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Thinking statistically – Making good generalisations:  
Course glossary 

 

Word Definition 

Assumptions Statistical inference usually involves using a sample to estimate the parameters 
of a model. The conclusions, i.e. the validity of the estimates, only hold if 
certain assumptions are true. 
 
For example a sample of 50 years of rainfall data may be used to estimate the 
parameters of a Normal model. The assumptions are then that: 
 

 The 50 years behave like a random sample. (They are not random, they 
are 50 successive years.) 

 The data is from a single population, i.e. there is no climate change 
 The population has a Normal distribution. 

 

Average For a numeric variable, the average is a loosely used term for a measure of 
location. It is usually taken to be the mean, but it can also denote the median 
or the mode, among other things. 
 

Binomial 
distribution 

The binomial distribution is used to model data from categorical variables, 
when there are just two categories, or levels. The confidence limits depend on 
the assumptions of the binomial model, and they are as follows: 

 Each event has an equal chance of happening 
 This chance is independent of the previous event. 

 

Confidence 
interval 

A confidence interval gives an estimated range of values that is likely to include 
an unknown population parameter. For example, suppose there is a study of 
planting dates for maize, and the interest is in estimating the mean, i.e. the 
average date by which a farmer will be able to plant in three quarters of the 
years. Suppose the estimate from the sample is day 332, i.e. November 27 and 
the 95% confidence interval is from day 325 to 339, i.e. November 20 to 
December 4. Then the interpretation is that this interval is 95% likely to contain 
the true mean planting date. The width of the confidence interval gives an idea 
of how uncertain we are about the unknown parameter (see Precision). A very 
wide interval (in the example it is ± 7 days) may indicate that more data needs 
to be collected before an effective analysis can be undertaken. 
 

Estimation Estimation is the process by which sample data is used to indicate the value of 
an unknown quantity in a population. The results of estimation can be 
expressed as a single value, known as a point estimate. It is usual to also give a 
measure of the precision of the estimate. This is called the standard error of 
the estimate. A range of values, known as a confidence interval, can also be 
given. 



 

STATISTICAL METHODS FOR RESEARCH: Glossary 
 
 
   

2 | Page    © Epigeum Ltd, 2014 

Inferences The deductions of properties of the underlying distribution or population, 
made by analysis of data. They are generalisations from the sample to a 
population. 
 

Model 
(statistical) 

Statistical models form the bedrock of data analysis. A statistical model is a 
simple description of a process that may have given rise to observed data. 
For example, suppose the data were the presence or absence of rain on April 1 
each year for a given site, for 50 years: 
 

Year 1 2 3 4 … … 49 50 Total 

Rain  
(no = 0, 
yes = 1) 

1 0 0 1   0 1 18 

 
A simple model might be to assume that the chance of rain each year was 
independent of the previous year and that it had the same value. These 
assumptions (same value each year and independence) would imply that the 
frequency of rain on April 1 could be modelled using a binomial distribution. 
 
There are many probability distributions that are key parts of models in 
Statistics, including the Normal distribution and the binomial distribution. 
 

Normal 
distribution 

The Normal distribution is used to model some continuous variables. It is a 
symmetrical bell-shaped curve that is completely determined by two 
parameters. They are the distribution (or population) mean, μ, and the 
standard deviation, σ. 
 
Thus, once the mean and standard deviation are provided, it is possible to 
calculate any percentile (or risk) of the distribution. For example, for a Normal 
distribution: 

 The lower quartile, or 25% point is (μ – 0.68σ) 
 The 10% point is (μ – 1.28σ) 
 The 1% point is (μ – 2.33σ), so by symmetry the 99% point is (μ + 

2.33σ). 

Also: 

 Roughly 70% of the values are within one standard deviation of the 
mean, i.e. between (μ – σ) and (μ + σ) 

 Roughly 95% of the values lie within two standard deviations of the 
mean, i.e. between (μ – 2σ) and (μ + 2σ). 

This is the origin of the ‘70%, 95%, 100% rule of thumb’ that is used to help 
interpretation of the sample standard deviation, s. The real reason that the 

sample mean, y , and sample standard deviation, s, are so important is 

because, as well as being simple summaries of average and spread, they can 
also be used to estimate the parameters of the Normal distribution. 



 

STATISTICAL METHODS FOR RESEARCH: Glossary 
 
 
   

3 | Page    © Epigeum Ltd, 2014 

Parameter A parameter is a numerical value of a population, such as the population mean. 
The population values are often modelled from a distribution. Then the shape 
of the distribution depends on its parameters. For example the parameters of 
the Normal distribution are the mean, μ and the standard deviation, σ. For the 
binomial distribution, the parameters are the number of trials, n, and the 
probability of success, θ. 

Population A population is a collection of units being studied. Units can be people, places, 
objects, years, drugs, or many other things. The term population is also used 
for the infinite population of all possible results of a sequence of statistical 
trials, for example, tossing a coin. Much of statistics is concerned with 
estimating numerical properties (parameters) of an entire population from a 
random sample of units from the population. Greek letters, e.g. μ, σ, θ are 
usually used for population parameters. This is to distinguish them from 
sample statistics, e.g. x, s, p.  

Precision Precision is a measure of how close an estimator is expected to be to the true 
value of a parameter. It is usually expressed in terms of the standard error of 
the estimator. Less precision is reflected by a larger standard error. For 

example, if the sample mean, y , is used to estimate the population mean, μ, 

then the standard error (i.e. the measure of precision) is given by s.e. = 
n

s
, 

where s is the standard deviation of the data, and n is the sample size. 
This formula shows that to improve precision, i.e. to decrease the standard 
error, either the sample size, n, must be increased, or the spread of the data, s, 
must be decreased. One way to decrease the spread is to try to explain some 
of the variation in the data (see Pattern). 
 

Proportion For a variable with n observations, of which the frequency of a particular 

characteristic is r, the proportion is  
𝑟

𝑛
. For example, if the frequency of 

replanting was 11 times in 55 years, then the proportion was 
11

55
 = 0.2 of the 

years, or one-fifth of the years.  
 

Range The range is the difference between the maximum and the minimum values. It 
is a simple measure of the spread of the data. 
 

Sample 
(random) 

A sample is a group of units selected from a larger group (the population). By 
studying the sample it is hoped to draw valid conclusions (inferences) about 
the population. A sample is usually used because the population is too large to 
study in its entirety. The sample should be representative of the population. 
This is best achieved by random sampling. The sample is then called a random 
sample. 
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Sampling 
distribution 

A sampling distribution describes the probabilities associated with an 
estimator, when a random sample is drawn from a population. The random 
sample is considered as one of the many samples that might have been taken. 
Each would have given a different value for the estimator. The distribution of 
these different values is called the sampling distribution of the estimator. 
Deriving the sampling distribution is the first step in calculating a confidence 
interval, or in conducting a hypothesis test. The standard deviation of the 
sampling distribution is a measure of the variability of the estimator, from 
sample to sample, and is called the standard error of the estimator.  
 
In many instances the sampling distribution of an estimator is approximately 
Normal. Then approximate (95%) confidence intervals are found by simply 
taking the value of the estimate ± 2 x s.e.(estimate). 
 

Scatter plot A simple display to use when the data consists of pairs of values. The data is 
plotted as a series of points. If the data is ordered (for example, in time) then it 
may be sensible to join the successive points with a line. This is then called a 
line graph. 
 
If there are other categorical variables, their values can be indicated using 
different plotting symbols or different colours. 
 

Skewed If the distribution (or ‘shape’) of a variable is not symmetrical about the 
median or the mean it is said to be skewed. The distribution has positive 
skewness if the tail of high values is longer than the tail of low values, and 
negative skewness if the reverse is true. 
 

Spread Most datasets exhibit variability – all values are not the same! Two important 
aspects of the distribution of values are particularly important; they are the 
centre, and the spread. 
 
The ‘centre’ is a typical value around which the data is located. The mean and 
median are examples of typical values. The spread describes the distance of 
the individual values from the centre. The range (maximum – minimum) and 
the interquartile range (upper quartile – lower quartile) are two summary 
measures of the spread of the data. The standard deviation is another 
summary measure of spread. 
 

Standard 
deviation 

The standard deviation (s.d.) is a commonly used summary measure of 
variation or spread of a set of data. It is a ‘typical’ distance from the mean. 
Usually, about 70% of the observations are closer than one standard deviation 
from the mean and most (about 95%) are within two standard deviations of 
the mean. 
 
The standard deviation is a symmetrical measure of spread, and hence is less 
useful and more difficult to interpret for datasets that are skewed. It is also 
sensitive to (i.e. its value can be greatly changed by) the presence of outliers in 
the data. The standard deviation is the square root of the variance.  
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Standard error The standard error (s.e.) is a measure of precision. It is a key component of 
statistical inference. The standard error of an estimator is a measure of how 
close it is likely to be to the parameter it is estimating.  
 
For example, if a survey is conducted to estimate the proportion of farmers 
who apply fertiliser in a particular season, the result from the sample may be 
given as an estimate of 32% with a standard error of 3%.  
 
The standard error is a key building block in calculating confidence intervals. 
The 95% confidence interval is usually roughly the estimate ± 2 x s.e.(estimate). 
So, in this example the 95% confidence interval is 32% – 6% to 32% + 6% or 
26% to 38%. The interpretation is that the range 26% to 38% is highly likely to 
contain the true population proportion. 
 

Transforming 
variables 

If there is evidence of marked skewness in a variable, then applying a 
transformation may make the resulting transformed variable more 
symmetrical. Transforming skewed data was very important 50 years ago, 
because the analysis was often simpler for variables that were symmetrical. 
This was partly because a Normal distribution was then often an appropriate 
model, and much of the statistical inference/modelling depended on the data 
being from a Normal distribution. 
 
Recent advances in Statistics have led to analyses being (almost as) simple for a 
wide range of statistical models, some of which are appropriate for modelling 
skewed data. So now it is more important to consider the appropriate 
statistical model than to assume that data always needs to be transformed if it 
lacks symmetry. 

Transforming data is not ‘cost free’. For example, if the data were rainfall in 
mm, then analysing the square root of the rainfall is not as easy to interpret as 
an analysis of the original data. Beware of transforming when there are zeroes 
in the data. A popular action used to be to add a small arbitrary value to the 
zeroes and then to transform. However, now, analysing the zeroes separately 
is almost always to be preferred.  

Variable The characteristic measured or observed when an observation is made. 
Variables may be non-numerical (categorical) or numerical. The distinction 
between a categorical variable and a numerical variable is sometimes blurred. 
A categorical variable can always be coded numerically: for example, a gender 
(male, female) can be coded as 1 for male or 2 for female (or vice versa). 
Similarly, a numerical variable can be recoded into categories if needed. For 
example, the variable ‘age’ could be recoded into the three categories, of 
young (< 18yrs), middle (18 to 60) and old (> 60). 
 
An average (e.g. mean or median) and a measure of spread (e.g. standard 
deviation or quartiles) are often used to summarise a numerical variable. A 
table of the frequencies or percentages at each level (or category) is often used 
to summarise a categorical variable. 
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Variability The variability (or variation) in data is the extent to which values are different. 
Here are some examples of where variability occurs (sometimes without us 
noticing it). 

 The date of the year at which a crop can be planted. 
 The length of the longest dry spell in the growing season. 

The amount of variability in the data, and the different causes of the variability 
are often of importance in their own right. The variability (or ‘noise’) in the 
data can also obscure the important information (or ‘signal’). 

 

 


