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Abstract 
Speech perception is the process by which the sounds of language are heard, recognized, 

interpreted, and understood. Because understanding spoken language is an integral part of our 

social interactions, communications, and learning, speech perception has been an active 

research topic in the fields of psychology, cognitive science, and linguistics. Research in speech 

perception seeks to understand how humans recognize speech sounds and use this information 

to understand spoken language. In this review paper, we first overview some of the brain areas 

underlying speech perception. We then discuss previous findings that have found significant 

sex differences in speech perception and those that rather suggested similarities in speech 

perception between women and men. Reviewing the discrepancy between the research findings 

will allow us to determine the degree to which sex differences impact the way individuals 

perceive and understand speech sounds. Although speech perception is mainly based on 

auditory processing, vision often plays an important role as well. In this review paper, we also 

include previous studies on such multimodal processing in speech perception, because, in 

everyday conversations in which we are routinely engaged, we often benefit from using 

different sensory information from different modalities (e.g., audition and vision). We conclude 

that while there are interesting findings on sex differences in speech perception, particularly in 

females, more systematic and quantitative evaluation should also be made, before making any 

clear conclusions about sex differences in speech perception in general.  
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1. Introduction 
 

You're waiting for a bus on a busy, crowded street. All around you are different sounds of 

trains, cars, traffic signals, and music coming from storefronts. Among all these, one of the 

sounds you suddenly realize that you are hearing is someone nearby speaking on the phone, 

and that you are listening to what the person says in a different way from how you hear all the 

other sounds from different sources that have been there for quite a while. Researchers show 

that when we hear sounds of understandable language, our brains go through a highly 

specialized, automatic process to pick up on the spoken language. Our brains also seem to react 

differently than they do when we hear non-speech sounds or people talking in languages we do 

not understand. When we hear someone talking in a familiar language, our brain quickly shifts 

to pay attention to the speech sounds that are heard, by turning them into small meaningful 

elements for speech perception, words, and sentences, then processing the meanings of what is 

being said.  



 

 

Speech perception is the process by which the sounds of language are heard, recognized, 

interpreted, and understood. Because understanding spoken language is an integral part of our 

social interactions, communications, and learning, speech perception has been an active 

research topic in the fields of psychology, cognitive science, and linguistics. Research in speech 

perception seeks to understand how humans recognize speech sounds and use this information 

to understand spoken language. Typically, the process of speech perception begins from the 

brain’s auditory system that allows us to hear sounds. Unlike other sound signals, a subset of 

sounds that belong to the structure of language a listener has acquired is then carried to 

specialized processing streams for further processing to extract acoustic cues and phonetic 

information, followed by higher-level language processes such as word recognition or semantic 

processing.  

As we always experience how much each of us differs in the way we perceive and understand 

spoken language due to various reasons, dozens of scientific research studies have been 

conducted in the past few decades, to understand the foundations of individual differences in 

speech perception. Particularly, many previous studies have explored sex differences in speech 

perception, in terms of female and male observers’ ability to understand spoken sound and 

underlying brain functions and structure, both in the clinical population that shows impaired 

speech perception ability and typically developing population. In many of these studies, sex 

differences in speech perception have been abundantly reported. For example, it is widely 

suggested that throughout the course of development and into adulthood, female observers are 

generally better than male observers at perceiving and understanding speech sounds (Johnson 

et al., 1988; Dancer et al., 1994; Watson et al., 1996; Strelnikov et al., 2009). In addition, 

neuroanatomical studies have indicated that when presented with visual speech, females have 

stronger activation in brain areas associated with speech perception than males (Ruytjens et al., 

2006, 2007). Neuroanatomical studies have also suggested gender differences in lateralization 

of speech processing (e.g., Shaywitz et al., 1995; Jaeger et al., 1998), where females have more 

bilateral processing for word recognition (e.g., Walla et al., 2001) and for tasks involving 

phonology and syntax (Pugh et al., 1996; Jaeger et al., 1998). However, sex differences in 

speech perception still remain controversial because results are quite mixed and have not been 

systematically reviewed or assessed. For example, there are also considerable research findings 

that suggest an absence of sex differences in perceiver’s speech perception ability and neural 

activities (e.g., Baxter et al., 2003; Clements et al., 2006; Frost et al., 1999; Hund-Georgiadis 

et al., 2002; Sommer et al., 2004). Furthermore, the sources of such sex-related differences 

have still not well understood. The current paper reviewed the previous research studies that 

examined sex differences in behavioral abilities or brain structure and functions, with the aim 

of determining the degree of agreement among these studies on speech perception. Identifying 

sex-related differences in behavioral and neural processing underlying the speech perception 

will provide useful information for developing more precise models and theories on speech 

perception, which will help researchers to make more accurate predictions for speech learning 

or therapy and building better computer systems for speech recognition, translation, or hearing 

aids.  

 

In this review paper, we first overview some of the brain areas underlying speech perception. 

We then discuss previous findings that have found significant sex differences in speech 

perception and those that rather suggested similarities in speech perception between women 

and men. Reviewing the discrepancy between the research findings will allow us to determine 

the degree to which sex differences impact the way individuals perceive and understand speech 
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sounds. Although speech perception is mainly based on auditory processing, vision often plays 

an important role as well. For example, it has been shown that lip-reading using visual 

information we receive by reading each other’s speech and interpreting the movements of the 

lips and adjacent regions in the face affects how we perceive speech sounds we hear. In this 

review paper, we also include previous studies on such multimodal processing in speech 

perception, because, in everyday conversations in which we are routinely engaged, we often 

benefit from using different sensory information from different modalities (e.g., audition and 

vision). 

 

2. Methods 
2.2 Search strategy 

A comprehensive electronic literature search was performed using PubMed in July 2021. The 

search identified behavioral and neuroscience research studies investigating sex differences in 

speech perception, published between the years 1993 and 2021. The key search terms for the 

title and/or the abstract of journal articles included sex difference(s) or gender difference(s), 

and speech perception. The title and abstract of all articles shown in the search results were 

screened and assessed thoroughly. To discuss sex differences in the multimodal processing of 

speech perception, additional references reviewed in this paper were further retrieved from 

some of the selected articles shown in the search results.  

 

2.2.2 Selection criteria 

From the Pubmed search results, only English publications from peer-reviewed journals were 

selected.  Twenty-three papers were identified from the search results. In this review paper, we 

focus on healthy adults. Studies involving children as participants (Bednarek D, Saldaña D, & 

García, 2009; Norrelgen, Lacerda, & Forssberg, 2001; Ross et al., 2015) were removed from 

the review. For the 16 remaining studies, it was also ensured that direct contrast between men 

and women was assessed, and that speech perception was tested, instead of other cognitive 

abilities that are related to speech perception (e.g., go-no-go task, Kriengwatana et al., 2015; 

Lapenta et al., 2012). 

 

 

3. Results  
3.3 Brain mechanisms underlying speech perception  
The hemispheric asymmetry, different patterns of functional dominance between the left and 

right hemispheres have been studied in many previous studies (e.g., McGettigan & Scott, 2012; 

Scott & McGettigan, 2013). Particularly, speech perception is traditionally known to be left-

lateralized in the human brain (Knecht et al., 2000; Markus & Boland, 1992; Patel, & Wise, 

2008; Scott et al., 2000; Wise, 2003), which means that the left hemisphere of the brain is 

specialized in perceiving speech sounds.  

 

A number of neuroimaging studies (Jacquemot et al., 2003) have investigated the brain regions 

supporting speech perception (Figure 1). Perceiving consonants and syllables was observed to 

engage the brain activation in the posterior superior temporal sulcus (STS) and the superior 

temporal gyrus (STG) and the middle temporal gyrus (MTG), with some suggestion of a greater 

level of activation in the left hemisphere compared to the right hemisphere (Obleser et al., 

2007), consistent with the notion of the left lateralization of speech perception. Moreover, the 

supramarginal gyrus and the inferior frontal gyrus (IFG) are also known to be associated with 



 

 

speech perception (Schirmer et al., 2004). Thus, perceiving speech sound (e.g., phonemes) 

appears to be supported by the function of brain areas, including the STS/STG, MTG, IFG, and 

supramarginal gyrus.  

 

 

Unlike the processing speech sounds that mostly involve auditory processing, processing single 

words involve semantic representations to understand the meaning of what is heard. 

Neuroimaging studies of speech processing in the level of understanding words, temporal lobe 

activation both in the left and right hemispheres has been reported (Binder et al., 2000; Price 

et al., 1996, Price et al., 1992), which included the STS and MTG regions that showed 

activations when people heard spoken words (Eckert et al., 2008, Bozic et al., 2010, Fonteneau 

et al., 2015, Sohoglu et al., 2012, Specht & Reul, 2003, Burton & Small, 2006). In processing 

spoken words, there is converging evidence that both left, and right temporal cortices support 

single word processing, which is inconsistent with the notion of left lateralization for speech 

perception in general. For example, one piece of convincing evidence comes from the previous 

study in which patients had the left hemisphere anesthetized but still could understand 

meanings of spoken words with only their right hemisphere active (Hickok et al., 2008). 

Therefore, it appears that the degree to which the brain is lateralized for different levels of 

speech perception varies, and how the hemispheric lateralization depends on the type of speech 

processing will need to be examined by quantitatively comparing the involvement of the left 

and right hemispheres in future studies. For further semantic processing that provides listeners 

with the meaning of speech sounds, including words and sentences, neuroimaging studies have 

suggested important roles of the angular gyrus (Binder et al., 2009; Price et al., 2015, Graves 

et al., 2010; Lee et al., 2007) and the left IFG (Thompson-Schill et al., 1997; Whitney et al., 

2011).  

 

3.3.3 Sex differences in speech perception 

A set of neuroscience studies have suggested sex-related differences in the pattern of brain 

functions during speech processing (e.g., Shaywitz et al., 1995; Jaeger et al., 1998). For 

example, females were observed to have more bilateral processing for tasks that involved 

speech sound perception (Pugh et al., 1996; Jaeger et al., 1998) or word recognition (e.g., Walla 

et al., 2001). Moreover, it was observed that females and males showed differences in the brain 

structures that are related to the gray matter volumes and tissue density, mostly in the brain 

regions, including the speech and language areas (Ruigrock et al., 2014). Different connectivity 

patterns between the left and right hemispheres were also observed, with men showing greater 

 

Figure 1. Brain areas that mediate speech perception. 



 

 

communications between the hemispheres compared to women (Ingalhalikar et al., 2014). 

Finally, it has also been shown that brain activation that is evoked by speech sounds is initiated 

earlier in females’ brains than males’ brains (Näätänen & Picton, 1987; Woods, 1995), 

suggesting that female brains tend to respond to speech stimuli earlier than male brains and 

sex-differences in speech perception may exist from very early stages of auditory and speech 

processing.  

 

Speechreading refers to the ability to recognize and distinguish speech sounds based on visual 

cues available from the lip and facial movements. Speechreading is an important skill that 

facilitates our speech perception, especially when the auditory cue itself is not insufficient (e.g., 

noisy environments or impaired hearing, etc.). In general, previous research suggests that 

females are better speech-readers than males (e.g., Johnson et al., 1988; Dancer et al., 1994; 

Watson et al., 1996; Strelnikov et al., 2009), as well as females tend to be more actively 

engaged in speechreading than males (Berndl et al., 1986; Johnson et al., 1988).  

 

Not only better ability to read speech from lip movement, but females have also been reported 

to be more influenced by the visual signal in audio-visual speech perception (Aloufy et al., 

1996; Öhrström & Traunmüller, 2004; Irwin et al., 2006). When perceiving visual speech, 

females also show greater activation of brain areas that are associated with speech perception, 

compared to males (Ruytjens et al., 2006, 2007). Integration of visual and auditory cues about 

speech has been extensively studied by using the phenomenon, called McGurk stimuli. A set 

of stimuli for the McGurk effect are created by combining non-matching visual speech 

information and auditory speech information. The McGurk effect is an audiovisual illusion in 

which the presentation of incongruent visual inputs (lip movements) can greatly modify the 

speech sound that is heard (McGurk & MacDonald, 1976; Saint-Amour et al., 2007). As 

illustrated in Figure 2, when an observer hears a person say “Ba,” the speech sound that the 

observer perceives can be dramatically changed by the visual information that is provided at 

the same time. For example, when the person’s lip movement also shows “Ba,” then audio and 

visual information match, providing the perception of “Ba” in the observer’s speech processing 

(Figure 2A). However, when the person’s lip movement is manipulated to show “Fa,” then the 

observer tends to perceive the original “Ba” sound as “Fa” sound (Figure 2B). The McGurk 

effect provides compelling evidence that visual information dominates auditory information in 

some speech perception. Such audiovisual integration in speech perception has been examined 

to understand any systematic differences between female and male observers. Some 

researchers have reported a stronger McGurk effect in females than males (Aloufy et al., 1996; 

Öhrström & Traunmüller, 2004). Irwin et al. (2006) showed that women displayed the greater 



 

 

influence of visual speech on heard speech, even when there were no clear speech-reading 

abilities between women and men.  

 

In contrast to these studies that have reported sex differences in brain functions and structure 

related to speech perception, however, the existence of sex differences for speech perception 

remains controversial, because considerable research has also shown an absence of sex 

differences in both behavioral performance (e.g., Baxter et al., 2003; Clements et al., 2006) and 

neuroanatomical measurements (e.g., Frost et al., 1999; Hund-Georgiadis et al., 2002; Sommer 

et al., 2004). These studies suggest that there are much more neurobiological and behavioral 

similarities than differences between men and women during speech and language processing.  

 

Potential factors for such discrepancy can be associated with task types or stimuli that have 

been used in different studies, as well as perceivers’ biological cycles. For example, some 

researchers have shown that young females are better speech-readers in general than young 

adult males for word processing, but not for sentence processing (Dancer et al., 1994; Watson 

et al., 1996) or processing and recognizing meaningless syllables (Strelnikov et al., 2009). 

Furthermore, one study (Wadnerkar et al., 2008) reported that sex differences in the ability to 

listen to speech sounds were found from the comparison made between males and females 

when the female perceivers were in a particular menstrual cycle (e.g., low estrogen and 

progesterone), but not the other (e.g., high estrogen and progesterone). This result suggests that 

hormones can play important roles in influencing the way the brain processes speech sounds 

in women. Thus, such studies also highlight the importance of considering various biological 

factors that differentially affect speech processing in females and males when evaluating sex 

differences. Together, these studies may provide some insights into why studies on sex 

differences in speech perception are indecisive.  

 

 

 

 

 

 

 

Figure 2. Visual illustrations of McGurk effect 



 

 

 

4. Conclusion 
To conclude, there are interesting findings on sex differences related to speech perception. To 

summarize, females tend to show better abilities and greater sensitivity to speech stimuli, better 

abilities to read speech using visual cues, stronger influences by visual cues on auditory 

perception of speech sounds, when visual and auditory cues do not match each other. Together, 

sex appears to be an important biological factor that needs to be considered when designing 

experiments on speech perception. For example, it would be important to have an equal number 

of female and male participants when designing and conducting psychological or 

neuroscientific research studies. Otherwise, some interesting patterns of results on speech 

perception in healthy adults might be weakened or undesirably biased, resulting in potentially 

misleading conclusions. At the same time, however, there are some studies reporting that have 

failed to confirm sex differences, depending on groups of participants recruited, types of 

specific tasks for speech perception, or kinds of stimuli used for the experiments. Therefore, 

more systematic and quantitative evaluation should also be made, before making any clear 

conclusions about sex differences in speech perception in general. There are many different 

biological factors that need to be controlled at the same time by researchers to evaluate sex 

differences in speech perception, including hormonal cycle effects or ages, and so on. Better 

understanding both differences and similarities between females and males would also need to 

be determined at the same time. This will provide us with useful information for designing 

different speech and language programs to teach, evaluate, or rehabilitate abilities to 

understand speech in different individuals and developing better automatic translators as tools 

for hearing aids or artificial intelligence.  

  



 

 

References 
Aloufy S, Lapidot M, Myslobodsky M (1996) Differences in susceptibility to the “blending 

illusion” among native Hebrew and English speakers. Brain Lang 53(1):51–57 

 

Baxter L., Saykin A., Flashman L., Johnson S., Guerin S., Babcock D., et al. (2003). Sex 

differences in semantic language processing: a functional MRI study. Brain Lang. 84  

264–272. 10.1016/S0093-934X(02)00549-7 

 

Bednarek, D. et al. “Visual versus phonological abilities in Spanish dyslexic boys and girls.” 

Brain and Cognition 70 (2009): 273-278. 

 

Berndl, K et al. “Impairment of perception and recognition of faces, mimic expression and 

gestures in schizophrenic patients.” European archives of psychiatry and neurological 

sciences vol. 235,5 (1986): 282-91. doi:10.1007/BF00515915 

 

Binder, J R et al. “Human temporal lobe activation by speech and nonspeech sounds.” Cerebral  

cortex (New York, N.Y.: 1991) vol. 10,5 (2000): 512-28. doi:10.1093/cercor/10.5.512 

 

Bozic, Kevin J et al. “The influence of procedure volumes and standardization of care on 

quality  

and efficiency in total joint replacement surgery.” The Journal of bone and joint 

surgery. American volume vol. 92,16 (2010): 2643-52. doi:10.2106/JBJS.I.01477 

 

Burton, Andrea et al. “The design of simulation studies in medical statistics.” Statistics in 

medicine vol. 25,24 (2006): 4279-92. doi:10.1002/sim.2673 

 

Clements A., Rimrodt S., Abel J., Blankner J., Mostofsky S., Pekar J., et al. (2006). Sex 

differences in cerebral laterality of language and visuospatial processing. Brain Lang. 

98 150–158. 10.1016/j.bandl.2006.04.007 

 

Dancer J., Krain M., Thompson C., Davis P., Glen J. (1994). A cross-sectional investigation of  

speechreading in adults: effects of age, gender, practice, and education. Volta Rev. 96  

31–40. 

 

Dhanjal, Novraj S et al. “Perceptual systems controlling speech production.” The Journal of  

neuroscience: the official journal of the Society for Neuroscience vol. 28,40 (2008):  

9969-75. doi:10.1523/JNEUROSCI.2607-08.2008 

 

Eckert, C G et al. “Genetic variation across species' geographical ranges: the central-marginal  

hypothesis and beyond.” Molecular ecology vol. 17,5 (2008): 1170-88.  

doi:10.1111/j.1365-294X.2007.03659.x 

 

Escott-Price, Valentina et al. “Common polygenic variation enhances risk prediction for 

Alzheimer's disease.” Brain: a journal of neurology vol. 138,Pt 12 (2015): 3673-84.  

doi:10.1093/brain/awv268 

 

Fonteneau, Laure et al. “The use of reimbursement data for timely monitoring of vaccination  



 

 

coverage: the example of human papillomavirus vaccine following public concerns 

about  

vaccine safety.” BMC public health vol. 15 1233. 12 Dec. 2015,  

doi:10.1186/s12889-015-2575-7 

 

Frost J. A., Binder J. R., Springer J. A., Hammeke T. A., Bellgowan P. S., Rao S. M., et al. 

(1999). Language processing is strongly left lateralized in both sexes. Evidence from 

functional MRI. Brain 122 199–208. 10.1093/brain/122.2.199 

 

Hickok, G et al. “Bilateral capacity for speech sound processing in auditory comprehension:  

evidence from Wada procedures.” Brain and language vol. 107,3 (2008): 179-84.  

doi:10.1016/j.bandl.2008.09.006 

 

Hund-Georgiadis M., Lex U., Friederici A. D., von Cramon D. Y. (2002). Non-invasive regime 

for language lateralization in right- and left-handers by means of functional MRI and 

dichotic listening. Exp. Brain Res. 145 166–176. 10.1007/s00221-002-1090-0 

 

Ingalhalikar, Madhura et al. “Sex differences in the structural connectome of the human brain.”  

Proceedings of the National Academy of Sciences of the United States of America vol.  

111,2 (2014): 823-8. doi:10.1073/pnas.1316909110 

 

Irwin, J.R., Whalen, D.H. & Fowler, C.A. A sex difference in visual influence on heard speech.  

Perception & Psychophysics 68, 582–592 (2006). https://doi.org/10.3758/BF03208760 

 

Jacquemot, Charlotte et al. “Phonological grammar shapes the auditory cortex: a functional  

magnetic resonance imaging study.” The Journal of neuroscience: the official journal 

of the Society for Neuroscience vol. 23,29 (2003): 9541-6. 

doi:10.1523/JNEUROSCI.23-29-09541.2003 

 

Jaeger J., Lockwood A., Van Valin R. D., Jr., Kemmerer D. L., Murphy B. W., Wack D. S., et 

al.  

(1998). Sex differences in brain regions activated by grammatical and reading tasks.  

Neuroreport 9 2803–2807. 10.1097/00001756-199808240-00022 

 

Jeffrey R. Binder, Rutvik H. Desai, William W. Graves, Lisa L. Conant, Where Is the Semantic  

System? A Critical Review and Meta-Analysis of 120 Functional Neuroimaging 

Studies,  

Cerebral Cortex, Volume 19, Issue 12, December 2009, Pages 2767–2796,  

https://doi.org/10.1093/cercor/bhp055 

 

Johnson F. M., Hicks L. H., Goldberg T., Myslobodsky M. S. (1988). Sex differences in 

lipreading. Bull. Psychon. Soc. 26 106–108. 10.3758/BF03334875 

 

Kriengwatana, B., Escudero, P., and ten Cate, C. (2015). Revisiting vocal perception in non-

human animals: a review of vowel discrimination, speaker voice recognition, and 

speaker  

normalization. Front. Psychol. 5:1543. doi: 10.3389/fpsyg.2014.01543 

 



 

 

Lapenta, Olivia Morgan et al. “Bilateral temporal cortex transcranial direct current stimulation  

worsens male performance in a multisensory integration task.” Neuroscience letters vol.  

527,2 (2012): 105-9. doi:10.1016/j.neulet.2012.08.076 

 

Lee, S.-j., Park, J., Kim, E.-k. (2007) Preventing an external acoustic noise from being  

misrecognized as a speech recognition object by confirming the lip movement image  

signal. Proc. Interspeech 2007, 718-721, doi: 10.21437/Interspeech.2007-298 

 

Mcgurk, H., Macdonald, J. Hearing lips and seeing voices. Nature 264, 746–748 (1976).  

https://doi.org/10.1038/264746a0 

 

Markus, H S, and M Boland. “"Cognitive activity" monitored by non-invasive measurement of  

cerebral blood flow velocity and its application to the investigation of cerebral 

dominance.” Cortex; a journal devoted to the study of the nervous system and behavior 

vol. 28,4 (1992): 575-81. doi:10.1016/s0010-9452(13)80228-6 

 

Marshall Graves, J.A., Peichel, C.L. Are homologies in vertebrate sex determination due to 

shared ancestry or to limited options?. Genome Biol 11, 205 (2010).  

https://doi.org/10.1186/gb-2010-11-4-205 

 

McGettigan, Carolyn, and Sophie K Scott. “Cortical asymmetries in speech perception: what's  

wrong, what's right and what's left?.” Trends in cognitive sciences vol. 16,5 (2012): 

269-76. doi:10.1016/j.tics.2012.04.006 

 

Meghana B. Wadnerkar, Sandra P. Whiteside & Dr Patricia E. Cowell (2008): Dichotic 

listening  

asymmetry: Sex differences and menstrual cycle effects, Laterality: Asymmetries of 

Body, Brain and Cognition, 13:4, 297-309 

 

Näätänen, R, and T Picton. “The N1 wave of the human electric and magnetic response to 

sound:  

a review and an analysis of the component structure.” Psychophysiology vol. 24,4 (1987): 375-

425. doi:10.1111/j.1469-8986.1987.tb00311.x 

 

Norrelgen, F et al. “Temporal resolution of auditory perception in relation to perception, 

memory, and language skills in typical children.” Journal of learning disabilities vol. 

34,4 (2001): 359-69. doi:10.1177/002221940103400411 

 

Obleser, Jonas et al. “Functional integration across brain regions improves speech perception  

under adverse listening conditions.” The Journal of neuroscience: the official journal of 

the Society for Neuroscience vol. 27,9 (2007): 2283-9. 

doi:10.1523/JNEUROSCI.4663-06.2007 

 

Öhrström, Niklas and H. Traunmüller. “Audiovisual perception of Swedish vowels with and 

without conflicting cues.” (2004). 

 



 

 

Price, C J et al. “Hearing and saying. The functional neuro-anatomy of auditory word 

processing.” Brain: a journal of neurology vol. 119 ( Pt 3) (1996): 919-31. 

doi:10.1093/brain/119.3.919 

 

Price C, Wise R, Ramsay S, Friston K, Howard D, Patterson K, et al. Regional response 

differences within the human auditory cortex when listening to words. Neurosci Lett 

1992; 146: 179-82. 

 

Pugh K. R., Shaywitz B. A., Shaiwitz S. E., Fulbright R. K., Byrd D., Skudlarski P., et al. 

(1996).  

Auditory selective attention: an fMRI investigation. Neuroimage 4 159–173.  

10.1006/nimg.1996.0067 

 

Ross, Lars A et al. “Sex differences in multisensory speech processing in both typically 

developing children and those on the autism spectrum.” Frontiers in neuroscience vol. 

9 185. 27 May. 2015, doi:10.3389/fnins.2015.00185 

 

Ruigrok, Amber N V et al. “A meta-analysis of sex differences in human brain structure.”  

Neuroscience and biobehavioral reviews vol. 39,100 (2014): 34-50.  

doi:10.1016/j.neubiorev.2013.12.004 

 

Ruytjens L., Albers F., van Dijk P., Wit H., Willemsen A. (2006). Neural responses to silent 

lipreading in normal hearing male and female subjects. Eur. J. Neurosci. 24 1835–1844.  

10.1111/j.1460-9568.2006.05072.x  

 

Ruytjens L., Georgiadis J. R., Holstege G., Wit H. P., Albers F. W., Willemsen A. T. (2007).  

Functional sex differences in human primary auditory cortex. Eur. J. Nucl. Med. Mol.  

Imaging 34 2073–2081. 10.1007/s00259-007-0517-z  

 

Saint-Amour, Dave et al. “Seeing voices: High-density electrical mapping and source-analysis 

of  

the multisensory mismatch negativity evoked during the McGurk illusion.” 

Neuropsychologia vol. 45,3 (2007): 587-97. 

doi:10.1016/j.neuropsychologia.2006.03.036  

 

Schirmer, Annett et al. “Gender differences in the activation of inferior frontal cortex during  

emotional speech perception.” NeuroImage vol. 21,3 (2004): 1114-23.  

doi:10.1016/j.neuroimage.2003.10.048 

 

Scott, S K et al. “Identification of a pathway for intelligible speech in the left temporal lobe.” 

Brain: a journal of neurology vol. 123 Pt 12,Pt 12 (2000): 2400-6. 

doi:10.1093/brain/123.12.2400 

 

Scott, S. K., & McGettigan, C. (2013). Do temporal processes underlie left hemisphere 

dominance in speech perception? Brain and Language, 127(1), 36–45.  

https://doi.org/10.1016/j.bandl.2013.07.006 

 



 

 

Shaywitz B. A., Shaywitz S. E., Pugh K. R., Constable R. T., Skudlarski P., Fulbright R. K., et 

al. (1995). Sex differences in the functional organization of the brain for language. 

Nature 373 607–609. 10.1038/373607a0 

 

S. Knecht, B. Dräger, M. Deppe, L. Bobe, H. Lohmann, A. Flöel, E.-B. Ringelstein, H. 

Henningsen, Handedness and hemispheric language dominance in healthy humans, 

Brain, Volume 123, Issue 12, December 2000, Pages 2512–2518, 

https://doi.org/10.1093/brain/123.12.2512 

 

Sohoglu, Ediz et al. “Predictive top-down integration of prior knowledge during speech 

perception.” The Journal of neuroscience: the official journal of the Society for 

Neuroscience vol. 32,25 (2012): 8443-53. doi:10.1523/JNEUROSCI.5069-11.2012 

 

Sommer I. E., Aleman A., Bouma A., Kahn R. S. (2004). Do women really have more bilateral  

language representation than men? A meta-analysis of functional imaging studies. 

Brain  

127 1845–1852. 10.1093/brain/awh207 

 

Specht, Karsten, and Jürgen Reul. “Functional segregation of the temporal lobes into highly  

differentiated subsystems for auditory perception: an auditory rapid event-related  

fMRI-task.” NeuroImage vol. 20,4 (2003): 1944-54. 

doi:10.1016/j.neuroimage.2003.07.034 

 

Strelnikov K., Rouger J., Lagleyre S., Fraysse B., Deguine O., Barone P. (2009). Improvement 

in  

speech-reading ability by auditory training: evidence from gender differences in 

normally  

hearing, deaf and cochlear implanted subjects. Neuropsychologia 47 972–979.  

10.1016/j.neuropsychologia.2008.10.017 

 

Thompson-Schill, S L et al. “Role of left inferior prefrontal cortex in retrieval of semantic 

knowledge: a reevaluation.” Proceedings of the National Academy of Sciences of the 

United States of America vol. 94,26 (1997): 14792-7. doi:10.1073/pnas.94.26.14792 

 

Walla P., Hufnagl B., Lindinger G., Deecke L., Lang W. (2001). Physiological evidence of 

gender differences in word recognition: a magnetoencephalographic (MEG) study. 

Cogn. Brain Res. 12 49–54. 10.1016/S0926-6410(01)00028-3 

 

Watson C. S., Qiu W. W., Chamberlain M. M., Li X. (1996). Auditory and visual speech 

perception: confirmation of a modality-independent source of individual differences in 

speech recognition. J. Acoust. Soc. Am. 100 1153–1162. 10.1121/1.416300 

 

Whitney, Heather M et al. “Why do so many petals have conical epidermal cells?.” Annals of 

botany vol. 108,4 (2011): 609-16. doi:10.1093/aob/mcr065 

 

Wise, Richard J S. “Language systems in normal and aphasic human subjects: functional 

imaging studies and inferences from animal studies.” British medical bulletin vol. 65 

(2003): 95-119. doi:10.1093/bmb/65.1.95 



 

 

 

Wood, N., & Cowan, N. (1995). The cocktail party phenomenon revisited: How frequent are  

attention shifts to one's name in an irrelevant auditory channel? Journal of Experimental  

Psychology: Learning, Memory, and Cognition, 21(1), 255–260.  

https://doi.org/10.1037/0278-7393.21.1.255 
 

 

 

 


