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Why use statistical tests?

I Short answer: we are scientists and we like precision

I Longer answer: when we perform an experiment, sometimes
we think there is a difference between the data we collect and
the data we expect. But when we perform a statistical test, it
turns out the difference we see isn’t really “significant.” This
can happen the other way too: we think our results fall in line
with what is expected, but in fact they are significantly
different.



Chi-square test

Use when doing a comparison between categorical samples.

Attribute 1 Attribute 2 Totals

Category 1 observed observed Total

Category 2 observed observed Total

Total Total



Every χ2-test will have

I Null hypothesis: There are no relationships between the
categorical variables

I Significane threshold (p ≤ 0.05 is standard)

When doing the test, “expected” data is the data you should see if
the null hypothesis is true. We then compute

χ2 =
∑ (O − E )2

E

This means “calculate the fraction (O−E)2

E for every pair of
observed-versus-expected data, and then add them all up”. Also
compute the “degrees of freedom:”

DF = (rows− 1)(columns− 1)

So if we have two “categories” and each category has two
data-points, then the degrees of freedom is equal to
(2− 1) · (2− 1) = 1.



These two numbers can be used to produce a p-value.

If p ≤ 0.05, then we reject the null hypothesis.

If p > 0.05, we fail to reject the null hypothesis.



Cats Dogs Totals

Undergraduates 207 282 489

Graduates 231 242 473

438 524 962

Expected value for undergraduates who prefer cats is 438·489
962

(O − E )2

E
=

(207− 222.64)2

222.64
= 1.099

Expected value for undergraduates who prefer dogs is 524·489
962

(O − E )2

E
=

(282− 266.36)2

266.36
= 0.918



χ2 = 1.099 + 0.918 + 1.136 + 0.949 = 4.102

and
DF = (2− 1)(2− 1) = 1

(Two categories = “freshmen” and “seniors”, and two choices for
each category = “dogs” and “cats”)

Now we ask what is the probability of getting a χ2 value of 4.102
when DF = 1:

p = 0.043

We see that p < 0.05, so we reject the null hypothesis with 95%
certainty.





t-test

Use when doing a comparison between a sample and a population,
or when doing a comparison between samples.

Sample 1 2 3 4 5 · · · n

Data d1 d2 d3 d4 d5 · · · dn

t-tests only work when the population is approximately normally
distributed and n is not too small.



Every t-test will have

I Null hypthesis: there is no difference between sample mean
and proposed population mean.

I Confidence interval (usually 95%)

We calculate

t =
x̄ − µ0

s√
n

and
DF = n − 1

x̄ is the mean of the sample.
µ0 is the null hypothesis mean.
s is the sample standard deviation.
n is the sample size.



Use DF and the condifence level to look up a “critical value”

t∗

If t < t∗, then we fail to reject the null hypothesis (results are not
statistifcally significant).

If t > t∗, then we reject the null hypothesis.



A biologist wants to test a special fertilizer on her crops to see if it
has an affect on crop yield. She tests the fertilizer on 25 random
plants and measures yield. On average, she is able to get a yield of
75 per plant without the fertilizer.

Sample 1 2 3 4 5 · · · 25

Data 76 81 80 79 82 · · · 79

Null hypothesis: the fertilizer has no significant affect on crop yield.
From the data we compute x̄ = 79 and s = 10. So

t =
79− 75

10√
25

= 2

and
DF = 25− 1 = 24

We find t∗ = 2.064. Since t < t∗, we fail to reject the null
hypothesis (i.e there is not a significant affect on crop yield by
using the fertilizer).





We can also do comparisons between two sample groups.

Suppose the researcher in the previous example wants to compare
the affect of two different fertilizers on crop yield. She randomly
picks 15 plants to give fertilizer A and 12 plants to get fertilizer B.
She collects the crop yield data from each group and finds

average yield of crops using A = x̄1 = 79

average yield of crops using B = x̄2 = 87

and
s1 = 10

s2 = 9



For comparisons between groups, we compute

t =
x̄1 − x̄2

sp

√
1
n1

+ 1
n2

DF = (n1 − 1) + (n2 − 2)

where

s2p =
(n1 − 1)s21 + (n2 − 1)s22

n1 + n2 − 2

for our example we have

s2p =
(15− 1)102 + (12− 1)92

25
= 91.64

so

t =
87− 79

√
91.64

√
1
15 + 1

12

= 2.1578

and
DF = (15− 1) + (12− 1) = 25



With 25 degrees of freedom and a confidence level of 95% we get

t∗ = 2.06

Since
t = 2.1578 > 2.06 = t∗

we reject the null hypothesis (there is a significant difference
between average crop yeilds)



ANOVA

ANOVA = analysis of variance

Comparison between several groups

Group 1 Group 2 Group 3 Group 4

Sample size n1 n2 n3 n4
Sample mean x̄1 x̄2 x̄3 x̄4
Sample SD s1 s2 s3 s4

k is the number of groups (so k = 4 in the example above).
N = n1 + n2 + n3 + n4 is the number of samples in the data. Data
point xi ,j is the j th sample from group i , e.g x2,1 is the value of
sample 1 from group 2.

x̄2 =

∑
j x2,j

n2

Set x̄ to be the average of the entire sample



Any ANOVA test has

I Null hypothesis: the population means are all equal

I Confidence interval/significance threshold (95%/p ≤ 0.05)

For a simple formula for the F -statistic, we assume sample
standard deviations are all equal: s1 = s2 = s3 = s4. Then

F =
VE

VU

where

VE =

∑
i ni (x̄i − x̄)2

k − 1

and

VU =

∑
i

∑
j(xi ,j − x̄i )

2

N − k

DF1 = k − 1, DF2 = N − k



Use DF1, DF2, and threshold 0.05 to look up critical F -value F ∗.

If F > F ∗, we reject the null hypothesis.

If F < F ∗, we fail to reject the null hypothesis.



A nutritionist is studying the affect of different diets on
weight-loss. Three diets are considered, and from the population of
several hundred participants in the study, 5 people from each diet
program are randomly sampled. The sample participants’ weight
loss is tabulated below (positive number means weight loss):

Low cal Low fat Low carb control

8 2 3 2

9 4 5 2

6 3 4 -1

7 5 2 0

3 1 3 3

So we have 4 groups and 5 observations from each group. This
means k = 4, n1 = n2 = n3 = n4 = 5 and N = 20.



I Null hypothesis: the population means in weight-loss are all
equal (i.e diet does not have a significant affect on
weight-loss).

I Threshold 0.05.

Low cal Low fat Low carb control

Sample size 5 5 5 5

Sample mean 6.6 3.0 3.4 1.2

We compute x̄ = 3.6 and

VE =
5(6.6− 3.6)2 + 5(3− 3.6)2 + 5(3.4− 3.6)2 + 5(1.2− 3.6)2

4− 1

so VE = 25.27.



To compute VU , we look at the data for each group:

5∑
j=1

(x1,j−x̄1)2 = (8−6.6)2+(9−6.6)2+(6−6.6)2+(7−6.6)2+(3−6.6)2

5∑
j=1

(x2,j − x̄2)2 = (2−3)2 + (4−3)2 + (3−3)2 + (5−3)2 + (1−3)2

etc... to get

VU =
21.4 + 10.0 + 5.4 + 10.6

20− 4
= 2.9625

So

F =
VE

VU
= 8.523



DF1 = 4− 1 = 3 ,DF2 = 20− 4 = 16

With significance threshold 0.05, we get

F ∗ = 3.239

Since F > F ∗ we reject the null hypothesis (i.e there is a difference
in population means between the four diets)





Summary

Three different types of significance tests... when to use each one?

1. χ2 tests if there is a relationship between two variables

2. t-test tests if two groups are statistically different

3. ANOVA tests if many groups are statistically different



Examples

Scenario 1 : You have a sample of a bunch of different acidic
compounds with ph values between 1 and 6. You know that
compound A reacts with acidic compounds, but you want to know
if there is a relationship between the ph of the acid and the rate of
the reaction with compound A.

Scenario 2 : You have two vials of blue liquid. You know the liquids
consist of some metal ion in solution: one solution contains Cu+2

and one containes Cr+2. You also are given samples of the
elemental metal extracted from each solution (you know which
metal comes from which vial). You want to decide which vial
contains copper ion, and so you take several samples of the
elemental metals and test if it reacts with water and acid.



Scenario 3 : You have 5 samples of a strong base, a weak base, a
strong acid, and a week acid. You know all compounds react with
solution B. For each sample you calculate the reaction
rate/velocity with solution B. You want to know if there is a
signicant difference in average reaction times.


