hz (about 100 Hz) were obtained for the screens causing 
a subjective sensation of visual discomfort (Huawei MateBook 
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Fig. 4. Example of taking pictures in dynamics (Xiaomi 11 Light 5G NE) on an enlarged scale — PWM of 18 bands (360 Hz)

PWM (18 bands)

D14, HP Pavilion 14-ec002ur). Furthermore, there was no PWM 
at all or PWM exceeding 300 Hz reported for the screens 
characterized by subjective visual comfort (Fig. 3, 4).

Measures to reduce visual discomfort 
caused by PWM

The main measure is correct selection of monitor or replacement 
of the already existing device (if there are complaints). When 
using a laptop, it is recommended to connect an external 
screen. However, there are some other approaches that are not 
effective enough.

The method of increasing brightness to 100% can be found 
on many web-sites on “combating PWM”. This, on the contrary, 
makes the light emitted by LEDs almost continuous and reduces 
pulsation, while the screen brightness is adjusted (reduced) 
at the expense of the contrast parameter. However, such 
an approach is not always effective. For example, increasing 
brightness to 100% on the Huawei MateBook D14 laptop led 
to the emergence of pronounced PWM and subjective 
sensation of eye pain. This suggests that, despite positive 
feedback from the Internet users, the approach cannot be used 
for all screen types.

Another approach is based on reducing the screen luminance 
through setting a dark theme of the system and browser. This 
also does not ensure a 100% efficiency of reducing visual 
discomfort, reducing it to some extent only.

Switching to the eye-protection mode of the monitor and 
reducing screen time are the important measures.

It is preferable to buy displays with the Flicker-Free [3], 
DC Dimming technology that smooth PWM [2] or the “office” 
displays with reduced brightness and contrast designed 
for the long-term use.

It is important to note that PWM is not the only factor 
determining visual discomfort. A combination of factors can lead 
to the fact that devices with PWM and relatively equal pulsation 
rate can be subjectively perceived differently. Perhaps, an important 
role in this is played by the blue light, image brightness and 
contrast. It is well known that adjustment of brightness and 
contrast is one of the methods to reduce the PWM negative 
effects [19]. Furthermore, for example, polarizing films represent 
an additional factor of the screen design capable of affecting 
vision [15]. It is polarizing films pasted on the screens and 
special filter goggles that have helped some users reduce visual 
discomfort, which also requires further Investigation [15]. 

Based on the foregoing it can be concluded that the 
likelihood of visual discomfort is low when using a screen with 
conventional design, while the use of the innovative screen 
containing LEDs is associated with the risk of severe visual 
discomfort, and the leading factor is PWM. 

Thus, currently, LEDs are being introduced into screen 
designs everywhere, while the issue of the LEDs hygienic 
assessment remains unresolved. It is important to avoid 
the situations, when in pursuit of a high-quality image the technology 
causing visual discomfort in the susceptible population group 
is implemented. In this regard, further research in this field 
is necessary, along with comprehensive assessment of the factors 
determining the visual comfort of today’s screens, since different 
factors can potentiate each other (for example, the combination 
of pulsation with high brightness and contrast (sharpness) 
of the screen, blue light), thereby causing severe visual discomfort.

CONCLUSION

Pulse-width modulation (PWM) of modern screens is a relevant 
hygienic factor that causes visual discomfort in the population 
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group susceptible to visual load. Moreover, the number 
of domestic papers on the issue is extremely low; it is necessary 
to conduct research focused on the issue. Due to complaints, 
it is necessary to oblige the display manufacturers to specify 
the PWM parameter in the product technical documents 
at the legislative level. Furthermore, there is a need to study 
the prevalence of PWM symptoms among both students and 
children. Such studies combined with the analysis of technical 

information will make it possible to purchase safe equipment 
for school education. There is a need for hygienic studies 
aimed to substantiate the risk associated with exposure 
to PWM light emission of displays for the visual system. 
In the future it is recommended to develop the method and 
criteria for assessment of the PWM displays used by children 
and adolescents to be used in combination with assessment 
of other factors affecting visual comfort.
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