
SLHS 1301 Study Guide  

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).  


