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ABSTRACT

The present study examines the comprehension of texts
presented via synthetic and natural speech in individuals
with and without visual impairments. Twenty adults with
visual impairments and 65 sighted adults participated in
the study. Both individuals with and without visual
impairments performed at a similar level in the
comprehension of texts that were presented via synthetic
and natural speech. The findings indicate that prospective
difficulties in intelligibility do not affect comprehension.
It seems that context cues provided by the text assisted
the participants in identifying and comprehending the text
more effectively. Moreover, the results reveal no
significant differences between sighted participants and
participants with visual impairments regarding the
comprehension of natural and synthetic speech.

1. INTRODUCTION

Text-to-Speech (TtS) systems are often used by
individuals with visual impairments to meet their daily,
professional and educational needs [1, 2]. Moreover,
individuals with visual impairments frequently use TtS
systems and/or screen reader with synthetic speech
(synthetic speech systems) as their reading medium [2,
3]. Hence, it is very important to investigate the
intelligibility and comprehension of synthetic speech by
individuals with visual impairments and examine whether
differences in intelligibility and comprehension between
synthetic and natural speech exist.

There is a great spectrum of researches examining the
differences between synthetic and natural speech and
how intelligibility and comprehension are affected
respectively. Synthetic speech appears to be less
intelligible and more difficult to comprehend [4, 5 & 6],
while it engages more cognitive resources than natural
speech [7, 6 for a review]. The predominance of natural
speech has been proved in various experiments including
segmental intelligibility, —word recall, sentence
transcription and comprehension of passages [8].

Although there is an abundance of research carried out
regarding the intelligibility of synthetic speech systems
experienced by people with no disabilities, in individuals
with visual impairments, limited research is available on
the perception of synthetic speech [9]. In a recent study
carried out by [10], it was found that the participants,
who had visual impairments, had significantly better
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performance when identifying words presented via
natural speech than via synthetic speech; accuracy scores
ranged from 89.92% for words presented via the TtS
synthesizer to 99.2 % for words presented via natural
speech [10]. Similarly, both groups of participants —
individuals with visual impairments and sighted
individuals — performed better in the task of identifying
words presented via natural speech [11].

Having taken a closer look on synthetic and natural
speech, the researchers shed light on variables that could
affect intelligibility in a more positive or negative way.
[8] refer to acoustic-phonetic differences between natural
and synthetic speech, which have an impact on synthetic
speech perception. Stevens, Lees, Vonwiller, and
Burnham [12] found that the gender of the voice and the
quality of the signal affect the intelligibility of TtS
synthesis. Additionally, previous studies have indicated
that synthetic speech perception in typical listeners is also
dependent on listening conditions [13]. Moreover, age
seems to be a critical variable affecting interaction via
synthesizers. Older adults proved to have more
difficulties processing synthesized speech [14], probably
because with age the working memory requirements
increase [15]. On the contrary, intelligibility and
comprehension of synthetic speech can be unaffected by
age in individuals with visual impairments [11]. One
possible interpretation is that augmented experience of
using TtS devices or software in older adults with visual
impairments acts more as a labor-saving factor than as
working memory liability.

As a matter of fact, many researches have drawn the
conclusion that the ability to perceive synthetic speech
improves rapidly with training and experience either in
sighted individuals [8, 6] or in individuals with visual
impairments [16, 17]. Thus, individuals with visual
impairments who use TtS applications for educations and
professional needs have an advantage over sighted peers
in word perception via synthetic speech because of their
experience [11]. For instance, the results for
DEMOSTHéNES (TtS platform in the Greek language)
in a series of psychoacoustic experiments using similar
acoustic patterns ranged from 94.5% correct responses
for sighted users to 96.47% correct responses for users
with visual impairments in single word tasks and from
97.5% correct responses for sighted users to 98.1%
correct responses for users with visual impairments in
single sentence tasks [18].

Additionally, it is possible that experience interacts
with Speech Presentation Rate (SPR) affecting in this
way intelligibility. Thus, speaking rate is an important
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variable for manipulation when attempting to maximize
the comfort, acceptance, and comprehension of synthetic
speech [19]. Previous studies indicated that speaking
rates between 150 and 200 wpm were the most preferred
when adults listening to synthetic speech [19]. Synthetic
speech presented in a slow rate allows a more accurate
performance on cognitive processes such as summarizing
[20]. On the other hand it is known that blind persons
often prefer to use synthetic speech in fast speaking rates
[21]. However, fast SPR does not imply an accurate
perception of words even in individuals who prefer and
use indeed synthetic speech in fast presentation mode
[16, 17].

Digging out the variables that could affect intelligibility
of synthetic speech is, among others, very significant
since intelligibility = might set obstacles for
comprehension. These two terms are discussed separately
in the literature. Intelligibility is the listener’s ability to
recognize phonemes and words when they are presented
in isolation [22], whereas comprehension involves the
extraction of the underlying meaning from the acoustic
signals of speech [23]. Higginbotham, Drazek,
Kowarsky, Scally, and Segal [20] suggested that
differences in perceptual level because of the quality of
synthetic speech may affect the comprehension of texts
presented synthetically. [24] found that there is a
moderate relationship between intelligibility scores and
comprehension processing measures across different
speech synthesizers. On the other hand, [10] found that
appropriate context cues can rupture the interaction
between intelligibility —and  comprehension by
ameliorating comprehension results, while complexity of
information have a negative effect in comprehension
which is exacerbated by the type of speech — synthetic or
natural [6].

2. STUDY

The present study has been designed to examine the
comprehension of individuals with and without visual
impairments when they have “reading” texts presented
via synthetic and natural speech. In particular, the study
aims to compare: a) the comprehension of texts produced
in natural speech and synthetic speech for both
individuals with visual impairments and sighted
individuals, b) the comprehension of two groups for both
natural and synthetic speech. Moreover, the effect of
several individual parameters (gender, age, and
experience in using TtS systems) on the comprehension
of synthetic speech by individuals with visual
impairments was also investigated.

2.1 Participants

Twenty young adults with visual impairments and 65
sighted young adults took part in the study. These two
groups were equivalent in terms of educational level. The
group of sighted individuals (15 males and 50 females)
ranged in age from 18 years to 30 years (M = 22.7, SD =
2.86). The group with visual impairments consisted of 13
males and 7 females. An essential requirement to include
a participant in the study was not to have a hearing

impairment or other disabilities, apart from visual
impairments, and to speak the Greek as his/her primary
language. The age range of the adults with visual
impairments was from 18 years to 30 years (M = 24.5, SD
= 3.39). Fourteen participants were blind or had severe
visual impairments (i.e. did not read visually by using
any low vision aids) and 6 had low vision. In addition, 11
of the 20 participants were congenitally visually impaired
and 9 were adventitiously visually impaired.

The participants with visual impairments were asked to
indicate the main reading media that they used (i.e.,
Braille, TtS systems, audio cassettes, lens, large print,
screen magnification software), and how often they used
TtS systems. The frequency of use was described using a
5-point likert scale: quite often, often, sometimes, rarely,
and not at all. To determine the most precise indication of
the frequency of TtS systems use, the participants stated
how many years (overall) they had used TtS systems.
These descriptive data are presented in Tables 1 and 2.
Fifteen out of 20 participants with visual impairments
used TtS systems as basic reading medium. The sighted
participants did not have any previous systematic
experience in the use of synthetic speech; prior exposure
to synthetic speech was incidental.

Frequency of use

notat | rarely | sometimes | often | quite
all often
Particip. 1 2 3 6 8
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Table 1. Frequency of TtS systems use by participants
with visual impairments

Years
0-1 | 2-10 | >10
Participants | 6 12 2

Table 2. Years of use TtS systems by participants with
visual impairments

2.2 Instruments — Procedures

Before each test began, the participants were informed
in detail about the procedure that would follow. They
were told that they were going to listen to two texts, one
produced by synthetic speech and one produced by
natural speech, and that they would be asked to respond
to 10 comprehension statements at the end of each text.
Thus, the participant had to listen carefully to each text,
without repeating what he or she heard, so that he or she
would be able to answer the comprehension statements
that followed. On the basis of the text that had just been
presented, each participant had to answer yes or no,
depending on whether he or she felt that the statement
was right or wrong.

During the construction of the tests, a female voice was
used to record the natural and synthetic speech.
Moreover, special care was taken to ensure that the speed
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of presentation was the same for both the natural and
synthetic speech. The natural speech was recorded in a
recording studio. For the recording of the synthetic
speech, one TTS platform (in Greek) was used, together
with all the appropriate recording devices.

The tests were conducted in a quiet room, to avoid the
effect of background noise. The participants first listened
to two texts in synthetic speech and verified or rejected
10 comprehension statements that were made up by the
researcher. The same procedure was repeated with the
second text, which was presented in natural speech. The
texts were taken from a history book and arranged in such
a way that they had the same level of difficulty (the same
topic and similar vocabulary). All the texts were taken
from scientific historical texts and were relatively
difficult to retain because they included several historical
details.

It was made sure that both texts had similar degrees of
difficulty. However, to reduce further the possibility that
the results would be distorted because of the different
degrees of difficulty of the texts, the following procedure
was used: the two texts were recorded both in synthetic
and natural speech. Then, two subtests were created. In
the first subtest, the first text was generated with
synthetic speech and the second text was generated with
natural speech. Conversely, in the second subtest, the
second text was presented in synthetic speech, whereas
the first text was presented in natural speech. The
participants were separated into two groups. The first
group consisted of 10 individuals who were given the
first subtest, and the second group consisted of 10
individuals who were given the second subtest.

3. RESULTS

The minimum, maximum, mean, and standard deviation
(SD) of correct answers in the comprehension test
presented in Tables 3 and 4. Each correct answer was
scored 1. Thus, if any participant had answered all the
questions correctly, his or her score would be equal to 10.

Natural speech
Min | Max | Mean SD
Visually Impaired | 4 10 7.10 | 1.832
Sighted 5 10 751 | 1.382

Table 3. Minimum, maximum, mean, and standard
deviation (SD), of correct answers (natural speech)

Synthetic speech
Min | Max | Mean SD
Visually Impaired | 5 10 7.30 | 1.490
Sighted 3 10 7.45 | 1.640

Table 4. Minimum, maximum, mean, and standard
deviation (SD), of correct answers (synthetic speech)
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T-tests were conducted to examine the differences
between the two groups (visually impaired vs. sighted),
and repeated-measures ANOVAs were conducted to
examine the differences between the speech types
(natural vs. synthetic). The repeated-measures ANOVAS
revealed no significant differences between natural and
synthetic speech comprehension for the participants with
visual impairments as well as the sighted participants.
These findings indicate that the participants performed
equally well when listening to synthetic or natural
speech. Moreover, the t-tests revealed no significant
differences between sighted participants and participants
with visual impairments regarding the comprehension of
natural and synthetic speech.

Regarding synthetic speech, we also investigated if
there was a relation between performance of individuals
with visual impairments and the following variables:
gender, age, frequency of TtS use, and overall duration
(in years) of TtS use. The t-tests revealed no significant
differences between males and females regarding the
comprehension of natural and synthetic speech.
Moreover, the correlation analysis showed a significant
positive correlation between correct answers in
comprehension test and: a) frequency of TtS use (r =
485, p <.05), and b) the overall duration (in years) of the
TtS use (r = .450, p < .05). The more experience with
using the TtS systems, the more correct responses that
were given during the comprehension test. All the other
correlations were no significant.

4. CONCLUSIONS

The results regarding the first aim of the study indicated
that the participants performed at a similar level in the
comprehension of texts that were presented via synthetic
and natural speech. This finding is in accordance with the
results of previous research with individual with visual
impairments [25, 10].

Previous studies [10, 11 & 16] revealed significant
differences on the intelligibility of natural and synthetic
speech. However, the findings of the present study
indicate that prospective difficulties in intelligibility did
not affect comprehension. It seems that context cues
provided by the text assisted the participants in
identifying and comprehending the text more effectively.
If we take into consideration that the overall purpose of
reading is comprehension, this finding has a unique
practical value because it indicates that the use of TtS
systems by individuals with visual impairments does not
affect the intended purpose of reading. Future research
should experiment with various texts of increased
language difficulty to verify this conclusion.

The results regarding the second aim of the study
revealed no significant differences between sighted
participants and participants with visual impairments
regarding the comprehension of natural and synthetic
speech. Moreover, the relation between comprehension of
texts presented via synthetic speech and experience (years
of use) as well as frequency of use TsS systems was
revealed. The more the experience with using the TtS
systems, the more correct the responses that were given
during the comprehension test. According to Reynolds
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and Jefferson [26] as well as Koul [27], the perception
and comprehension of synthetic speech are improved
with training and practice. They are also improved with
repeated and systematic exposure to synthetic speech
[28].

The findings of this study contribute to the
understanding of issues that concern synthetic speech
comprehension by individuals with visual impairments.
Thus, the results of the study have implications for both
educators and assistive technology developers.
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