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Basic terms in Statistics

Toxicology: descriptive science mechanistic studies
statistics

Causality ≠ correlation

power
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Basic terms in Statistics

datum: each individual piece of experimental information

data: collection of pieces of experimental information

variables: independent: treatment variables directly controlled (predictors or explanatory variables)
dependent: effect variables dependent on the treatment

population: all the possible measures of a given set of variables

sample: represantative group
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Basic terms in Statistics

AIM of Toxicological study: treatment -> effect in a biological system?

bias: systematic differences other than treatment
between the groups (e.g. selection bias)

chance: random differences

signal/noise ratio:   chance of picking up a true
effect with confidence

accuracy: quality of measurements of
variables/expression of the closeness of a 
measured value to its true value

precision: reproducibility of a series or repeated
measurements
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Hypothesis testing and probability (p) values

significance level/p value: the probability that a difference has been erroneously
declared to be significant, typically 0.05 and 0.01, corresponding to 5% and 1% chance
of error

one-tailed p value: the probability of getting by chance a treatment effect in a 
specified direction as great as or greater than that observed

two-tailed p value: the probability of getting by chance a treatment difference in 
either direction that is as great as or greater than that observed

p value does not give direct information about the size of any effect
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Estimating the size of the effect

Confidence interval (CI) 95%: A range of values (above, below, or above and below) 
the sample (mean, median, mode, etc.) that has a 95% chance of
containing the true value of the population (mean, median, mode); also called the 
fiducial limit equivalent to p < 0.05

Effect size d Reference

Very small 0.01 Sawilowsk
y, 2009

Small 0.20 Cohen, 
1988

Medium 0.50 Cohen, 
1988

Large 0.80 Cohen, 
1988

Very large 1.20 Sawilowsk
y, 2009

Huge 2.0 Sawilowsk
y, 2009

Cohen ‘s D: estimating the size of effect taking into account the standard
deviation
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Principles for experimental design in 
toxicologic studies

SAMPLING
Ø bias / chance

Ø independence

Ø replacement

Ø sample size – power, 
significance level

EXPERIMENTAL DESIGN
Ø replication

Ø randomization

Ø concurrrent control

Ø balance

Statistical efficiency
Saving of resources
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Minimizing the role of chance

Choice of species and strain: responses of interest rare in 
untreated control group, evoked by appropriate treatment

Dose level: range of doses à dose-response curve

Duration of the experiment: For nonfatal conditions à ideal killing
when average prevalence ≈ 50%

Accuracy of determinations

Sampling: without bias, independently, with replacement

Number of animals: depends on 
• The critical difference
• The false-positive rate
• The false-negative rate
• The variability in the material
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Experimental design in toxicologic studies-
Power analysis
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Avoidance of bias

Stratification: homogenous groups, control of confounding variables 

Balance: simultaneous evaluation of the effect of several different factors à requirement à
the contributions of the different factors can be separately distinguished and estimated

Randomization

Adequacy of control group (eg same route of administration)
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Experimental design – sampling methods

C. Systematic sampling
employed in quality control

D. Cluster sampling
pool already divided into 
separate groups à selection 
of small ses of groups à
selection of a few members 
from each set

Population

A. Random sampling
Sample size: 4

Population

B.Stratified sampling
Sample size: 2+2
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Experimental design types in toxicology

Randomized block: 

Blocking: arrangement or sorting of the members of a population into
groups based on characteristics that may alter an experimental outcome
(genetic background, sex age)

Randomization:each treatment group à at least one member of each
blocking groups
Members of each block à assigned in unbiased-random fashion

Latin Square: 
A: control
B: low
C: intermediate
D: high
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Experimental design types in toxicology

Factorial design: all levels of a given factor combined with all levels of every other factor in the
experiment à interaction effect, synergism, antagonism

1. No treatment
2. Treatment A
3. Treatment B
4. Treatment A and B

Nested design (dependent): each subfactor evaluated only within the limits of a single larger 
factor
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Types of variables and frequency distributions
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Types of variables and frequency distributions
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Methodology selection
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Methodology selection: Modeling
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Statistical graphics

Exploration: summarizing data, deciding on appropriate forms for further analysis

Analysis: use of graphs to evaluate aspects of data, determining outliers

Communication and display of data: showing important trends or relationships in the data
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Construction of graph
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Experimental design – sampling methods

Population

Random sampling

Sample size: 4

Stratified sampling

Sample size: 4

Population
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Low-dose extrapolation / NOEL estimation
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Methodology selection: Hypothesis-testing
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Methodology selection: Reduction of dimensionality


