
SLHS 1302

Chapter 4
Expected values,
frequencies, and

probability distributions



 Probability theory: The numerical concepts that are the
basis for calculating chance based on an expected outcome.

 Probability (P): The (percentage or proportional) chance
of a particular outcome.

 Trial: One run of an experiment, or a single event for which
we have an observed outcome.

 Expected value: The outcome that is expected to occur,
based on a particular model.

 Proportion: The number of some group of tokens divided
by the total sum of all tokens from all groups, which can be
expressed as a fraction or percentage.  For example, a
category that contains 3 tokens out of 30 total tokens
represents a proportion of 3/30 (reduced to 1/10) or 10%
of all the tokens.
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 Absolute frequency: The token count of an
outcome. For example, a category that contains 3
tokens out of 30 total tokens has an absolute
frequency of 3.

 Relative frequency: The proportion of times one
outcome occurs out of all of the observed outcomes
in a sample. For example, if we get 3 Fours in a set of
30 die rolls, the relative frequency of Four in that set of
die rolls is 3/30 (1/10), or 10%.

 Deviation: Difference between the observed
frequency and the expected frequency.
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 Sampling error: The idea that when we take a
random sample, we are not taking all of the possible
values of the population; therefore, the distribution of
values in the sample may vary from their distribution in
the population. So estimates of P will deviate from the
value we would expect from the entire population.

 Probability distribution: a family of distributions
used to plot the probabilities of all possible outcomes
of a trial (or a set of trials). This could be a table or bar
plot showing the distribution of all the possible
outcomes and their relative frequencies.
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 Assign data
kf <-

c(378602,72257,145711,186853,588441,10881
6,91690,255817,342873,7549,30946,194577,1
19566,333890,357304,94928,5039,288319,307
900,435707,127675,46948,88639,9320,81175,
4466)

 Assign names (pre-stored letters vector)
names(kf) <- letters
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 Perform relative frequency
kf.pdf <- round(kf / sum(kf), digits=3)
 Do barplot
barplot(kf.pdf, ylab="probability that the letter is in

a particular position")
 Do sorted barplot
barplot(sort(kf.pdf, decreasing=TRUE),

ylab="probability that the letter is in a particular
position")
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 Do probability
kf.pdf["e"]

1 - kf.pdf["e"]

(1 - kf.pdf["e"])^18
 Plot sorted probabilities
barplot(sort(1 - (1 - kf.pdf)^18, decreasing=TRUE),
ylab="probability that the letter is in any of 18

positions")
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 Random variable:
 the outcome of a random event that yields numeric

values.

 Probability:
 Roughly, probability is expressed in percentage,

indicating how frequently we expect different outcomes
to occur if we repeat the experiment over and over.

For example, if you roll a dice, the outcome is random
(not fixed) and there are 6 possible outcomes, each of
which occur with probability one-sixth.
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Example:  dice rolling



Discrete random variables have a countable
number of outcomes
Examples: Dead/alive, treatment/placebo, dice,
word/letter/sound counts, yes/no, left/right,
deal/no deal, etc.

 Continuous random variables have an infinite
continuum of possible values.
Examples: sound intensity, sound duration,

Random variables can be discrete or
continuous
Discrete random variables have a countable

number of outcomes
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continuum of possible values.
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Probability functions

 A probability function maps the possible values of
x against their respective probabilities of
occurrence, p(x)

 p(x) is a number from 0 to 1.0.

 The area under a probability function is always 1.

 A probability function maps the possible values of
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Discrete example: roll of a dice

p(x)

x

1/6

1 4 5 62 3

 
   xall

1P(x)



x p(x)
1 p(x=1)=1/6

2 p(x=2)=1/62 p(x=2)=1/6

3 p(x=3)=1/6

4 p(x=4)=1/6

5 p(x=5)=1/6

6 p(x=6)=1/6
1.0



Cumulative distribution function

x P(x≤A)
1 P(x≤1)=1/6

2 P(x≤2)=2/62 P(x≤2)=2/6

3 P(x≤3)=3/6

4 P(x≤4)=4/6

5 P(x≤5)=5/6

6 P(x≤6)=6/6



 Probability theory gives us a way to begin to interpret bar
graphs and histograms to make more precise generalizations
about our data. For some types of data, we can draw pictures
of the expected values, because we have a priori models of how
the populations are distributed. For other types of data, we can
estimate probability distributions by computing the relative
frequencies of the observed values for different types in large
samples, to begin to make generalizations about the expected
values of the populations from which the samples are drawn.

 For example, we can compare the frequencies of different
vowel sounds and vowel letters in a sample of English words,
to begin to make predictions about which sounds are more
likely to occur in a word, phrase, or sentence of the language.

Why probability?

 Probability theory gives us a way to begin to interpret bar
graphs and histograms to make more precise generalizations
about our data. For some types of data, we can draw pictures
of the expected values, because we have a priori models of how
the populations are distributed. For other types of data, we can
estimate probability distributions by computing the relative
frequencies of the observed values for different types in large
samples, to begin to make generalizations about the expected
values of the populations from which the samples are drawn.

 For example, we can compare the frequencies of different
vowel sounds and vowel letters in a sample of English words,
to begin to make predictions about which sounds are more
likely to occur in a word, phrase, or sentence of the language.



We will continue to use probability theory
throughout this course.

We will apply probability to learn about new
concepts and models and ways of forming and
testing hypotheses in speech and language
research.
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What are the expected values of different
vowel sounds in American English?

Wheel of Fortune
http://www.youtube.com/watch?v=lGTybyPvE7c&feat

ure=related

What vowel should we buy in the Phonetics
Wheel of Fortune game?

Research Question:

What are the expected values of different
vowel sounds in American English?

Wheel of Fortune
http://www.youtube.com/watch?v=lGTybyPvE7c&feat

ure=related

What vowel should we buy in the Phonetics
Wheel of Fortune game?



The phonetics wheel of fortune

Should you use the same strategy that you used in the original
orthographic Wheel of Fortune game?



 coin tosses
 P(head) = ½ = 0.5
 P (tail) = ½ = 0.5

 dice rolls

Probability: Start simple

 coin tosses
 P(head) = ½ = 0.5
 P (tail) = ½ = 0.5

 dice rolls



 Testing the expected value









The probability distribution for a
simple outcome



We give an estimate of the probability
distribution based on the observed counts of
the letters in a 1-million word corpus of
English texts collected by Kučera and Francis
(1967).

Estimating the probability distribution when
there is no a priori model

We give an estimate of the probability
distribution based on the observed counts of
the letters in a 1-million word corpus of
English texts collected by Kučera and Francis
(1967).



Analyzing probability distribution graph





What if we look at the sounds instead
of letters？







What is the probability of losing a bet in die
rolling?
 Assume that you bet the outcome would be      ,

what is the probability of losing your bet?
 In other words, what is the probability that the

results would not be ?
 The same logic can be applied to playing the

Wheel of Fortune game. If you bet the borrowed
vowel to be    , what is the chance of losing?

Logical operator OR
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Probability of losing bet



Probability of losing bet

You would have nearly an 88% chance of losing if you
bet on the most frequent vowel letter being in any one
position, and an even higher chance of losing if you bet
on the most frequent vowel sound.

Is it not a good strategy to start with buying a vowel?

You would have nearly an 88% chance of losing if you
bet on the most frequent vowel letter being in any one
position, and an even higher chance of losing if you bet
on the most frequent vowel sound.

Is it not a good strategy to start with buying a vowel?



What is the probability that ə (or another
sound) is not in any position on the puzzle
board?
a. P(ə is not in any position)
b. P(ə is somewhere) = 1 - P(ə is not in any
position)

 P(ə is not in any position) = P(ə is not in
position 1 & ə is not in position 2 & … & ə is
not in position n)

Logical operator AND

What is the probability that ə (or another
sound) is not in any position on the puzzle
board?
a. P(ə is not in any position)
b. P(ə is somewhere) = 1 - P(ə is not in any
position)

 P(ə is not in any position) = P(ə is not in
position 1 & ə is not in position 2 & … & ə is
not in position n)



 Slots in the sample puzzle and answer



 Revisiting a simpler case first: die rolling

 If we rolled the die two times, what would be the
probability of getting as the outcome on the first
roll AND getting as the outcome on the second
roll?

How do calculate probability with &?

 Revisiting a simpler case first: die rolling

 If we rolled the die two times, what would be the
probability of getting as the outcome on the first
roll AND getting as the outcome on the second
roll?



Understanding compound probability



Understanding compound probability



 P(ə is not in position 1 & ə is not in
position 1 & … & ə is not in position n)

= P(ə is not in position 1) * P(ə is not in
position 2) * … * P(ə is not in position n)

= (1 - P(ə is in position 1)) * (1 - P(ə in
position 2)) * … * (1 - P(ə in position n))

= (1 - P(ə))n = (1 – (0.054))18 = (0.946)18 ≈
0.371

Compound probability in Wheel of
Fortune game
 P(ə is not in position 1 & ə is not in

position 1 & … & ə is not in position n)
= P(ə is not in position 1) * P(ə is not in

position 2) * … * P(ə is not in position n)
= (1 - P(ə is in position 1)) * (1 - P(ə in

position 2)) * … * (1 - P(ə in position n))
= (1 - P(ə))n = (1 – (0.054))18 = (0.946)18 ≈

0.371



a. P(ə is not in any position) ≈ 0.371
b. P(ə is somewhere) = 1 - P(ə is not in any

position) = 1 – 0.371 = 0.629
 Better than 50% chance that ə is somewhere

on the game board!

a. P(ə is not in any position) ≈ 0.371
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a. P(‘e’ is nowhere on the board) = (1- P(‘e’))18
= (1 - 0.125) 18 = 0.87518 = 0.09

b. P(‘e’ is somewhere) = 1 - P(‘e’ is nowhere) =
(1- 0.09) = 0.91

 There is more than a 90% chance that the
letter ‘e’ will be somewhere on the puzzle
board in the original game!

What about playing the game using
letters instead of sounds?
a. P(‘e’ is nowhere on the board) = (1- P(‘e’))18

= (1 - 0.125) 18 = 0.87518 = 0.09
b. P(‘e’ is somewhere) = 1 - P(‘e’ is nowhere) =

(1- 0.09) = 0.91
 There is more than a 90% chance that the

letter ‘e’ will be somewhere on the puzzle
board in the original game!



We started with the question about the
expected values of different vowel sounds in
American English.

We also wondered whether we should use
the same strategy in playing the Wheel of
Fortune game if only vowel sounds instead of
vowel letters are allowed.

We wanted to know whether it would be
wise to buy a vowel in the game.

Answering our research question

We started with the question about the
expected values of different vowel sounds in
American English.

We also wondered whether we should use
the same strategy in playing the Wheel of
Fortune game if only vowel sounds instead of
vowel letters are allowed.

We wanted to know whether it would be
wise to buy a vowel in the game.



We figured out the probability distribution of
letters and sounds in American English.

We computed the probability that a particular
letter or a particular sound would be in a
particular position on the puzzle board.

We also computed the probability that a
particular letter or a particular sound would
be anywhere on a puzzle board with a certain
number of positions to be filled.
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We also computed the probability that a
particular letter or a particular sound would
be anywhere on a puzzle board with a certain
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 Probability theory gives us a way to begin to
interpret bar graphs and histograms to make
more precise generalizations about our data.

 Probability theory also lays the foundation for
building new models and ways of forming and
testing hypotheses.

Summary

 Probability theory gives us a way to begin to
interpret bar graphs and histograms to make
more precise generalizations about our data.

 Probability theory also lays the foundation for
building new models and ways of forming and
testing hypotheses.


