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Statistical studies 
Process of inquiry: 

Formulate research question 

Design a study 

 Collect some useful data (sample data) 

Analyse the data 

 Displaying and summarising 

 Describing the variability in the data 

 Modelling the variability for purposes of explanation, prediction or control 

 Make inferences about the population 

Report the new knowledge 

Analysing the data: 

Requires us to 

1. Explore what the data-in-hand (sample data) has to tell us (chapter 3 – exploratory data 

analysis) 

2. Understand how samples vary and how to model this variation using probability models 

(chapter 4,5,6) 

3. Draw conclusions about the population that our sample came from (chapter 7) 

Modelling variability: 

All data sets obtained from a scientific study involve some degree of variability. The job of the 

statistician is to determine what variability can be explained (real – can be attributed to some 

casual factor) and what is unexplained (noise – random) 
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The variability is the sample data is encapsulated in the formula: Data = signal + noise + dirt 

Where: 

 The signal is what we are trying to find, to extract from the data – it generally points us 

to the answer to our question 

 The noise is the variability that we have to deal with 

 The dirt are mistakes that we try to avoid and/or hope to remove 

Probability models: 

 Allow us to model the variation in outcomes of a random process 

The random process could be: 

 Selecting a random sample and recording the sample mean (rather than recording the 

mean for an entire population) 

Probability models describe the distribution of a population. By assuming a probability model 

we are able to make comments about what we would expect to observe, if the model was 

appropriate. 

Modelling sample-to-sample variability: 

Suppose we want to estimate the mean for a population. E.g. sample mean estimates 

population mean. 

Is our estimate likely to be close to the true population mean? 

 To answer this we acknowledge that there is variation from sample to sample. 

 Then develop a probability model that describes the distribution of all possible sample 

means (sampling distribution) 
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Study design 

Our purpose in this chapter is to understand how to design a study so that we have meaningful 

data. 

Meaningful data enables us to: 

 Draw conclusions that are valid 

 Provide estimates (of effects) that have high and measurable precision 

Terminology: 

 Study units (experimental units, cases, subjects): the units or individuals on which data 

are obtained, one observation per study unit. 

 Response variable: the variable of interest which we expect may depend on other 

variables. 

 Explanatory variable (predictor, independent or treatment variable): a variable that is 

used to explain or predict (some of) the variation in the response variable. 

 Other possible explanatory variables: explanatory variables that may impact upon the 

response variable but are not of primary interest to the study. We usually seek to either 

control for these variables or measure them in some way so that they don’t influence 

(bias) our findings. 

Good study design: 

In a statistical design of studies (observational or experimental) our main concern is to: 

 Draw conclusions that are unbiased/valid (address the question being asked) 

 Provide estimates (of effects) that have high and measurable precision. 

If a study has been well designed then we would expect the results to be repeatable in similar 

studies. The results are then said to be reliable. 

Bias: 

A study is biased if it systematically favours certain outcomes. We say a study is biased if what 

we think we are measuring isn’t what we are really measuring. To minimise the potential for 

bias we use: 

 Randomisation (subjects representative of population under investigation, groups to be 

compared are similar at baseline) 
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 Comparison (placebo group, control group) 

 Control (possible confounding variable held constant) 

 Blind studies (to combat placebo effect of experimenter bias such as diagnosing bias). A 

study is said to be blind if we either the subject or the experimenter is unaware of who 

gets which treatment. A study is said to be double-blind if both the subject and the 

experimenter are unaware of who gets which treatment. 

Confounding: 

E.g. subjects randomly assigned to either treatment group A or treatment group B of which 

both are assisted by different doctors. Treatments are confounded with the doctors influencing 

the outcomes variable. So we can’t validly comment on the effectiveness of the treatment. 

 

Confounding: 

 Occurs when the observed effects can be due to more than one explanatory variable 

and the effects of the variables cannot be separated. 

 A confounding variable is an explanatory variable that affects the relation between the 

exposure and the outcome. 

 It is necessarily related to both the explanatory variable and the response variable. 

 A lurking variable is an unobserved (not measured) variable that affects the relation 

between the exposure and the outcome. 

Dealing with possible confounding: in trying to avoid confounding we aim for similarity of the 

treatment groups (at the start of the study) with respect to the confounding variable. This can 

be achieved by: 

 Randomly assigning subjects to treatment groups 
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 Randomising the order of treatments when one subject receives both treatments 

(control for practise effect) 

 Restriction of some form (e.g. using just one doctor for both treatments) 

 Blocking (e.g. each doctor administers both treatments) 

Randomisation and confounding: 

 Randomisation ensures that the groups are balanced, on average, on other possible 

causes (known and unknown) of the response. 

 Randomisation evens out the effect of uncontrolled potential confounding variables 

 We can check if the randomisation has been effective by comparing measures (on 

known potential confounding variables) for different treatment groups prior to 

introducing the intervention. 

Precision: estimates are precise if the error is small. To increase precision: 

 Replicate the experiment – that is, we base our estimates on more information. This 

usually amounts to taking a larger sample size (more study units). We can then estimate 

the variability between study units and hence measure the precision in our estimates. 

 Replicate the measurements – that is, we take several readings on one study unit and 

record the average for each study unit. The analysis is then conducted on these 

averages. This approach reduces ‘noise’ because we are average-ing out variation within 

a study unit. 

Note: 

 Replication in an experiment refers to increasing the sample size 

 Replication in science refers to being able to reproduce the results in independent 

studies. 

Understanding comparison: 

 The use of two or more treatments so that a particular treatment has something that it 

can be compared with; all things are relative. 

Comparison groups: 

Control group: 

 Is a set of experimental units which do not receive the active treatment, but which are 

similar in all other respects 

Placebo group: 
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 Is a special type of control group 

 Receives a dummy or inactive treatment, such as a sugar tablet 

 All placebo groups are control groups but not all control groups are placebo groups 

Understanding control: 

Control refers to controlling for known sources of variation in the response variable. These 

known sources of variation (other explanatory variable, usually not of interest) could be things 

such as environmental conditions, breeds of animals, gender, and socio-economic status. 

Control by design: 

 Fix (hold constant) the conditions under which the experiment is conducted 

 Conduct a mini version of the experiment in each of the sub-groups (blocking) 

Fixing conditions: 

 Use a greenhouse – all plants under same environmental conditions 

 Comparing weight gain of pigs – use same breed and gender 

 Effectiveness of medical treatment – all subjects from similar baseline condition 

Blocking: 

A block is a collection of experimental units or subjects that before the experiment are 

considered to similar in some way that is expected to affect the response to treatment. 

 Divide the study units into blocks – blocks similar within, different between 

 Randomly assign treatments to study units within a block 

 Use a new randomisation for each block 

Examples: 

 Twins or litters of animals 

 Time of day 

 Batches of materials 

 Gender, age group, physical health, culture 

 One subject receives both treatments (the order of the treatments being randomised) 

block = an individual. 

In observational studies, blocking is equivalent to stratification… subjects being randomly 

selected from each strata. 

Principles of good study design: 
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For validity (minimize possibility of bias): 

 Randomisation 

 Comparison 

 Control (blocking or stratification are special types of control) 

For precision: 

 Replication 

 Blocking/stratification 

 Balance (same number of subjects in each treatment group) 

Study types: 

Observational study: 

 The experimenter observes individuals and measures variables of interest 

 The experimenter does not determine which group a participant (study unit) belongs to 

 Evidence by observation 

 E.g. questionnaires/sample surveys 

Common problems: 

 Selection bias – sample selection process make some sub-groups of the population 

more likely to be selected (e.g. treatment group in NFIP study were self-selecting) 

 Response/reporting bias – different subgroups being more or less likely to respond 

(opinion polls); diagnosing bias. 

 Question wording 

 Presence of confounders – conclusions about causation are more difficult to make, the 

power of randomly select subjects, there may be other factors causing the observed 

association, other than the exposure (treatment) being considered. 

Designed experiment: 

 The experimenter deliberately imposes some treatment on the study units in order to 

observe the response 

 The experimenter assigns the study units to the different treatment groups 

 Evidence by design 

Randomisation in designed experiments: 

 In an experiment study subjects are randomly assigned to the treatments 
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 A design that uses randomisation without any form of matching is referred to as a 

completely randomised design. 

Comparison between the two: 

 Observational studies can often show an association between two variables, but never 

prove causation. 

 When our goal is to understand cause-and-effect relationships then well-designed 

experiments are the optimal way of obtaining fully convincing data. 

Of course the study design principles apply equally to observational studies and designed 

experiments; however, with designed experiments we have a distinct advantage: the 

experimenter has control over the randomisation process 

 Randomly assign subjects to treatments (minimising possible bias and confounding) 

 Randomise in such way that possible effects due to nuisance variables are controlled 

for… and clearly measurable (blocked designs) 

 

Matched pairs design: 
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A special type of blocked design is a matched pairs study. The most common example is twin 

studies where one of the twins receives treatment A and the other receives treatment B. a 

block consists of one pair of twins. Another example is a case-control study (medical context) in 

both instances; the pair is matched on all variables that could affect the response. 

Balance in a study design: 

A balanced design is one in which each treatment is used the same number of times (applied to 

the same number of experimental units). The growth of native grasses example was a balanced 

design because each grass type was applied to the same number of plots. 

 


