Concepts and Definitions — YOUR NAME HERE

Study/Assessment guide for MATH 615: Approaches to Quantitative Analysis in the Life Sciences

Class 1

How are statistical models different from other kinds of mathematical model?

Briefly describe the two main ideas about what probability is.

With a continuous probability distribution, why can’t we talk about ‘the probability of a number x.xxxxxxxx?’ What can we talk about instead?

Of what kinds of data does the Poisson provide a simple model?

What is the domain of the Poisson distribution?

What are the parameters of the Binomial distribution?

Why is the Normal distribution so common in nature?

Give one kind of data for which the Exponential distribution is a simple model.

What is the Central Limit Theorem? 
Class 2

What does the 30% quantile of a distribution represent?

Describe how to calculate the mean of a specified probability distribution (assuming you know the formula for the PDF).

With a continuous probability distribution, why can’t we talk about ‘the probability of a number x.xxxxxxxx?’ What can we talk about instead?

It is sometimes considered ok to treat, say, count data, which are discrete and likely to be Poisson distributed, as if they are continuous and Normally distributed. Under what circumstances.

Define likelihood.

Why is minimizing the sum of squared deviations equivalent to maximizing likelihood if those deviations are Normally distributed?

To make a Quantile-Quantile plot, the data are plotted on the x axis. What is plotted on the y axis?

Class 3

What does a regression equation such as  [image: image1.png]yi=C+mXx; + €



  assume in terms of the relationship between the x and y values?

Explain as concisely as you can how a linear model with Normal errors can be fit exactly without using the ‘trial and error’ algorithms associated with maximizing likelihood.

In a linear model what does ‘r-squared’ describe, and how is it calculated in terms of sums of squares?

A mean calculated from a sample is an unbiased estimator of the population mean. Why is the standard deviation of the sample a low-biased estimate of the population standard deviation? 
Class 4

Using traditional hypothesis testing, you perform a linear regression analysis and conclude that ‘the relationship is significant with p = 0.0231’. What is the exact meaning of p in this context?

Why is the F distribution important in hypothesis testing with linear models?

In model choice, a common choice statistic is AIC, which has the formula AIC = –2L + 2k. What is L, what is k, and what do the two parts of the formula (–2L and 2k) represent?

In Bayesian analysis, what is the difference between informative and uninformative priors in terms of their effect on the posterior distribution?

In Bayesian analysis, what would you calculate to choose between two different models?

Class 5

In a linear model for regression, there is an X matrix in which the columns represent the predictors, with an initial column of 1’s if there is a constant (which is usually the case). An ANOVA-type analysis, with categorical predictors, can also be thought of as a linear model. In general terms, what does the X matrix for an ANOVA have in it?

If a two-way ANOVA analysis indicates a significant, positive interaction term, what does that mean (in words)?

For what kind of data would you perform an analysis of covariance?

In an analysis of covariance, what does it mean if there is no significant interaction term?

Some regression models are ‘linear’ even if the function describes a curve. How can you tell that a model is linear?

In a generalized linear model, what is the link function?

Class 6

If you have a regression with 10 data points, and you fit a 9th-order polynomial, the regression line will go through every point — a perfect fit! Give two reasons why this fit is not useful.

What is cross-validation?

If you perform three statistical analyses, each with a Type I error rate of 0.05, what is the probability that at least one will appear significant by chance?

Class 7

What is power, in words? What is it in terms of Type I or Type II errors?

How does changing the Type I error rate (alpha) affect power?

What are the three things that affect power?

A power analysis may require that you do a smaller, ‘pilot’ experiment before the main experiment. What is the purpose of the pilot experiment?

What is pseudoreplication? (You can use an example.) What effect does it have on a statistical analysis?

What is blocking?

Nested effects are often entered in statistical analysis as ‘random’ (rather than ‘fixed’). What does that mean?

Class 8

What makes a test non-parametric?

In ‘traditional’ non-parametric tests (such as the Mann-Whitney U test), a parametric statistical distribution does still play a role? What is it?

How does the bootstrap approach allow us to correct for bias in an estimated parameter?

In a randomization test, what does the randomization accomplish?

What is the trade-off when using a non-parametric test instead of a parametric one?

