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Chapter 6
Measures of Central

Tendency



 Expected value: A number that describes
what we might expect to find if we took a
random sample from a population.

 Robustness: Describes how well a measure or
methodology describes the data, that is
whether it produces a valid and reliable result.
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Measures of Central Tendency
 The mode: The most frequently observed number

in a distribution. The x-axis value for the tallest bar
in a histogram.

 The mean: The sum of all the observed values,
divided by the number of observations

 The median: The value that splits the distribution
into two equal halves; the middle value.

Measures of Central Tendency
 The mode: The most frequently observed number

in a distribution. The x-axis value for the tallest bar
in a histogram.

 The mean: The sum of all the observed values,
divided by the number of observations

 The median: The value that splits the distribution
into two equal halves; the middle value.



 Peak: The mode of a distribution is visually represented by
the peak in a histogram.

 Tail: The values at the edges of a distribution.
 Symmetrical distribution: Both tails are about equally

long. Mode ≈ mean ≈ median.
 Skewed left (negative skew) distribution: Left-hand

tail is longer. mean < median ≤ mode.
 Skewed right (positive skew) distribution: Right-hand

tail is longer. mean > median ≥ mode.
 Bimodal distribution: Distribution has two modes, which

may indicate the presence of two populations, or two
distinct subsets of a population.

 Peak: The mode of a distribution is visually represented by
the peak in a histogram.

 Tail: The values at the edges of a distribution.
 Symmetrical distribution: Both tails are about equally

long. Mode ≈ mean ≈ median.
 Skewed left (negative skew) distribution: Left-hand

tail is longer. mean < median ≤ mode.
 Skewed right (positive skew) distribution: Right-hand

tail is longer. mean > median ≥ mode.
 Bimodal distribution: Distribution has two modes, which

may indicate the presence of two populations, or two
distinct subsets of a population.



Background knowledge



Background Knowledge

 In statistics, the term central tendency relates
to the way in which quantitative data tend to
cluster around some value.

 A measure of central tendency is any of a
number of ways of specifying this "central value".

 In the simplest cases, the measure of central
tendency is an average of a set of measurements,
the word average being variously construed as
mean, median, or other measure of location,
depending on the context.
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 Arithmetic mean - the sum of all measurements
divided by the number of observations in the data
set
μ = ΣX/N (population)
M = ΣX/N (sample)
 The mean is a good measure of central tendency for

roughly symmetric distributions but can be misleading
in skewed distributions since it can be greatly
influenced by scores in the tail.

 Other statistics such as the median may be more
informative for distributions such as reaction time or
family income that are frequently very skewed.
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 Median - the middle value that separates the higher half
from the lower half of the data set.
 The median is less sensitive to extreme scores than the

mean and this makes it a better measure than the mean for
highly skewed distributions.

 For example, the median income is usually more informative
than the mean income.

 Computation of Median
When there is an odd number of numbers, the median is
simply the middle number. For example, the median of 2, 4,
and 7 is 4.

When there is an even number of numbers, the median is
the mean of the two middle numbers. Thus, the median of
the numbers 2, 4, 7, 12 is (4+7)/2 = 5.5
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Calculate the Mean and Median
 For the numbers: 1, 2, 3, 7, 8, 9, 12

 For the numbers: 240k, 180k, 250k, 280k, 120k,
750k, 240k
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 Mode - the most frequent value in the data set
 The advantage of the mode as a measure of central

tendency is that its meaning is obvious. Further, it is the
only measure of central tendency that can be used with
nominal data.

The mode is greatly subject to sample fluctuations and
is therefore not recommended to be used as the only
measure of central tendency. A further disadvantage of
the mode is that many distributions have more than
one mode. These distributions are called "multi modal.”
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 Geometric mean - the nth root of the product of the
data values

 Harmonic mean - the reciprocal of the arithmetic
mean of the reciprocals of the data values

 Weighted mean - an arithmetic mean that incorporates
weighting to certain data elements

 Truncated mean - the arithmetic mean of data values
after a certain number or proportion of the highest
and lowers data values have been discarded.

 Midrange - the arithmetic mean of the maximum and
minimum values of a data set.
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Why does the reduced vowel ə seem more
similar to the vowel ʌ than to other vowels?

 Duration?
 If yes, how do we study variations of vowel

duration?

Research Question

Why does the reduced vowel ə seem more
similar to the vowel ʌ than to other vowels?

 Duration?
 If yes, how do we study variations of vowel

duration?















 Asymmetry

Positive skew: mean > median (skew right, long tail on right)

Comparing mode, mean, and
median
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Multiple peaks

 Analyze central tendency separately for each subset
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median
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Subset central tendencies



 Because the numerical variables that we are interested in reflect
the complicated accumulation of many different events, their
values often tend to gravitate toward the middle of the range of
possible values. Measures of central tendency can be a good way
of capturing this tendency.

 When the distribution has a single pronounced peak, and the
tails of the distribution on either side of this peak are similar, the
mode, median, and mean are more similar to each other.  When
the distribution is skewed, the mean can be quite different from
the median and the median can be different from the mode.
Events at the edges of the range of possible values can lead to a
more or less pronounced skew.

 When there is more than one peak, the mean and median can
be unrelated to the modal value for either peak. In such cases, it
is better to calculate measures of central tendency separately
for the identifiably different subsets of the data.
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 When there is more than one peak, the mean and median can
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 Read input data by column
 durations <- read.table("vowdata.dat",skip=30)[ ,2]

 Read input data by row
 y <- read.table("vowdata.dat",skip=30)[2, ]

 Show an individual value in the variable
 durations[3]

R code
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 Calculate mean
 mean (durations)

 Calculate median
 median (durations)

Draw a vertical line on graph at specified value
 abline(v=mean(durations))
 abline(v=median(durations), lty=2)

 Dashed line for Ity = 2
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 Dashed line for Ity = 2



Histogram graph with labels (empty title)
 durHist1 <- hist(dur, breaks=seq(40,530,30),

main= “ ”, ylim=c(0,350), xlab="duration of vowels
in Hillenbrand et al. database (ms)")
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