
Question: Each row in the table below corresponds to a hypothetical experiment that you want to 
quantify the results with the help of a statistical model. Fill the required cells in the table below, only 
fill in cells that are not shaded in gray. For columns one, two and three (response and predictor 
variables): you need to fill a type of variable: continuous or discrete (factors), for predictor variables 
that are factors you may need to indicate if they correspond to fixed or random effects. For the response 
variable, depending on the model, you may also indicate if they are counts, presence absence or 
proportions. Column four (Distribution of residuals) relates to the assumptions of the chosen model; are 
the residuals assumed to be normally distributed, Poisson distributed or binomial distributed?. Indicate 
the name of the statistical model that you would use in column 5.  Finally, in column 6 write the R 
model formula, including the function, that would be used to fit the model of choice for each case.

Response
variable

Y

Predictor
variable 1

X1

Predictor
variable 2

X2

Distribution
of residuals

(i

Suitable statistical
model

R model formula

continuous continuous --- normal lm(Y~X1)

continuous continuous continuous normal lm(Y~X1+X2)

continuous continuous --- normal Polynomial regression lm(Y~X1+I(X1^2)+I(X1^3))

categorical
(factor)

--- normal One way ANOVA lm(Y~X1)

continuous
categorical

(factor)
continuous lm(Y~X1*X2)

continuous
categorical

(factor)
normal

FACTORIAL
ANOVA

continuous
categorical

(nested factor)
normal NESTED ANOVA

continuous continuous categorical normal

continuous continuous ---
No

assumption
loess(Y~X,span=1)

Question: What is the interpretation of the intercept in a regression model?

Question: What is the interpretation of the slope in a simple (one predictor) linear regression model?

Question: What is the interpretation of the partial regression slope in a multiple regression model?

Figure 2. The xy plots below illustrate a simple regression analysis between species richness (R) and 
the height on shore (NAP),  between plots where measurements were taken and mean sea level. There 
is a clear negative relationship between species richness and height on shore.
Plot A shows the recorded observations, this is our sample of the random variable species richness that 



we are trying to relate with NAP sample. Plots B to D show the observations (larger points) and 
possible population values (smaller points) that could have been sampled if we had repeated the 
experiment many times. The plots illustrate the distributions of our response variable at different 
predictor variable values.  Inspect these plots for violations of the regression analysis assumptions, and 
select the options that are true relative to each plot B, C and D.

Question: In Plot B:

Species richness are normal distributed across the NAP range.

There is homogeneity of variance of species richness across the NAP range

Variance of species richness decreases with increasing values of NAP

There is not homogeneity of variance of species richness across the NAP range



Question: In Plot C:

Species richness are normal distributed across the NAP range.

There is homogeneity of variance of species richness across the NAP range

Variance of species richness decreases with increasing values of NAP

There is not homogeneity of variance of species richness across the NAP range

Question: In Plot D:

Species richness are normal distributed across the NAP range.

There is homogeneity of variance of species richness across the NAP range

Variance of species richness decreases with increasing values of NAP

There is not homogeneity of variance of species richness across the NAP range

Table I. Analysis of variance (ANOVA) table for simple linear regression of Y on X 



A

C

B

D

Figure 1 . Ascombe data set, the corresponding data is presented in table II. The slopes of fitting 
a linear regression model of Y on X are shown.



A B C D

x y x y  x y x y

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58

8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71

9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47

14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04

6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25

4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56

7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89

Question: Draw in figure 1, only for plots A and B, the vertical segments that correspond to the 
residuals of the simple linear regression between Y and X. 

Question: Only using the calculator in your computer (or using R as a fancy calculator, but without 
fitting a lm model), use the data in table II to calculate (i) the Total Sum of Squares, (ii) the Regression 
sum of Squares and the coefficient of determination (r2) for data set A and data set B. Use table I to 
revise the formulas for Sum of Squares.

Question: What is the null hypothesis in a simple regression analysis that relates to the slope?

Question: Referring to Table I and II, calculate the F ratio that you would need to test the null 
hypothesis indicated in the last point. 

Question: Write the r code to get the p value of such F test.

Question: What is the null hypothesis in a multiple regression analysis?

Question: Given a multiple regression model created in R using lm(), what is the function that will 
produce a table showing the t test  p-value for the null hypothesis of each predictor partial regression 

Table II. Ascombe data sets. There are four data sets (A,B,C and D) with the data 
shown in the figure above. Columns show the X and Y values, the mean X and Y for 
each data set and the fitted values from a  simple linear regression of Y on X. 



slope being equal to zero?

Question: When plotting diagnostic graphics for a multiple regression analysis to evaluate if the 
relationship between the response variable and each of the predictors retained in the final model (all 
that were significant) is linear, and there is not a violation of the analysis assumptions, what is the best 
strategy? Mark in the table below a single best strategy.

Use separate x y plots, showing in each the response variable (in the y axis) and the response
variable of interest (in the x axis).

Use separate plots showing in the y axis the residuals of the regression between the response 
and all predictors except the predictor of interest, and in the x axis the residuals of the 
regression between the predictor of interest and all predictors except the predictor of interest.

Use function plot(model) to plot a series of diagnostic plots.

Question: When comparing models with different number of predictors which in the list below are 
appropriate criterion for full and reduced model comparisons (choose one or several options)?

The coefficient of determination (r2)

The Akaike information criterion (AIC)

The Bayesian information criterion (AIC)

The adjusted coefficient of determination (adjusted r2)

Question: Incorporating correlated predictors in your multiple regression analysis is problematic 
because (choose one or several options):

It is a waist of resources to measure redundant variables

Correlated predictor variables will underestimate the coefficient of determination

Correlated predictor variables will overestimate the partial regression slopes

Correlated predictor variables will inflate the standard deviations of partial regression slopes
and confidence intervals.

The addition of correlated predictors causes instability in the coefficients of all other 
predictors in the model.



The addition of correlated predictors causes increases the chances of estimating negative 
predictors

Question: How can you access if correlation between the predictors (multicollinearity) will be a 
problem in your analysis  (choose one or several options)?

Estimate correlations between predictor variables

Estimate Tolerance or Variance Inflation Factor for each variable

Estimate the coefficient of determination between the response and each predictor in 
separate simple linear regressions

Visualize the correlations between predictors with a splom plot (pairs() in R)

Question: In a multiple regression analysis, how can you estimate which predictors contribute more to 
explain the change in the response variable while accounting for the effect of the other predictors 
(choose one or several options below)?

Estimate the regression slopes of each predictor in separate simple regression analysis.

Estimate the multiple regression partial regression slopes.

Run a hierarchical partitioning analysis of the explained variance in the response variable.

Estimate standardized partial regression slopes for each variable.

Question: What is the goal in model selection (choose one or several options below)?

Find the most complex model that can fit the data using as many as possible variables that 
took so much effort to collect.

Find the most parsimonious model, with the least number of predictor variables, that can fit 
our data.

Remove predictors from our model that have a slope that is significantly different from zero



Remove, at once, all predictors from our full model that do not reject the null hypothesis of 
having a partial regression slope different from zero.

Remove sequentially predictors that satisfy (i.e., are TRUE) the following R logical 
condition:
1-pt( t-value , degrees of freedom)<0.05

Remove sequentially predictors that satisfy (i.e., are TRUE) the following R logical 
condition:
qt( t-value , degrees of freedom, lower.tail=FALSE)<0.05

Question: Imagine you obtained the probability distribution below in the following manner:  You first 
used a randomization technique to simulate 1000 possible summary statistic (e.g., t) values possible 
under a certain null hypothesis (H0). You proceeded by plotting the distribution of these 1000 values to 
facilitate comparison with an observed test statistic value you measured from real data using the same 
statistical test. Assume that from such comparison you concluded that  your observed test statistic was 
not significantly different from the null hypothesis at =5%, i.e., the the probability of observing your 
test statistic if the H0 is true was > 5%. 
Represent a possible observed test statistic value that would lead you to such conclusion by drawing in 
the plot below a vertical line that intersects with the x axis at the value of your observed test statistic.



Question:  Read column one and use column two and three to indicate whether such experiment 
corresponds to a fixed or random effect factor.

Short description of the experiment Fixed Random

An analysis of variance where all the groups or treatments (also called levels
in R)  of specific interest are included in the analysis. 

A random selection of all possible levels (or groups) of the factor is used 

After testing the null hypothesis of the ANOVA we cannot extrapolate our 
statistical conclusion beyond beyond the specific levels that were used in the
experiment

If we repeat the study we could use another random sample of  
levels for the categorical variable used in the first experiment

Question: The figure below represents the results of an experiment that measured crop yield in 
different soil types treatments. The levels of the factor soil are sand (S), clay (C) and loam (L). In the 
plot below the letters S, C and L indicate the level of the factor soil type to which each yield 
observation belongs. The horizontal solid lines represent the means for all observations recorded inside 
each level. Draw horizontal lines to represent the residuals in this ANOVA.



Question: The figure below represents the results of an experiment that measured crop yield in 
different soil types treatments. The levels of the factor soil are sand (S), clay (C) and loam (L). In the 
plot below the letters S, C and L indicate the level of the factor soil type to which each yield 
observation belongs. The horizontal black solid lines represent the mean value for observations 
recorded within each level and the broken blue line the overall mean across all levels. Draw horizontal 
lines to represent the Treatment effects in this ANOVA.

Question: The summary below represents the output in R for the results of an ANOVA where different 
experimental soil types were tested to see if they produced different crop yields. The levels of the factor
soil are sand (S), clay (C) and loam (L).  You can also see the output and order of the levels in the 
factor soil, before the summary table. Please read the table below and write the yield means for each 
soil level (remember that R by default gives treatments contrasts, i.e., means after the first level are 
differences, or contrasts, with the mean in the first level.

Question: What is the null hypothesis in the soil type experiment?

Question: Which R function would you use to plot the null hypothesis test, once you had produced the 
model above, i.e., aov(y~soil)?

Answer here:

Sand mean:____________

Clay mean:_____________

Loam mean_____________



Question: Just like in regression and multiple regression lack of independence of your data can 
severely affect the outcome of your results. Mark in the list of options below which statements can be 
considered causes or consequences of lack of independence.

In multiple regression the residuals are scattered evenly and randomly throughout the range 
of the predictor 

The independence assumption can be violated by  measuring inside the same plots through 
time when time is a factor.

Plots from different treatments in an ANOVA design are spatially close to each other

In a regression analysis, the plot of residuals versus fitted values shows that all residuals are 
positive for small fitted values and that all residuals are negative for large fitted values

Question: Indicate if the following two-way ANOVA experiments correspond to nested or factorial 
designs.

Experimental design Nested Factorial

Two specific lakes were studied for diatom species richness (Factor 1: Lakes), 
Inside each lake three locations were studied (Factor 2: Location), Inside each 
location 5 replicate batches of water were sampled. 

The effect on rhizome elongation of three different fertilizer types was tested 
(Factor 1: Fertilizer) together with the effect of fertilizer on different seagrass 
species, three different species were used (Factor 2: seagrass species) three plots 
were used for each combination of species and fertilizer.

The number of different bacteria colonies colonizing a substrate was measured in
substrate composed of different sugars (Factor 1: Sugar type), the measurements 
were repeated in different zones in the substrate (Factor 2: Zone), in each zone 
three sub zone were measured.

Length of a morphological trait were measured across different families of an 
insect model species (Factor 1: family), inside each family different levels of 
kinship were measured (Factor 2: kinship level). Three individual insects per 
kinship level were used.

In general, an experimental designs that incorporates two or more factors that are
crossed with each other. The term crossed indicates that all combinations of the 
factors are included in the design and that every level (group) of each factor 
occurs in combination with every level of the other factors. Both factors are of 
equal importance. 

In general, the categories of the second factor within each level of the first factor 
are different.  The second factor(s) is(are)  often representing levels of 
subsampling or replication in a spatial or temporal hierarchy. 

The experimental design allows testing an interaction effect



Question: Indicate if the following statement is true or false: 
“ The interaction between factors is a measure of how the effects of one factor depend on the level of 
one or more additional factors.”

TRUE

FALSE

Question: Indicate if the following statement is true or false: 
“The presence of an interaction means that the combined effect of two or more factors is predictable by
just adding their individual effects together. ”

TRUE

FALSE

Question: Indicate if the following statement is true or false: 
“Unplanned comparisons (e.g., Tukey HSD test) are only done when the ANOVA F test indicates that 
there is a significant result to be found; then we often wish to go “data- snooping” to find which groups
are different from which others.”

TRUE

FALSE



Question: Indicate if the following statement is true or false: 
“Specific hypotheses about specific level comparisons or  groups of levels comparisons, and tests of 
such hypotheses are usually more powerful, because there is less of an argument for the need to adjust 
family wise type error I rates and the power of the tests is therefore not reduced.” 

TRUE

FALSE

Question: Indicate if the following statement is true or false: 

“Orthogonal contrasts are used to perform independent tests of differences found between the mean 
values of specific levels of a factor, or groups of levels of a factor. There are only q-1 possible 
orthogonal contrasts (q being the number of levels in the factor)”.

TRUE

FALSE

Question: Imagine that to meet the assumption of linearity you log transformed the response variable y
, i.e., log(y), before fitting a simple linear regression. Now you obtained a slope estimate of 0.25. Write 
below your interpretation of this numeric result as 1) the increase in log(y) units per unit increase of 
predictor, and 2) the increase in percentage units of y per unit increase of the predictor.


