
SLHS 1301 Study Guide  

Chapter 6: Nerves, Brain, and the 

Speech Chain 

 
1. What is a neuron? How does it work 

(hint: action potential; post-synaptic 
excitation and inhibition)? 

A neuron is a kind of specialized cell in the 
nervous system that processes information. 
It is the basic building block of the nervous system. A neuron has three parts: cell body, axon 
and dendrite. It works by triggering an action potential (an electric pulse), which is sent to its 
neighboring neurons through neuron-to-neuron junction (also known as synapse). 
Post-synaptic activity can be either inhibitory or excitatory depending on the type of 
information or action that the neurons take.   
 
2. What are connections between neurons called? Are these connections only excitatory? 
Synapse. No. (See answer to 1). 
 
3. What do efferent neurons do? How are they different from afferent neurons? 
Efferent neurons conduct electric pulse away from the cell for some motor action. Afferent 
neurons receive sensory information from the environment. In some sense, efferent is 
action-oriented (do something) and afferent is reception-oriented (get something). Think of 
“E” of efferent as emit and “A” in afferent as accept.  
 
4. What is gyrus? How is it different from sulcus? 
Gyrus: convolution, crest of the cell bodies (grey matter) on cerebral cortex. 
Sulcus: valley, crevice between the gyri.  
 
5. What are the four lobes of the cerebrum? Where are Broca’s area and Wernicke’s area 

located? What functions do these areas have respectively? 
Occipital, parietal, temporal, frontal. Broca’s area is located in inferior frontal region of the left 
hemisphere (its main function is speech production). Wernicke’s area is located in superior 
temporal region of the left hemisphere (its main function is speech comprehension). 
 
6. TRUE or FALSE: For right-handed people, the left hemisphere is typically dominant for 

speech and language.   
T. 
 
7. TRUE or FALSE: For left-handed people, the right hemisphere is typically dominant for 

speech and language.   
F. 
 
8. What is dichotic listening? What evidence from dichotic listening experiments indicates a 



left-hemisphere specialization for language? Would the same phenomenon hold if the 
sounds are non-speech sounds or nonsense syllables?  

Dichotic listening is an experimental task in which subjects are presented with two different 
auditory signals at the same time, one arriving at each ear. It is commonly used for investigating 
selective attention and hemispheric laterality in the auditory domain. Dichotic listening 
experiments show a right-ear advantage (better recognition and recall) for speech, which 
reflects left-hemisphere specialization for language. The right-ear advantage does not hold for 
non-speech or nonsense syllables.  
 
9. What is meant by “split brain”? What did we learn from split brain studies about 

hemispheric specialization? 
Split brain refers to the dissection of the corpus callosum, a thick band of fibers that connects 
the left and right hemispheres. Split brain studies indicate left-hemisphere specialization for 
language processing.  
 
10. What are some of the essential structures in the auditory nerve pathway? 
See Figure 6.8. organ of Corti – cochlear nerve – spiral ganglion – trapezoid body – superior 
olive – inferior colliculus – medial geniculate body – auditory cortex. 
 
11. How does the CNS (central nervous system as opposed to PNS) code the frequency 

information?  
Place coding. Different parts of the basilar membrane reacts maximally to different frequencies, 
and that information (tonotopic mapping) is carried by the auditory nerve fibers to the auditory 
cortex for further processing such as pitch perception. 
 
12. How does the auditory nerve code sound intensity? 
Pulse number and rate. The higher the intensity, the more pulses are fired at a more rapid rate. 
 
13. What is auditory fatigue? How is it related to temporary threshold shift? 
The auditory fatigue is caused by continuous exposure to sounds (mostly environmental 
noises). It elevates the hearing threshold temporarily (a temporary hearing loss). If auditory 
fatigue continues repeatedly, the temporary threshold shift will become permanent – an 
irreversible hearing loss. 
 
14. What is the resonance theory of hearing? What is the telephone theory? What is the place 

theory? Which one is the best theory? 
According to resonance theory, the basilar membrane functions like the strings of a piano. 
Individual auditory fibers are sharply tuned to their own resonant frequencies and connected to 
the brain. No frequencies other than the resonant frequency can excite the fiber. 
 
Telephone theory conceptualizes the auditory nerves as telephone cables that convey electrical 
signals, unchanged, to the brain.  
 
Place theory acknowledges the contributions from both resonance theory and telephone theory. 
In addition, it treats the basilar membrane as a bank of bandwidth filters and allows the 
existence of dynamic range for frequency coding (the amount of information the brain 
processes differs depending on the frequency). Among these theories, place theory is the best. 
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Chapter 7: Acoustic Characteristics of 

Speech 

 
1. What is spectrum? What does the 

dynamic range of speech mean? 
Spectrum is a graphic plot of relative 
amplitude as a function of frequency (or 
amplitude analysis in the frequency domain). 
 
Dynamic range of speech means the different classes of speech sounds (vowels, approximants, 
nasals, stops, affricates, fricatives) show different intensity levels in measurements. There is a 
hierarchy of sound level depending on the type of speech sound. 
 
2. What is the long-term average speech spectrum? Is it the same as a spectrogram? What does 

the long-term average speech spectrum show? 
Long-term average spectrum for speech take the averaged spectrum of connected speech over 
long durations. It is still a spectrum, not a spectrogram. It shows that speech energy is generated 
from roughly 50 to 10,000 Hz and that the greatest energy of speech is in the 100-600 Hz region 
(including f0 and F1).  
 
3. How does F1 change when you move from /i/ to /e/? Why? 
F1 increases. The lower the tongue (/e/ is lower than /i/ in tongue positioning), the higher the F1. 
F1 is inversely related to tongue height.  
 
4. How does F2 change when you move from /i/ to /u/? Why? 
F2 decreases. The more back the tongue (/u/ is back vowel, /i/ front vowel), the lower the F2. 
 
5. What happens when the tongue moves from one position to anther in speech production? 

How does that affect the formant frequencies? 
Vocal tract size changes when the tongue moves, creating changes in F1 and F2. 
 
6. Why is female voice higher in pitch as compared to male voice? How does that affect 

formant frequencies? 
Due to structural differences in the vocal folds (shorter, thinner vocal folds for females). It 
affects fo but not formant frequencies. F1 and F2 are dependent on vocal tract properties (not 
vocal folds). 
 
7. If you are given a spectrogram, can you guess which segments are vowels and which ones 

are consonants? (Hint: look for acoustic features related to each type of speech sound. For 
example, how do diphthongs differ from monophthongs on a spectrogram? How do stops 
differ from fricatives?) 

Look for the dark formant bands for vowels. Consonants are more complicated, but they all 



involve some formant transitions before or after a vowel.  
 
8. How can you tell apart “s” and “sh” based on spectrograms?  
/s/ has noise energy at higher frequencies than “sh”. 
 
9. True or False: Both waveform and spectrogram of speech show that speech is a dynamic, 

continuously varying process.  
 
T. 
 
10. What do the graphs in Figure 7.3 (Page 145) mean? Why is it an issue for human listeners 

or automatic speech recognition systems? 
It shows the variability of F1 and F2 values due to the speaker factor. Notice that the 
overlapping of F1 and F2 for different vowels. The overlapping creates ambiguity as to whether 
the sound should be classified as /i/ or /e/ for example. Human listeners and automatic speech 
recognition systems must overcome the variability problem to be able to decipher the messages 
spoken by various speakers.  
 
11. Try to segment the spectrograms of Figure 7.5 (Page 148) and Figure 7.7 on a sound by 
sound basis.  
 
Do the vowels first, and then consonants. 
 
12. Compare and contrast: waveform, spectrum and spectrogram.  
 
Waveform: amplitude plot as a function of time. 
Spectrum: amplitude plot as a function of frequency. 
Spectrogram: frequency plot as a function of time (amplitude is indicated by varying degrees of 
shading in a spectrogram).  
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Chapter 8: Speech Perception 
 
 
1. Supposed you have been selected to be the 

principal investigator of a major research 
laboratory that specializes in speech 
perception. What are some of the key 
questions you would like your research 
team to work on? Can you justify your 
selection of questions? 

You can come up with your own answers. You are not required to know all the information 
about a-l. But it is interesting and fun to share with you some hot topics in the field: 

a) Perceptual constancy vs. acoustic variability. How do we perceive constant categories 
given the huge amount of acoustic variability in speech? 

b) Nature vs. nurture. Is speech perception ability innate or learned? Do animals have the 
same ability? Can they learn human speech? 

c) Bottom-up vs. top-down processes. How do these processes contribute differently to 
speech perception? 

d) Speech vs. music. How is speech perception different from music perception? Does 
prosody perception for speech follow the same rules as those for music perception? 

e) Speech vs. nonspeech sounds. Is there something unique about speech perception? 
f) Segmentation and unit of perception. How do we segment connected speech into 

words? What is the basic unit of perception? Is it phoneme, syllable or word? 
g) Role of language experience. How does learning experience change perception? How 

do bilinguals (trilinguals) differ from monolinguals? 
h) Role of language input. What are the acoustic characteristics of the input that promotes 

language learning? What hinders learning? Is there something unique about the 
“baby-talk” that mothers use?  

i) The perception-production link. Is speech perception dependent on production? Do 
visual cues of speech articulation aid speech perception?  

j) The development of speech perception. How does our speech ability change over age? 
Do infants perceive speech in the same way as adults? 

k) Clinical studies of people with speech perception problems. How do we diagnose 
speech perception problems? How do we treat them? What are the causes? 

l) The brain mechanisms of speech perception. Is speech and language processing 
lateralized? How does the neural network in the brain process speech sounds? What 
regions are involved? How do the two hemispheres cooperate in speech perception? 
What is the time course of the rapid brain processing? How do we use the information 
about brain mechanisms of speech perception to enhance learning and improve 
treatment efficacy? 

   
 
2. What is a speech intelligibility test? Can you give some examples about how one can 

measure speech intelligibility? 



Intelligibility test is an experimental task which asks the listener to report the words/syllables 
they hear given various presentation conditions. The intelligibility score is the percent correct 
response.  
One can design various speech stimuli for this kind of test: 

a. Words 
b. Nonsense words 
c. Words of a foreign language 
d. High-pass or low-pass filtered speech 
e. Speech recorded over telephone 
f. Speech recorded in natural environment 
g. Speech masked by noise … 

 
3. What were the findings of the speech perception experiments in 1920s through 1940s? 
Check your lecture slides.  
 
4. What invention dramatically changed speech perception studies? Why? 
Pattern playback machine in 1954 by Franklin Cooper. Because it allowed researchers to 
synthesize speech sounds by systematically varying the acoustic features on the spectrogram. 
Using this type of artificially created stimuli, scientists came to know what acoustic cues or 
features were important for what kind of speech sound. This knowledge also helped scientists 
and engineers to build speech synthesis machines.  
 
5. Give examples of how different classes of speech sounds are perceived based on their 

distinct acoustic features.  
Consider the sounds in a CV context 
Vowels: formants 
Stops: burst followed by formant transition 
Nasals: nasal murmur followed by formant transition  
Fricatives: noise bands of relatively long duration 
Approximants: formant transitions in F2 and F3.  
 
6. What is formant transition?  
Frequency slides in a formant visible on a spectrogram. It occurs due to changes of properties 
(size and shape) in the vocal tract by moving articulators such as the tongue. 
 
7. What is co-articulation?  
The co-occurrence and coordination of speech sounds in producing connected speech. Before 
finishing the preceding sound the articulators are already preparing for the production of the 
following sound.  
 
8. What does suprasegmental mean? 
Beyond the level of speech sound in isolation. Stress, prosody, intonation patterns are 
suprasegmental. Individual phonemes are segmental. 
 
9. What is categorical perception? How was it discovered? 
CP is the perceptual phenomenon about how speech sounds are perceived in a categorical 
fashion. It has two features: (1) the existence of phonetic boundary in an identification function 



of the continuum of stimuli varying from one sound to the other in equal intervals of change; 
(2) enhanced sensitivity towards cross-category stimuli as compared with within-category 
stimuli in a discrimination function despite the fact that the amounts of physical difference 
were equated. 
It was discovered as an accident when researchers were playing around with the pattern 
playback machine. They drew spectrograms that varied in small steps from one category to 
another and found the CP phenomenon in perceptual tests.   
 
10. What is motor theory of speech perception? Why is called motor theory? 
Speech perception relies on one’s knowledge of how the speech sounds are produced to 
overcome the acoustic variability. It is called motor theory because it emphasizes the 
importance of speech motor activity (production) in order to perceive sounds correctly.  
 
11. Is speech perception exclusively dependent on acoustic cues in the speech signal? Give 

some evidence to argue why non-acoustic cues are also important for speech perception.  
No. Lip-reading has been shown to be very important for some people, which does not use any 
acoustic cues. Contextual knowledge helps speech perception. Nonverbal cues such as facial 
expressions and hand gestures also help. Speech perception is not just a bottom-up process.  
 
12. Nature vs. Nurture: Do you think our speech perception ability is genetically programmed? 
Why or why not?  
 
No.  
- Chinchillas show categorical perception for stops (/pa/ vs /ba/ for example) just like humans.  
See Kuhl and Miller (1975) (not required for this course) 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&
list_uids=1166301&query_hl=2
 
- As we learn our native language, we become good at perceiving our native speech sounds but 
not those of a foreign language. In the learning process, we become neurally committed to our 
native language.  
See Zhang et al (2005) (not required for this course) 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&
list_uids=15955480&query_hl=4
 

 
 

 
 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1166301&query_hl=2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=1166301&query_hl=2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15955480&query_hl=4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=15955480&query_hl=4


SLHS 1301 Study Guide for Chapters 10 & 11: 
Speech Synthesis & Recognition 

 
1. What is speech synthesis? What is speech recognition?  
 
Speech synthesis is the artificial production of human speech.  
Speech recognition technologies allow computers equipped with a source of 
sound input, such as a microphone, to interpret human speech, for example, for 

transcription or as an alternative method of interacting with a computer. 
 
2. What makes articulatory synthesizer different from formant synthesizer? 
 
Articulatory synthesizers directly model the vibration of the vocal folds, and the changing size and 
shape of the vocal tract as the articulators (tongue, lips, soft palate, etc.) move during speech production.  
Few of these models are currently sufficiently advanced or computationally efficient. 
 
Formant synthesizers use an acoustic model to generate speech. Parameters such as fundamental 
frequency, voicing, and noise levels are varied over time to create a waveform that simulates the 
acoustic resonances of the vocal tract. Formant synthesized speech can be very reliably intelligible, even 
at very high speeds. 
 
3. What is TTS technology? Give an example of TTS application. 
 
Speech synthesis systems are often called text-to-speech (TTS) systems in reference to their ability to 
convert text into speech.  
 
Examples: directory assistance services;  
voice emails and online search  
http://public.research.att.com/~ttsweb/tts/index.php
 
4. What are analysis-synthesis (or synthesis-by-analysis) systems? 
 
These systems are also referred to as vocoders (name derived from voice coder, formerly also called 
voder).  A vocoder is both a speech analyser and synthesizer. It was originally developed as a speech 
coder for telecommunications applications in the 1930s, the idea being to code speech for transmission. 
The vocoder dramatically reduces the amount of information needed to store speech, from a complete 
recording to a series of numbers. To recreate speech, the vocoder simply reverses the process, creating 
the fundamental frequency in an oscillator, then passing it through a stage that filters the frequency 
content based on the originally recorded series of numbers. 
  
5. Is Pattern-Playback a formant synthesizer? What was the main theory behind the invention of 
Pattern-Playback and sound spectrograph? 
 
Yes. The PP uses formant tracks painted on a transparent band to control the synthesizer. The PP is 
based on source-filter theory of speech production. The synthesizer consists of a buzz generator (for 
voiced sounds) and a hiss generator (for voiceless sounds), and resonators (to simulate resonances of the 
vocal tract).  

http://public.research.att.com/%7Ettsweb/tts/index.php


  
6. What are the principal elements of TTS?  
 

a. pronouncing dictionary 
b. syntactic parser 
c. prosody generator 
d. acoustic concatenation 
e. contextual adjustment 
f. sound generator 
See Table 10.1 on Page 212.  

  
7. Automatic speech recognition systems need to address a number of factors. Explain the following:  
1). Speaker-independent vs. speaker-dependent 
2). Small vocabulary vs. large vocabulary 
3). Isolated word vs. continuous speech 
 
1). The distinction applies to whether the system is devoted to the 
recognition of a single user’s voice or multiple speakers. 
2). This factor refers to the number of words that the system must recognize. For example, telephone 
digits are a limited set of words whereas street names are often an open set of vocabulary. 
3). Whether the speech to be recognized is spoken in isolated words or connected speech.  
 
8. What is a spectrum? What are speech spectrum frames? 
A spectrum is a 2-dimensional plot depicting the frequency components and their relative amplitudes. 
Changes to the speech spectra are determined by relatively slow articulatory motions. Speech analysis 
usually takes every 10 millisecond as a time window for snapshots how the sound components vary over 
time as the articulation process completes itself. Each of the time window for a snapshot is called a 
speech spectrum frame.  
 
9. List some of the factors that contribute to speech variability. 
 
a. speaker 
b. speech rate 
c. phonological context (adjacent phonemes, coarticulation) 
d. accents and dialects 
e. background noise 
f. voice disorders 
g. phoneme or word omissions 
h. slip of the tongue … 
 
10. Three key methods of automatic speech recognition are: template matching, statistical modeling, and 
neural net. Explain these methods in your own words. 
 
Template matching compares speech and stored words and recognizes words by finding the closest 
match.  
 
Statistical modeling relies on information of likelihood for one sound to be followed by another, and 



recognizes the words by finding the closest match in terms of the sequence of transitional probabilities.  
 
11. What is the role of a language model in an automatic speech recognizer? 
  
A language model is useful in specifying and limiting the proper sequence of words in connected speech. 
It provides syntactic and semantic constraints to reduce the amount of computation time and improve 
recognition accuracy. 
 
 
12. Envision your future life that makes full use of speech synthesis and recognition devices in your car,  
at home, school, work, etc… What differences will the speech synthesis and recognition technology 
make? Does technology necessarily improve the quality of life? Why or why not?  
 
 
Speech synthesis and recognition technology can change the way we communicate with each other and 
with computers, cars, televisions, telephones, household devices, etc.  
 
Improved technology can definitely help improve the quality of life for those who must rely on the 
technology for their daily communications and survival.  
 
For many people, however, “Quality of life” can be an elusive idea. Many equate it with having money. 
But money does not address everything we want in our lives such as our physical and mental health. 
Technology provides us with ways to control the uncertainties of Mother Nature. It is making our lives 
more convenient and efficient. But convenience and efficiency does not necessarily lead to happiness in 
life. What is your opinion? 
 

Quality of Life 
August, 2000 by A. K. Whitehead

I have lived a life -- or two,  
depending where the line is drawn.  
What has been accomplished  
is, as if it were, undone,  
and what remains undone  
is the heel that kicks the spur.  
Life, time, accomplishment  
define each other...  
and their exclusions 
 rising like pale mountain ranges 
 whose heights perceptibly increase  

with their proximity. 

http://www.findarticles.com/p/articles/mi_m2242/is_1615_277
http://www.findarticles.com/p/search?tb=art&qt=%22A.+K.+Whitehead%22
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