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Abstract—Data is everywhere, our society shapes itself through
it and, with the years passing by, it is becoming greater in
dimension. A lot of this data now available is multivariate in
nature. The bigger the volume and complexity are, the harder
tasks to detect, classify, and measure characteristics and relations
within data. Glyph-based visualization is one of the possible
techniques commonly adopted in data science to address the
representation of multivariate data. Multiple varieties of glyph
design have been developed and studied over the past decades.
However, little research was done to compare the effectiveness of
glyphs designs developed for a specific context of the application.
This paper aims to study data glyphs and their applications.
More specifically, three visual explorations are produced as glyph
design alternatives to represent a dataset related to audiological
tests carried out in the population of Portugal. These glyphs
were evaluated through controlled semi-structured experiments
with users, and a crowdsourced experiment, and then an analysis
of the performance result of each of the glyphs is presented,
evaluating them in terms of learning and memorization. The
results show how the use of metaphors and semantic relations to
represent the attributes helps in understanding the glyph and its
memorization. Additionally, we identified that the redundancy in
encoding data might be beneficial.

Index Terms—Data glyphs design, Glyph-based visualization,
Multivariate data visualization

I. INTRODUCTION

With the increasing volume and complexity of data, the

ability to effectively analyse it has become increasingly

strained [1]. Much of the data available today are multivariate

in nature. When it comes to visualisation techniques, there are

enumerable approaches that depend not only on the volume

and type of data being represented but also on the final

objective of the visualisation. In the context of visualising

multivariate data, one of the possible techniques is data glyphs.

Data glyphs are composite graphical objects that use their

visual and geometric attributes to encode multidimensional

data [2]. For example, arrows [3], mostly used in visualising

vector fields, are glyphs whose visual variables can be used to

encode attributes other than directions. Another more complex,

yet efficient example is the star Glyph [4], composed of a

number of lines equally spaced and radially arranged, whose

lengths encode the magnitude of a given data. These are

just a few examples of countless variations of designs for

data glyphs. There are multiple types of glyphs with different

designs and concepts, exploring a broad spectrum of design

solutions, from pictorical representations to abstract ones.
In this paper, we present our study on three different types

of design for glyphs: a metaphorical glyph, a purely geometric
polygon glyph, and a variation that is abstract with figurative

elements, which we will refer to as figurative glyph. Our ratio-

nale for choosing three diverse types of designs is to compare

their efficiency in representing the same dataset and gather

insight on which design options to take in different design

scenarios. Further in this paper, we present a study on the

impact of the produced glyphs and their components in terms

of visual perception and understanding of the underlying data.

We evaluate the efficiency of each glyph design through user

tests. The results are then analysed to understand how different

visual features can be improved and how each one performs

in the context of the chosen designs for this study. Our design

study follows the methodology for visualisation design and

evaluation [5]. A series of stages are executed sequentially,

which includes data and task abstraction, design of the glyphs,

exploring different visual alternatives, implementation, and

evaluation of glyphs through tests with users carried out in

person and with the aid of crowdsourcing techniques, through

the Amazon Mechanical Turk platform. Finally, the results are

discussed, and a set of design guides are derived.
The major contribution of our work is an initial study of the

contextual design of data glyphs. More specifically, our work

aims to:

1) encourage the design of data glyphs based on the con-

ditions of the specific scenario of application;

2) act as a first step towards the contextual design of data

glyphs;
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3) provide an initial study on the efficiency of different

variations of glyphs designed for the same data, tasks,

and the end user.

The remainder of the paper is as follows. In the following

section II the related work is presented and discussed. In

Section III, we present the domain of the application, describe

the dataset and detail data abstraction. In the next section IV,

we present the design of all three glyph designs, including the

star glyph, which is used as a baseline. Further, Section V

presents the evaluation, including the methodology descrip-

tion, the results, and the discussion. Finally, the conclusions

are made in Section VI.

II. RELATED WORK

This section provides an overview of the works that have

compared multiple glyph designs developed for the same

dataset. We also provide an overview of different glyph

designs, similar to ours. However, a thorough survey of data

glyphs is out of the scope of this section. A more thorough

analysis can be seen in [2], [6], [7].

Data glyphs are a design technique used to represent mul-

tivariate data [2]. A glyph-based visualization is a common

form of visual design in which a dataset is represented by

a collection of visual objects, the glyphs. Glyphs can be

considered as small visual elements in which unique data

points are individually encoded, assigning their dimensions to

one or more tags and their visual variables [6]. Furthermore,

due to their small graphical footprint, glyphs are very versatile

and can be applied in a variety of different application areas.

Data glyphs have a long history. One of the first glyphs

designed within the 1950s was the metroglyphs, which use

line length to encode data [6]. An example much discussed

in the literature is the Chernoff face, a glyph that encodes

values through the characteristics of a cartoon face, such as

the length of the nose or the orientation of the eyebrows [8].

Another well-known type of glyph is the Star Glyph [4] which

uses the length of evenly spaced rays emanating from the

center. Over the years, many different glyph variations have

been introduced to better fit certain types of data or to solve

specific tasks more effectively [6].

Over time, glyphs of the most diverse types have been

recorded. Some are only recommended for specific applica-

tions such as fluid flow visualization [9] or time visualiza-

tion [10], others, however, are more general purpose [4], [11],

[12]. Besides their design, the placement of the glyphs has

also been addressed by the research community. Glyphs can

be placed in many different ways: in a grid [10], [13], in a

map [14], in a node-link diagram [15], [16], among others [1].

More recent research also suggests automatic approaches to

glyph creation [17], [18]. In our study we focus on three dis-

tinct glyph designs: i) metaphorical, more specifically faces, ii)

figurative and iii) geometric. Hereafter, we focus on different

examples by glyph design.

Maguire et al. [19] suggested the importance of establishing

a metaphorical association between a visual channel and

the concept or concepts to be codified. Metaphorical visual

representations allow domain-specific coding using “natural

mapping”. This natural mapping can make it easier for users

to infer the meaning of the glyph and require less effort to learn

and remember. Groh et al. [20] underline the importance of the

metaphor for memorability and intuitiveness of visualizations.

Lakoff and Johnson [21] state that metaphors structure the

common conceptual system of our culture, so we are able

to take those concepts we already know and apply them to

new problems. Examples of metaphors applied to glyph design

are, landscape metaphor to represent large datasets [20], leaf

glyphs to represent forest fires [22], and glyph flowers for

visualizing Web search results [23]

Regarding the abstract variations of glyph design, these

make use of geometric primitives in the construction of

glyphs, however, without conveying any additional meaning

or metaphorical association. There are numerous design vari-

ations of this type of glyphs [6]. The designs can be roughly

separated into two groups of layouts: circular (or radial) and

rectilinear. In the circular construction, the glyphs use a polar

coordinate system, for instance, Star Glyph [4], which evenly

distributes the axes in the angular dimension and expresses

the values with the radial position, usually connected with

a line. Another variation of circular construction is a radial

construction, for instance, Pie-chart-like glyphs [24], where

each element is laid out along the circumference. In the

rectilinear construction, the glyphs express data using the two

dimensions of the Cartesian coordinate system, for instance,

Profile glyph [11].

There are several studies that evaluate the performance

of different variations of glyph designs applied to the same

dataset or type of data. The majority of the experiments focus

on comparing metaphoric glyphs with abstract ones. Siirtola

compared a metaphoric glyph design that resembles a car with

an abstract face representation in the setting of visualizing car

data [25]. The experiment shows that a car glyph is slightly

better in terms of accuracy, but with the cost of task execution

times. The work of Li et al. [26] is another experiment that

compares Rose Shape glyphs against an abstract polygon

glyph to visualize multi-dimensional data about the education

level in the US. Their results indicate that using metaphors

enhances the fluency of information processing, and increases

the confidence of interpretation and judgement while increas-

ing the difficulty of perception. The study of Fuchs J. et al. [10]

investigates the performance of different temporal glyph de-

signs applied in a small multiple setting. They compared four

glyph designs—Line Glyph, Stripe Glyph, Clock Glyph, and

Star Glyph [4]—in terms of accuracy and efficiency, as well

as user confidence and preferences. The results show that the

glyphs performed differently depending on the task and data

type. Another important conclusion is that both the accuracy

and efficiency of tasks depend on the chosen design.

III. DATA AND DOMAIN

Hearing loss is a significant public health concern that can

impact physical, mental, and social well-being [27]. Age-

related hearing loss is a global issue affecting approximately
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5% of the world’s population [28]. Hypoacusis, whether mild

or profound, can lead to communication difficulties and re-

duced quality of life [29].

Regarding the average hearing thresholds, values above

35dB are already considered hearing loss [28], and losses

caused by noise exposure or ageing are irreversible. To di-

agnose hearing loss, a medical consultation and additional

tests, such as a pure tone audiometry exam, are necessary

[27]. According to the Bureau International d’Audio Phonolo-

gie [30], the determination of the degree of hearing loss is

carried out through the average of the hearing thresholds

of the frequencies, obtaining multiple degrees of hearing

impairments. The data offered to the project is from Evollu,

a Portuguese audiology company, that has collected data on

the hearing loss of users in Portugal, including demographic

information and audiogram results.

A. Data and Task Abstraction

The dataset consists of 36 attributes that encompass all

the characteristics of Evollu’s screenings. These attributes are

divided into five groups: the patient profile, test results, de-

vice characteristics, partner identification, and post-screening

status. Based on meetings and goal alignments with Evollu,

the main tasks are to analyse different patient types and the

status of the user within the service process. The glyphs design

focuses on the representation of the first, second, and fifth

attribute groups, i.e. user profile information, test results, and

post-test status.

The status attribute includes information on contacts with

the patient after the test, represented by numerical codes

that were grouped into eight categories: i) contacted suc-

cessfully, ii) contact failed, iii) appointment scheduled, iv)

missed appointment, v) service performed, vi) purchase made,

vii) purchase not made, and viii) no test with interest in

the experience. Age information is obtained from the date

of birth and was grouped into intervals of 10 years. Due

to limitations of the visual variables used, in one of the

versions of the glyph, presented later in Section IV-A, the

age was divided into four groups: under 50 years old, 51 to

65 years old, 66 to 80 years old, and over 80 years old. Land

longitude were used to encode the screening location, and data

were grouped by regions in Portugal: North, Center, Lisbon,

Alentejo, and Algarve. The hearing loss attribute encodes

the average hearing loss for each ear and was converted to

categorical data according to the BIAP 02/1: Audiometric

Classification of Hearing Impairments [30].

IV. DESIGN STUDY

For the development of the glyphs, we chose to make

three versions of the design, going from a more figurative

representation, using semantic resources for a natural mapping,

to a more abstract version that uses only geometric shapes

in its composition. The variations are the following: i) a

metaphorical design, which we call Emoji glyph, ii) a figurative

design, which we call Flower glyph, and iii) a purely geometric

Fig. 1. The four glyph designs considered for this study: metaphoric (top
left), figurative (top right), geometric (bottom left), and a star-glyph (bottom
right).

polygon glyph called Geometric glyph. A fourth version, the

star-glyph, was used as a baseline in the evaluation phase.

A. Emoji Glyph

The first glyph utilises a face metaphor to visually represent

hearing loss patients (see Figure 1). The design aims to create

a visual metaphor expressing the emotions and face of a patient

who experiences hearing loss. Inspired by the Chernoff [8]

faces, the design presents emojis utilising semantic relation-

ships to depict hearing loss. The facial expressions represent

various statuses during the screening process.

The emojis’ graphical elements incorporate headphones to

indicate hearing loss, with the headphones’ size encoding the

magnitude of hearing loss in each ear. Sunglasses represent

patients without hearing loss, while patients with partial hear-

ing loss are depicted with a headset on the affected side (see

Figure 2). Additionally, the headphones and glasses’ colours

represent the region in Portugal where the test was performed.

Fig. 2. Representation of “hearing loss” (top) and “region” (bottom) attributes
in the emoji glyph.

The colours of the faces are used to represent age. In this

case, different yellows are applied to indicate different age

ranges: under 50 years old, 51 to 65 years old, 66 to 80 years

old, and over 80 years old.

Finally, the glyph encodes status through facial expressions,

primarily via the shape of the mouth (see Figure 3). The glyph

represents the eight statuses by encoding ”positive” statuses
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with variations of smiling (i.e. from slight smiling to open-

mouth smile) and ”negative” statuses represented by variations

of sad smileys. The longer the process of contacting patients,

the more intense the expression becomes. For example, a user

who had a successful first contact will have a slight smile,

while a patient who completes all the service stages and makes

a purchase will have a larger and happier smile.

Fig. 3. Representation of the “status” attribute in the emoji glyph.

B. Flower Glyph

The second glyph design (see Figure 1) is inspired by

flowers. The shape of the petals represents different regions

in Portugal, with the shape being narrower and double ends

towards the North and more rounded towards the Alentejo (see

Figure 4). Each petal corresponds to a frequency in the right

and left ears, with the opacity of the filling colour encoding the

gravity of hearing loss. Normal hearing is represented without

filling colour. The color of the petals represents the status, with

green and blue indicating positive statuses, and warmer tones

indicating negative statuses (see Figure 5). The circle with the

dots around the flowers represents the age group, each dot

represents 10 years.

Fig. 4. Representation of “region” (top) and “hearing loss” (bottom) attributes
in the flowers glyph.

C. Geometric glyph

The third glyph design consists of geometric polygonal

shapes with diamonds at the centre representing the average

Fig. 5. Representation of “status” attribute in the flowers glyph.

hearing loss in both ears (see Figure 6). The size of the area

and intensity of colour represent the degree of hearing loss.

The age of the patient is represented by 8 vertical lines in

the centre of the glyph. The region is represented through

external strokes on the outline of the diamond area, this

representation is made with the aim of making a semantic

relationship with the highest stroke representing the north

and the lower strokes representing the south. The status is

represented through colour, following the same schema as the

Flower glyph.

Fig. 6. Representation of the hearing loss in the geometric design.

Fig. 7. Representation of “region” attribute in the geometric glyph.

D. Star Glyph - baseline

To enable comparison of the glyphs, a fourth glyph was

produced to be used as a baseline in the evaluations—a star-

glyph representation. The glyph is divided into five axes, figure

8, where the first axis represents the regions, starting from the

highest point that represents the North. The upper side axes
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represent the hearing loss values of the left and right ears;

the higher the value, the greater the loss. The right inner axis

represents age; each ring of the graph has a value of 10 years.

The lower left axis represents status, with a total of 8. Each

round of the graph represents a status reinforced through the

colour representation, which uses the same colour schema as

the Flower glyph and Geometric glyph.

Fig. 8. Representation of the different attributes present in each axis of the
star-glyph.

V. EVALUATION

To identify the effectiveness of each glyph and to compare

how each design behaves in the same context, two evalu-

ation methods were applied. One was in-person evaluation

through controlled semi-structured experiments; and another

one was performed remotely through the crowdsourcing plat-

form, Amazon Mechanical Turk (further referred to as MTurk).

In in-person and remote experiments we collected 48 and 1455

answers, respectively. The main objectives were: to compare

the performance of the different glyphs, to compare the four

designs quantitatively, to collect improvement requirements for

the respective glyphs, and to compare the results of the two

applied evaluation methods.

A. Setup

To compare different evaluation methods, surveys were

kept as similar as possible. However, some changes were

made to the evaluation processes due to the limitations and

requirements of the MTurk platform.

For the laboratory evaluation, a semi-structured experiment

was conducted in a quiet, closed room at the university. Each

participant evaluated two glyph designs that were randomly

distributed among them. The evaluation consisted of five

sections: intuition, encodings, memorability, perception, and

subjectivity. A Google form contained the presentation of

each glyph, ensuring uniformity throughout the procedure. A

total of 48 responses were collected, with each glyph being

evaluated 24 times.

For the Mechanical Turk evaluation, the same Google form

was used, but with some adaptations because of the inability

to control glyph exposure time. An input text field was added

for participants to submit their MTurk WorkerID. Participants

received a SurveyCode upon completion of the task, which was

required to collect their reward. A total of 370, 367, 357, and

361 answers were accepted for the emoji glyph, flower glyph,

geometric glyph, and baseline glyph designs, respectively. The

process for rejecting or approving HITs was based solely on

matching the worker ID and submitting the correct survey

code.

B. Results

In our semi-structured experiments, we obtained significant

results, with all glyphs displaying an assertiveness rate above

60% in the quantitative analysis. Moreover, all our glyph

designs surpassed the star glyph, which served as a baseline

for the study. Among the assessed glyphs, the geometric glyph

stood out, with a value of 76.8% in assertiveness. Similarly, the

emoji glyph obtained comparable results, with only a 0.40%

difference between the two, as shown in Table I.

When the test results were grouped according to the ques-

tions related to each designed encoding, some glyphs showed

better results in representing certain attributes than others, as

seen in Table I. For instance, the emoji glyph, through the

use of facial expressions and mouth shape, demonstrated a

high assertiveness rate in representing status. Meanwhile, the

flower glyph, despite having a lower overall score than the

other glyphs, had a significantly higher assertiveness rate in

representing age. Additionally, in the representation of hearing

loss levels, the geometric glyph performed best.

The results obtained through evaluations on Mechanical

Turk had a lower percentage of assertiveness compared to

those in a controlled environment, with a difference of 20.11%

in the geometric glyph, which performed best. However, this

was expected since the number of participants was relatively

larger. Analysis of the results showed that the geometric glyph

still had the highest assertiveness rate, followed by the flower

glyph, as seen in Table II.

Regarding the results for different attributes, the geometric

glyph performed best in representing age. The emoji glyph,

as in the controlled environment evaluation, had the highest

assertiveness rate in representing status. Unlike the controlled

environment experiment, the emoji and flower glyphs per-

formed best in questions related to region, as shown in Table

II. Finally, as in the previous evaluation, the geometric glyph

had the best results in representing hearing loss.

C. Discussion

When analyzing the different developed glyphs, it was

noticed that a device that became extremely important in the

perception of information was the use of semantic relation-

ships. All the encodings that tried to provoke some type of

natural mapping had superior performance compared to the

abstract attributes. This can be seen in the results of the emoji

glyphs that through the use of smiles to represent the status
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Emoji Flowers Geometric Baseline
Age 73.33 91.03 76.00 68.00

Status 96.00 63.40 58.00 70.00
Region 68.00 57.60 78.00 70.00

Hearing Loss 72.00 69.20 81.33 62.67
Average 76.4 72.3 76.8 67.2

TABLE I
ASSERTIVENESS RESULT DIVIDED BY EVALUATED ATTRIBUTES

PERFORMED AND THE AVERAGE IN A CONTROLLED SEMI-STRUCTURED

EXPERIMENT.

Emoji Flowers Geometric Baseline
Age 46.75 59.36 64.98 60.01

Status 63.78 44.79 42.85 50.00
Region 55.27 55.47 54.20 47.78

Hearing Loss 56.30 57.16 59.29 51.52
Average 54.72 55.01 56.69 53.01

TABLE II
ASSERTIVENESS RESULT DIVIDED BY EVALUATED ATTRIBUTES

PERFORMED AND THE AVERAGE IN MECHANICAL TURK.

obtained a 96% of assertiveness in the controlled evaluation,

while the other glyphs had values below 70% for the same

attribute. In the Mechanical Turk evaluation, the glyph emoji

also presented better results for the representation of status,

although with lower values.

The geometric glyph was found to be more effective in

representing regions in the controlled evaluation than in the

MTurk evaluation. Participants associated the position of the

mark in the glyph with the geographical distribution of the

regions in Portugal. However, the same test obtained lower

results, compared to the controlled evaluations and the evalu-

ations among other glyphs in the MTurk platform. This could

be due to the context in which the glyphs were evaluated. The

controlled evaluation was mainly conducted by Portuguese

individuals, whereas the MTurk evaluation involved people

from different parts of the world. It may be challenging for

people outside of Portugal to make the connection between

the vertical positioning of the regions of Portugal and the

positioning of the mark on the glyph. Therefore, the evalu-

ation process showed that the context of glyph application

and evaluation directly affects its performance when making

semantic relations.

In addition to the use of metaphor, another graphic device

that proved to be fundamental for the glyph’s effectiveness

during the evaluation period was the use of redundancy. In the

geometric glyph,the use of three visual elements reinforcing

the information made it easier for the user to observe levels

of hearing loss and compare both ears to other glyphs.

Briefly, the following improvement requirements were no-

ticed in the different types of glyphs for future work:

• Emoji glyph: Improve colour-coding for regions – search

for colours that are more distinguishable from each other.

If possible, also use visual redundancies to reinforce

the information. Changing the age coding – the use of

different shades of yellow for age proved to be difficult

to perceive.

• Flower glyph: Using another visual encoding to represent

the region – the shape of the petals proved to be a difficult

graphic device to decode. Reviewing the use of colours

to represent the status – it has many variables and proved

difficult to decode.

• Geometric glyph: As with the flower glyph, in reviewing

the use of colours for the representation of status one

strategy is to use redundancy with two other visual

resources, aiming that it is one of the most performant.

VI. CONCLUSIONS

We propose three different approaches to glyph design:

one metaphorical, one geometric, and one figurative without

metaphorical relations. Two different approaches were also

applied to evaluate the glyphs, a semi-structured experiment

carried out in a controlled environment and another using

crowdsourcing, through the Amazon Mechanical Turk plat-

form. The different evaluation processes showed that the

glyphs present different results for the different attributes.

The results in Mechanical Turk showed that the use of

crowdsourcing for glyph evaluation is a viable alternative.

When we compare the results of the laboratory evaluation with

the evaluation of the Mechanical Turk, we find correspondence

in the results confirming the requirements for improvements

collected. The greater variation of the results in relation

to the results obtained in a controlled environment can be

compensated by the scalability of the platform. The results

also demonstrate the utility of using Mechanical Turk to gain

new insights into glyph design.

Finally, the result of the project showed that none of

the glyph alternatives had an unanimous performance. Some

glyphs were better at representing one set of attributes than

others. With this in mind, we conclude that the choice of

the glyph depends on its application context. As is the case

with the representation of regions, where the geometric glyph

performed better in the tests with Portuguese people. Further

experiments are needed to analyse the possibility of a glyph

design that works for all the represented attributes. This opens

a niche for future research in contextual glyph design.
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