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cheaper while still performing well in many regards, creating 
a debate towards the future of digital displays. 

These screens use entirely different mechanisms in order 
to show light and its vibrant colors. LCDs take advantage 
of a highly unique material: liquid crystals. These easily 
manipulated crystals exist in a state between a liquid and a 
solid (4). The addition or removal of heat causes bends and 
twists in their structure, causing polarization and filtration 
of certain light (4,5). So, LCD screens do not produce any 
light themselves. Instead, they rely on a backlight, usually 
a light emitting diode (LED) source, to create a uniform 
white light. Transistors push the crystal structures to excited 
and unexcited states, thus resulting in an instantaneous 
shifting and filtration (4). Because they do not produce light 
themselves, the color black is created by the filtration of all 
light. After first discovering the crystals in 1888, researchers 
are making vast improvements to their color capabilities 
primarily by finding new ways to stretch the crystals, creating 
greater polarization and filtration (6).

OLED screens, conversely, produce their own light. In 
these displays, multilayer polymers exist in an electric field. 
Influx of voltage moves electrons differently depending on 
intended color, and they eventually rejoin and jump across 
energy levels (2). The combination of polymers that produce 
blue, green and red light create a spectrum of colors within 
their devices (2). Given this ability, they should not produce 
any light when showing the color black, as the light simply 
turns off. These displays are far newer than LCDs, as 
the first came into the market in the 1990s. The primary 
improvements that were made to OLED technology allowed 
it to be used in far larger devices than it originally could be 
(7). Though minor adjustments have been made, its color 
capability has remained fairly constant since its creation. 

The absence of light filtering in OLED displays should 
give them a distinct advantage towards exhibiting black. 
This is because, although close, no light filter is perfect. 
Some light, however minimal, will escape through any given 
filter. To evaluate this, we used a photometer device that 
measures light intensity to compare emission values for LCD 
and OLED screens when projecting the same black image. 
The data that was collected during this study supported our 
hypothesis that the amount of light emitted from a bright LCD 
screen when showing black is significantly greater than light 
emitted from a bright OLED screen, as there was a 3300 % 
increase in emitted light from OLED to LCD. However, under 
the dimmest settings of the screens, the gap was decreased 
and became negligible. This ability of an OLED screen 
to show a better black than LCD allows it to be a better 
competitor for personal devices as the sharper contrast and 
less blue light emission produce a more elegant and less 
straining experience.

OLED screens better exhibit the color black than LCD 
screens

SUMMARY
We performed an experiment to determine the amount 
of light emitted from screens in order to assess the 
ability of organic light emitting diode screens (OLED) 
and liquid crystal display (LCD) screens to display 
the color black. These two competing screen types 
dominate the digital market, and the capability to 
exhibit black is one of many factors that should 
be considered when determining the better of the 
options. The better a screen can show black, the 
stronger the contrast of the screen appears to be. The 
mechanisms that create light within each suggest 
that OLED screens should be able to show the color 
black, while LCD screens may not. Therefore, we 
hypothesized that the light emitted from the LCD 
screen in this state would be significantly greater 
than in the OLED. We conducted thirty trials in 
an environment that eliminated all external light, 
allowing an accurate recording of emitted light. The 
results mostly supported our hypothesis: there was a 
significant increase in light emitted in the LCD screen 
compared to the OLED when both displayed identical 
black images at full brightness, though at minimum 
brightness the LCD performed with negligible 
difference than OLED.
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INTRODUCTION
Our experiment investigated a key aspect of modern digital 

displays: the ability to show the color black. Almost everyone 
owns digital devices, making it invaluable to compare their 
performance. Companies continuously develop new and 
better screens, but a simple study into this aspect of competing 
types of displays can provide an insight into the current state 
of each. Through this, it may become easier to understand 
the future of these technologies and the potential for each to 
improve and grow. In showing a truer black, a screen appears 
more rich, real, and contrasted. Many users may notice this 
difference, which can serve as a selling point for a screen that 
displays it best. Less blue light emission would result in less 
eyestrain and circadian rhythm disruption when looking at a 
screen with a greater ability to show black (1).

In recent years, organic light emitting diode screens, 
commonly known as OLED screens, have been replacing 
liquid crystal displays, or LCDs, in many new gadgets and 
devices. Improved features such as a better electrical 
efficiency, a more environmentally sustainable production 
process, and the ability for incorporation into thinner displays 
make OLED screens an appealing alternative for use by 
competitive gadget makers (2,3). But LCDs generally remain 
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RESULTS
In this experiment, we assessed the ability to produce 

the color black within an external-light controlled system. 
A photometer measures light intensity by reading adjusted 
electrical properties due to different light intensities (8). 
Because the color black is actually the absence of light, a 
photometer that informs of the intensity or presence of light 
was helpful and necessary in assessing the quality of black. 
We used a photometer and placed it directly in front of an 
OLED screen, LCD screen, or no screen. These screens 
were measured while bright, dimmed, and turned off, and 
were replaced by the next screen once 30 data points had 
been collected.  In order to eliminate as much environmental 
light as possible, we did this in an enclosed box of plywood 
with black painted walls. We cut out a hole for photometer 
access and ensured that the roof could be moved to adjust 
the system (Figure 1).

We conducted 30 trials, each with three controls and four 
experimental data sets. The first control recorded a value 
of light with no screen present, while the second and third 
measured OLED and LCD screens turned off, respectively. 
These accounted for both errors in the measuring device 
and for environment light that could have reflected off of the 
screen. Because that light was not emitted from the screens, 
it was irrelevant to the data being collected. By recording 
values for these controls, we established a likely non-zero 
value to represent “no light emitted”, giving a better standard 
to compare the experimental values against. 

We took measurements for each phone screen at both 
the brightest and dimmest settings that the phones allowed, 
thus producing the four experimental groups. The conditions 
for each trial were essentially identical, and each displayed 
similar results: the light emitted from the LCD screen was 
significantly more than that of the OLED screen. In fact, the 
average value across all trials for the bright LCD screen was 
roughly 24 times as large as in the bright OLED (Table 1). 
Also, given the resolution of the device, resulting in a zeroth 
order uncertainty of ±0.005 lux, and a one-way ANOVA 

comparison, we concluded that the difference in values 
between both the dim and bright OLED screen, and either 
the LED or OLED screen turned off compared to any control 
condition, was negligible (Table 1). There were few outliers, 
and though they were not ignored when running the ANOVA 
test, they clearly did not impact the results greatly (Figure 2). 

DISCUSSION
Most of the trials that we completed suggest a 

significantly larger amount of light being emitted from LCD 
screens showing the color black, supporting our hypothesis. 
The average of 0.68 ± 0.132 lux emitted for bright LCD 
screens is quite significant, and the p-value suggests that it 
is extremely unlikely that this data was statistically equivalent 
to that of the control groups; light was surely emitted under 
this condition. Seemingly, the light-filtering crystals within 
LCD screens were limited in their ability, and some light 
from the LED backlight escaped through under those 
circumstances. The OLED screen did not appear to emit 
any light, as the difference in means across this data set 
and the “no screen” control was insignificant. This was also 
true for both “turned off” control groups. Given the nature of 
OLED screens, this makes sense, as they have the ability to 
turn off individual pixels. However, the dimmed LCD screen 
boasted similar results to the OLED, turned off screens, 
and no screen. Though, based upon our hypothesis, we 
did not directly expect this, it does make sense. As proven 
by the bright LCD screen data, light-filtering is not perfect. 
But, techniques have improved, and given this outcome, it is 
clear that they are still very competitive when showing black. 
Dimming this screen reduced the amount of light emitted by 
the backlight, thus allowing the liquid crystals to filter less 
light. The LCD screen that we used must have been able 
to filter enough light in the dimmed setting to leave only a 
negligible amount to escape and be emitted. Therefore, in 
such a dimmed setting, LCD screens seem to be competitive 
with OLED screens. Using the dimmest setting of a display is 
not ideal though, as contrast is sacrificed. The OLED screen 

Figure 1. Depiction of the data collection environment. All sides 
were surrounded by black-painted walls, with only a small opening to 
allow for photometer access during collection.

Table 1. Amount of Light Emitted from OLED and LCD Screens Under 
Various Conditions - The amount of light, in lux, emitted from OLED 
and LCD screens. This was measured by a photometer in a dark and 
otherwise light controlled environment. The mean for each data set 
was calculated with a standard deviation, and a one-way ANOVA test 
was conducted comparing each experimental group to the controls. 
A significance level of 0.05 was utilized, suggesting that all data sets 
except for the Bright LCD were found to have statistically insignificant 
difference in means when compared to the ‘no screen” control. The 
test could not be completed for the dimmed OLED screen as it had 
no variation in values.
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would have its pixels turned off whether dim or bright, which 
explains how both the OLED dimmed and OLED bright data 
sets produced similar results. 

Although the trends are very clear, and the similarly 
valued data sets do not represent significantly different 
measures, the values recorded are not identical for each trial 
despite the exact same image being shown for each. A few 
elements could have contributed to this. The first of these 
is environment light. Obviously, any light that was recorded 
that was not emitted from the screens hurts the reliability 
of data. If it entered the system, the photometer may have 
sensed and recorded it. However, this is unlikely, as the 
many measures to prevent environment light from entering 
the system limited the effect that it could have. Likewise, 
any effect it managed to have would be fairly consistent 
for all trials and situations, as we accounted for through 
our controls. The recording device could have also led to 
error, as we did not conduct any tests to ensure that our 
photometer was either reliable nor consistent. Nonetheless, 
its ability to get fairly similar results for 30 trials suggest that 
this did not occur. There were few outliers, and though they 
were not ignored when running the ANOVA test, they clearly 
did not impact the results greatly (Figure 2). 

Understanding this, we determined that although limited 

by light-filtering capacity, LCD screens are still capable and 
competitive in showing the color black. An average of 0.73 ± 
0.132 lux represents a measure of light that is still very small. 
For reference, most LED light bulbs claim to emit hundreds 
or even thousands of lumens (1 lux = 1 lumen/m2). Also, 
when dimmed, the limits of light-filtering seemed to become 
unnoticeable. Even though our data was reliable enough to 
conclude that LCDs generally show more light than OLEDs 
when attempting to exhibit black, it was not a great enough 
difference to warrant LCD technology a failure in this regard. 

Of course, the ability to show one color is not the only 
determining factor in which screen is better. Further studies 
that examine the color saturation, vibrancy, precision and 
ability to adjust quickly, among others, would offer a more 
complete understanding of their performance overall. These 
could be conducted under fairly similar conditions, with 
different tools being used to record these other measures. 
Studies like these would provide a basis to determine which 
screen, as they exist today, has a better display for the user. 
Continuing to monitor these factors can help determine 
which, if either, are likely to be the better option to invest 
resources into advancing. Also, these technologies are 
implemented in a wide variety of places. Though in our 
everyday lives, they are most often seen in our phones, 
TVs, watches, etc. they are also used in a wide variety of 
machines and devices. One study published in the National 
Library of Medicine compared OLEDs and LCDs in order to 
determine which would be a better replacement for Cathode-
Ray tubes in electroretinograms, which are devices that can 
analyze cone and rod responses within human eyes. Though 
it too found OLED performed better for a number of reasons, 
particularly its fuse threshold, showing black was not a 
relevant nor important metric of performance in this study 
(9). Although it is very relevant in deciding which screen is 
more attractive and vivid to a phone or TV user, this may not 
be an important measure for other implementations of this 
technology. 

METHODS 
The screens used to collect this data were from an 

IPhone 8, which has an LCD display, and an IPhone X, 
which has an OLED. They were released at the same time in 
2017, and thus represent an equal and recent point in time in 
the development of each screen. The data collection system 
was made of ¾ inch plywood, cut into six one-foot long 
pieces. Each piece was carefully fitted together to create 
a completely closed box. Because they were cut and fit 
perfectly, no agent was needed to hold the pieces together. 
Prior to this, a hole that is large enough to fit the BTMeter 
BT-881E photometer was drilled into one of the six panels, 
and the inside of each panel was coated in two layers of 
Stuart Semple’s Black 2.0 paint. As an extra precaution, 
single sheets of paper were also painted in two coats of this 
paint and placed to cover each corner of the box in case 
inconspicuous gaps in the wood were present. The lights in 
the room were turned off during data collection, and for each 
trial the photometer was placed through the hole, thus being 
directly in front of the display, and removed after roughly 
five seconds of recording a value. The top panel was slid to 
create an opening, and the display was switched to record 
the next data point. After replacing the screen, the panel 
was slid back into its original position. This process was 

Figure 2. Comparison of light emitted. The boxes represent where 
the majority of the data lies, while the bars extend to show outliers 
present for each. Because they were so infrequent, these outliers 
were disregarded when making qualitative conclusions from this 
data, and instead attributed to error. The bright LCD screen emits 
much more light than any other data set. 
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repeated for all seven situations, thirty times each. When 
turned on, the same stock photo of the color black was 
shown on each screen. iPhones have a setting in which the 
screen brightness automatically adjusts, and so this setting 
was turned off and the brightness was manually adjusted to 
both minimum and maximum levels at the appropriate times. 
After completion, the data was inputted into Microsoft Excel 
where graphs, data tables, and ANOVA p-value statistical 
tests comparing experimental groups to the controls were 
completed. 
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