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1. INTRODUCTION 

The research topic of my doctoral dissertation is the examination of speech perception and 

speech comprehension processes in blind adults. The topic is not new in the international 

arena, but there are currently few relevant research results in the field of linguistics in 

Hungary. 

In the case of the blind, the loss of visual perception is counteracted by the functioning 

of other sensory areas, and information obtained by hearing, smelling, tasting and palpation is 

decisive (Czibere–Szilágyi ed. 2006). Hearing plays an important role in the orientation of 

their everyday lives: they obtain information about the nature of objects and spaces in their 

environment through echolocation (Kish–Bleier 2000). Echolocation is the phenomenon when 

one learns about the location, material and size of things around them by the sound emitted by 

a sound source and its reflections (Ashmead–Wall 1999). For example, they are able to 

determine the size of a room by starting to speak and the reflected sound serves as 

information. Knocking the white stick against objects while walking along the pavement is 

also of information value for the blind, thus determining the material of the objects (Répás 

2012). These examples also show that hearing and sound perception are of paramount 

importance in blind people’s lives. 

Neurobiological experiments have shown that the brain hubs responsible for visual 

perception undergo significant changes in congenital blindness and in EB (early blind people    

who lost their eyesight immediately after birth or a few years after birth): they are reorganized 

for the perception and processing of incoming stimuli by intact sensory modes (e.g. Gougoux 

et al. 2009; Föcker et al. 2012; Hasson et al. 2016; Kanjlia et al. 2016; Sabbah et al. 2016). 

This process, the transformation of brain function, is called brain reorganization or cross-

modal plasticity. Researchers associate this phenomenon with the intensification of other 

sensory areas. Reorganization is most pronounced in congenital blind persons, but can also be 

detected in cases of later loss of sight. The more permanent the lack of sight is, the stronger it 

is (Guerreiro et al. 2016). Neurological studies have shown that, in contrast to the visually 

impaired, the areas of the brain responsible for visual perception are active in the processing 

of speech and sound effects (Röder et al. 2002; Hertrich et al. 2009; Hölig et al. 2014). This 

provides a possible explanation for research findings that have demonstrated an advantage 

blind subjects have in listening comprehension language tasks. 

Hearing plays an important role in speech processes as well, and speech perception and 

speech comprehension are based on good hearing (Gósy 2004). In congenital blind and blind 
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individuals who lost their vision around the time of their birth or within a few years following 

birth, research has shown that because of their refined auditory perception, they prefer certain 

vision tasks over seeing control subjects. Sentence perception in noisy and noise-free 

environments was investigated, in which the test subjects performed better in both conditions 

than seeing control subjects (Niemeyer–Starlinger 1981). The same benefit was found in a 

dichotic ear test, which measured the perception of syllables (Hugdahl et al. 2004). A French 

study (Ménard et al. 2009) found that blind respondents performed significantly better in 

distinguishing (/ e / - / ɛ / and / ɛ / - / a /) than their seeing peers and the same was observed 

for concurrently played sentences: blind participants performed significantly better at 

reproducing sentence content (Guerreiro–Gonçalves 2014). 

Visually impaired people often use tools that are based on speech synthesis in their daily 

lives. They also accelerate their pace, so their perception gets used to the rather fast pace. 

Research has shown that they are able to understand the 22 syllable per second pace, as 

opposed to the seeing control subjects, whose performance already starts deteriorating at the 8 

syllable per second pace and the difference from the blind increases at a faster pace (Moos–

Trouvain 2007). 

Based on the above research results, the aim of my dissertation is to provide a more 

accurate picture of the speech perception and speech comprehension and verbal working 

memory of blind people through experimental tasks of an auditory nature. Until now, with a 

few exceptions, Hungarian literature has focused primarily on special needs education in the 

field of visually impaired people, so the present research can be considered as one that fills a 

niche. 

 

2. THE STRUCTURE OF THE DISSERTATION  

Chapter 1 of the dissertation contains the theoretical introduction, which begins by discussing 

the main features of speech perception and speech comprehension. The chapter deals with the 

process of text comprehension, the phenomenon of multimodal perception, the perception of 

accelerated speech and noise-suppressed vocabulary, which are closely related to the topic of 

the dissertation. 

Chapter 2 turns to the characteristics of the blind. Turning to the grouping of the 

visually impaired, I present their sensory modalities (auditory, tactile, haptic perception and 

echolocation), followed by the neurological aspects of blindness and the description of the 

language and speech processes of the blind. The chapter also includes a description of the 
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process of speech synthesis. At the end of the chapter I formulate the aim of the dissertation, 

the research questions and the hypotheses. 

Chapter 3 contains a description of the test subjects, materials and methods used. 

The results are presented in Chapter 4. The chapter is divided into six subchapters 

according to the six different tasks undertaken in the tests (detection of synthesized 

sequences, comprehension of fast-paced sentences, comprehension of uninterrupted text, 

perception of noise-suppressed words, verbal working memory task, comprehension of 

accelerated texts). 

 Chapter 5 summarizes and concludes, Chapter 6 includes an outlook, and Chapter 7 

briefly formulates the theses. 

 

3. RESEARCH HYPOTHESES 

During the research I made the following main hypotheses: 

1. In the task of measuring the perception of synthesized words, the visually impaired will 

perform better, and more correct answers will be given in their case.  

2. In the task of measuring comprehension of accelerated sentences, blind subjects will also 

perform better. 

3. In the task of measuring comprehension of uninterrupted text, I also assume better 

performance in the blind group. 

4. During the memory test, the blind will slightly outperform the seeing control group. 

5. In the test measuring comprehension of noise-suppressed words, I assume that the 

performance of both groups will deteriorate, and the higher the noise intensity is, the 

greater the inaccuracy of perception will be. In addition, I expect poorer performance in the 

perception of logatoms than in the perception of meaningful words. The worst performance 

is expected in perception of logatoms suppressed by the highest intensity of noise.  

6. When measuring the comprehension of accelerated texts, I expect better performance in the 

blind group, similarly to the test on perception of accelerated sentences. 

 

 

4. TEST SUBJECTS, MATERIAL, METHOD  

A total of 36 subjects took part in the test, 18 blind adults and a control group matching them 

in terms of age, gender and qualifications. The blind informants are all individuals who lost 
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their sight at birth or immediately after birth. All of the test subjects were young adults in 

their twenties and thirties. In terms of their qualifications, the criterion for them was to have at 

least one bachelor’s degree and a few years of post-bachelor training (e.g. OKJ), so they 

participated in the experiment with a bachelor’s and master’s degree and GCSE, plus 

minimum 2 years of further  (postgraduate) education. 

An anamnesis was recorded at the beginning of the experiment. A total of 6 tasks were 

included in the test: 1. Detection of synthesized phoneme sequences with a GOH-device, 2. 

Accelerated sentence comprehension, 3. Uninterrupted text comprehension, 4. Perception of 

phoneme sequences with a CVC structure, suppressed by noise, 5. Verbal working memory 

task, 6. Understanding accelerated text comprehension. In Task 1, short, monosyllabic 

meaningful words had to be recalled by the subjects after hearing them once. During the test, 

stimuli first appeared in the left and then in the right ear. In the sentence comprehension task, 

the test subjects had to listen to true false affirmative and negative sentences with different 

structures, played at about twice the normal speed. I also measured the reaction times. In the 

subsequent reading comprehension exercise, I measured the effect of removing pauses in text 

comprehension. In the fourth task I examined the perception of meaningful words or logatoms 

with CVC structure. I also measured the reaction times. 30 meaningful words and 30 

logatoms were randomized, and after hearing them once the test subjects had to pronounce the 

phoneme sequence they had just heard. The memory task (Racsmány et al. 2005) examined 

verbal working memory status in the test and control groups with numbers ranging from 3 to 

9. This task was needed to exclude the role of memory if the blind had an advantage in the 

other tasks. The numbers were read once by the experimenter and had to be repeated after 

each number in the same order. Finally, an accelerated reading of the text followed. I 

examined the effect of two types of text (newspaper article, short story), the pace was twice 

the average vernacular pace. I obtained statistical calculations on the obtained data using the 

R software. 

 

 

5. RESULTS 

5.1. Results of perception of synthesized sequences 

In the experimental task performed with the GOH device, we found a significant difference in 

the left and right ears in the Kruskal–Wallis test in favour of the blinded test group. Left ear: 

2 (1,34) = 9.788; p = 0.002. Right ear: 2 (1,34) = 8.154; p = 0.004. The mean performance 
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of the blind group was 94.4% for the left ear, 92.2% for the right ear, and 83.3% and 80.5% 

for the control group. In the test group, the left ear had the best performance 10 points, the 

worst 8 points, and the right ear 10 and 8 points out of the maximum 10 points. In the control 

group, data were 10 and 5 points on the left ear, 10 and 6 points on the right ear, respectively 

(Figure 1). In the blind group, nine subjects achieved 100% results in the left ear, whereas in 

the control group, only three achieved this. The right ear also had nine flawless performances 

in the test group, only two in the control group. Six people in the blind group had 100% 

flawless perception (100% in both left and right ears), whereas no such achievement was 

found in the control group. 

 

Figure 1: Number of correct answers in the perception of synthesized phoneme sequences 

both in the experimental and the control group 

fül = ear;  bal = left; jobb =  right; kontroll = control group; vak = blind group;  

GOH: helyes válaszok száma (db) = GOH: number of correct answers 

 

5.2. Results of accelerated sentence comprehension 

In the second task, the two groups performed similarly. The mean performance of the 

experimental group was 93%, that of the control group was 94%, there was no statistically 

significant difference, and there was no detectable effect of acceleration. For both groups, the 

statement with the correct structure proved to be the easiest: there was no wrong answer in 

this condition. In the case of blind people, the proportion of correct and wrong answers was 

similar in the statements of false, negative and affirmative true and false sentences (Figure 2). 

In contrast, in the seeing control group, there were more than twice as many errors in negative 
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true sentences as in the affirmative false and negative false sentences (however, the 

differences are not significant). Of the models developed for response times to accelerated 

sentences, the best predictor was used, with the group, response correctness, and sentence 

type as the fixed effect. The interaction of these three factors had a significant effect on RI (F 

(1, 494.07) = 7.9597, p = 0.004976). 

 

 

Figure 2: The proportion (number) of correct answers in the sentence comprehension task/test 

broken down to sentence types, both in the experimental and the control group 

HAMIS = FALSE; IGAZ = TRUE; állító = affirmative; tagadó = negative;  

Helyes válasz = (Number of) correct answers; 

kontroll = control group; vak = blind group 

 

 

5.3. Results of understanding uninterrupted text 

In the third task, the two groups performed similarly. The blind group achieved 53.3% at 

group level and the control group 58%, the statistical calculation showed no difference 

between the two groups: X2 (1,34) = 1.708; p = 1.912 (Figure 3). There was similarity 

between the groups as to which questions were difficult to answer and which ones were easier 

to solve. Incorrect solutions include the following types of errors: inaccurate, incomplete 

answers, confusing content elements in the text, and adding content elements not present in 

the text. 
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Figure 3: The proportion (number) of correct answers in the uninterrupted  text 

comprehension task both in the test group and the control group 

Helyes válasz = (Number of) correct answers 

kontroll = control group; vak = blind group 

 

 

5.4. Results of perception of phoneme sequences suppressed by noise 

There was no significant difference in the perception of CVC-structured words between the 

two groups, only a tendency was observed for better blind performance: F (1,34) = 1.022; p = 

0.316. The mean performance of the blind group was 83.7% for the correct response rate, 

while that of the control group was 81.4%. As expected, the higher the noise level, the lower 

the number of correctly pronounced words (Figure 4). In the test group it was 90.3% at 0 dB, 

87.4% at 40 dB, 85.9% at 50 dB, 70.7% at 60 dB, and in the control group the rate of error 

free reproduction of the phoneme sequence was  85.5% at 0 dB, 88.8% at 40 dB, 81,8% at 50 

and 70% at 60 dB. The following patterns were observed during the erroneous recalls: 1. 

replacing the logatom with a similar sounding meaningful word (rós-rúzs, míb-híd), 2. 

replacing a meaningful word with a similarly sounding meaningful word (mész-néz, táp-táv); 

one of the consonants of the stimulus is replaced by its voiced or unvoiced counterpart in the 

response (dig-tig, lec-ledz), 4. replacement of the stimulus’s plosive consonant with another 

plosive consonant (táp-ták, tél-pél), 5. confusion of nasals (vám-ván, ken-kem ). 
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Figure 4: The proportion (number) of correct answers broken down to noise levels in the test 

group and in the control group  

Zajszint (dB)   = Noise level (dB) 

logatom = logatoms; szó = meaningful words 

 

 

5.5. Results of the verbal working memory task 

In this task, the mean proportion of correct answers (correctly recalled series) was 18.83 

(67%) in the test group, and 17.66 (63%) in the control group. The mean short-term memory 

range of the blind group was 7.38, and that of the control group was 7.11, that is, in both 

groups, memory performance began to decline after the 7-digit series. There was no 

statistically significant difference between the blind and the seeing subjects, only a tendency 

was observed for the better memory performance of the blind group: F (1,34) = 0.779; p = 

0.384. 

 

5.6. Results of the accelerated listening comprehension task 

 In this task, the blind group achieved 68.6% and the control group achieved 63.3% at group 

level while listening to a newspaper article. The figures for the short story were 67.7% and 

71.3%, respectively. There was no statistically significant difference between the two groups 

in comprehending the newspaper article and the short story: F (1,34) = 0.786, p = 0.382 

(Figure 5). Neither text type nor acceleration had a detectable effect. Similar to uninterrupted 
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text, similarities were noted in this exercise as to which issues proved easier and which were 

more difficult. 

 

Figure 5: Scatter and median of the number of correct answers for the two text types in the 

test group and control groups  

műfaj =  genre ; novella = short story; újságcikk= newspaper article 

 

 

6. SUMMARY 

In conclusion, one of the important results of the present dissertation is that it found a 

significant difference in the perception of the synthesized sequence of phonemes between the 

test group and the control group. In the blind group, participants achieved above 90% 

performance in both the left and right ears, whereas in the control group, only about 80% 

were reported. In the other tasks, there was a tendency to perform better in the blind group, 

but there was no statistically significant difference (perception of noise-suppressed CVC 

words, verbal working memory task, comprehension of fast-paced newspaper article); 

comprehension of the accelerated short story). 

 

7. CONCLUSIONS AND EXPLANATION 

During the research, I sought to answer the following key questions: 1. Do blind adults have a 

better verbal working memory than seeing adults in the control group? 2. Do the blind have an 

advantage in the perception of artificial words? 3. Do blind respondents have an advantage in 
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the comprehension of accelerated phrases? 4. Do the blind perform better than the members of 

the control group in comprehending the text without pauses? 5. Do blind people show better 

results in comprehending accelerated texts than seeing people? Does the type of text affect the 

success of comprehension? 6. Does noise cause the performance of the test or control group to 

deteriorate to a greater extent when perceiving meaningful and nonsense words? 

 

Based on the obtained data the following theses can be formulated: 

1. The verbal working memory of the blind is not statistically different from the seeing 

members of the control group, but at the same time there is a tendency for the blind to 

outperform the seeing people. The average short-term memory size of the groups begins to 

decrease after repeating the 7-digit series. 

2. Blind adults performed significantly better than the seeing members of the control group in 

perception of synthesized words. This was true for both the left and right ears. 

3. Accelerated sentence comprehension showed no advantage of the blind subjects over 

seeing members of the control group. For both groups, it was the easiest to judge the 

affirmative true sentences. 

4. There is no difference in the performance of the test group and the control group in the 

comprehension of uninterrupted text based on the statistical test. However, it was found 

that the removal of pauses had a negative effect on the performance of both groups, as 

average performance was around 50% per group. 

5. There was a tendency at group level for better perceptual performance of the blind in the 

perception of noise-suppressed meaningful and nonsense words, but the difference 

between the two groups was not significant. The higher the noise intensity, the greater the 

error in both groups. In addition, both the test group and the control group had a greater 

number of errors among the logatoms than among the meaningful words. 

6. There is no difference in accelerated reading between blind and seeing subjects. The text 

type had no detectable effect. 

Unlike international literature, the present research has attempted to include linguistic 

units and texts larger than speech phonemes, words and sentences. We have seen that the 

groups performed very similarly in this area, which may be due to the fact that there are many 

factors that influence the comprehension performance, such as concentration, and how 

familiar the test subject is with the text. 
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Acceleration could not have a significant impact on sentence comprehension or text 

comprehension because it was primarily expected from those who frequently use speech 

synthesis tools at high speed. This was not the case for all subjects (the respondents could not 

be filtered according to this criterion, because in that case we could have counted with few 

test subjects only). 

The advantage visually impaired people have in the perception of synthesized words is 

probably mainly due to their increased use of speech synthesis tools. 

 

 

8. LITERATURE USED TO WRITE THE THESES OF THE DISSERTATION 

Ashmead, D. – Wall, R. 1999. Auditory Perception of Walls via Spectral Variations in the 

Ambient Sound Field. Journal of Rehabilitation Research and Development. 36. 313–

322. 

Czibere, Csilla – Szilágyi, Vera szerk. 2006: Ajánlások vak és aliglátó gyermekek, tanulók 

kompetencia alapú fejlesztéséhez. Életpálya-építés. suliNova Közoktatás-fejlesztési és 

Pedagógus-továbbképzési Kht. Budapest. 

Föcker, J. – Best, A. – Hölig, C. – Röder, B. 2012. The superiority in voice processing of the 

blind arises from neural plasticity at sensory processing stages. Neuropsychologia 50: 

2056–2067.  

Gósy, Mária 2004. Fonetika, a beszéd tudománya. Osiris Kiadó, Budapest. 

Gougoux, Frédéric – Belin, Pascal – Voss, Patrice – Lepore, Franco – Lassonde, Maryse, 

Zatorre, Robert J. 2009. Voice perception in blind persons: A functional magnetic 

resonance imaging study. Neuropsychologia 47 (2009), 2967–2974. 

Guerreiro, João – Gonçalves, Daniel 2014. Text-to-Speeches: Evaluating the Perception of 

Concurrent Speech by Blind People. Proceedings of ACM SIGACCESS Conference on 

Computers and Accessibility (ASSETS) (2014). 

Hasson, Uri – Andric, Michael- Atilgan, Hicret – Collignon, Olivier 2016. Congenital 

blindness is associated with large-cale reorganization of anatomical networks. 

Neuroimage 128 (2016). 363–372.  

Hertrich, Ingo – Dietrich, Suzanne – Moos, Anja – Trouvain, Jürgen – Ackermann, Herman 

2009. Enhanced speech perception capabilities in a blind listener are associated with 

activation of fusiform gyrus and primary visual cortex. Neurocase 15: 163–170.  



13 
 

Hölig, C. – Föcker, J. – Best, A. – Röder, Brigitte – Büchel, C. 2014. Brain systems mediating 

voice identity processing in blind humans. Human Brain Mapping 35: 4607–4619.  

Hugdahl, Kenneth – Ek, Maria – Takio, Fiia – Rintee, Taija – Tuomainen, Jyrki – Haarala, 

Christian – Hämäläinen, Heikki 2004. Blind individuals show enhanced perceptual and 

attentional sensitivity for identification of speech sounds. Cognitive Brain Research 19 

(2004), 28–32.  

Kanjlia, Shipra – Lane, Connor – Feigenson, Lisa – Bedny, Marina 2016. Absence of viual 

experience modifies the neural basis of numerical thinking. Proceedings of the National 

Avademy of Sciences 113(40): 11172-11177. 

Kish, D. – Bleier, H. 2000. Echolocation: What It Is, and How It Can Be Taught and Learned. 

California Association of Orientation and Mobility Specialists, Riverside. 

Ménard, Lucie – Dupont, Sophie – Baum, Shari R. – Aubin, Jérôme 2009. Production and 

perception of French vowels by congenitally blind and sighted adults. Journal of the 

Acoustical Society of America 126 (3). 1406–1414. 

Moos, Anja – Trouvain, Jürgen 2007. Comprehension of ultra-fast speech – blind vs. 

„normally hearing” persons. Proceedings of the sixteenth International Congress of 

Phonetic Sciences, 677–680. 

Niemeyer, W. – Starlinger, I. 1981. Do the Blind Hear Better? Investigations on Auditory 

Processing in Congenital or Early Acquired Blindness. Audiology 20, 510–515. 

Racsmány, Mihály – Lukács, Ágnes – Németh, Dezső – Pléh, Csaba 2005. A verbális 

munkamemória magyar nyelvű vizsgálóeljárásai. Magyar Pszichológiai Szemle LX/4., 

479–505. 

Répás, József 2012. Látók és látássérültek összehasonlítása sarok-észlelés vizsgálatokban 

akusztikai információk alapján. Biztonságtechnika 1/12. 169–180. 

Röder, Brigitte – Rösler, Frank 2002. Speech processing activates visual cortex in 

congenitally blind humans. European Journal of Neuroscience, Vol. 16, 930–936. 

Sabbah, Norman – Authié, Colas N.– Sanda, Nicolae – Mohand-Saïd, Saddek – Sahel, José-

Alain – Safran, Avinoam B. – Habas, Christophe, Amedi, Amir 2016. Increased 

functional connectivity between language and visually deprived areas in late and partial 

blindness. Neuroimage 136 (2016) 162–173. 

 

 

 


