
MARS 4910:  Feb 24
Plan for Today:

Discuss Figures and Statistics (with R)

Cruise Planning Discussion for Friday (for Feb 28)

Assignments for Next Week:

- Final Version of Research Proposal: 15%                                   
(Individual Activity, Due March 2)

- SPRING BREAK: March 2 – 6

- Analysis Approach and Statistical Methods: 10% 
(Individual Activity, Due March 13)



Characterizing your Variables

Hypothesis 
Name 

(Order) 
and Verbal 
Description

# 
Continuous 
Predictors

# 
Categorical 
Predictors

NOTE:  Consider one response variable at a time

* Paired / Unpaired Categorical Predictors:
Are the same objects (individuals / samples)                          
used in each category ? (YES / NO / sometimes)



Exploring Data With Graphs

• What Makes a Graph Effective ?

(Tufte, 2001)



The Art of Presenting Data
• Graphs should (Tufte, 2001):

o Reveal the data: show the data, highlighting the stories.

o Induce reader to think about data being presented
(rather than some other aspect of the graph).

o Avoid distorting the data.

o Present many numbers with minimum ink.

o Make large dataset coherent (assuming you have one).

o Encourage reader to compare different data pieces.



What is the Message ?
Two graphs about cheese

Mean +/- S.D.



Use the SE or the SD ?
The “standard error” and “standard deviation” are often 
confused. The contrast between these two terms reflects
the important distinction between data description and 
inference, one that all researchers should appreciate.

• If you want to describe how scattered the
measurements are, use the standard deviation.

• If you want to indicate the uncertainty around the
estimate of the mean, use the standard error.

• The standard error also provides a way to calculate
a confidence interval around the mean, usually 95%.



When to use the SD ?

The standard deviation (SD) is a measure of variability.

When we calculate the standard deviation of a sample, we
are using it as an estimate of the variability of the 
population from which the sample was drawn.

For data with a normal distribution, 95% of individuals 
will have values within 1.96 SD units of the mean.

The other 5% of the data, are equally scattered above
and below these limits.



When to use the SE ?
When we calculate the mean of a sample, we are interested 
in the mean for the biological population — in statistical
terms, for the population from which the sample comes.

We use the sample mean as an estimate of the mean for 
the whole population. Because the sample mean will vary
from sample to sample, we described this variability using 
the “sampling distribution” of the mean.

We estimate how much sample means will vary using the 
standard deviation of this sampling distribution, which we
call the standard error (SE) of the estimate of the mean.

Thus, the SE measures the precision of the sample mean.



When to use SD or SE or CI ?

Recommendations:

Use SD to compare samples

Use CI to compare estimates



Rougier NP, Droettboom M, Bourne PE (2014) Ten Simple Rules 
for Better Figures. PLoS Comput Biol 10(9): e1003833. 
https://doi.org/10.1371/journal.pcbi.1003833

Ten Simple Rules for Better Figures

Rule 1:  Know Your Audience
Rule 2:  Identify Your Message
Rule 3:  Adapt the Figure to the Support Medium
Rule 4:  Captions Are Not Optional
Rule 5:  Do Not Trust the Defaults
Rule 6:  Use Color Effectively
Rule 7:  Do Not Mislead the Reader
Rule 8:  Avoid “Chartjunk”
Rule 9:  Message Trumps Beauty
Rule 10: Get the Right Tool



Rule 7: Do not mislead the reader

Ten Simple Rules for Better Figures



Rule 8:  Avoid “Chartjunk”

Ten Simple Rules for Better Figures



Conceptualize the Figure
Example 1:  

You have measured the arachnophobia of two groups 
(males and females) to real spiders / photo spiders.

How would you plot these data:

GROUP FEMALE 
PHOTO

FEMALE
REAL

MALE
PHOTO

MALE 
REAL

MEAN 10 11 18 19

SD 1 2 2 4



Conceptualize the Figure
Example 2:  

You have measured the arachnophobia of two groups 
(males and females) to real spiders / photo spiders.

How would you plot these data:

GROUP FEMALE 
PHOTO

MALE 
PHOTO

FEMALE
REAL

MALE 
REAL

MEAN 10 18 11 19

SD 1 2 2 4



Assemble list of figures (and tables) for 
reporting your results (for your final paper):

Today’s First Task

Figure Title:  descriptive name of figure

Figure Message: what are the take-home 
messages reader takes away from this figure

Figure Elements: how many datasets are 
compared; what statistics are used to 
summarize the data 



Assemble list of statistical tests for reporting 
your results (for your final paper):

Today’s Second Task

Test Title:  descriptive name for this test

Test Goal: what is the goal of this test

Test Elements: what variable types are compared, 
how many datasets are compared 



Identify Predictors for Each Response Variable  
(Driver OR Independent Variables)

Hypothesis 
Number 

and Verbal 
Description

# 
Continuous 
Predictors

# 
Categorical 
Predictors

Paired OR 
Unpaired 

Data ? 

Do Data 
Meet 

Parametric 
Assumptions

NOTE:  Consider one response variable at a time

Are the predictors Continuous OR Categorical ?

Selecting Your Statistical Tests



Statistical Decision Tree

Name of test

One Independent Variable



One Independent Variable

Field’s Statistical Decision Tree

Name 
of test



Statistical Decision Tree

Name 
of test

Two or More                   
Independent                       
Variables



MARS 4910 - Research Proposal
Submitting Revised Research Proposal:

Attach word file named 
“MARS4910_RevisedProposal_YOURNAME.doc”

Send email entitled “MARS 4910 Revised Proposal” 
to khyrenba@gmail.com by end of March 2. 

Grading Revised Research Proposal: 10%

Research proposals will be evaluated on 
completeness, organization, and clarity. 

Hypotheses need to be clearly spelled out.

Figures and tables must be included to fully 
document the proposed research.



MARS 4910 - Research Proposal
Submitting Final Research Proposal:

Attach word file named 
“MARS4910_FinalProposal_YOURNAME.doc”

Send email entitled “MARS 4910 FinalProposal” to 
khyrenba@gmail.com by end of March 13. 

Grading Final Research Proposal: 15%

Statistical Methods and Analyses Criteria will               
be included in the final proposal. 

These sections will be account for the majority  
of the points (10%), with the Intro & Methods 

sections contributing the rest (5%) 


