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Figure 1: This figure shows the seven font attributes on text containing all letters of the Latin alphabet in Roboto Flex (top) and
Merriweather (bottom).

Abstract
CSS pixel size is an abstract, device-independent unit that defines
the size of elements on digital screens. However, perceived size
varies across fonts and display devices. Font size normalization
aims to remove this inconsistency by matching a font attribute
to achieve the same perceived size. Yet, there is no consensus on
the best attribute to use for normalization. We aim to personalize
this strategy across age groups, as vision changes with age and no
single normalization approach works for all fonts [43]. We used
a discrete choice experiment to study the importance of seven
font attributes in perceived size. Character height was the most in-
fluential attribute across both age groups; however, age influenced
the relative importance of other attributes. Participants 40 or above
gave more importance to character weight than character width
and spacing, whereas participants under 40 gave the lowest impor-
tance to character weight. Our results provide the first evidence for
personalizing font size normalization across age groups.

CCS Concepts
• Human-centered computing→ Human computer interac-
tion (HCI).
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1 Introduction and Related Work
Digital reading research and practice rely on a convenient fiction:
that a font specified as 12pt, 16px, or 1em corresponds to a stable
size that can be compared across devices and typefaces [40]. In
1775, French printer François-Ambroise Didot introduced “point
size," a standardized unit to measure printed letters, where

1 point (pt) =
1
72

inch

[31]. The point size of the letter was the height of the metal body on
which the letter was cast [34]. With the rise of personal computing
and digital displays, font size was measured in physical pixels (px).
Early low-resolution screens (≈72 dots per inch (DPI)) approximated

1 pt = 1 px

[33]. With the advent of CSS and higher resolution displays, a
reference resolution of 96 DPI was defined, establishing CSS pixel
as the standard [33]

1 pt =
4
3
px

1 px =
1
96

in.

This calculation, however, is device-independent. With lower or
higher resolution screens (different DPI), the same font rendered
at the same pixel size looks smaller or larger on different
screens [33]. Building on this, different devices vary in pixel density.
For example, Jung et al. showed that a font height of 8mm on a
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Figure 2: Discrete choice experiment Web UI for Font Size Normalization: The DCE experiment shows a text in the top box
rendered in Roboto Flex 16px. The two boxes contain the same text but are rendered in different fonts and sizes.

16-inch display is equivalent to 2mm on a 4-inch display [21]. Web
browsers render fonts in CSS pixels, which cannot be precisely
measured for their physical or “real size” [43]. This is the size of
the text if someone used a ruler to measure it on a screen. Thus,
pixel density across devices influences users’ perception of font size.
This creates challenges for designers, typographers, and researchers
conducting remote readability studies, as fonts are often displayed
at unequal sizes [7, 29].

Building on this, comparing different fonts [43], due to differ-
ences in font attributes, defined below, some fonts may appear
larger or smaller even when displayed at the same pixel size on
the same screen.

• Character Height is the vertical distance from the top-
most black pixel of the letter to the last pixel of the letter.

• x-Height is the character height of the lowercase letter “x".
• Character Width is the horizontal distance of the first

black pixel of a letter on the x-axis to the last black pixel.

• Ascender Height is the vertical height for the letters t, d,
f, h, k, l, b that goes beyond the x-height of that font.

• Descender Height is the vertical height for the letters: g,
j, p, y that extends below the baseline of a font.

• Character Spacing is the horizontal distance between two
sequential letters in a word.

• Character Weight is the visual density of a character.

We aim to bridge the gap between the font size, measured in
pixels and points, and perceived size through font size normaliza-
tion. This technique helps to match the perceived size of different
fonts even if their default pixel sizes differ.

Font size normalization has been used in past research, where
fonts are normalized bymatching their x-height, or character height,
or character width [2, 43, 46]. However, there is no best candidate
font attribute for font size normalization, because no single font
size normalization strategy is optimal across all fonts [43]. This mo-
tivates personalized font size normalization tailored to individual
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perceptual differences. Research has shown that font size strongly
influences perceived size [6, 39]. Legge et al. observed that x-height
might influence perceived font size more than average character
height [16, 18, 25]. For example, at 12px, Times has an x-height of
approximately 2.0mm, while Arial’s is closer to 2.5mm [9], making
Times appear smaller than Arial. However, Alexander et al. show
that these studies did not explicitly investigate users’ perception of
size itself; instead, they assume that people can accurately perceive
font-size differences [1]. Wallace et al. showed that prior research
uses fixed font sizes, and should account for readers’ perceived
font size [9, 43]. This perceived size may also vary with age, as
Beier et al found that perceptual abilities decline with growing
age [8]. Other studies indicate that age is the most significant fac-
tor influencing reading speed and comprehension in neurotypical
readers across various reading modes and studies, both in-person
and remote [14, 17, 22, 24]. Studies also show that as readers age
and their vision weakens, they also experience a decrease in con-
trast sensitivity and sensitivity to high spatial frequencies[28, 32].
Spatial frequency explains what visual details we can and cannot
perceive [30]. While contrast sensitivity is the ability to differenti-
ate between an object and its background, especially when those
differences are subtle [23]

Therefore, we explored one core research question through our
work:

RQ) How are differences of font size perceived by English read-
ers from different age groups?

2 Method: Discrete choice experiments
Our Institutional Review Board reviewed and approved our meth-
ods, procedures, and proposed analysis.

To study users’ perceptions of font size across age groups, we
designed a discrete choice experiment (DCE). A DCE is a class
of stated preference methods that has commonly been used since
the 1980s across multiple disciplines, including health informat-
ics, marketing, economics, and psychology [20, 26, 27], but is less
commonly featured in Computer Science research.

In a DCE, each participant sees multiple choice sets, each con-
taining a set of mutually exclusive hypothetical alternatives [20, 44].
Participants choose between their preferred alternatives. Each hy-
pothetical alternative is defined by a set of attributes, and each
attribute can have one or more levels [20]. Participants’ choices
across alternatives quantify the relative importance of each at-
tribute. The relative importance shows how influential each at-
tribute is compared to other attributes in a participant’s choice.

Table 1 shows an example of an alternative in a discrete choice
experiment with three attributes (font, font size, and if text is bold).
A participant sees multiple of these alternatives, with varying levels
for each text. When they make choices between text A & B, it will
reveal the relative importance they give to each attribute when
making a choice.

In our discrete choice experiment, we showed participants two
texts (A & B) (alternatives) containing identical content but ren-
dered at different font size combinations (See Figure 2). They were
asked to choose the one they believed best matched the reference
text (called the text to match in our study) in size. Each font size

Table 1: Example of a discrete choice experiment (DCE).
Choices could be text A or B. The attributes for a DCE are
on the left, while the levels or variations in the attributes
are listed in the columns under Text A and B. Participants
are given a choice (option A or B) based on a question. For
example, this choice set below might be asking a designer to
select which font (text design) they would prefer to read in.

Text A Text B

Font Size 18px 16px
Line Spacing 1.0 1.25
Bold Yes No

combination produced different measurements for each of the seven
font attributes shown in Figure 1 (which were our DCE attributes).

We used canvas text metrics to measure these attributes by
rendering all Latin alphabets at that font-size combination on an
HTML5 canvas and averaging across each combination. We then
computed the difference between the font attribute measurements
of the text the participant selected and the text to match. These
differences were treated as the levels of each attribute. All mea-
surements were recorded in centimeters, in accordance with the
user’s screen specifications, to control for pixel size inconsistencies
across devices. This method directly improves on prior work by
integrating real-world units in size across devices [14].

We approximated character weight as the visual density of the
character and calculated it using Shannon’s entropy of the alpha
pixels (which measure transparency of an image) of the character’s
image rendered on canvas. Shannon’s entropy measures the ran-
domness in a signal or an image [37, 42]. In image processing, a
detailed image has higher entropy than a uniform image. In our
case, it measures the distribution of black pixels, where higher
entropy indicates a higher visual density.

For this experiment, we rendered the text to match in Roboto
Flex at 16px. Roboto Flex was chosen because it is a variable font
with five user axes and seven parametric axes. Our study system
used axes that allowed us to vary the text to match in character
weight, character spacing, ascender height, descender height, x-
height, and character width. We did not use the numeric parametric
axis. We created 675 unique combinations of Roboto Flex, each
having a random value for all of its 11 axes.

We consulted typographers to select font sizes and families for
our discrete choice experiment. We selected three font sizes (14px,
16px, and 18px). These sizes were chosen in light of previous studies
and for the recommendation to use font sizes above 14px [5, 10, 38,
43]. We selected the variable font Roboto Flex as the control font,
and then we consulted with typographers to ensure our 8 fonts to
compare covered a wide range of font attributes (i.e, tall ascenders
and descenders or a small x-height):

• Poppins: features tall x-height.
• Georgia: a serif font with tall ascenders.
• Merriweather: has a large x-height and has slightly con-

densed letter forms (reduced horizontal width).
• Noto Serif: smaller stroke widths than Merriweather.
• Amiri: has tall ascenders.
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Figure 3: Relative Importance of Font Attributes for 40 or Above and Under 40 (ages 18-39) Native English Readers: Dark shade
represents 40 or above, and light shade represents under 40 participants.

• Noto Naskh Arabic: is commonly used in writing admin-
istrative documents and for transcribing books, including
the Quran, because of its easy legibility.

• Lateef: has a small x-height.
• Lemonada: has a tall x-height and short ascenders.

With three font sizes and eight fonts, we created 276 unique font
pairs. Each participant was shown 50 choice sets, and each choice
set displayed one of the randomly picked 276 font pairs for each
text A & text B and one randomly selected Roboto Flex variation
for text to match. Thus, in our study, participants did not observe
attributes or their levels directly (see Figure 2).

3 Results and Discussion
We conducted a conjoint analysis using data collected from our
DCE. A conjoint analysis helps explain the relative importance
of attributes for users based on their responses of stated prefer-
ences [15, 36, 44].

We performed this analysis using an Ordinary Least Squares
(OLS) regressionmodel per recommendations from prior research[19,
41]. Prior research by Simon et al. recommends OLS to analyze
choice data because 1) it provides a simple, interpretable way to
estimate the relative importance of a discrete choice experiment’s
attributes; 2) our N per group is smaller; and 3) the risk of overfit-
ting in low-dimensional data is less than in more complex models
[41]. Our study also follows a randomized conjoint DCE framework,
where attribute levels are randomized per choice set. Hainmueller
et al. show that Ordinary Least Squares can be used in such designs
to estimate the Average Marginal Component Effects (AMCEs)[19].
We estimated the effect of each attribute on the probability that a
text is selected using OLS.

3.1 Font Perception Across all Groups
Overall, our results show that character height was the most influ-
ential attribute among all participants (see Figure 3). This result
mirrors prior research by Wallace et al., which found that character
height was the most frequently selected option for font size nor-
malization among x-height, character height, and character width

[43]. However, our study compared seven font attributes, providing
new evidence for what affects readers’ font size perception.

The second most important attribute for all participants was
descender height. However, for our participants over 40, the relative
importance of character height and descender was similar (22% vs
21%). Our results suggest that perception of font size is shaped by
font attributes beyond character height, x-height, and width, the
primary focus of prior studies [43].

Our results contrast prior research that identified x-height as
the most important font attribute in determining perceived font
size [12, 16, 25, 35, 45]. In our study, x-height is the fourth most
important font attribute in font size normalization for readers 40
or older, and the third most important for readers under 40.

3.2 Weight was more Important for Participants
Above 40 than for Participants Aged 18–39

To analyze the effect of age-related visual changes on font percep-
tion, we recruited 99 paid crowdworkers using Prolific and divided
them into two groups: 61 participants (ages 18-39) and 38 partici-
pants (40 and older). Among the 18-39 age group, 22 identified as
male, 37 as female, and 2 as other. Among the 40 and older age
group, 19 identified as male and 19 as female.

We chose 40 as the age to split participants based on recommen-
dations from the American Optometric Association. According to
the American Optometric Association, many adults begin to expe-
rience presbyopia in their early to mid-40s: a condition that impairs
near vision and can affect perceived font size and clarity [3, 4, 13].
To account for these perceptual differences, we analyzed these
groups separately.

Our results show that, for participants 40 or older, character
weight was twice as important as for participants under 40 (see Fig-
ure 3). Prior research has shown that contrast sensitivity decreases
with age [28]. This measure indicates that participants aged 40 and
older were more sensitive to changes in font weight than those
under 40.
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3.3 Towards Future Work on the User
Perception of Character Details and Spatial
Density across Age Groups

Prior research shows that older adults may have weaker or variable
eyesight, making it challenging to identify character (i.e., glyph)
details [14]. According to the Figure 3, our results show that for
participants under 40, descender height was twice as important as
ascender height (24% vs 12%). Whereas, for participants over 40,
descender height was 21% as important as ascender height (21%
vs 17%). Furthermore, for participants under 40, the importance
of x-height was similar to character width (13% vs 12%). Whereas,
for participants over 40, x-height was 56% more important than
character width (16% vs 9%).

These results may also be explained by the prior research on spa-
tial frequency. Readers often perceive individual character or glyph
details in a box surrounding each character. Thus, Mugikura et al.
noted that one letter contains various spatial frequencies, where the
main letter requires mid-level spatial frequency, while the corners
and sharp edges of the letter require high spatial frequency [30].
High spatial frequencies correspond to tiny details in images, while
low spatial frequencies correspond to large, diffused features [11].
Prior research shows that sensitivity to high and mid-level spatial
frequency decreases with age [28, 32].

We posit that ascender and descender are likely to have higher
spatial frequencies than x-height. Visual information for a char-
acter’s ascender and descender resides near the outer limits. Also,
character width and weight consist of low spatial frequencies that
correspond to denser visual features [11]. Therefore, the differences
we observe based on age might be attributed to reader’s perception
of characters across this “perceptual box” the surrounds each glyph.

Therefore, this helps explain why the relative importance of
font attributes with low to mid spatial frequencies trend higher
for our participants aged 40 and above. In contrast, participants
under 40 appeared to rely more on high spatial frequency cues, as
descender height was twice as important as ascender height and x-
height. We call for future work to examine font-size perception and
normalization by analyzing the spatial frequencies of characters
(i.e., glyphs) across font families.

3.4 Qualitative Results on How Readers
Perceived Font Size and Made their Choices

After the main study, our participants completed a post survey.
We performed thematic analysis to identify common themes in
participants’ responses to an open-ended question: “What strategies
did you use to choose which font was close in size to the control font?”.
We identified three codes: spacing (between lines and words), word-
level (comparing whole words), and character-level (comparing
individual characters); see Table 2.

Our qualitative results showed that both age groups valued word-
level features much more highly than the character-level features.
However, most existing font features are designed at the character
level. Our findings highlight the need to design font attributes at
the word level, such as word-level spacing.

Table 2: Thematic Analysis: codes on how participants
matched fonts. *Spacing is line spacing and line breaks.

Group Word-Level Character-Level Spacing*

Age ≥ 40 42% 5% 47%
Age < 40 34% 5% 39%

4 Conclusion and Future Work
This work presents the initial effort to personalize font-size normal-
ization across age groups. To achieve this, we conducted a discrete
choice experiment to study the relative importance of seven font
attributes in readers’ perception. Our work revealed that as readers
age, their perception of font size also changes. For example, when
matching two fonts, participants 40 or above placed greater impor-
tance on character weight than on character width and spacing,
whereas those under 40 placed the least importance on character
weight. This work demonstrates the need for demographic-sensitive
design techniques when designing and normalizing fonts.

Future work should explore how readers’ perceptions of font size
vary among those with different vision conditions, such as myopia
(nearsightedness), hyperopia (farsightedness), and astigmatism, as
well as among those with varying contrast sensitivity.
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