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Outline

- Scientific process
- Statistics workflow
- Example scenarios 
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The Scientific Process

1) Theorize question or problem
2) Develop Hypotheses

4) Record observations
3) Design Experiment

5) Analyze observations
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The Scientific Process

- Not all designs are created equally

- Not all observations are created equally

- poor design leads to impossible inferences

- poor statistical methods leads to false-positives and false-negatives
- continuous > ordinal >= nominal

1) Theorize question or problem
2) Develop Hypotheses

4) Record observations
3) Design Experiment

5) Analyze observations

- Not all methods are created equally
- many methods can only test a handful of hypotheses and use p-values
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The Scientific Process

- Before starting you should consider

1) Theorize question or problem
2) Develop Hypotheses

4) Record observations
3) Design Experiment

5) Analyze observations

What outcomes are possible?
Are the questions you’re interested in answerable with the design? 
What format will your data be in?
What test will you use and what hypotheses are possible in it?
Do you have the replication required? 
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The Scientific Process

- Before starting you should consider

1) Theorize question or problem
2) Develop Hypotheses

4) Record observations
3) Design Experiment

5) Analyze observations

What outcomes are possible?
Are the questions you’re interested in answerable with the design? 
What format will your data be in?
What test will you use and what hypotheses are possible in it?
Do you have the replication required? 

Focus of the 
Stats In R and
Stats in pcvr

Workshops

The Stats in RCR
Workshop gets into
These steps some

And talks about how
To know when you’re
Off of the flow chart.

The Troubleshooting In R
workshop gets into some

coding problems in this step.

The Power Analysis
Workshop focuses

On these parts.
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● Statistics is not 
a drawer full of 
many separate 
tests.

● The tests we’ll 
talk about are 
all connected 
by unifying 
principles of 
probability.
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R,I

O

N

- Ratio, Interval
* Continuous scale measurements
* Ex: 1.3, 3.45, 2.98, …

* Plant height, CFUs, q-PCR, Watersoaking area, etc 

- Ordinal
* Ordered discrete scale measurements
* Ex: 19, 13, 18, …

* Severity scores, hull vertices, number of leaves, etc

- Nominal
* Non-ordered discrete scale measurements
* Ex: Red, Yellow, Cyan, …

* Diseased vs not-diseased, dead vs alive, punnett squares, etc  
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Scenario 1
You read a paper that says the average root 

length in arabidopsis 10 days after planting is 
5.8cm. Your own work has found a gene complex 
that is associated to root length and you knock out 
one of the components to test it’s effect in this 
phenotype. You do 20 reps and compare to this 
reported value.

- What are the steps that lead to the right test? 
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Scenario 1
You read a paper that says the average root 

length in arabidopsis 10 days after planting is 
5.8cm. Your own work has found a gene complex 
that is associated to root length and you knock out 
one of the components to test it’s effect in this 
phenotype. You do 20 reps and compare to this 
reported value.

- What are the steps that lead to the right test? 
 
Answer

Root length is measured continuously so we 
have R,I data. Our data looks gaussian and the 
shapiro test agrees, so we use a one sample T test. 
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Scenario 1
You read a paper that says the average root 

length in arabidopsis 10 days after planting is 
5.8cm. Your own work has found a gene complex 
that is associated to root length and you knock out 
one of the components to test it’s effect in this 
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Scenario 2
- You read a paper that found a SNP marker in 
Gossypium arboreum (diploid) that effectively 
doubles the amount of yield when homozygous 
recessive but it’s unclear if the population of cotton 
in a particular field is under Hardy-Weinberg 
equilibrium for this allele. Because you’re so 
excited about this, you go to the field and 
genotype 1000 plants to test if they are in HWE. 

 -What are the steps that lead to the right test? 
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Scenario 2

Answer

- You read a paper that found a SNP marker in 
Gossypium arboreum (diploid) that effectively 
doubles the amount of yield when homozygous 
recessive but it’s unclear if the population of cotton 
in a particular field is under Hardy-Weinberg 
equilibrium for this allele. Because you’re so 
excited about this, you go to the field and 
genotype 1000 plants to test if they are in HWE. 

 -What are the steps that lead to the right test? 
 

Genotypes fall into aa, Aa, and AA categories 
which are typically thought of as unordered so you 
follow the N path. Hardy-Weinberg equilibrium 
means the genotypes are in a ratio of 1 : 2 : 1 and 
you use these as the expected ratios for the correct 
test which is a Chi-Square Test.
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Scenario 2

R
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equilibrium for this allele. Because you’re so 
excited about this, you go to the field and 
genotype 1000 plants to test if they are in HWE. 

 -What are the steps that lead to the right test? 
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 Paired

  Un-paired

- Sometimes called “before and after” data. 
- This is for when you measure every replicate before an

intervention and then again after. This accounts for 
variance between individuals, which are assumed to 
be independent. 

- This is the most common data that is collected.
- Individual replicates are assumed to be 
  independent.

When more than two timepoints are used the data is considered 
longitudinal which introduces another type of correlation structure. 
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You’d like to compare the soil moisture 
readings of two soil types each having 10reps 
both before and after adding 200ml of water 
and mixing thoroughly. You’d like to test if the 
moisture reading is significantly different for 
either soil after the water is added.  

- What are the steps that lead to the right 
test?  

Scenario 3
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You’d like to compare the soil moisture 
readings of two soil types each having 10reps 
both before and after adding 200ml of water 
and mixing thoroughly. You’d like to test if the 
moisture reading is significantly different for 
either soil after the water is added.  

- What are the steps that lead to the right 
test? 

Scenario 3

Answer

First we need to recognize that this is paired data 
since we measured every rep before and after we 
added water so we’ll follow the Paired path. Next we 
determine that the measurement we’re taking falls in 
the continuous scales so we follow the R,I path. Then 
we use boxplots to discover that the observations are 
not Gaussian which leads us to a Wilcoxon signed rank 
test.
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You’d like to compare the soil moisture 
readings of two soil types each having 10reps 
both before and after adding 200ml of water 
and mixing thoroughly. You’d like to test if the 
moisture reading is significantly different for 
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Why not transform the data?
Transformation should generally not be the 

first thing you try with non-gaussian data, non-
parametric testing will make your life easier and 
your results better.

Keeping data in the original parameter space 
make for easier interpretation. Once you use a 
transformation it is very difficult to think about 
effect sizes and variance at the original scale.
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Why not transform the data?

If you still have to transform the data

Transformation should generally not be the 
first thing you try with non-gaussian data, non-
parametric testing will make your life easier and 
your results better.

Keeping data in the original parameter space 
make for easier interpretation. Once you use a 
transformation it is very difficult to think about 
effect sizes and variance at the original scale.

Non-parametric tests are less powerful so you 
may sometimes need to transform your data. If 
you do then only use a log, exponential, 
square-root, or square transform depending on 
how your data look. 

These transformations are most 
mathematically sound because of the relationships 
between the gaussian and other distributions. 
That will make for better and more interpretable 
results than the more outlandish transformations.
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Transformations between distributions
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Scenario 4
- You’re measuring plant height in a control 
(low N) and treated with a nitrogen fixing 
bacteria in 100 plants per condition. You have 
let the plants grow for two weeks and measure 
the height on the last day. 

- What are the steps that lead 
           to the right test?  
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Scenario 4

Answer
These data do not 

compare times so they are 
unpaired. Plant height is 
measured continuously so we 
have R,I data. Our data looks 
very gaussian so we pick the 
Unequal Variance T Test.  

- You’re measuring plant height in a control 
(low N) and treated with a nitrogen fixing 
bacteria in 100 plants per condition. You have 
let the plants grow for two weeks and measure 
the height on the last day. 

- What are the steps that lead 
           to the right test?  
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Scenario 4

R

- You’re measuring plant height in a control 
(low N) and treated with a nitrogen fixing 
bacteria in 100 plants per condition. You have 
let the plants grow for two weeks and measure 
the height on the last day. 

- What are the steps that lead 
           to the right test?  
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You do a transcriptomics experiment to 
identify upregulated genes in both heat (35C, 
80% WC) and drought (30C, 50% WC) 
treatments relative to a common control (30C, 
80% WC). For each of the two treatments you 
have upregulated genes, some of which 
overlap and you want to test if the overlap is 
due to random chance.

- What are the steps to test this 
hypothesis?  

721 520126

Drought HeatBoth

Scenario 5
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You do a transcriptomics experiment to 
identify upregulated genes in both heat (35C, 
80% WC) and drought (30C, 50% WC) 
treatments relative to a common control (30C, 
80% WC). For each of the two treatments you 
have upregulated genes, some of which 
overlap and you want to test if the overlap is 
due to random chance.

- What are the steps to test this 
hypothesis?  

Scenario 5

Answer

* These data are unpaired and the counts fall 
into three distinct, unordered categories so we 
follow the N path to the Chi-Square Test. 

If all the counts are above 5, then Chi-square 
and Fisher produce the same results. If any 
counts are less than 5, use Fisher.   
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You do a transcriptomics experiment to 
identify upregulated genes in both heat (35C, 
80% WC) and drought (30C, 50% WC) 
treatments relative to a common control (30C, 
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have upregulated genes, some of which 
overlap and you want to test if the overlap is 
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This is a good place to get help, you aren’t expected to know all of this
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No block 
effects
With block 
effects

Temporal

Non-
Temporal

Fixed Effects

Random 
Effects

Link Function
This is a good place to get help, you aren’t expected to know all of this
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No block 
effects
With block 
effects

Temporal

Non-
Temporal

Fixed Effects

Random 
Effects

Link Function
This is a good place to get help, you aren’t expected to know all of this

* Cofactor DOES NOT effect the components of the 
other design parameters equally 

* Cofactor DOES effect the components of the other 
design parameters equally 
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* Cofactor DOES NOT effect the components of the 
other design parameters equally 

* Cofactor DOES effect the components of the other 
design parameters equally 

No block 
effects
With block 
effects

This is an interaction effect, not a blocking 
effect. Our controls are at the same scale 
but genotypes are responding differently.

This is a good place to get help, you aren’t expected to know all of this
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* Cofactor DOES NOT effect the components of the 
other design parameters equally 

* Cofactor DOES effect the components of the other 
design parameters equally 

Looking at experiment 3 there is a clear 
blocking effect. Something was different 
but we can still use the data.

With block 
effects

No block 
effects

This is a good place to get help, you aren’t expected to know all of this
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No block 
effects
With block 
effects

Temporal

Non-
Temporal

Fixed Effects

Random 
Effects

Link Function
This is a good place to get help, you aren’t expected to know all of this

* Cofactor DOES NOT effect the components of the 
other design parameters equally 

* Cofactor DOES effect the components of the other 
design parameters equally 

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time
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Temporal

Non-
Temporal

This is a good place to get help, you aren’t expected to know all of this

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time
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Temporal

Non-
Temporal

This is a good place to get help, you aren’t expected to know all of this

* Individuals’ data is collected over time (>2 
timepoints). Note if you can use ggplot2::geom_line 
that’s a hint that your data are likely longitudinal.
* Individuals are not measured over time
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Temporal

Non-
Temporal

This is a good place to get help, you aren’t expected to know all of this

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time
- Autocorrelation
- Non-linearity
- Heteroskedasticity

Challenges
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Temporal

Non-
Temporal

This is a good place to get help, you aren’t expected to know all of this

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time
- Autocorrelation
- Non-linearity
- Heteroskedasticity

Challenges

Generally AR1 
or ARMA1 are 
good options
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Temporal

Non-
Temporal

This is a good place to get help, you aren’t expected to know all of this

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time
- Autocorrelation
- Non-linearity
- Heteroskedasticity

Challenges
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Temporal

Non-
Temporal

This is a good place to get help, you aren’t expected to know all of this

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time
- Autocorrelation
- Non-linearity
- Heteroskedasticity

Challenges
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Non-
Temporal

This is a good place to get help, you aren’t expected to know all of this

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time

Temporal
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No block 
effects
With block 
effects

Temporal

Non-
Temporal

Fixed Effects

Random 
Effects

Link Function
This is a good place to get help, you aren’t expected to know all of this

* Cofactor DOES NOT effect the components of the 
other design parameters equally 

* Cofactor DOES effect the components of the other 
design parameters equally 

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time

* Effects from your experimental design that you intend to 
compare and with fixed levels (treatments, genotypes, etc)

* Effects from your experimental design that add noise across a 
random sample of levels (growth chambers, experiment #) 
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Fixed Effects

Random 
Effects

This is a good place to get help, you aren’t expected to know all of this

* Effects from your experimental design that you intend to 
compare and with fixed levels (treatments, genotypes, etc)

* Effects from your experimental design that add noise across a 
random sample of levels (growth chambers, experiment #) 
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Fixed Effects

Random 
Effects

This is a good place to get help, you aren’t expected to know all of this

* Effects from your experimental design that you intend to 
compare and with fixed levels (treatments, genotypes, etc)

* Effects from your experimental design that add noise across a 
random sample of levels (growth chambers, experiment #) 

* We included 3 
treatments and we 
want to be able to 
compare between 
them. These are 
fixed treatment 
groups. There are 
other treatments 
we could have 
included, but we 
are not claiming 
that we can 
generalize to those 
(here, cold stress)
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Fixed Effects

Random 
Effects

This is a good place to get help, you aren’t expected to know all of this

* Effects from your experimental design that you intend to 
compare and with fixed levels (treatments, genotypes, etc)

* Effects from your experimental design that add noise across a 
random sample of levels (growth chambers, experiment #) 
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Fixed Effects

Random 
Effects

This is a good place to get help, you aren’t expected to know all of this

* Effects from your experimental design that you intend to 
compare and with fixed levels (treatments, genotypes, etc)

* Effects from your experimental design that add noise across a 
random sample of levels (growth chambers, experiment #) 

* We ran this 
experiment 3 
times. We don’t 
really want to 
compare those runs 
against each other 
and we might run 
the experiment 4 or 
more times still, so 
experiment number 
is a random 
sample of the 
possible times we 
could have done 
this.
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No block 
effects
With block 
effects

Temporal

Non-
Temporal

Fixed Effects

Random 
Effects

Link Function
This is a good place to get help, you aren’t expected to know all of this

* Cofactor DOES NOT effect the components of the 
other design parameters equally 

* Cofactor DOES effect the components of the other 
design parameters equally 

* Individuals’ data is collected over time (>2 
timepoints)

* Individuals are not measured over time

* Effects from your experimental design that you intend to 
compare and with fixed levels (treatments, genotypes, etc)

* Effects from your experimental design that add noise across a 
random sample of levels (growth chambers, experiment #) 

* A function applied to your response variable for 
computational simplicity/interpretability.
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Link Function

This is a good place to get help, you aren’t expected to know all of this

* A function applied to your response variable for 
computational simplicity/interpretability.
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Link Function

This is a good place to get help, you aren’t expected to know all of this

* A function applied to your response variable for 
computational simplicity/interpretability.

How does this work?

* These functions relate a linear predictor to 
the mean of the response variable.
These generally come from mathematical 
statistics, where we can find the canonical link 
between distributions. 
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Oh cool, mathematical statistics again!
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Oh cool, mathematical statistics again!

Xβ = ln(μ) 
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Link Function

This is a good place to get help, you aren’t expected to know all of this

* A function applied to your response variable for 
computational simplicity/interpretability.
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One More Time!

Xβ = logit(μ) 
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Link Function

This is a good place to get help, you aren’t expected to know all of this

* A function applied to your response variable for 
computational simplicity/interpretability.
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Link Function

This is a good place to get help, you aren’t expected to know all of this

* A function applied to your response variable for 
computational simplicity/interpretability.
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Link Function

This is a good place to get help, you aren’t expected to know all of this

* A function applied to your response variable for 
computational simplicity/interpretability.
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Start

One group to 
specified value

Comparing two groups 
no covariates

Comparing two or more 
groups with covariates

R,I O N

G NG

Wilcoxon test

Wilcoxon signed 
rank test

One sample 
t-test

Chi-square 
test

Paired Un-paired

Paired t-test

McNemar Chi-
square test

R,I O N
R,I O N

G NG

G NG

Unequal 
variance t-test

Wilcoxon 
rank sum test

Fisher or Chi-
Squared test

No block 
effects

With block 
effects

Pairwise

Model 
Building

Fixed 
Effects

Contrasts

Random 
effects

Correlation 
Structure

* If the outcome and main predictor are both two-level factors, Breslow-Day and Cochren-Mantel-Hanzel tests are better

TemporalNon 
Temporal

R,I O N

Identity link

G NG

Transform link

Logit link

Probit link

Contrasts

Longitudinal
Model Building

Association of two 
variables

Spearman 
Correlation

G NG

R,I O N

Linear 
Regression

Contingency 
coefficients

Response 
Variable

R,I

O

N

- Ratio, Interval

- Ordinal

- Nominal

G  - Gaussian

NG - Not Gaussian

Two group comparisons 
between all groups of 
interest

This is a good place to get help, you aren’t expected to know all of this
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Start

One group to 
specified value

Comparing two groups 
no covariates

Comparing two or more 
groups with covariates

R,I O N

G NG

Wilcoxon test

Wilcoxon signed 
rank test

One sample 
t-test

Chi-square 
test

Paired Un-paired

Paired t-test

McNemar Chi-
square test

R,I O N
R,I O N

G NG

G NG

Unequal 
variance t-test
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Fisher or Chi-
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No block 
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With block 
effects

Pairwise

Model 
Building

Fixed 
Effects

Contrasts

Random 
effects

Correlation 
Structure

* If the outcome and main predictor are both two-level factors, Breslow-Day and Cochren-Mantel-Hanzel tests are better

TemporalNon 
Temporal

R,I O N

Identity link

G NG

Transform link

Logit link

Probit link

Contrasts

Longitudinal
Model Building

Association of two 
variables

Spearman 
Correlation

G NG

R,I O N

Linear 
Regression

Contingency 
coefficients

Response 
Variable

R,I

O

N

- Ratio, Interval

- Ordinal

- Nominal

G  - Gaussian

NG - Not Gaussian

This is a good place to get help, you aren’t expected to know all of this

This is a good place to 
seek help with your 
analysis.
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Start
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TemporalNon 
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Contrasts
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Model Building

Association of two 
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Spearman 
Correlation
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coefficients

Response 
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- Ratio, Interval
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NG - Not Gaussian

This is a good place to get help, you aren’t expected to know all of this
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Start

One group to 
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no covariates
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G NG

G NG
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* If the outcome and main predictor are both two-level factors, Breslow-Day and Cochren-Mantel-Hanzel tests are better

TemporalNon 
Temporal

R,I O N

Identity link
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Transform link
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Contrasts
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Model Building

Association of two 
variables

Spearman 
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Linear 
Regression

Contingency 
coefficients

Response 
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Scenario 6
You want to increase gene expression of your 

favorite gene so you create a knock-in mutant and 
compare to WT. You grow the plants in control 
conditions, drought, and heat. When you gather the 
expression values and plot them this is what you 
see.

- What steps lead you do the correct test to say 
you have induced gene expression? 

This is a good place to get help, you aren’t expected to know all of this
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Scenario 6
You want to increase gene expression of your 

favorite gene so you create a knock-in mutant and 
compare to WT. You grow the plants in control 
conditions, drought, and heat. When you gather the 
expression values and plot them this is what you 
see.

- What steps lead you do the correct test to say 
you have induced gene expression? 

This is a good place to get help, you aren’t expected to know all of this
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Scenario 6
You want to increase gene expression of your 

favorite gene so you create a knock-in mutant and 
compare to WT. You grow the plants in control 
conditions, drought, and heat. When you gather the 
expression values and plot them this is what you 
see.

- What steps lead you do the correct test to say 
you have induced gene expression? 

This is a good place to get help, you aren’t expected to know all of this

Answer
These data do not show a block effect and are 

not longitudinal, since the controls are at the same 
scale this is an interaction effect, so we use pairwise 
comparisons.
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Scenario 6

Answer

You want to increase gene expression of your 
favorite gene so you create a knock-in mutant and 
compare to WT. You grow the plants in control 
conditions, drought, and heat. When you gather the 
expression values and plot them this is what you 
see.

- What steps lead you do the correct test to say 
you have induced gene expression? 

These data do not show a block effect, since the 
controls are at the same scale this is an interaction 
effect, so we use pairwise comparisons.

Now we restart in the “no covariates” option 
since we will pick which covariate combinations to 
test. Here we have unpaired data measured as R,I 
and that appears Gaussian, so we will use several 
unequal variance T tests.

This is a good place to get help, you aren’t expected to know all of this
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Scenario 6

R

You want to increase gene expression of your 
favorite gene so you create a knock-in mutant and 
compare to WT. You grow the plants in control 
conditions, drought, and heat. When you gather the 
expression values and plot them this is what you 
see.

- What steps lead you do the correct test to say 
you have induced gene expression? 

This is a good place to get help, you aren’t expected to know all of this
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Scenario 6

R

You want to increase gene expression of your 
favorite gene so you create a knock-in mutant and 
compare to WT. You grow the plants in control 
conditions, drought, and heat. When you gather the 
expression values and plot them this is what you 
see.

- What steps lead you do the correct test to say 
you have induced gene expression? 

This is a good place to get help, you aren’t expected to know all of this
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Scenario 6

R

You want to increase gene expression of your 
favorite gene so you create a knock-in mutant and 
compare to WT. You grow the plants in control 
conditions, drought, and heat. When you gather the 
expression values and plot them this is what you 
see.

- What steps lead you do the correct test to say 
you have induced gene expression? 

This is a good place to get help, you aren’t expected to know all of this
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Multiple Test Corrections
We generally apply multiple testing corrections if 

we do 20 or more tests under the heuristic that
α = 0.05 and 1/α = 20.
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Multiple Test Corrections
We generally apply multiple testing corrections if 

we do 20 or more tests under the heuristic that
α = 0.05 and 1/α = 20.

More significant 
results Fewer significant 

results

FDR (or BH) Tukey’s HSD
Dunnett Bonferroni

More false 
positives

Less false 
positives

Correction methods fall on a spectrum
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Multiple Test Corrections
This all assumes a constant and relatively high percentage of 
hypotheses that are True.
Bayesian methods can address that assumption.
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Scenario 7
You’re trying to determine if it’s necessary to add 

nutrients to a metromix 360 and turface soil blend. 
You conduct your first experiment with 10 reps in 
each condition. You see a very minor treatment effect 
so you do it again but couldn’t get the same growth 
chamber. In the second experiment you see a 
stronger effect but all the plants grew larger in the 
different chamber. In a third experiment you get the 
original chamber again and see a better treatment 
effect. 

- What steps lead you do the correct test to make 
a decision on fertilizer?

This is a good place to get help, you aren’t expected to know all of this
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Scenario 7
You’re trying to determine if it’s necessary to add 

nutrients to a metromix 360 and turface soil blend. 
You conduct your first experiment with 10 reps in 
each condition. You see a very minor treatment effect 
so you do it again but couldn’t get the same growth 
chamber. In the second experiment you see a 
stronger effect but all the plants grew larger in the 
different chamber. In a third experiment you get the 
original chamber again and see a better treatment 
effect. 

- What steps lead you do the correct test to make 
a decision on fertilizer?

This is a good place to get help, you aren’t expected to know all of this

Answer

These data do show a block effect so 
we need to account for that.

Here our data is R,I and appears 
Gaussian, so we will use an identity link in 
our model



90 / 113

Start

One group to 
specified value

Comparing two groups 
no covariates

Comparing two or more 
groups with covariates

R,I O N

G NG

Wilcoxon test

Wilcoxon signed 
rank test

One sample 
t-test

Chi-square 
test

Paired Un-paired

Paired t-test

McNemar Chi-
square test

R,I O N
R,I O N

G NG

G NG

Unequal 
variance t-test

Wilcoxon 
rank sum test

Fisher or Chi-
Squared test

No block 
effects

With block 
effects

Pairwise

Model 
Building

Fixed 
Effects

Contrasts

Random 
effects

Correlation 
Structure

* If the outcome and main predictor are both two-level factors, Breslow-Day and Cochren-Mantel-Hanzel tests are better

TemporalNon 
Temporal

R,I O N

Identity link

G NG

Transform link

Logit link

Probit link

Contrasts

Longitudinal
Model Building

Association of two 
variables

Spearman 
Correlation

G NG

R,I O N

Linear 
Regression

Contingency 
coefficients

Response 
Variable

R,I

O

N

- Ratio, Interval

- Ordinal

- Nominal

G  - Gaussian

NG - Not Gaussian

Scenario 7
You’re trying to determine if it’s necessary to add 

nutrients to a metromix 360 and turface soil blend. 
You conduct your first experiment with 10 reps in 
each condition. You see a very minor treatment effect 
so you do it again but couldn’t get the same growth 
chamber. In the second experiment you see a 
stronger effect but all the plants grew larger in the 
different chamber. In a third experiment you get the 
original chamber again and see a better treatment 
effect. 

- What steps lead you do the correct test to make 
a decision on fertilizer?

This is a good place to get help, you aren’t expected to know all of this

R
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Scenario 8
You have run two experiments each with 50 

plants infected with a virus. At the end of the 
experiment you label each plant with a disease 
severity score from 1-5 with 1 being healthiest and 5 
being most diseased. You want to know if height is 
impaired by more severe disease scores.

- What steps lead you to the correct test to make 
a decision about disease severity scores and height?

This is a good place to get help, you aren’t expected to know all of this
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Scenario 8

Answer
These data do 

show a block effect so 
we need to account for 
that.

Here our data is O, 
so we will use an Probit 
link in our model where 
we will compare our 
fixed effects.

You have run two experiments each with 50 
plants infected with a virus. At the end of the 
experiment you label each plant with a disease 
severity score from 1-5 with 1 being healthiest and 5 
being most diseased. You want to know if height is 
impaired by more severe disease scores.

- What steps lead you to the correct test to make 
a decision about disease severity scores and height?

This is a good place to get help, you aren’t expected to know all of this
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Scenario 8
You have run two experiments each with 50 

plants infected with a virus. At the end of the 
experiment you label each plant with a disease 
severity score from 1-5 with 1 being healthiest and 5 
being most diseased. You want to know if height is 
impaired by more severe disease scores.

- What steps lead you to the correct test to make 
a decision about disease severity scores and height?

R

This is a good place to get help, you aren’t expected to know all of this
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Scenario 9

This is a good place to get help, you aren’t expected to know all of this

You are interested in testing the drought 
tolerance between two maize genotypes (a,b) so you 
set up an experiment where photos are taken of 20 
maize plants per condition as they grow over one 
month. You analyze the images and extract area 
measurements from each.

- What steps lead you to the correct test to make a 
decision about drought tolerance?
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Scenario 9

Answer

This is a good place to get help, you aren’t expected to know all of this

This experiment was only conducted once 
and we do not see obvious confounding, so we 
have No block effects, but we collected many 
timepoints so we do have longitudinal data and 
take the Temporal path to model building. 

Since our data is R,I and looks Gaussian we 
use the identity link to build our model before 
testing parameters using Contrasts.

You are interested in testing the drought 
tolerance between two maize genotypes (a,b) so you 
set up an experiment where photos are taken of 20 
maize plants per condition as they grow over one 
month. You analyze the images and extract area 
measurements from each.

- What steps lead you to the correct test to make a 
decision about drought tolerance?
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Scenario 9

R

This is a good place to get help, you aren’t expected to know all of this

You are interested in testing the drought 
tolerance between two maize genotypes (a,b) so you 
set up an experiment where photos are taken of 20 
maize plants per condition as they grow over one 
month. You analyze the images and extract area 
measurements from each.

- What steps lead you to the correct test to make a 
decision about drought tolerance?
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Scenario 9

R

This is a good place to get help, you aren’t expected to know all of this

You are interested in testing the drought 
tolerance between two maize genotypes (a,b) so you 
set up an experiment where photos are taken of 20 
maize plants per condition as they grow over one 
month. You analyze the images and extract area 
measurements from each.

- What steps lead you to the correct test to make a 
decision about drought tolerance?



98 / 113

Start

One group to 
specified value

Comparing two groups 
no covariates

Comparing two or more 
groups with covariates

R,I O N

G NG

Wilcoxon test

Wilcoxon signed 
rank test

One sample 
t-test

Chi-square 
test

Paired Un-paired

Paired t-test

McNemar Chi-
square test

R,I O N
R,I O N

G NG

G NG

Unequal 
variance t-test

Wilcoxon 
rank sum test

Fisher or Chi-
Squared test

No block 
effects

With block 
effects

Pairwise

Model 
Building

Fixed 
Effects

Contrasts

Random 
effects

Correlation 
Structure

* If the outcome and main predictor are both two-level factors, Breslow-Day and Cochren-Mantel-Hanzel tests are better

TemporalNon 
Temporal

R,I O N

Identity link

G NG

Transform link

Logit link

Probit link

Contrasts

Longitudinal
Model Building

Association of two 
variables

Spearman 
Correlation

G NG

R,I O N

Linear 
Regression

Contingency 
coefficients

Response 
Variable

R,I

O

N

- Ratio, Interval

- Ordinal

- Nominal

G  - Gaussian

NG - Not Gaussian

Scenario 9

R using pcvr

Sponsored content? In an R workshop? This is getting out of hand!

You are interested in testing the drought 
tolerance between two maize genotypes (a,b) so you 
set up an experiment where photos are taken of 20 
maize plants per condition as they grow over one 
month. You analyze the images and extract area 
measurements from each.

- What steps lead you to the correct test to make a 
decision about drought tolerance?
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Scenario 9

R using pcvr

Sponsored content? In an R workshop? This is getting out of hand!

You are interested in testing the drought 
tolerance between two maize genotypes (a,b) so you 
set up an experiment where photos are taken of 20 
maize plants per condition as they grow over one 
month. You analyze the images and extract area 
measurements from each.

- What steps lead you to the correct test to make a 
decision about drought tolerance?
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Scenario 9

R using pcvr

Seriously this is feeling gratuitous, time to move on...

You are interested in testing the drought 
tolerance between two maize genotypes (a,b) so you 
set up an experiment where photos are taken of 20 
maize plants per condition as they grow over one 
month. You analyze the images and extract area 
measurements from each.

- What steps lead you to the correct test to make a 
decision about drought tolerance?
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Scenario 9

R using pcvr

Seriously this is feeling gratuitous, time to move on… Okay but lemme get in front of this real quick

You are interested in testing the drought 
tolerance between two maize genotypes (a,b) so you 
set up an experiment where photos are taken of 20 
maize plants per condition as they grow over one 
month. You analyze the images and extract area 
measurements from each.

- What steps lead you to the correct test to make a 
decision about drought tolerance?
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Scenario 10
You’re curious about general sorghum shape 

and decide to look at width vs height. You sow 20 
plants and let them grow in the exact same 
conditions and after 2 weeks, you cut the shoot at 
soil level, lay them down and manually measure 
maximum width and height of the plant. You see a 
trend like below.

- What path should you follow to conclude 
they are associated?  



104 / 113

Scenario 10

Answer

You’re curious about general sorghum shape 
and decide to look at width vs height. You sow 20 
plants and let them grow in the exact same 
conditions and after 2 weeks, you cut the shoot at 
soil level, lay them down and manually measure 
maximum width and height of the plant. You see a 
trend like below.

- What path should you follow to conclude 
they are associated?  

Both measures here are 
continuous so we can use the R,I 
path. The data looks Gaussian, so 
we will use linear regression.
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Scenario 10

R

You’re curious about general sorghum shape 
and decide to look at width vs height. You sow 20 
plants and let them grow in the exact same 
conditions and after 2 weeks, you cut the shoot at 
soil level, lay them down and manually measure 
maximum width and height of the plant. You see a 
trend like below.

- What path should you follow to conclude 
they are associated?  
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Scenario 10-2
You’re curious about general sorghum shape 

and decide to look at width vs height. You sow 20 
plants and let them grow in the exact same 
conditions and after 2 weeks, you cut the shoot at 
soil level, lay them down and manually measure 
maximum width and height of the plant. You see a 
trend like below.

- What path should you follow to conclude 
they are associated?  
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Scenario 10-2
You’re curious about general sorghum shape 

and decide to look at width vs height. You sow 20 
plants and let them grow in the exact same 
conditions and after 2 weeks, you cut the shoot at 
soil level, lay them down and manually measure 
maximum width and height of the plant. You see a 
trend like below.

- What path should you follow to conclude 
they are associated?  

Answer
Both measures here 

are continuous so we 
can use the R,I path. 
The data is  non-
gaussian, so we will use  
Spearman Correlation.
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Scenario 10-2

R

You’re curious about general sorghum shape 
and decide to look at width vs height. You sow 20 
plants and let them grow in the exact same 
conditions and after 2 weeks, you cut the shoot at 
soil level, lay them down and manually measure 
maximum width and height of the plant. You see a 
trend like below.

- What path should you follow to conclude 
they are associated?  
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Scenario 11
You are a statistician at a plant science center 

and you’ve been given a image dataset with no 
clear hypothesis and the question “are these 
groups different”. Without being given more clear 
instructions you categorize corn phenotypes as 
“pointy corn”, “wilting corn”, “happy corn” and 
“gross tassel-y corn” and colors as “green”, 
“yellow”, and “purplish”.

- What path should you follow to conclude 
they are associated?  
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Scenario 11
You are a statistician at a plant science center 

and you’ve been given a image dataset with no 
clear hypothesis and the question “are these 
groups different”. Without being given more clear 
instructions you categorize corn phenotypes as 
“pointy corn”, “wilting corn”, “happy corn” and 
“gross tassel-y corn” and colors as “green”, 
“yellow”, and “purplish”.

- What path should you follow to conclude 
they are associated?  

Answer
He have categorical 

unordered data so we have to 
use the N path, so we will use 
Contingency coefficients.
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Scenario 11
You are a statistician at a plant science center 

and you’ve been given a image dataset with no 
clear hypothesis and the question “are these 
groups different”. Without being given more clear 
instructions you categorize corn phenotypes as 
“pointy corn”, “wilting corn”, “happy corn” and 
“gross tassel-y corn” and colors as “green”, 
“yellow”, and “purplish”.

- What path should you follow to conclude 
they are associated?  

R
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Conclusion
● Tomorrow we will expand on this some talking 

about pcvr and:
– Intro to Bayesian statistics
– More about longitudinal modeling
– Non-gaussian distributions
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