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Abstract

Writing is ubiquitous and fundamental in modern society, yet our understanding of visual
features, the building blocks of written language, seems to be lacking. To investigate what
visual features humans rely on for distinguishing written symbols, a number of possible
visual features were extracted from the existing literature and newly proposed. Fake symbols
were created using strokes (lines, curves) and connections (corners, crossings, and point
intersections of lines), which were used in an odd-one-out experiment to test the
contrastiveness of those features. Although the sample size was small and the statistical tests’
assumption of independent observations was violated, the results and analysis showed that
average performance was significantly higher than chance, which means that the symbols
could be distinguished based on the selection of features. This opens the door for further
investigations into the proposed visual features of written symbols and their potential use in
improving fonts and writing systems.
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1. Introduction

This first chapter serves as an introduction to the overall topic of my thesis. The
topic has to do with the contrastive visual components (features) that combine to create
written symbols and thus places my thesis within the field of grapholinguistics. Here, I
highlight the general importance of the topic and I outline the rest of the thesis.
1.1 The tool of writing

On the face of it, writing appears to be no more than a simple tool; a human
invention with a specific use. Most tools add no more than convenience to life and we tend to
speak of their importance only within a specific context of use. Writing has become an
exception to this generalization, since its purpose is one of transferring language to a more
permanent and portable medium. It is exactly this inherent connection to language that sets
writing apart from many other tools in this regard. Communication using language is one of
the cornerstones of human civilization. Most fundamentally, humans are social creatures, and
for large and complex societies to function and grow the way they have in humans, a large
number of people must be able to coordinate their efforts. Humans have arguably found
language as the solution to this problem (David-Barrett & Dunbar, 2016). This system allows
for complex communication that facilitates more precise mutual understanding, in turn
leading to increased learning and cooperation. As societies developed and grew in size and
complexity, so did the required scale of cooperation. Writing made it possible for language to
become asynchronous and distributable, and so humanity started relying on it to meet those
increased needs. Emblematic of this, in modern societies, writing is found nearly everywhere
and is used for or alongside a seemingly limitless amount of functions. Interestingly, although
people in modern societies constantly carry in their pocket the means to record audio and
video, text has remained a ubiquitous mode of communication. The importance of writing is
further echoed in the impact that reading disabilities can have. Dyslexia is a well-known
developmental disorder that impacts reading ability and may result in lower academic
performance and diminished quality of life, despite a lack of cognitive shortcomings
unrelated to reading (Lopez-Zamora et al., 2025; Zhou, 2022). Literacy is thus strongly tied
to our ability to participate in modern society. However, as we will see in the following
chapter about the visual features of writing', our inherent abilities only make up one side of

the coin of successful reading.

! Most contemporary research has focused primarily on printed or digitized forms of writing rather than
handwriting. In my thesis, I also employ digitally crafted symbols and use words like ‘writing’ or ‘written’
mainly to refer to the digital version of it.
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1.2 Thesis outline

In the following chapter, I highlight some of the research on the visual features of
written symbols. Next, I take inspiration from those works to propose a number of visual
features myself, some of which I use in an odd-one-out (3AFC task) experiment to
investigate what visual features humans rely on for distinguishing written symbols. The data
from that experiment is then presented and analyzed in the Results. The Discussion is used to
reflect on this data and its place and role among the literature and society, as well as to make
suggestions for future endeavors surrounding the topic. At the end, I bring everything

together to draw a final conclusion for my thesis.

2. What follows from the literature on visual features and graphic complexity

I begin this chapter by highlighting some of the research that exists surrounding the
visual features of written symbols, and I explain why and where there is room to add to it.
2.1 Past research into the components of writing

There have been multiple attempts at identifying the different characteristics of
writing itself that each contribute to reading written symbols. After their review of research
into the difficulty of reading in different writing systems, including alphabets?®, abugidas® and
morphosyllabaries*, Chang et al. (2018) found that the measures of perimetric complexity’
and the amount of strokes®, junctions’, and disconnected components® were commonly and
separately used to estimate written symbol complexity, but that using each alongside one
another gives the best estimate when tested on 131 written languages spanning five types of
writing system (i.e. alphabet?, abugida®, abjad’, syllabary'’, morphosyllabary*). In addition,
Rosa et al. (2016) showed that erasing the midsegments'' and junctions of letters of the
Spanish alphabet leads to the loss of valuable information necessary for word recognition, but
that erasing terminals'? does not. See chapter 3 for descriptions and examples of some of the

relevant terms.

2 Alphabet: A type of writing system in which each symbol corresponds to a speech sound (phoneme).

3 Abugida: A type of writing system in which each symbol corresponds to a consonant and vowels are indicated
by small additions or alterations to the symbol (diacritics).

4 Morphosyllabary: A type of writing system in which each symbol corresponds to a speech syllable and a unit
of meaning (morpheme).

5 Perimetric complexity: A measurement reflecting the density of the symbol.

6 Stroke: A segment created by a single movement of the writing apparatus, such as a pen or pencil.

7 Junction: A point where two or more strokes come into contact.

8 Disconnected components: Elements that form a single symbol together but do not touch.

? Abjad: A type of writing system in which each symbol corresponds to a consonant and vowels are left implicit.
10 Syllabary: A type of writing system in which each symbol corresponds to a speech syllable.

! Midsegment: The part of a stroke between its terminals.

12 Terminal: A starting point or end point of a stroke.
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2.2 Graphic complexity is not enough

Still, the previously mentioned measures alone are not enough to explain how the
brain distinguishes written symbols. Imagine two symbols, such as those in figure 1, that
have their midsegments and junctions equally maintained and that are equal in their
complexity, i.e. the perimetric complexity and the amount of strokes, junctions and
disconnected components is equal between the two. Despite the equality, the brain is still able
to tell the symbols apart in a meaningful way. That is to say, there are components that the
brain uses to distinguish written symbols, and the aforementioned categories only allude to
the nature of the different contrastive items within those categories. To really say something
about how the brain recognizes and distinguishes written symbols then, the attention must
also shift to the different contrastive components themselves. I refer to these components as
visual features (or simply features), and the aim of this thesis is to investigate what visual
features humans rely on for distinguishing written symbols.
2.3 Past research into visual features of writing

Research on visual features of written symbols is sparse. Meletis (2020) provides a
robust dissection and exposition of grapholinguistics (the branch of linguistic study
concerned with analyzing and describing the written medium) as a whole, yet even there the

analysis treads only lightly below the level of feature categories'. One example that has not
Figure 1

Two symbols with equal graphic complexity.

(a) (b)

Note. (a) The letter <A> from the English alphabet in a sans-serif font. (b) The letter <R> from the English
alphabet in a sans-serif font. Both symbols have roughly equal graphic complexity.

1 See 1.2.1 in Meletis (2020) for the section devoted to the lowest level of grapholinguistic analysis.
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been discussed here yet is the concept of ascenders and descenders, which are extracted as a
result of the vertical division of the linear space of the Roman script. The author further
mentions a number of sources in which attempts have been made to break down written
symbols into smaller parts. However, these are all written in German, which I am
unfortunately unable to read. As an exception to this there are the works of Earl M. Herrick,
which nevertheless seem to be inaccessible digitally and are otherwise unavailable to me. I
can therefore only rely on what can be found in Meletis’ accounts of these works, which
amounts to the notions of a straight line, a curve and a dot. Although valuable, these features
too do not constitute a sufficient inventory, as the manner in which these shapes are arranged
must also be considered (as I do in chapter 3). To my knowledge, the only true attempt at
obtaining a universal and robust inventory of features is the work of Kim et al. (2025), in
which a gamified approach was used. Through a gaming app, participants could choose one
of a selection of different writing systems to play the game with. In the game, participants
could score points by grouping the system’s symbols together based on a shared visual
component. This led to many participants proposing a substantial amount of visual features
that they were able to identify within the various writing systems. Unfortunately, it turns out
that their data is difficult to use. The sheer vastness of the database alone would make
extracting features from it in a general sense an overly ambitious ordeal, not to mention the
fact that proposals were entered in different languages and that, due to the nature of the game,
it can be assumed that some proposals were only made for the purposes of scoring points,
which would potentially leave any true linguistic value out of the picture in those entries. In
contrast, I use a more restricted method (see chapter 4) in order to obtain a more concise set
of data.
2.4 The current context

Due to the minimal research on visual features, it is difficult to make any predictions
about what specific features might be present and relevant in writing. Nevertheless, the
existing research surrounding the topic may point us in the right direction. As mentioned,
strokes and junctions are sites where visual feature information is likely stored, which means
that they could serve as categories that features would be grouped into. One should also
refrain from hastily discarding terminals as important components, because it could be argued
that the erasure of terminals is not a fair manipulation. As figure 2 shows, an attempt to
remove a terminal would in effect shorten the stroke that it is attached to, which in actuality
does not remove the terminal, but only moves it. Figure 3 shows another, more determined

attempt at removing a terminal. Here, the terminal is indeed gone, but the midsegment is
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Figure 2

Erasing simple terminals only moves them.

Note. The letter <X> from the English alphabet is depicted on the left. The depiction in the middle shows
how removing terminals can be seen as erasing part of the midsection of the lines the terminals are attached
to and reattaching them to the shortened lines. This results in the final depiction on the right, akin to English
<x>or a ‘short” <X>.
removed with it. It seems to be impossible to remove a terminal without simultaneously
removing another type of information. In fairness, it should be noted that the font used by
Rosa et al. (2016) includes terminal details, in this case serifs, which could indeed be said to
be lost by the erasure. Alternatively, as shown in figure 4, one could say that one type of
terminal (e.g. serif) was replaced with a different type of terminal (e.g. sans serif). Either way,
this evaluation might add an explanation of why manipulating the terminals had little to no
effect on word recognition. Conversely, in the following chapter, the concept of terminal
features is reframed, which allows for a reevaluation of their contrastive importance. When it

comes to the other measures, it becomes more challenging to imagine how they would be

related to visual features. Perimetric complexity, as a measure of the overall density of a

Figure 3

Erasing a terminal entirely also removes a stroke.

Note. The letter <R> from the English alphabet is depicted on the left. In the middle depiction, one of its lines
is removed as a consequence of entirely removing the terminal of that line. On the right, the resulting symbol
is depicted, which resembles an English <P>.



TOWARDS AN INVENTORY OF VISUAL FEATURES OF WRITTEN SYMBOLS 9

Figure 4

Erasing terminal details changes the type of terminal.

Note. The symbol on the left of the arrow depicts the letter <X> from the English alphabet in a serif font. The

symbol on the right of the arrow is the same symbol, but with the serifs removed. Despite the erasure of the

serifs, a type of terminal remains.
symbol (i.e. the amount of ink on paper or pixels on screen), simply scales with the amount of
features and their relative size, essentially functioning as a general summary of the symbol’s
overall complexity. Similarly, the notion of disconnected components would not directly
point to any information related to visual features. Each disconnected component is itself
made up of features, as would be any connected component. The information portrayed here
would thus be the same as that portrayed by strokes or junctions.
2.5 The next step

The literature leaves us with five possible types of visual features: strokes, junctions,

terminals, ascenders and descenders. In the following chapter, I discuss these categories
further and use some of them to design a number of visual features, by adding subcategories
that I propose myself. This helps us investigate what visual features humans rely on for

distinguishing written symbols.

3. Visual features

The dissection of the literature has granted us five possible visual feature categories:
strokes, junctions, terminals, ascenders and descenders. In this chapter, I examine these
categories more closely, add subcategories and example items to them, and otherwise

complement or modify them using my own faculties of logic and creativity.
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3.1 The quirks and quips of visual features

There are a plethora of things that could be considered when attempting to find the
smallest units that could be used to assemble our written symbols. Here, I give an attempt at
finding sense amidst the jumble of possibilities, using the aforementioned categories to guide
me. Since the presence of all other features rely on the presence and arrangement of strokes,
let us begin with those.

3.1.1 Strokes

Strokes are separately distinguishable units that do not rely on the presence of other
features. They can be seen as the result of performing the most basic or default actions
needed to create a written symbol, such as simply placing a pen on a piece of paper and
moving it a short distance. Despite the seemingly simple nature of this feature type, there are
several kinds of strokes. A line (figure 5a), for example, could be seen as the most plain or
prototypical feature; it simply has a start and an end, and takes the most direct route to get
from one to the other. A curve (figure 5b) is quite similar to a line, as it too has nothing
between its extremities. However, it differs from a line in that it does not take the most direct
route to get from start to end, which creates a sort of bend or bump; a curve, if you will.
Some curves take such an extravagant route that they connect with themselves (figure 5c-d).
This often results in the creation of a junction without the need for additional strokes,
although in the case of a circle (figure 5e), the curve connects in such a way that there are no
junctions or even terminals to speak of; its starting point is also its end point.

3.1.2 Junctions

Junctions are the result of the arrangement of strokes; whenever parts of strokes
come into contact, a junction is created (with the exception of circles). There are different
ways in which strokes can interact, and so there are different types of junctions to speak of.
One way to view a junction is through the type of connection that has produced it. For
example, when two strokes meet such that there is one point where either the start or end of
one stroke overlaps with that of the other, a corner is created (figure 6a). If instead the start or
end of a stroke connects somewhere between those of the other stroke, this would be
considered a point intersection (figure 6b). Alternatively, if the point where two strokes meet
lies somewhere between the start and end points of both, a crossing (figure 6¢) is formed. In
the case of curves, an intersection may also be made between the peaks of two of them, or
between the peak of a curve and a point between the start and end of a line, referred to as a

curve intersection (figures 6d-e). Point intersections including a curve may be further
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Figure 5

Strokes; the result of performing the most basic actions needed to create a written symbol.

(a) (b

(c) (d) (&)

X

Note. A number of stroke features: (a) Line. (b) Plain curve. (¢) Self-intersecting curve. (d) Self-crossing
curve. (e) Circular curve.
subdivided based on whether the connection point presents itself on the inside (figure 6f) or
outside (figure 6g) of the curve. In addition to connections, one may consider the angle of the
junction. This may be right, obtuse, or acute, in reference to the geometric angle between line
strokes (figures 7a-c), or curved when the junction includes one or more curves (figure 7d).
3.1.3 Relatives
It is possible to imagine features that are not directly tied to any of the previous
visual feature categories, but that may apply to any stroke or indeed to a symbol in its
entirety, in a relative manner. These features may be split into scale and skew features. Scale
features may result in a change in relative size (figure 8a), whereas skew features cover either
rotations (figure 8b) or mirrorings across a vertical or horizontal line (figure 8c-d). Notably,
applying either four rotations in the same direction (assuming 45° steps) or one of each
mirroring to a shape would have the same result. It may therefore be possible that rotations
and mirrorings are to be regarded as variations of one and the same feature, or that there is a
separate feature for exactly this scenario. It remains to be seen whether this is the case, but

for the purposes of designing the stimuli, I remain agnostic with respect to this question.
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Figure 6

Connections, the manner in which strokes come into contact.

(a) (h) (c)

-+

(d) 3] (fy (gh

X 3 5

Note. A collection of connection features: (a) Corner. (b) Point intersection. (¢) Crossing. (d) Curve
intersection with two curves. (e) Curve intersection with a line and a curve. (f) Intersection inside.
(g) Intersection outside.

3.1.4 On the topic of terminals

12

With these distinctions in mind, we may now come to the conclusion that a category

of terminal features is not required. What has previously been referred to as terminals would

merely be small strokes that happen to make connections with or near the start or end point of

large strokes. Neither of these aspects is particularly unique within this framework. However,

this is not to say that terminals are necessarily unimportant. In fact, any given terminal’s base

importance would equal that of its particular stroke feature, connection feature and the small

scale feature. It would just not be considered its own category.

Figure 7

Angles; the nature of the geometric angle created when features connect.

[a) (k) (ch id)

Note. A set of angle features: (a) Right. (b) Obtuse. (¢) Acute. (d) Curved.
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Figure 8

Relatives; features related to the size and orientation of other features or symbols.

(a) (b) /—\
DI A T

J =

() (d)

Note. A group of relative features: (a) Scale. (b) Rotation. (¢) Horizontal mirroring (across a vertical line).
(d) Vertical mirroring (across a horizontal line).

3.1.5 On the topic of ascenders and descenders

Ascenders and descenders form another pair of dubious categories. Meletis (2020)
describes them in regards to the vertical division of the Roman script. However, the author
also notes that the method of division of the linear space may differ for different writing
systems and that this particular one is not universal. So although ascenders and descenders
might make sense as a visual feature category for the Roman script, this script is not
representative of writing as a whole and I thus omit them from the current investigation.

3.1.6 On the topic of dots

The literature further suggests that a point of contact without any following
movement, i.e. a dot, would also be a feature. Dots would fall under the category of strokes,
since they are separately distinguishable units that do not rely on the presence of other
features. On the other hand, dots do not seem to be proper strokes because they have no
orientation and are not able to connect with other strokes. Yet they are not junctions, since

they are not the result of the combination of strokes, nor are they relatives, since they do not
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affect other features. Perhaps a dot can be seen as a representation of an unspecified or
featureless stroke. In any case, ascertaining what a dot is exactly would require a more
thorough investigation, which falls beyond the scope of this thesis and is inconsequential for
my methods and results regardless, as we will see in chapters 4 and 5.
3.2 The initial set of visual features

These initial proposals leave us with 16 different visual features to test, as arborized
in figure 9. Of course, there may be more minute segmentations between the extremities
presented here, or possible features that I have simply overlooked. One should also consider
the graphetic solution space. Meletis (2020) explains that variations in the surface realizations
of written symbols (which Meletis refers to as graphs) may still lead to the perception of one

and the same underlying symbol (which Meletis refers to as the basic shape), as long as those
Figure 9

Node tree including the initial proposal of plausible features.

Visual features

Strokes Relatives Junctions
AN
/N

Lines Curves -

Y

Connections

-
.a--""- d\ e
-~ .
T N, o
- -
" Y T
.ﬂ'-- e
o - -

o d T

Angles

Corners Point Crossings  Curve Right Obtuse Acute Curved
intersections intersections
S
g
/ N T T
Line Curve Scale Skew
i AN T _ ~
Outside Inside Rotation ‘“Qf“m] H“”_mma]
Mirror Mirror

Note. Each node in the tree represents a feature category, except the 16 highest nodes, which represent the
features themselves. The lines show the relationships between features and categories.
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variations fall within the underlying symbol’s graphetic solution space. The graphetic
solution space of an underlying symbol (or basic shape) then holds all the possible variant
realizations (all possible graphs) that can be mapped to the same underlying symbol. See
figure 10 for an illustration of this concept. As with speech and sign, smaller alterations in
features may be phonemic, allophonic, stylistic, or incidental and largely inconsequential,
depending on the language (or writing system) variety in question. The set of features that I
have proposed thus far are not decidedly exhaustive and are rather meant as a starting point,

serving as tools to be used in the testing grounds.

4. Methods
In this chapter, I first give a description of the participants and how they were
recruited. I then describe the design of the materials used in the experiment, finishing with

the experimental procedure that the participants went through.

Figure 10

Graphetic solution space of Greek |T)|.

'_|
_|
.
-

Note. The circle represents the inventory of shape variations (graphs) that map onto the same underlying
symbol (basic shape). The graphs that fall outside of the circle are deemed too dissimilar to the basic shape,
or too similar to another basic shape, to be mapped onto it.

Taken from The nature of writing: A theory of grapholinguistics (p. 48) by D. Meletis, 2020, Fluxus Editions.
Copyright 2020, D. Meletis.
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4.1 Participants

Participants were legal adults (at least 18 years of age in the Netherlands) with the
ability to read and understand instructions written in either English or Dutch and who
possessed unimpaired or corrected vision. They were recruited through the use of
advertisements distributed in the university building (e.g. posted on notice-boards) and text
messages sent via WhatsApp; the pool likely consisted mostly of students and their direct
contacts. There was no pressure to participate or reimbursement for doing so, and participant
data was collected, stored and processed in accordance with the ethical guidelines of the
university’s ethics committee.
4.2 Materials

The stimuli used in the experiment were made using Inkscape version 1.4.3
(Inkscape’s Contributors, 2025). They consisted of symbols that were constructed by
combining the different visual features proposed in the previous chapter. These features were
based on categories thought to be relevant for distinguishing written symbols, reflecting
research on various measures and components that contribute to letter recognition and symbol
complexity. Three main feature types arose: strokes, junctions and relatives. 16 features were
proposed to be part of these categories and of these 16, five were chosen to start answering
the question of what visual features humans rely on for distinguishing written symbols. For
this experiment, the following proposed features were tested: lines, curves, corners, crossings
and point intersections of lines. For testing the strokes, each symbol was created by
combining the two of them, so each symbol consisted of either: (a) two lines, (b) two curves,
or (c) one of each. Six types of triplets including an odd-one-out (see section 4.3 below) were
made from the three types of symbol: a-a-b, a-b-b, a-a-c, a-c-c, b-b-c, b-c-c. For testing the
connections, the symbols were all made using three to five strokes of the same type (lines), to
avoid interference from a difference in stroke type. They all included either: (d) at least one
corner, (e) at least one point intersection, or (f) at least one crossing. This again resulted in six
types of triplets (d-d-e, d-e-e, d-d-f etc.), for a total of 12. The remaining features may also
have been present in the experiment’s symbols due to the fact that the presence of one type of
feature sometimes relies on or necessarily results from the presence of other features.
Connections always create angles, and angles always require at least one connection, for
example. Nonetheless, the symbols and triplets were designed such that specifically the five
chosen features could be tested. Care was taken to ensure that either all or none of the
symbols in a given triplet included the same remaining features, or that each included a

different one, such that the odd-one-out could not be chosen based on them. However, it
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should be kept in mind that it is still uncertain whether and which of these proposed features
are truly features and if so, how they function exactly. It may therefore still be possible that
some unknown feature or a misunderstanding of features has influenced the results, but we
are unable to say anything for certain without testing in the first place.
4.3 Procedure

Using a computer of their choosing, participants would access the university’s online
experiment platform, which was prepared using Experiment Designer (Vet, n.d.) with the help
of its creator. They were free to choose any location to be in while taking part in the
experiment, but were encouraged to seek out a quiet environment with sufficient internet
connection. After reading through the information brochure (appendix I & II), signing the
informed-consent form (appendix III & IV), and entering which languages besides English or
Dutch the participant could read well (if any), the rules of the odd-one-out (3AFC task)
experiment were introduced. Participants were informed that they would see a series of
symbols in triplets (see figure 11 for an example), one triplet at a time, and were instructed to
select which symbol they thought was the most visually dissimilar from the others in its
respective triplet each time. They were then asked to complete a simple practice trial, which
consisted of a vertical line, a horizontal line and a circle put side-by-side. They were told to
select the circle, since the other symbols were both straight lines. After selecting the circle,
the participants were told that the real experiment would be more difficult because the
symbols would be more complicated, and that they had unlimited time to complete each trial.
They could then select a button to continue, which would immediately initiate the
experiment. In each trial, the participant would see three symbols side-by-side, which were
created for the purposes of the experiment and were based on plausible visual features of
writing (see section 4.2 and chapter 3). After one of the symbols had been selected, the triplet
would disappear and another triplet would follow after a 2000 ms interval, until all trials had
been completed and the experiment would end. Participants completed the odd-one-out task
five times for each of the 12 triplet types (see section 4.2), for a total of 60 experimental
trials. The trials appeared in five blocks of 12; each block included each of the 12 triplet types
once. The trial order was randomized within each block, as was the relative position of each
symbol within each triplet (i.e. on the left, in the middle, or on the right). There was no time

limit for any of the trials or for the experiment as a whole.
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Figure 11

Example of an odd-one-out trial from the experiment.

Note. The depicted symbols were used together as a triplet in one of the trials in the experiment. In this
triplet, the strokes were tested: the symbols on the left and right include a line and a curve, while the one in
the middle includes two curves and no line. The latter (middle) is the odd-one-out.

5. Results

This chapter is used to present the data from the odd-one-out experiment and the
analysis thereof. I first give a general impression of the data, after which I apply a pair of
statistical tests to see if generalizations can be made. Statistical testing was done in R (R Core
Team, 2025) and the figure was generated using the ggplot2 package (Wickham, 2016).
5.1 General results
After disregarding any incomplete results, 18 participants were left who took part in and fully
completed the experiment. None of them were excluded. Five of them reported a written
language background beyond English and Dutch, including: German (4), French (2), Spanish
(1), Portuguese (1) and Japanese (1). Each participant underwent 60 odd-one-out trials (3AFC
tasks) to see if lines, curves, corners, crossings and point intersections of lines are contrastive
visual features used for distinguishing written symbols. The features were incorporated into
symbols presented in 12 types of triplets, each repeated in five different blocks, leading to
1080 observations. The data was divided into two groups; one for the stroke trials (N = 540)
and one for the connection trials (N = 540). If the features of each group are useful for
distinguishing their respective symbols, we would expect to see that participants performed
above chance level (33.3%) on average on the odd-one-out tasks using those features and
symbols. If the features are not relevant, we would expect to see a performance
approximating chance level. As shown in figure 12, mean response accuracy was 84.6% (SD

=36.1%) for strokes and 47.2% (SD = 50.0%) for connections.
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5.2 Statistical tests

Two one-tailed one-sample binomial tests'* were used to see whether performance
was significantly greater than chance; one test was run for each feature group separately.
Chance probability (H,) was set to 1/3 and Bonferroni correction was applied to adjust the
confidence level to 97.5%. The test used for strokes showed an estimated performance of
84.6%, which was significantly greater than chance (p = 4.85e-134, CI [81.3%, 100%]). The
test used for connections showed an estimated performance of 47.2%, which was also
significantly greater than chance (p = 1.69¢e-11, CI [42.9%, 100%]). This shows that people

are able to tell the experiment’s symbols apart more than chance in both groups.

Figure 12

Mean performances for strokes and connections.

100% -

67% -

Accuracy

G -

0% -

Strokes Connections

Note. The bars represent mean performance (expressed as a percentage of correct responses) in the strokes
(left) and connections (right) trials, respectively. The dotted line shows chance level performance and the
whiskers show standard deviations capped at 100% and 0%.

' Note that the assumption of independent observations was violated due to the repeated-measures design. This
may affect the tests’ validity.
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6. Discussion

In this thesis, I initially set out to explore what visual features humans rely on for
distinguishing written symbols. Specifically, an odd-one-out design was used to test whether
lines, curves, corners, crossings and point intersections of lines are relevant for distinguishing
the symbols created for the experiment. The test results and statistical analysis showed that
performance was significantly above chance for both stroke features and connection features.
Here I discuss what these results mean, what limitations there are in the design, and what
implications are brought along.
6.1 Interpreting the results

The fact that people are able to tell the experiment’s symbols apart more than chance
means that there must be something that informs them when making their odd-one-out
choices. Since trial order as well as triplet order were randomized and the experiment’s
design was otherwise quite minimalistic, there would be little to no information available to
them to base their choices on besides that which they could gather from the symbols. We can
thus assume that the symbols carry some sort of contrastive information, which allows people
to distinguish between them. Given the fact that the symbols were novel creations
fundamentally based on features rather than an existing set of symbols from the world’s
writing systems, it is unlikely that previous experience with any particular writing system,
e.g. the preexisting knowledge that symbol x and symbol y occur together in a given writing
system, would have added to this information, e.g. that symbols a and b but not ¢ from the
experiment would resemble symbols x and y and that symbol ¢ would therefore be the
odd-one-out. Instead, it would be more reasonable to assume that it is the features that make
the symbols distinguishable.
6.2 Limitations

Although the results of the experiment turned out to be positive, there are some
limitations to speak of. One such limitation has to do with the scope of the thesis. Although
16 features were proposed over the course of the thesis, only five could be tested in its
experiment. This leaves an open avenue for testing the other features in future work and
seeing if the current set can be expanded, to further develop our understanding of how the
human mind analyses writing. A different limitation comes from the fact that participants
were free to choose their own environment while engaging with the experiment. This choice
was made for the purposes of resource-efficiency and to increase the amount of recruitments,
but as a result, the uncontrolled environment might have had an inconsistent influence on

participant performance. In addition, there is the relatively small sample size of 18. Despite
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the fact that the results were still found to be statistically significant, repetition of the study
with a higher number of participants would be necessary to confirm its generalizability. In
addition to this, only five participants reported experience with written languages other than
English and Dutch, with four of them reporting languages that also use a writing system
derived from the Roman script. A repetition of the study could include a higher variety of
written language backgrounds, to see if this may affect the results. Furthermore, the
experimental method involved repeated measures, which violates the assumption of
independent observations of the statistical tests. Although this means that the tests’ validity
may be taken into question, a pair of one-sample binomial tests was the best option given my
design and my level of experience with statistics. Another limitation of the design employed
here is that the different features are not tested fully individually. That is to say, the results are
only interpretable in the specific context of the experiment, e.g. we only know that the
particular versions of lines and curves used in the experiment are contrastive relative to each
other in the specific ways they were used to create the experiment’s symbols and triplets.
What we do not yet know is whether this contrast generalizes to other features and different
symbols or symbol combinations. In a similar vein, due to the way in which statistical testing
was done, it is not possible to plot the feature groups against each other. The two binomial
tests function independently of one another and the results of one are not to be interpreted as
being relative to those of the other. In future research, a design better suited to test and
compare features in a more individual, more widely applicable and more statistically
comparative manner would therefore be favorable. As a final limitation, it was not taken into
account whether participants had any language disorders. Ones related to reading, such as
dyslexia, might be especially pertinent and it would be interesting for future replications to
compare individuals with such developmental disorders to typically developing ones.
6.3 Implications

Whereas the study by Kim et al. (2025) provides us with an ocean of possible
features to explore, this thesis takes a step in carefully wading below the surface of visual
feature categories, by sketching a framework to work towards an understanding of visual
features step by step. In doing so, it corroborates the status of lines and curves that Meletis
(2020) recounts from grapholinguistic research, while also adding depth and breadth by
providing evidence that corners, crossings and point intersections of lines are features in the
category of junctions, as seen in graphic complexity research such as that by Rosa et al.
(2016) and Chang et al. (2018). This step might be especially relevant for people with reading

disabilities such as dyslexia, who may experience academic struggles and a diminished
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quality of life, despite a lack of cognitive shortcomings unrelated to reading (Lopez-Zamora
et al., 2025; Zhou, 2022). Studies looking into popular fonts specially designed for people
with dyslexia, such as ‘Dyslexie’ and ‘OpenDyslexic’, have found that the manipulations to
the symbols have little to no effect on reading ability compared to common regular
alternatives (e.g. Arial, Times New Roman) (Marinus et al., 2016; Wery & Diliberto, 2016).
In the case of ‘Dyslexie’, a positive effect was found thanks to the relatively high spacing
between its letters and words, but there was no longer any meaningful difference when the
spacing was matched in the control font, which is an adjustment that could be added to any
font. As the authors discuss, these fonts are generally created on the basis of misconceptions
about the workings of dyslexia and are distributed without preliminary testing. For these
reasons, it is dubious whether the people who created the fonts did so on a scientific basis to
begin with. If instead research into dyslexia and insights into linguistically meaningful
components of writing, such as those described by Meletis (2020) or indeed tested in this
thesis, were taken into account, the added scientific backing would presumably make designs

of such specialised fonts or even writing systems as a whole more effective.

7. Conclusion

I began my thesis by emphasizing the importance that writing has in society, leading
to the question of what visual features humans rely on for distinguishing written symbols.
The literature on visual features and graphic complexity inspired my initial proposal of 16
possible features. Five of those features were chosen for testing using an odd-one-out (3AFC)
experiment: lines, curves, corners, crossings and point intersections of lines. Although the
relatively small sample size and the violation of the assumption of independent observations
should be acknowledged while interpreting the results of the experiment, they showed that
people choose the correct odd-one-out significantly more than chance would predict, meaning
that they are able to distinguish symbols using those features effectively. This is in line with
existing research that posits lines and curves as features, while also expanding research on
graphic complexity by framing the connection features under the category of junctions. This
step in building an understanding of visual features may eventually, in combination with
exploring the remaining features suggested in this thesis, contribute to a reduction in

reading-related struggles and an improvement of reading efficiency throughout society.
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Appendix I
Information Brochure (English)
[1.a]

Information brochure for
the research by student Milo Bellini

within the Bachelor’s Thesis course in the BA Linguistics

Dear participant,

25

You will be taking part in the study by Milo Bellini which is performed under the supervision

of their supervisor B.M. van ‘t Veer in the context of the Bachelor’s Thesis course of the
Bachelor Programme in Linguistics at the University of Amsterdam. Before the study can
begin, it is important that you read about the procedures we will be applying. Make sure to

read this brochure carefully.

Purpose of the research project
Written language is an important part of modern human communication. In this study we

investigate how people read written symbols.

Who can take part in this research?

We are inviting adults who can read Dutch or English to take part in this research. You can
take part in this research if:

-You are at least 18 years of age.

-Dutch or English is one of the languages that you speak well.

-You have unimpaired or corrected vision.

Instructions and procedure

You may participate on a device of your choosing, wherever you’d like. It is recommended to

find a quiet place with sufficient internet connection. You will see a series of symbols in

triplets on the screen, one triplet at a time. You are asked to choose the ‘odd-one-out’, which

is the symbol that you think is most dissimilar from the other two symbols, based on what

they look like. You may take as long as you wish for each choice and for the experiment as a

whole.
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Voluntary participation

You will be participating in this research on a voluntary basis. This means you are free to stop
taking part at any stage. This will not have any personal consequences and you will not be
obliged to finish the procedures described above. You can always decide to withdraw your
participation later on. If you decide to stop or withdraw your consent prior to the moment the
student hands in their research results (on 7 June 2026), all the information gathered up until
then will be permanently deleted. However, if information has been anonymized, it cannot be

deleted because it is not possible to trace back the information to individual participants.

Discomfort, Risks & Insurance

The risks of participating in this research are no greater than in everyday situations at home.
Previous experience in similar research has shown that no or hardly any discomfort is to be
expected for participants. For all research at the University of Amsterdam, a standard liability

insurance applies.

Confidential treatment of your details

The information gathered over the course of this study will be used only by the student Milo
Bellini for the Bachelor’s Thesis course in May and June 2026. This student may present the
anonymized results to their teacher and fellow students. Your personal details will not be used
in the report they write, and we guarantee that you will remain anonymous under all
circumstances.

The data gathered during the research (i.e. the groupings and choices of symbols) will
be encrypted until anonymization, and stored separately from your personal details. These
personal details and the encryption key are accessible only to Milo Bellini. Anonymized
research data are not secret, and may be kept by the student and/or supervisor for any length
of time, as they see fit. The non-anonymized data (i.e. your contact details, namely your
email address) will only be stored as long as is necessary for the research and will be deleted

as soon as possible.

Data subject rights according to the GDPR
Participants can request more information from the researcher at any time about their rights

as data subjects under the EU privacy law, the GDPR.
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Reimbursement
You will receive no reimbursement for taking part in the research project. If you wish, the

student can send you the resulting report.

Further information
For further information on the research project, please contact Milo Bellini
(milo.bellini@student.uva.nl) or B.M. van ‘t Veer (e-mail: b.m.vantveer@uva.nl;; Spuistraat
134, 1012VB Amsterdam, room 6.38).

If you have any complaints regarding this research project, you can contact the
secretary of the Ethics Committee of the Faculty of Humanities of the University of
Amsterdam, commissie-ethiek-fgw(@uva.nl; Binnengasthuisstraat 9, 1012 ZA Amsterdam,

The Netherlands.
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Appendix 11
Information Brochure (Dutch)
[1.a]
Informatiebrochure voor
het onderzoek van student Milo Bellini

binnen de cursus Bachelors Scriptie van de BA Taalwetenschap

Geachte deelnemer,

U neemt deel aan het onderzoek van Milo Bellini, dat wordt uitgevoerd onder begeleiding
van onderzoeksbegeleider B.M. van ‘t Veer in het kader van de cursus Bachelors Scriptie van
de bacheloropleiding Taalwetenschap aan de Universiteit van Amsterdam. Voordat het
onderzoek van start gaat, is het belangrijk dat u zich verdiept in de procedures die we zullen

toepassen. Lees deze brochure aandachtig door.

Doel van het onderzoeksproject
Geschreven taal is een belangrijk onderdeel van moderne menselijke communicatie. In dit

onderzoek onderzoeken we hoe mensen geschreven symbolen lezen.

Wie kan deelnemen aan dit onderzoek?

We nodigen volwassenen die Nederlands of Engels kunnen lezen uit om deel te nemen aan dit
onderzoek. U kunt deelnemen aan dit onderzoek als:

-U tenminste 18 jaar oud bent.

-U het Nederlands of Engels goed beheerst en goed kunt lezen.

-U over een onbelemmerd of gecorrigeerd gezichtsvermogen beschikt.

Instructies en procedure

U kunt deelnemen op een apparaat naar keuze, waar u maar wilt. Het wordt aangeraden om
een rustige plek op te zoeken waar voldoende internetconnectie aanwezig is. U zult een reeks
aan symbolen in drietallen op het scherm te zien krijgen, één drietal tegelijk. U dient het
‘buitenbeentje te kiezen, oftewel het symbool dat u het minst op de andere symbolen vindt
lijken, gebaseerd op hoe ze eruitzien. U mag zo lang over elke keuze doen als u zelf wenst,

evenals over het gehele experiment.
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Vrijwillige deelname

U neemt op vrijwillige basis deel aan dit onderzoek. Dit betekent dat u op elk moment kunt
stoppen met uw deelname. Dit heeft geen persoonlijke gevolgen en u bent niet verplicht de
hierboven beschreven procedures te voltooien. U kunt later altijd besluiten uw deelname in te
trekken. Als u besluit te stoppen of uw toestemming in te trekken voor het moment dat de
student de onderzoeksresultaten inlevert (op 7 juni 2026), worden alle tot dan toe verzamelde
gegevens permanent verwijderd. Indien de gegevens echter geanonimiseerd zijn, kunnen ze
niet worden verwijderd, omdat de gegevens niet tot individuele deelnemers kunnen worden

herleid.

Ongemak, risico's en verzekering

De risico's van deelname aan dit onderzoek zijn niet groter dan in alledaagse situaties thuis.
Eerdere ervaringen met soortgelijk onderzoek hebben geleerd dat er voor deelnemers geen of
nauwelijks ongemak te verwachten is. Voor alle onderzoeken aan de Universiteit van

Amsterdam geldt een standaard aansprakelijkheidsverzekering.

Vertrouwelijke behandeling van uw gegevens

De informatie die tijdens dit onderzoek wordt verzameld, wordt uitsluitend gebruikt door
student Milo Bellini voor de cursus Bachelors Scriptie in mei en juni 2026. Deze student mag
de geanonimiseerde resultaten presenteren aan zijn/haar onderzoeksbegeleider en
medestudenten. Uw persoonlijke gegevens worden niet gebruikt in het rapport dat hij/zij
schrijft en wij garanderen dat u onder alle omstandigheden anoniem blijft.

De gegevens die tijdens het onderzoek worden verzameld (d.w.z. de groeperingen en
keuzes van symbolen) worden gecodeerd totdat ze worden geanonimiseerd en apart van uw
persoonlijke gegevens opgeslagen. Deze persoonlijke gegevens en de encryptiesleutel zijn
alleen toegankelijk voor Milo Bellini. Geanonimiseerde onderzoeksgegevens zijn niet geheim
en kunnen door de student en/of begeleider naar eigen inzicht worden bewaard. De
niet-geanonimiseerde gegevens (d.w.z. uw contactgegevens, met name uw e-mailadres)
worden alleen bewaard zolang als nodig is voor het onderzoek en worden zo snel mogelijk

verwijderd.

Rechten van betrokkenen volgens de AVG
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Deelnemers kunnen te allen tijde meer informatie opvragen bij de onderzoeker over hun

rechten als betrokkenen onder de EU-privacywetgeving, de AVG.

Vergoeding
U ontvangt geen vergoeding voor deelname aan het onderzoeksproject. Indien gewenst kan

de student u het resulterende rapport toesturen.

Meer informatie
Voor meer informatie over het onderzoeksproject kunt u contact opnemen met Milo Bellini
(e-mail: milo.bellini@student.uva.nl) of B.M. van ‘t Veer (e-mail: b.m.vantveer@uva.nl;
Spuistraat 134, 1012VB Amsterdam, kamer 6.38).

Mocht u klachten hebben over dit onderzoeksproject, dan kunt u contact opnemen met
de secretaris van de Commissie Ethiek van de Faculteit der Geesteswetenschappen van de
Universiteit van Amsterdam, commissie-ethiek-fgw(@uva.nl; Binnengasthuisstraat 9, 1012

ZA Amsterdam, Nederland.
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Appendix 1
Informed-Consent Form (English)
[1.b]

Informed-Consent form

‘I hereby declare that I have been clearly informed about the thesis research project Visual
Features of Written Symbols of the Bachelor Programme in Linguistics at the University of
Amsterdam, conducted by Milo Bellini under the supervision of B.M. van ‘t Veer as
described in the information brochure. My questions have been answered to my satisfaction.

I consent to participate in this research on an entirely voluntary basis. I retain the right to
revoke this consent without having to provide any reasons for my decision. I am aware that I
am entitled to discontinue the research at any time, and that I can withdraw my consent after
the research has ended. If I decide to stop or withdraw my consent, all the information
gathered up until then will be permanently deleted.

If my research results are used in student papers or made public in any other way, they will be
fully anonymised. My personal information may not be viewed by third parties without my
express permission.

If I need any further information on the research, now or in the future, I can contact Milo
Bellini  (email: milo.bellini@student.uva.nl) or B.M. van ‘t Veer (e-mail:
b.m.vantveer@uva.nl; Spuistraat 134, 1012VB Amsterdam, The Netherlands).

If T have any complaints regarding this research, I can contact the secretary of the Ethics
Committee of the Faculty of Humanities of the University of Amsterdam; email:
commissie-ethiek-fgw(@uva.nl; Binnengasthuisstraat 9, 1012 ZA Amsterdam, The
Netherlands.

I consent to:
- participate in this research [lyes / Lno
- my personal details being stored until the start of June 2026 [yes / [no
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Appendix IV
Informed-Consent Form (Dutch)
[1.b]

Formulier geinformeerde toestemming

‘Ik verklaar hierbij dat ik duidelijk ben geinformeerd over het scriptieonderzoeksproject
Visuele Kenmerken van Geschreven Symbolen van de bacheloropleiding Taalwetenschap aan
de Universiteit van Amsterdam, uitgevoerd door Milo Bellini onder begeleiding van B.M.
van ‘t Veer, zoals beschreven in de informatiebrochure. Mijn vragen zijn naar mijn
tevredenheid beantwoord.

Ik stem volledig vrijwillig in met deelname aan dit onderzoek. Ik behoud mij het recht voor
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