Practice questions for examination 2020/2021
Topic 1.

- the role and goal of mathematical statistics – when is it needed?

- in biology, we need statistics more than in physics because ….

- sample and population. Explain the concepts and give an example;

- understand, that sample has to be taken randomly;

- understand, that you can generalize only to that population from which the sample has been (randomly) taken;

- give examples of continuous and discrete variables;

- histogram – what it is, be able to draw, what is on the axes?

- mode, median and the mean of a sample – understand and be able to draw;

- normal distribution – be able to draw;

- variance – what does it show, units of variance compared to the units of the variable itself, how is calculated and the concept of decomposition of variance into components;

- standard deviation, how to calculate, units of SD;

- SE and SD: what do they show, difference in interpretation, how to present in the text and in figures.

- dependence of SE and SD on sample size;
- interpretation of confidence interval;

- quantiles, when to use, be able to draw on a distribution?

- box plot, be able to draw; 
- skewness and kurtosis – indicate what? Normal distribution has …. 
Topic 2.

- which general question provides a statistical test an answer for? (clues: sample, relationship, population, chance);

- interpretation of p-value: the probability of what is p?

- understand the idea of determining p value based on a computer simulation (see ppt slides);
- understand that p is NOT the probability of „our relationship was found by chance“;

- the critical p value is usually ….

- if p is below the critical value, we say that ….

- p depends on three things, in which way on each of those? 

- if p is larger than the critical value (the relationship is not significant), we conclude that…. but must not conclude that ……

- the concept of degrees of freedom in general (i.e. not only in statistics, not only when applied to models);

- in statistical analyses, we have usually two different degrees of freedom, how to interpret those and why are those important when determining the p value?

- t-test: when to use? Give an example.

- the value of t is calculated based on…. how does t depend on each of those? 

- in the case of t-test, p depends on what and in which way?

- based on t value, we find…..

- in t-test, degrees of freedom are determined by ….
- p gets smaller/larger, with …… increasing/decreasing; 

- presenting results of a t-test – example sentence;
Topic 3.

- in which situations do we use ANOVA – give an example;

- into which components do we decompose variance when performing ANOVA?

- draw a picture presenting group means and residuals;

- F statistic is the ratio of … and depends therefore on …. Based on the value of F, we find…. 

- model and error degrees of freedom - they characterize what?

- one-way ANOVA, balanced ANOVA – means what?

- interpretation of results (p) in the case of ANOVA: not necessarily all groups differ from each other but …

- what is R-square? It can take values from … to …, draw cases in which R-square = 1 and in which R-square =0;

- assumptions of ANOVA and t-test. Draw cases in which the assumptions are/are not met;

- the idea of transformations in general, and an example of a case in which a logarithmic transformation has to be used;
- results of a one-way ANOVA as an example sentence, how do we present the degrees of freedom?
- non-parametric counterparts of ANOVA: the overall idea (measured values are replaced by …), why good and why bad, name a non-parametric test;
- ordinal variables and why can those only be analysed non-parametrically. 
Topic 4.

- correlation analysis is used in which cases?

- be able to draw situations in which r=0, r=1, r=-1 and about r=0.5;

- r varies within limits of …., units of r;
- know what are Pearson and Spearman correlations; 
- assumptions of Pearson correlation;

- know what is covariance (formula not needed) and how does it differ from correlation coefficient;

- when to use a non-parametric correlation? Draw a situation when this is appropriate;

- an example of a non-parametric correlation on ordinal variables; 

- when we proceed from correlations to regression analysis, we want to know more: ….. Give examples where to use.

- draw a figure representing a regression analysis. Indicate where there is regression line, its slope (unit?), intercept, residuals; present the equation; 

- slope of a regression line indicates what? Be able to draw different slopes;
- the idea of the least squares method;

- R-square in regression analysis; be able to draw cases where R-square = 0 and 100%. 

- assumptions of linear regression analysis, be able to draw cases in which assumptions are met and where they are violated; what can we gain by a log-transformation?

- the concept of predicted value in regression analysis;

- understand that regression line changes when the axes are switched (it is important which variable to place on which axis); be able to illustrate;

- interpreting intercept = 0;
- explain regression through origin. 

Topic 5.

- give a hypothetic example (propose some appropriate variables) of a situation in which a two-way ANOVA is used, present a realistic ANOVA table reporting results of a two-way ANOVA, be able to interpret;

- the concept of interaction. Be able to give examples (group means presented graphically) where there is, and where there isn’t an interaction; 

- be able to illustrate examples in which there are/ are no main effects;

- understand that the interaction is a symmetrical thing; 

- what does it mean that if there is no interaction, the effects of the factors are additive? 

- be able to present an example where we should use covariation analysis and in which case the effect of the covariate is not of interest; explain, why may we still choose to include the covariate in the model? 
- the decision of including a covariate should be based on … and must not be based on …. 
- model simplification: the aim of doing it and how to perform backward elimination? 

Topic 6.

- interpretation of an interaction between three factors (a three-way interaction), present an example and be able to illustrate; express verbally in three different ways and understand that all the sentences mean the same;

- provide an example of a situation (verbal explanation and illustration), in which in a three-way ANOVA will find an interaction between two factors, but here is no three-way interaction; be able to illustrate a situation in which there are no interactions; be able to illustrate a main effect of a factor in the case of a three-way ANOVA; 

- understand, that all interactions are independent phenomena and cannot be derived one from another; understand which (how many) interactions can be present in a three- and a four-way ANOVA;

- model simplification, how will you omit the interactions?

- an interaction of a continuous and a categorical variable, be able to illustrate and understand, which problem are we faced with when testing the main effect of the categorical variable;
- understand the concepts of predicted value and residual in the case of multi-way ANOVA;

- assumptions of a multi-way ANOVA and how to test them;

- multiple comparison adjustment – when needed and why needed?

- when we apply a multiple comparison adjustment, will our p-values increase or decrease and why?

- be able to name at least one such method;

- if the effect of a factor in ANOVA is significant but none of the pairwise comparisons are significant – what will we conclude and why isn’t there a contradiction?

- applying Bonferroni correction as an approach analogous to multiple comparison adjustment. Be able to explain when and why is it used and what is the basic idea (critical p-value is adjusted according to …. because …. ). No need to learn how exactly is it done. 

Topic 7.

- a type I and a type III analysis will yield different results when … and will not yield different results when … Be able to present examples for both categorical and discrete variables. 
- components of variance in the case when independent variables are correlated with each other;
- for type I analysis, understand how does the interpretation of the results differ for independent variables which appear first in the model, and for those which appear last; 
- be able to explain how will the result depend on the order of the variables in the model;

- what does it mean that ’a test is conservative’?
 

- in a type III analysis, the results for each of the variables are such as like the variable was … in type I analysis. How does the result depend on the order of the variables in the model?

- explain what is meant by „correlated variables conceal each other“;

- when and why will you prefer to present type III analysis in your paper?

- why should we try to avoid a correlation between independent variables in our experimental design? Give an example of a case when this 1) can, and 2) cannot be done; 

- „Analysis of covariance – one important application“ – give an example in which case this logic applies. How to interpret different potential results?

- give an example of a case in which you would use multiple regression, be able to present a hypothetic result (equation of the relationship). In the case of two independent variables, the relationship can be graphically presented as….
- when performing a non-linear regression, we can in principle fit each kind of functions, but there are problems: …. 
- a simple test of non-linearity is ….

- write the equation of a parabola, when is a parabola concave and when is it convex?

- type I regression is used for …. (predicting!) but not ….. . When we would like to interpret the slope of the regression in a biologically meaningful way, we may use …. . Be able to give an example and understand that type II regression is symmetrical (the slope is invariant to switching the axes). 
Topic 8.

- hierarchical (nested) ANOVA, be able to give an example and to interpret the results;

- the concepts of fixed and random factor (be able to formulate), be able to give examples of analyses in which some of the factors are considered random – why are they considered random?
- understand that in the case of a random factor, there should be several observations at each level of the random factor and there should be several levels of the random variable in our sample!

- understand that often it is possible to treat a factor alternatively both as fixed or as random, be able to tell how will the interpretation differ in these cases; 
- treating a factor as random (instead of fixed) affects the result mostly if …. (and why);

- why can we get an „unfairly good“ result in an analysis in which we ignore the fact that there are repeated measurements involved. In the terms of statistics, the reason can be formulated as …. 
- the concept of pseudoreplication;

- why may we sometimes get an „unfairly bad“ result ignoring the fact that there are repeated measurements involved;
- give an example of a situation in which we should use a paired t-test, explain the idea of the analysis; 

- give an example of a situation in which you would use a repeated measurements ANOVA. What would you conclude from an interaction between time and treatment? Be able to illustrate. 

Topic 9

- present a one-dimensional frequency table. A chi-square test would test here for what? Be able to formulate a sentence reporting the results. 

- present a two-dimensional frequency table in which there is a clear association between the variables. Know how to calculate marginal distributions and odds ratio. 

- present a two-dimensional frequency table in which there is no association but the cell frequencies are still considerably different from each other. 
- explain what is expected frequency. In a two-dimensional frequency table, a chi-squared test would test for…. 

- assumptions of a chi-squared test. Present a table in which the assumptions are certainly met and a table in which they are not. 

- why is Fisher’s test good and why can it be applied in special cases only?

- describe a situation in which you would like to analyse a three-dimensional frequency table. Why is a chi-squared test not enough? How is the analysis called which would provide more information? Present an interpretation of an interaction. Understand that all the variables have an equal status and there is no dependent variable; 
- be able to explain in which cases do we use logistic regression and present an example;
- logistic curve, be able to draw, know the formula and be able to qualitatively interpret the parameters; 
- understand that logistic regression can be developed in the same directions as ANOVA – it can be multifactorial etc.; 

- what is a general linear model? In which way is it general?

- what is a generalized linear model? In which way is it generalized?

- Poisson distribution. In which situations will we have one? Be able to draw. 

- be able to present a case in which we can assume that the dependent variable has Poisson distribution; 

- what is over- and underdispersion and how can such things arise in ecological contexts? 

Topic 10.

- time series: explain what it is and give an example, draw;

- autocorrelation in time series: be able to define, draw a time series where there is a negative/positive or no autocorrelation;

- understand that there in not just a single value of autocorrelation for each time series but there are different for different k (what it is?); 

- correlogram for  time series. Be able to draw and interpret different ones, what is on the axes? 

- be able to draw a time series which is roughly consistent with given correlogram;
- cyclicity, also in a correlogram; 

- understand that elements of an autocorrelated time series cannot be used as independent data points in ordinary analyses – autocorrelation causes pseudoreplication; 
- we can often avoid autocorrelation-related problems if we use ….. instead of the raw values of the variable. Be able to explain and draw;
- be aware that autocorrelated data can be analysed by fitting models which explicitly take autocorrelation into account; 
- be able to explain what is autocorrelation in space (SAC) and be able to present (draw) examples where there is an either positive or negative SAC;

- SAC is quantitatively expressed by …. 
- correlogram for SAC, be able to draw, what is on the axes? 

- there are two aspects of SAC which can be seen in a correlogram….

- understand why should not we use spatially autocorrelated data points as independent observations – SAC causes pseudoreplication; 

- we can still use „ordinary“ statistical methods (those which ignore SAC) if we can achieve a situation in which ….

- if this cannot be achieved, we should use….

- if this solved the problem or not, we can again see from….

- if we want to avoid SAC-related problems, we can of course select our study plots so that …..
Topic 11.

- when we merge several variables in one principal component, we do this for what reason? Give an example. 
- a principal component is calculated from variables which are …. 
- be able to write and interpret Z=....

- component score is what?

- zero is placed ….

- present an example of a case in which we calculate two principal components from the same data, present the result as an ordination plot, interpret the plot; 

- discriminant function analysis: overall idea and when to use? 
Teema 12.
- present an example of an ecological research question in which we compare species composition of two assemblages;
- species richness; species accumulation curve: be able to draw and interpret;

- species diversity; how does it depend on species richness and evenness? 

- what is MANOVA? Present an example of a case where we can use it.
- when we use PERMANOVA in the analysis of assemblages, we ask which question?
- draw and interpret a biplot in the context of ordination of assemblages. What is on the axes? 
- nonmetric multivariate scaling (NMDS): what for and how does the result look like??
Topic 13. 

- the concept of the power of a test, two ways of using it;

- once again, please understand that we cannot prove the absence of a relationship but we can say that „it is not stronger than …“. Two ways of doing it. 

- the concepts of null hypothesis and research hypothesis; 
- Akaike information criterion is used when we want …. (to do what?); 

- if we add an independent variable to the model, then R-square as an index of model fit always …., but AIC can also ….., because the model gets „punished“ for ….

- the best model has ……. AIC value;
- in the tables reporting the results of an AIC-based analysis there are often deltas, which show ….

- „importance“ of a variable in AIC-based analyses indicates ….

- we can use Bayesian statistics if, in addition to the sample, we have a priori information about ……..;

- the primary output of a Bayesian analysis is …. (posterior distribution), which shows us …. 

- in Bayesian statistics we can formulate statements like „with …. probability there is ….“, but an ordinary p-value cannot be interpreted this way; 

- when we want to show that the effect of factor X on the independent variable y differs between two groups, we should test what? Which result would be insufficient as a basis of such conclusion? 
- why should we have a hypothesis before looking at our data – be able to present an example in which this principle has been violated and a nonsense result was obtained as a consequence; 

- statistics and causality: if we find that x and y are correlated, there is no way to tell – using the methods of statistics –  whether …… 

***************** enough for this time  ***************************
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