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Type enriched with visual prosody is a powerful tool to encourage expressive
reading. Visual prosody adds cues to text to guide vocal variations in loud-
ness, duration, and pitch. More vocal variations result in a less monotonous
voice and thus more expression. A positive effect of visual prosody is known
on the voice of normal hearing readers and of signed bilingual deaf readers
who developed signed language and spoken language. These deaf readers
rely on speech as well as sign language and both modalities can be used
interchangeably to compensate each other.

This preliminary study explores visual prosody
in text in relation to Flemish Sign Language to see if sign language can be
used to explain prosody. We asked deaf readers between 7 and 18 to relate
prosodic cues to videos presenting prosodic components of Flemish Sign
Language. We found that those readers connect the prosodic cues with the
components in Flemish Sign Language as intended. Larger word-spacing cor-
relates with a pause between signs, a wider font with a sign with ‘longer du-
ration; a thicker font with more ‘displacement’in the sign, a raised font with a
‘faster velocity’in the sign. However, some confusion occurred as participants
seemed to extract only two prosodic components in the sign language: both
the ‘faster velocity’ and‘longer duration’ were referred to in terms of 'speed'
and were not perceived as separate prosodic components. Participants were
confused about why there were three cues in the text. Therefore, it is advised

to re-evaluate and to re-design visual prosody for sign language with only
‘displacement’and ‘speed’in mind.
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Introduction

Visual prosody visualizes information that is
otherwise mostly absent in text: information about ‘how words are said. That
is the prosody, variations in the loudness, duration, and pitch of the voice.
Prosody is the motor of expressive speech and plays an important role in
understanding language. It distinguishes words such as PREsent versus
preSENT, and it adds additional information: emphasis, statements, ques-
tions, sarcasm, emotion, and more. Additionally, it can influence the mean-
ing of a sentence: for example, “That old man CANNOT hear you very well”
or“That old man cannot hear YOU very well." Visual prosody adds prosody
to text in a visual way using prosodic cues. There exist several different
approaches to visual prosody, both for reading a text with more speech
variations and for reading comprehension (Renckens et al., 2021; Bessemans
etal, 2019; Rude, 2016; Patel & McNab, 2010).

The perception and production of prosody of deaf
readers are not equal to that of their hearing peers (De Clerck et al., 2018;
Q@ydis, 2014; Boons et al., 2013; See et al., 2013; Chin, Bergeson & Phan, 2013;
Vander Beken et al., 2010; Markides, 1983). In our study, ‘deaf readers’ refers
to ‘deaf students who have developed spoken language (legible enough
to be understood) and Flemish Sign Language in 1) regular education with
additional support from a school of the deaf or 2) a signed bilingual educa-
tional setting"

Even high technological digital hearing devices
do not provide full access to speech since the perceived sound quality
is limited (Dorman et al., 2017; Scarbel, Vilain, Loevenbruck, Schmerber,

2012). Therefore, deaf readers could benefit from visual prosody, which is
already applied in teaching materials to exercise vocal variations with deaf
readers by several institutions (KIDS, n.d.; Advanced bionics, unpublished;
Staum, 1987; van Uden, 1973). For some examples, see Figure 1. Prosodic
cues in reading materials help deaf readers aged 7 to 18 to read with more
expression and with understanding of the intended meaning of a sentence
(Renckens et al., 2021).
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Three examples of visual prosody
in (Dutch) deaf education, all
applying similar visualizations:

1. horizontally stretched words
(Illllaaaaannnngggg, translated as

llloooonnnnngggg) correlate with

a longer duration. 2. bolder and
larger text correlates with more

loudness, and 3. a higher position,

vertically stretched text, a rising
line, or music notes correlate with
a higher pitch in the voice (left

to right: image from KIDS, n.d.;
image from Advanced Bionics,
unpublished; image based on van
Uden, 1973).
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Until now, visual prosody was developed with
speech properties in mind (loudness, duration, pitch) but not sign language.
Because deaf readers often rely not only on spoken language but also on
sign language, this study aims to evaluate if visual prosody in text has a
consistent relation with (Flemish) sign language. If it has, then sign language
could possibly be used to explain/support (speech) prosody for deaf readers
in bilingual education.

There are similarities and differences between oral
and sign languages. Similar to words in oral languages, signs follow one af-
ter another. But unlike in spoken languages, sign language can engage sev-
eral information sources simultaneously through different body parts and
signs require free space surrounding a person to perform a sign (Koenen
etal,, 2005). Prosody in sign language can be found in two ways: in non-
manual markers and in variations on the signs. First, signs are accompanied
by non-manual markers (NMMs), which are all components of sign language
that are not formed by the hands (Brentari, Falk & Wolford, 2015; Elliott &
Jacobs, 2013; Van Herreweghe, 1995). Examples of prosody not made by the
hands are the non-manual markers such as mimicry, body posture, shoulder
raising, head position, facial expressions, eye blinks, eye shifts, gazes, the po-
sition of the lips, and position of the brows. Second, the literature review by
Brentari, Falk & Wolford (2015) pointed to language-independent prosodic
components in sign language, made by variations in duration, velocity, and
displacement. Those prosodic components are always present, independent
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of how a language applies them, similar as to how pitch, loudness, and
duration are always in the voice, regardless of language. It is this second
kind of prosody that can be useful for this study: the progress of time is the
same for word duration and sign duration in both modalities. The velocity
in movement is supposed to resemble frequency in speech, and displace-
ment of movement would correlate with intensity in speech (Brentari, Falk &
Wolford, 2015).

But relating visual prosody to sign language is
more difficult than relating it to the voice. Current prosodic cues are de-
signed to be intuitive with the speech in mind.‘Intuitive’ means that their
intention can be interpreted without much explanation (see also Shaikh,
2009; Lewis and Walker, 1989). For example, ‘boldness’ correlates to ‘loud-
ness’ (Shaikh, 2009). But in sign language, the line between syntax and
prosody is not yet defined (Sandler, 2010). The prosodic components in sign
language are more interwoven with the modality of the language itself: for
example, while a signer consciously makes use of hands, face, and body to
represent a concept in a sign (van den Bogaerde, 2012), signing the sign
‘walking’ slowly can mean that the person is walking slow. This interwo-
venness with the content could influence the intuitive understanding of
prosodic cues for sign language.

To evaluate the aim of this research, the hypothesis
of this research became “Deaf readers relate typographic prosodic cues
designed with the speech properties in mind consistently to prosodic compo-
nents in Flemish Sign Language.”

Methodology

Prosodic cues

The existing prosodic cues within the typeface
Matilda were used for this study. The relation of these prosodic cues with
prosody in speech (according to Bessemans et al., 2019) and the compo-
nents of sign language (according to the suggestions of Brentari, Falk &
Wolford, 2015) is described in Table 1.



Figure 2.

A summary of the four prosodic
cues used in this study. a thicker
font, a wider space, a font raised
above the baseline, and a wider
font. The sentence is translated as
“The big bird flies high”"

Table 1.

The suggested relations/similarities
between the prosodic cues, the
speech variations, and the prosodic
components in sign language
(based on 1. Bessemans et al,, 2019;
which is based on earlier studies,
and 2. Brentari, Falk & Wolford,
2015).
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o Degrote vogel vliegt hoog.
o Degrotevogel vliegt hoog.

o  Degrote vogel vliegt hoog.

o Degrotevogel vliegt hoog

Thicker font Louder voice More displacement
Larger space Longer pause Longer pause

Font raised above the baseline Higher pitch Faster velocity
Wider font Longer duration Longer duration

This table is not a full summary of prosody: the
opposite cues for the opposite direction of each speech variation exist: for
example, a softer voice instead of a louder voice. However, a study does not
have to include all possible cues to prove the effectiveness of a subset of
cues (as in, for example, Patel & McNab, 2010, Patel, Kember & Natale, 2014,
or Bessemans et al., 2019). To reduce complexity of this test for young read-
ers, these additional cues were not applied in this study.

Video fragments

Four video fragments were created. In those
videos, a‘neutral’ sentence in Flemish Sign Language was shown first [Figure
1.A.], followed by the same sentence in Flemish Sign Language but with
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a modulated prosody on the last sign: a “longer pause,”“longer duration,”
“faster velocity” or “more displacement” [Figure 1.B].

Please note that prosody in sign lan-
guage is much more interwoven with the content of the message than the
prosody in speech (e.g., the sign for walking, executed slowly). To avoid such
connections, prosody in this research was treated as an independent factor,
not connected to the meaning of the message. The effect of prosodic cues
on a sign’s meaning could become the subject of a follow-up study.

A and B. In videos, a signer
performs one recurring sentence
with varying prosodic variations. A:
The neutral sign is shown first. B:
Each neutral sign was followed by
a sentence containing one specific
variation (e.g., in image B more
displacement than in A).
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Participants

The cues were tested by 38 deaf readers. In this
study, this term refers to readers with hearing remnants who are able to
speak. Their native language and preferred language could be either spoken
or signed, but all participants were educated 1) regular schools and received
additional support from schools of the deaf (often after starting their first
education in a school of the deaf), or 2) in a bi-lingual educational environ-
ment. They thus had a high chance to come in contact with both spoken
and signed languages. All readers were between 7 and 18 years old. The
participants’age was evenly spread: for all ages between 7 and 18, each age
was represented by at least two participants. These readers followed primary
and secondary education in regular schools or schools for the deaf, and
most wore one or two hearing devices. Some participants preferred Flemish
Sign Language as primary language, and others preferred speech.

Because this research was executed at the same
time as the study evaluating visual prosody’s influence on the reading aloud
(Renckens et al., 2021), the participants enrolled in both research studies at
the same time. Therefore, the participants were aware that there was a rela-
tionship between the cues and speech prosody but did not yet know which
one. Participants were not provided any information about prosody in sign
language when this test started.

Procedure

The participants were asked to look carefully to
the video [Figure 3]. Then, they were asked to choose from a list of sentences
[Figure 2] the sentence that, according to him/her, corresponded with the
last video shown. Participants did not have to know Flemish Sign Language
fluently to follow the video fragments. All participants were encouraged to
mark an answer. If they were not sure, they could see the video one more
time before marking an answer.

This procedure with the videos was repeated: after
connecting all movie fragments to written sentences a first time, the movie
fragments were shown a second time without the participants knowing
that the same videos were shown again. This way, participants watched all
prosodic components in Flemish Sign Language twice. The order in which
all participants saw the videos was: pause, thicker, extended, higher, pause,
extended, higher, thicker.

Participants could provide feedback while answer-
ing the question, and the researcher asked questions when a participant
was stuck.
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Chart 1.

Except for the first time that‘'more
displacement’was shown (dashed
border), prosodic components

in Flemish Sign Language were
related most of their occurrences
to their intended cue (solid border).
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Statistical Analysis

While relating the cues to the movies, a binomial
test with one chance on four to guess correctly, results of 38 persons differ
significantly from pure chance (p<0.05) if 14 or more (i.e., 36% or more) give
the same answer.

To see if there was a learning effect and to test if
there was a difference between primary and secondary school, proportion
tests for two proportions were used.

Relating cues to the movies

Except for the first time that‘more displacement’
was shown, all cues were related to their intended component in Flemish
Sign Language [Chart 1.]. The first time that ‘faster displacement’ was
presented, participants marked the non-intended wider font more often
than the intended thicker font [as shown in Figure 1.C] (42% versus 39%).
All cues were significantly more often related to their intended component
in Flemish Sign Language than if participants would have been guessing.
No statistically significant learning effects were found between the first and
second time a video fragment was shown.

TO WHICH PROSODIC CUES
PARTICIPANTS RELATED THE PROSODIC
COMPONENTS IN THE SIGN LANGUAGE
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Table 2.

When participants had to relate
videos with prosodic cues, the
results varied between 38% and
77% correctness.
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No difference between primary

and secondary school

In total, 22 of the readers took classes in primary
school, and 16 of the readers took classes in secondary school. How the
participants related the videos with Flemish Sign Language to the intended
prosodic cues is stated in Table 2.

Number of correct answers when participants relate the videos to prosodic cues

all(#) all (%) Primary (#) Primary (%) Secondary (#) Secondary (%)

Pause 1 20 53% 11 50% 9 56%
Displacement 1 15 39% 9 41% 6 38%
Longer duration 1 23 61% 13 59% 10 63%
Faster velocity 1 16 42% 10 45% 6 38%
Pause 2 28 74% 17 77% 11 69%
Displacement 2 17 45% 1 50% 6 38%
Longer duration 2 22 58% 12 55% 10 63%
Faster velocity 2 18 47% 9 41% 9 56%

There was no significant difference between the
percentage of correct answers of primary school readers versus secondary
school readers for any of the cues presented. It can be argued that this lack
of significance is due to the relatively small number of samples. However,
notice that in four situations, the students at the secondary school score bet-
ter, and that in the other four situations, the children of the primary school
score better. This favors the idea that there is no age effect.

Some comments of the children
during the sessions

The children’s comments were not recorded
explicitly, as the children were free to comment on anything that they felt
was important. However, two comments kept returning and were deemed
important enough to be mentioned here.

First, we noticed that not a single participant used
the terms “faster velocity” or “slower duration”; both were described in terms
of faster/slower “speed.”
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Second, participants deemed the faster velocity
more ‘difficult’ to relate to a font. Four participants explicitly said that they
were searching for a prosodic cue that was not in this test but was present
in the other tests evaluating speech (such as a narrower font resembling a
faster speech, see Renckens et al., 2021). At least six more participants were
stuck on this cue, even to that level that the researcher had to intervene and
ask what the problem was. The researcher had to tell that, even when they
did not see the typeface they were looking for, an answer had to be chosen.
Thus, one participant on four was clearly struggling with the cue for a faster
velocity.

Discussion

The cues designed with speech prosody in mind
do relate to the intended prosodic components in Flemish Sign Language.
A longer pause in sign language correlates with a larger word-space; a sign
with a longer duration with a wider font; a sign with more displacement
with a thicker font; a sign with a faster velocity correlates with a raised font.
These findings are in line with Brentari, Falk & Wolford (2015)’s review of the
similarities between the prosody of speech and sign language (table 1).

We did not find an effect of age. This implies that
participants in primary school similarly associated the textual prosodic cues
with prosody in Flemish Sign Language as the children in secondary school.
This has the advantage that, once the children can read, prosodic cues could
be introduced and afterward be used during the whole period they go to
school.

But the participants’ oral feedback
exposed confusion when these cues are applied to sign language. The pro-
sodic cues used in this study were designed with three very distinct speech
variations in mind: loudness (in decibel), duration (in milliseconds), and pitch
(in Hertz). The prosodic components in sign language are very different: dis-
placement (in distance), duration (in milliseconds) and velocity (distance per
millisecond). Here, velocity closely resembles duration: both are expressed
in ‘time’-units (often seconds or milliseconds). This close interwovenness
caused confusion for the participants. It seemed that they intuitively only
extracted two prosodic components in sign language: displacement and
speed. This constitutes the main drawback of this study. We did not antici-
pate the difficulty the children had with the three prosodic components. We
only learned during the data collection that the interwovenness of duration
and velocity was exceptionally strong. Because we did not anticipate this
issue, we had no alternative prosodic cues to address it.

Despite this confusion, the intended cue for a
faster velocity (the raised text) was marked most of the time (42% and 47%).
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That could be explained by the fact that the cue that some participants
expected, a narrower font, was not presented (participants knew that cue
from the research about the voice that ran at the same time). Participants
thus choose a raised font, probably because the bold and wider fonts were
already related to another prosodic component in sign language. If more
cues would have been provided to choose from, it is uncertain that the task
of relating cues to the movies would have been as consequently answered
as it was now.

While this study focused on Flemish Sign
Language, we can assume that the findings are valid for multiple sign lan-
guages, in line with Brentari, Falk, and Wolford (2015), who discussed several
sign languages. This should be evaluated with different sign languages and
different cultures as a reference, which both could have another perception
of prosody.

At this moment, the practical usage of this prelimi-
nary study is limited. We evaluated the three prosodic cues most commonly
used in visual prosody for speech. The participants’ oral feedback pointed
out that this approach cannot be transferred to sign language easily. We
advise performing a new study that evaluates if two prosodic cues are suf-
ficient to represent the intrinsic characteristics of (Flemish) Sign Language:
on one side ‘displacement, on the other side velocity and duration grouped
together as‘speed!

Conclusion

This research confirms the hypothesis that
“Deaf readers relate typographic prosodic cues designed with the speech
properties in mind consistently to prosodic components in Flemish Sign
Language.” The test was done with participants relating three prosodic cues
in type to movies showing prosodic components in sign language. The
prosodic cues were correctly related to their intended prosodic component
in the sign language.

However, the three prosodic components in sign
language are more closely interwoven with each other than the three pro-
sodic speech variations on which the prosodic cues are based. That caused
confusion in the terminology used by the readers: “velocity” and “duration”
were both referred to as “speed.” Thus, readers intuitively extract only two
prosodic components in sign language and encounter problems with three
prosodic cues in text.

Based on the results of this study, we recom-
mend that visual prosody has to be adapted for sign language. This requires
further research.
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