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Chapter 17: Introduction to Module III—Individual

Differences

Introduction

Despite the fact that we humans have a certain sameness in our behavior, we also

show important individual differences.  We all acquire and use language.  This is a

sameness that interests the evolutionary psychologist.  But it is also clear that there are

marked individual differences in the way we use language. Shakespeare and Goethe

displaced eloquence with language that most of us lack. Module III of the course treats

individual differences and, hence, presents the literature on behavioral genetics1.

Behavioral genetics ask questions such as  “Why do some people like stinky

cheeses that other people find offensive?” and “Why are some people content to sit at

home alone while other people prefer to socialize?”  Evolutionary psychology and

behavioral genetics often treat the same phenotypes but approach them from different

directions.  Take intellect and cognition.  Evolutionary psychologists like John Tooby and

Leda Cosmides research cognitive modules such as the ability for us humans to detect

cheaters.  Behavioral geneticists like Thomas Bouchard ask why some people are smarter

than others are.  Phobias are another area of interest to both disciplines.  Evolutionary

psychologists wonder why we easily develop phobias of snakes but hardly ever acquire

phobias of electrical outlets.  Behavioral geneticists ask why Wilbur developed a phobia

of heights while his brother, Waldo, never acquired that fear.
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Quickie Statistics

To understand individual differences, it is important to understand several

quantitative principles that will pop up from time to time throughout the rest of the book.

Here, we present some basic statistics that will be necessary for our understanding of

these quantitative models.

Distributions

The first important concept is that of a distribution.  A distribution is a

mathematical function that gives the frequency of various trait values2.  Typically, the

trait value is plotted on the horizontal axis while the frequency of that trait value is on the

vertical axis.  Figure 17.1 illustrates two common distributions.  The solid line gives the

bell shaped curve of a normal distribution, the most important distribution that we will

deal with in this text.  Phenotypic scores in the middle of the distribution are the most

frequent.  As one moves away from the middle in either direction, the frequencies of the

phenotypes become smaller and smaller.  Intelligence, most personality traits—indeed,

most behavioral phenotypes—show a frequency distribution similar to the normal.

[Insert Figure 17.1 about here]

The dashed line gives an exponential distribution.  Here, low phenotypic values

are the most frequent; the higher the phenotypic score, the less frequent it is.  A few

traits, like number of felony convictions, resemble en exponential more than a normal

distribution.

                                                                                                                                                      
1  Behavioral genetics is a misnomer because evolutionary psychology is also very interested in genetics
and behavior.  However, the term has been historically used to refer to the study of genetic individual
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The Mean

The mean of a distribution is the arithmetic average.  It is computed by adding all

the scores together and dividing by the number of observations.  The mean is a measure

of central tendency or location and answers the question, “Around which number do the

scores tend to cluster?”

The Variance and Standard Deviation

The variance of a distribution is a measure of individual differences around the

mean.  It is a measure of the degree to which the scores are dispersed away from the

mean.  A variance can range from 0 to a large positive number.  A variance of 0 signifies

that there is no dispersion around the mean—every score is the same and every score

equals the mean.  For example, the number of eyes for normal individuals in the human

species has a variance of 0.  We all have two eyes; it is not the case that some humans

have one eye, others have two, and yet others have three.  The larger the variance, the

more the scores are scattered around the mean.  Figure 17.2 gives two normal

distributions with the same mean but with different variances.

[Insert Figure 17.2 about here]

The solid line in Figure 17.2 is a normal distribution with a larger variance than

normal distribution depicted by the dashed line.  The scores for the solid distribution are

spread out more about the mean than they are for the blue distribution.  Hence, there are

                                                                                                                                                      
differences in behavior.
2 Distribution in this sense is technically called a probability density function in mathematical statistics.
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more phenotypic individual differences for the blue distribution than there are for the red

one3.

A closely related statistic to the variance is the standard deviation.

Mathematically, the standard deviation is the square root of the variance, so it too must

range from 0 to a large positive number.  The standard deviation has the same

interpretation as the variance.  It is a measure of the spread of scores around the mean,

and the larger the standard deviation, the greater the individual differences.

An important feature of variance is that it can be partitioned.  As we will see, the

variance in the phenotype can be partitioned into a portion due to genetic variance and

another portion due to environmental variance.  This partitioning helps geneticists to

answer two important questions—to what extent are observable individual differences

due to individual differences in genotype and to what extent are observable individual

differences due to individual differences in the environment?

The Correlation Coefficient

Correlation coefficients are the most common statistic used to quantify the

similarity of relatives for a continuous trait.  A correlation coefficient is a measure of the

extent to which scores on one variable can predict scores on a second variable.

Mathematically, a correlation coefficient can range from -1.0 to 1.0.  There are two

important attributes of a correlation coefficient.  The first is the sign of the correlation.  A

positive sign (i.e., a correlation between 0 and 1.0) denotes a direct relationship.  Here,

                                                  
3  This assumes that the two distributions are on the same measurement scale.  Many measurement scales
for behavioral traits (e.g., IQ, personality scales, etc.) are arbitrary, so the statement in the text does not
apply to them.
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high scores on the first variable predict high scores on the second variable, and

conversely low scores on the second variable predict low scores on the second variable.

The correlation between height and weight is positive.  People who are taller than

average tend to (but do not necessary have to) weigh more than the average person, and

people smaller than average in height tend to weigh less than the average person.  A

negative sign (i.e., a correlation coefficient less than 0) denotes an inverse relationship.

In this case, high scores on one variable predict low scores on the second variable, and

conversely low scores on the first variable predict high scores on the second variable.

The correlation between the amount of time spent partying and grades is negative.

Students who spend a very large amount of time partying tend to get lower than average

grades while students who spend little time at parties tend to receive higher grades.

One way to visualize the sign of a correlation is to create a scatterplot.  The first

step in constructing a scatterplot is to draw a horizontal axis for one variable (usually

called the X variable) and a perpendicular vertical axis for the second (or Y) variable.

The next step is to plot all the data points on this graph.  Suppose that the first

observation in the data has a score of 1.2 on the X variable and .6 on the Y variable.

Then go to 1.2 on the X-axis and then move perpendicular until you reach .6 on the Y-

axis.  Make a dot at that spot.  Repeat this procedure with each observation in the data

set.  In behavioral genetics research, one relative’s phenotypic score is used as the X

variable and the other relative’s phenotypic score is used as the Y variable.  Figure 17.3

depicts two scatterplots, one for a positive correlation and the other for a negative

correlation, for the case when the two variables are the phenotypic scores of a pair of

sibs.
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[Insert Figure 17.3 about here]

For a positive correlation, the points take a southwest to northeast orientation

(e.g., Los Angeles to Boston).  The orientation for a negative correlation is from

northwest (Seattle) to southeast (Miami).  Negative correlations for pairs of relatives are

rare.

The second important attribute of the correlation is the square of the correlation

coefficient.  Because a correlation can range between -1.0 and 1.0, the square of the

correlation must range between 0 and 1.0.  The square of the correlation is a measure of

the amount of predictability between the two variables.  Statistically speaking, the

correlation squared gives the proportion of variance in one variable that is predicable

from the other variable.  Because variance is a measure of individual differences, another

way of stating the previous statement is that the correlation squared is a measure of the

extent to which individual differences in one variable are predictable from individual

differences in the second variable.  If the correlation squared is 0, then there is no

predictability—the two variables are not related to each other.  If the squared correlation

is 1.0, then we can perfectly predict scores on one variable by knowing scores on the

second variable.

The strength of the relationship is apparent by the shape of the scatterplot.  When

the correlation is 0, then the dots look as if a circle could enclose them.  As the

correlation increases, then the dots take on an elliptical appearance.  As the correlation

gets larger and larger, the dots become more and more elliptical.  When the correlation is

at its maximum of 1.0, then the dots all fall on a straight line.  Figure 17.4 depicts four
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different values of the correlation coefficient when the X variable is sib 1’s phenotypic

score and the Y variable is sib 2’s phenotypic score.

[Insert Figure 17.4 about here]

Correlations very close to 0 are sometimes encountered in behavioral genetic

research for distant relatives.  Correlations of .25 are typical of those reported for first-

degree relatives (parent-offspring and sibs) for personality traits.  Inspection of panel (b)

in Figure 17.4 suggests that correlations of this magnitude imply some similarity among

relative but not a particularly large degree of similarity.  Correlations near .50 are seldom

encountered for first-degree relatives but are not unusual for identical twins.  Correlations

of .75 and above are found only for identical twins and for relatives on some traits that

are strongly influence by the family environment, e.g., religious preference.

Later, we shall see how the correlations computed on specific types of relatives

(twins and adoptees) are used to estimate the proportion of phenotypic variance that is

attributable to genetic individual differences and the proportion that is due to

environmental influences.

Quantitative Thinking

Finally, I offer a word of advice in interpreting etiological statements—think

quantitatively.  It is not informative to ask, “Is this mate preference difference due to

biology or to culture?”  Instead, ask “How much of this difference is biological?” and

“How much is cultural?” and most importantly, “How do biology and culture combine to

produce this difference?”  You can always answer “Zero” or “Not at all” to these

quantitative questions, but arriving at a numerical estimate—even a very rough



© 2000, Gregory Carey Chapter 17: Introduction to Module III - 8

one—guides science much better than black-white, all-or-none answer.  To give a

concrete example, later in this module we will show that genes influence IQ scores and

IQ influences eventual social status, leading to the inference that there is social

stratification for IQ genes.  That indeed may be true, but asking “how much do genes

influence IQ scores” and “how much do differences in IQ predict social status” is much

more revealing.  The amount of social stratification by genes for IQ turns out to be quite

small.

A Disclaimer

The amount of published research in behavioral genetics is voluminous.  It is not

possible to synopsize this information in even a single book devoted solely to the topic.  I

have been selective—rather than catholic—in the material covered in this module.  We

will learn about personality, intelligence and social status, and two deviant

phenotypes—schizophrenia and antisocial behavior.  In reading this module, treat these

phenotypes as “models” for much larger body of phenotypes that behavioral geneticists

have researched.
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Figure 17.1.  Examples of two distributions, a normal distribution (solid line) and an exponential distribution (dashed line).
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Figure 17.2.  Two normal distributions with the same mean but different variances.  The variance of the distribution with the solid line
is greater than the variance of the distribution with the dashed line.
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Figure 17.3.  An example of scatterplots for two correlations of the same magnitude but different signs.  Left panel = positive
correlation; right panel = negative correlation.
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Figure 17.4.  Scatterplots for different values of the correlation coefficient Correlations are 0, .25, .50, and .75 for panels a through d
respectively.


