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Why	do	we	care	about	
statistics?
§ Allows scientist to describe 

their data (descriptive) and 
test hypotheses (inferential)

§ They are tools, and like a tool 
they can be used incorrectly

§ Today we will discuss some 
basic properties and 
concepts in statistics



Outline	of	Topics
§ Discuss basic terms in statistics
§ Cover four basic parametric 

tests
§ Two-sample t-test
§ One-way ANOVA
§ Correlation
§ Linear Regression

§ Do an R demonstration



Terms
§ Variable
§ Normal Distribution
§ Central Limit Theorem 

(CLT)
§ Variability
§ Descriptive Statistics
§ Inferential Statistics
§ Population
§ Sample
§ Sample Size

§Degrees of Freedom (df)
§Data
§Parametric
§Non-Parametric
§Test Statistic
§P-value
§Hypothesis



t-test
§ This is one of the most widely 

used tests in statistics

§ It is used when you want to 
compare the means (μ) of two 
independent populations

§ Response Variable is 
quantitative and Explanatory 
Variable is categorical



t-test	assumptions
§ Samples are independent

§ Random samples from the 
population

§ Samples are taken from a 
population that is normally 
distributed



t-test	robustness
§ This test is generally very robust (test not very sensitive 

to violation of assumptions of normality). 

§ If sample sizes are equal, the test can be used with 
samples as small as n = 5. If not, larger sample sizes are 
needed. 

§ If the data does do not meet the assumptions of the t-
test then a non-parametric test the Mann-Whitney U 
Test should be used



t-test	hypotheses
§ Null Hypothesis (Ho) is a 

statement of “no effect” or 
“no difference” in the 
parameter being measured

§ For a t-test we indicate that 
the mean of one population 
is equal to the mean of the 
second population: μ1 = μ2



t-test	hypotheses
§ Alternative Hypothesis 

(HA) is a statement that 
“there is a difference” 
between the parameters 
being measured



interpreting	the	t-test
§ p < 0.05 Reject Ho and conclude that there are 

significant differences in the mean (μ) values of the 
response variable between the groups

§ p > 0.05 Fail to Reject Ho and conclude that there is not 
enough evidence to suggest that the mean (μ) values of 
the response variable differs between the groups



biological	conclusion	example
§ We found significant differences in the mean (μ) bill 

length (mm) of male and female I‘iwi sampled at Hakalau 
National Wildlife Refuge (t = 2.3, df=38, p=0.02)

§ For a t-test, the statistics that should be included at the 
end of your conclusion sentence regardless of whether 
the results are significant are: test statistic (t), degrees of 
freedom (df, indication of sample size), p-value



Case	Study
Peter and Rosemary Grant studied changes in beak size of
Galapagos Finches following an extreme drought in
1977.The drought influenced the number and size of seeds
on the island of Daphne Major (e.g., fewer seeds and
primarily only larger seeds). They have an impressive
dataset of beak depth sizes (mm) for finches hatched in
1976 (prior to drought) and 1978 (after drought) to examine
evolution of beak size in the population



Case	Study
§ A two-sample t-test was used to answer the following

question: Is there a difference in average beak depth
size of Galapagos Finches hatched in 1976 (pre-
drought) compared to 1978 (post-drought).

§ What is the null hypothesis?
§ What is the alternative hypothesis?



Case	Study

So what’s the biological conclusion?



one-way	ANOVA
§ Analysis of Variance 

(ANOVA) compares the 
means of more than two 
samples or populations 

§ Two-sample t-test is just a 
simple case of the One-
way ANOVA



one-way	ANOVA
§ Categorical EXPLANATORY Variable 
§ Three or more levels or groups

§ Continuous RESPONSE Variable
§ This is the outcome or variable measured



one-way	ANOVA	assumptions
§ Random sample from the population

§ Samples are independent (i.e., values of Response variable 
in one sample do not influence values of Response variable 
in other sample)

§ Samples are taken from a population that is normally 
distributed (i.e., your response variable should be normally 
distributed for each sample)

§ Samples taken from populations that have equal variances



one-way	ANOVA	hypotheses
§ H0: μpop1 = μpop2 = μpop3 = μpopN 
§ Population means are equal

§ HA: μpop1 ≠ μpop2 ≠ μpop3 ≠ μpopN 
§ Population means are not equal



interpreting	the	one-way	
ANOVA
§ p < 0.05 Reject Ho and conclude that there are 

significant differences in the mean (μ) values of the 
response variable among the groups

§ p > 0.05 Fail to reject Ho and conclude that there is not 
enough evidence to suggest that the mean (μ) values of 
the response variable differs among the groups



biological	conclusion	example
§ We found significant differences 

in the mean flower length (mm) of 
varieties of Heliconia fertilized by 
different species of hummingbird 
(F = 259.12, df = 2,51, p<0.001)

§ For an ANOVA, the statistics that 
should be included at the end of 
your conclusion regardless of 
whether the results are significant 
are: test statistic (F), degrees of 
freedom (df) (both factor df and 
residual df)



biological	conclusion	example
§ ANOVA doesn’t tell you which groups are different- only 

that at least two groups have significantly different 
means (μ).

§ Must do a post-hoc analysis to determine which groups 
are different 

§ Tukey’s post-hoc analysis is ONLY DONE if you have a 
significant results frome the one-way ANOVA



Case	Study (totally	fictitious)
Linnea Heu was interested in documenting changes in
weight (g) of field mice found in Nevada. These field mice
are sensitive to environmental changes. She wanted to test
for differences in weight of female mice across three age
classes: Juvenile, Adult, and Pregnant Adult



Case	Study
§ A one-way ANOVA was used to answer the following

question: Is there a difference in average weight (g) of
female field mice across the three age classes?

§ What is the null hypothesis?
§ What is the alternative hypothesis?



Case	Study

So what’s the biological conclusion?



Correlation
§ Investigate the degree to 

which variables change 
or vary together (covary)

§ No distinction between 
explanatory (IV) and 
response (DV) variables



Correlation:	General
§ Neither variable directly 

causes the change in the 
other

§ They are both influenced 
by other variables to which 
they both have similar 
responses

§ Correlations apply to 
survey designs where each 
variable is measured rather 
than set or manipulated by 
the investigator Average length of right foot (cm) 
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Correlation:	General
§ Correlation coefficient, r, 

measures strength and 
direction of the association 
between 2 quantitative 
variables. 

§ Always between 1 and -1
§ The closer to 1 or -1, the 

stronger the relationship
§ (+) numbers indicate 

positive relationship, while 
(-) numbers indicate a 
negative relationship 
between variables

Koch et al. 2014



Correlation:	Hypotheses
§ H0: p = 0; i.e., there 

is no association or 
correlation between 
x & y

§ HA: p != 0; where p = 
population 
correlation 
coefficient, with p
being estimated by 
the sample 
correlation 
coefficient, r



Correlation:	Assumptions
§Pearson’s correlation coefficient (Parametric test)
§ Linearity (straight-line association); it is important to 

establish whether or nor some other curved relationship 
represents the trends better.
§Explore with scatterplots (e.g. plot() in R)

§Normality: significance (p) of the correlation (r) is tested 
with a t-statistic. 
§Both X and Y must be normally distributed. 
§Explore normality with boxplots



Correlation:	Assumptions
§Non-parametric
§Spearman’s rank correlation (rs): calculate the 

correlation coefficient on the ranks of x and y variables. 
Suitable for samples between 7 and 30 observations.

§Kendall’s tau (T): suitable for greater sample sizes…but 
no hard set rule (to my knowledge)

§In general, more conservative and have less power than 
parametric test (rank-based)



biological	conclusion	example
§ Interpreting results: p < 0.05, reject H0 and conclude 

that there is an association between two variables
§ Example conclusion: We found a significant and positive 

correlation between gill weight (mg) and body weight (g) 
in Tasmanian crabs (r = 0.87, n = 10, p < 0.001)



Correlation
§ Conclusion should 

indicate: significance, 
direction, and strength

§ Stats: r value, sample 
size, and p value

§ Figure: The plot!



Linear	Regression
Allows us to examine the 
relationship between two 
quantitative variables. In this 
scenario, we are hypothesizing 
that the explanatory variable 
(independent variable) is 
influencing the response variable 
(dependent variable). It is similar 
to an ANOVA in that we want to 
determine what is causing the 
variation in the response variable.

Koch et al. 2018



Linear	Regression
§ Based on a linear relationship between RV (y) and EV (x)

§ Population: Yi = α + β xi OR Yi = β0 + β1 x1 + ϵ,
§ such that:  a = True Y-intercept, β = True slope                 

§ Sample: Yi = a + b xi
§ such that:  a = Sample Y-intercept, b = Sample slope 

[represents the increase in predicted value of the RV 
for a unit increase in the EV.  CAUTION: affected by 
units]



Linear	Regression:	Hypotheses
§ Hypotheses are based on slope 

of line
§ H0: ß1 = 0 (i.e., no relationship 

between x & y)
§ HA: ß1 > 0; or ß1 < 0

§ Conclusions: Based not only on 
the significance of the test, but 
also the strength and direction
of the relationship

Koch et al. 2018



Linear	Regression

Yi = β0 + β1 x1 + ϵ



Linear	Regression:	
Assumptions
§ Assumptions are the same as other parametric tests for 

normality and equal variance, but worded slightly 
different because not comparing means, but a 
relationship.  

§ Linearity: The mean response has a linear relationship 
with x

§ Independence: Values of each yi are independent of one 
another

§ Normality: For each value of x, the response y varies 
according to a normal distribution

§ Constant Variability: The variances are equal among x
values



Linear	Regression:	Results
§ What to report: F, df (SSR and SSE), p, R2

§ Adjusted R2 vs. Multiple R2

§ Multiple R2: fraction of the total variance explained by 
the model (SSR/SSY) 

§ Report the multiple R2! 
§ SSR: Sum of Square Regression, SSY: sum of square Y
§ Adjusted R2: Close to but different from r-sq. Based on 

overall variance and error variance.

§ Figure: The plot! (of course!)



Linear	Regression	Summary:	
Results
§ Here is the model output of 

the first attempt at 
constructing the linear 
model for the seal dataset, 
this model includes all the 
observations (seals.reg)



Linear	Regression	Summary:	
Results
§ Interpreting results: P < 0.05 

(Deparwt), reject H0 and 
conclude that there is an 
association between two 
variables

§ Example conclusion: We found 
a significant and positive 
relationship between the 
departure weight (kg) of a male 
juvenile rook and distance 
traveled (km) (F = 157.2, df = 1, 
23, p < 0.001, R2 = 0.87)



Linear	Regression	Summary:	
Results
§ The conclusion should indicate not only whether there is 

a significant relationship between the variables (based 
on the p-value), but if significant also in the direction 
and strength of the relationship (based on the coefficient 
of determination, R2)

§ Stats that should be included with the conclusion 
sentence, regardless of significance: test statistic (F), 
degrees of freedom (df, indication of sample size) 
associated with regression (SSR) and residual error 
(SSE), p-value, and coefficient of determination (R2)



Thank	you	for	your	attention!
Questions?
Dr. Jonathan B. Koch
Department of Biology
Tropical Conservation Biology & 
Environmental Science Graduate Program
200 W. Kawili Street
Hilo, Hawaii 96720

Email: kochj@hawaii.edu
Phone: 808-932-7512

Website: http://jonathanbkoch.weebly.com
Visit the “Teaching” tab to obtain an R script and data to go over concepts 
learned in this lecture using the R statistical computing and graphics software 


