
Statistics fundamentals toolkit
Descriptive stats • Contrasts • Correlations

PLS 206



Goals for Today

• Summaries (mean, SD, SE, CI)
• Group comparisons (t-tests, ANOVA; non-parametric)
• Correlation (Pearson, Spearman)
• Test choice guidelines







P<0.05
P>0.05





H0 x̄ one 
sample 
t-test



H0 x̄ one 
sample 
t-test



H0 x̄ one 
sample 
t-test



Alternate syntax note:

Two sample 
t-test



Paired
t-test

(Same as one sample t-test on difference)



Wilcoxon test 
(“non parametric 

t-test”)



Pearson correlation



Ranked >>>

Spearman correlation (non-parametric)



Ranked >>>

Spearman correlation (non-parametric)



One way analysis of variance (ANOVA)



Binomial test



Fishers Test



Chi-squared test



Parametric tests
Assume your data follow a certain distribution (i.e. normal).
They use the actual values (means, variances).
Examples:

– t-test (compares means between groups)
– Pearson correlation (measures strength of a straight-line relationship)
 Advantages: More powerful if the assumptions hold (they can detect 

smaller effects).
 Drawback: Can give misleading results if assumptions are badly violated 

(e.g., very skewed data, outliers, small sample sizes).



Non-parametric tests
Do not assume normality.
They use ranks or order of the data instead of raw values.
Examples:

– Wilcoxon tests (rank-based alternative to the t-test)
– Spearman correlation (rank-based alternative to Pearson)
 Advantages: Work with skewed data, outliers, small samples, or 

ordinal data (e.g., ratings 1–5).
 Drawback: Less powerful than parametric tests when data actually 

are normal.



Correlation (Pearson vs. non-normal data)
• Pearson correlation assumes bivariate normality (both variables 

normally distributed with a linear relationship).
• Violations (skew, heavy tails, outliers):

– Outliers can inflate correlation spuriously → false positives (detecting 
significance when no real relationship).

– Nonlinear but monotonic relationships can give low Pearson r even if 
association is strong → false negatives.

• Spearman correlation (rank-based) is robust to non-normality and 
monotonic-but-nonlinear patterns.



Side-by-side
t-test vs. Wilcoxon

– t-test: compares group means, assumes data ≈ normal.
– Wilcoxon: compares group ranks/medians, no normality assumption.

Pearson vs. Spearman
– Pearson: checks linear relationship, sensitive to outliers, needs numeric 

data with normal-like distribution.
– Spearman: checks monotonic relationship (just whether values go up or 

down together), based on ranks, robust to outliers.



 t-test (two groups)
• Assumes each group is normally distributed with equal variances (Welch’s 

version relaxes equal variance).
• Violations:

– With large samples (n > ~30 per group), the Central Limit Theorem helps → 
type I error (false positives) stays near 5%.

– With small samples:
• Heavy tails / outliers: can inflate type I error → false positives.
• Skewness: reduces power → false negatives (harder to detect real differences).

• In practice: non-normality is more likely to cause loss of power (false 
negatives) unless outliers dominate, in which case false positives can rise.



 ANOVA (more than 2 groups)
• Assumes normal residuals and homogeneity of variances.
• Violations:

– Unequal variances + unequal group sizes → especially dangerous, can lead 
to inflated type I error (false positives).

– Pure non-normality with equal variances → mainly reduces power → false 
negatives.

• That’s why we often check with Levene’s / Fligner–Killeen tests for 
variance equality, and use Kruskal–Wallis when assumptions fail.



Goal Parametric test Non-parametric alternative When to use parametric When to use non-parametric

Compare one sample mean vs. 
a value

One-sample t-test Wilcoxon signed-rank Data ≈ normal Data skewed, ordinal, outliers

Compare two independent 
groups

Two-sample t-test Mann–Whitney U (a.k.a. 
Wilcoxon rank-sum)

Normal-ish distribution, equal 
variances

Skewed, ordinal data, unequal 
variances, outliers

Compare two paired samples 
(before/after)

Paired t-test Wilcoxon signed-rank Normal-ish differences Non-normal differences, small 
N, outliers

Compare >2 groups ANOVA Kruskal–Wallis Normal-ish, equal variances Skewed/ordinal, unequal 
variances

Compare >2 repeated measures Repeated-measures ANOVA Friedman test Normal-ish, sphericity 
assumption

Non-normal, ordinal, violations 
of sphericity

Test correlation Pearson correlation Spearman correlation Linear relationship, normal data Monotonic (not necessarily 
linear), skewed/outliers, ordinal

Test association in counts Chi-squared test Fisher’s exact test Large sample, expected counts 
>5

Small sample, expected counts 
<5

Test a sample proportion vs. 
expected probability

Large-sample z-test for 
proportions (normal approx)

Binomial test

Large n (so normal 
approximation to binomial is 
valid, expected 
successes/failures > 5)

Small n, skewed proportions, 
exact inference needed

Rough summary and guide (green discussed in lecture):
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