
DATA ANALYSIS
Week 14: Non-parametric tests



logistics

- extra credit surveys + memer

contest will be live today (due 

next Monday)

- extra credit research assignment 

is due May 15

- no late submissions will be 

accepted or graded past 1 pm 

May 15



lingering questions

- For problem sets, is 75% completion only for the first attempt? (will we need to finish 

100% of the problems for the revision?)

- Can we review what it means for an interaction to be "difference of differences"



alternative p-value calculators

- https://365datascience.com/calculators/p-value-calculator/

- https://www.socscistatistics.com/pvalues/

- https://www.omnicalculator.com/statistics/p-value

https://365datascience.com/calculators/p-value-calculator/
https://www.socscistatistics.com/pvalues/
https://www.omnicalculator.com/statistics/p-value


assumptions of tests thus far

- interval/ratio DV

- normality of dependent variable (for large samples, this can be relaxed a bit)

- for ANOVAs, normality within each level of IV

- fully independent/unpaired or fully dependent/paired data

- homogeneity of variance

- for repeated measures ANOVA, sphericity also applies



parametric vs. non-parametric tests

• interval/ratio DVs

• involve estimating parameters

• assumptions about the underlying sampling distribution 

• if assumptions are violated, these tests may not be appropriate 

parametric tests

• assume no underlying distributions (“distribution-free”)

• typically used for nominal/ordinal DVs that yield counts

• no assumptions about underlying population

• most parametric tests have a non-parametric alternative

non-parametric tests 



hypothesis testing flowchart
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chi-square tests

- chi-square goodness of fit test

- one nominal/ordinal variable

- asks whether observed distribution of responses matches expected distribution

- chi-square test of independence

- two nominal/ordinal variables

- asks whether observed distribution of responses on one variable depends on 

responses on other variable



example: eye color

- eye color counts for 40 students

- can be represented in a bar graph or frequency 

distribution table 

- counts typically converted to a table 

- observed values/counts are then compared to 

expected values/counts via a ratio

- asking: how extreme are the differences 

between what is expected and what is 

observed?

blue brown green other

observed (fo) 12 21 3 4

expected (fe)



chi-square goodness of fit test

- 𝜒2 = σ
(𝑓𝑜 −𝑓𝑒)2

𝑓𝑒

- the “expected” frequencies form the null 

hypothesis (H0)

- equal preference (all counts equal)

- known population (specific distribution)

- observed 𝜒2 statistic is then compared to the 

expected distribution for a set degrees of 

freedom based on number of categories C

- 𝑑𝑓 = 𝐶 − 1

blue brown green other

observed (fo) 12 21 3 4

expected (fe) 10 10 10 10

𝑓𝑒 =
𝑁

𝐶
 𝑓𝑜𝑟 𝑒𝑞𝑢𝑎𝑙 𝑝𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒



step 1: 
state the 

hypotheses

step 2: 
set criteria 
for decision

step 3: 
collect 
data

step 4: 
make a 

decision!

NHST for chi-square goodness of fit test

𝐻0: 𝑒𝑞𝑢𝑎𝑙 𝑝𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑂𝑅 
𝑘𝑛𝑜𝑤𝑛 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛

𝐻1: 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 
𝑚𝑎𝑡𝑐ℎ 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑑𝑖𝑠𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛

𝛼 =  .05
find 𝜒2

𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 based 

on right tailed test 
and degrees of 

freedom 
𝑑𝑓 = 𝐶 − 1

(1) find observed frequencies 𝑓𝑜

(2) find expected frequencies 𝑓𝑒

𝑓𝑒 =
𝑁

𝐶
 𝑓𝑜𝑟 𝑒𝑞𝑢𝑎𝑙 𝑝𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝑓𝑒 = 𝑁 𝑝𝑘  𝑓𝑜𝑟 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑠 

(3) compute 𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = σ

(𝑓𝑜 −𝑓𝑒)2

𝑓𝑒

(4) find p-value for 𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑

check whether𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 

is beyond 𝜒2
𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙and 

p-value < .05. if so, 
reject null hypothesis!



chi-square goodness of fit test

- 𝐶 = 4

- 𝑑𝑓 = 𝐶 − 1 = 3

- 𝜒2
𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 3 = 7.8147  

- 𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = σ

(𝑓𝑜 −𝑓𝑒)2

𝑓𝑒
= 21

- p-value < .0001

- APA reporting: A significant difference was 

observed in eye color distributions, 

𝜒2 3, 𝑛 = 40 = 21, 𝑝 <  .0001

blue brown green other

observed (fo) 12 21 3 4

expected (fe) 10 10 10 10



known distribution

- has eye color significantly changed in 

the US population since 2000?

- our hypothesis is no longer about 

equal preference, but instead about a 

known population distribution

- 𝑓𝑒 = 𝑁 𝑝𝑘  𝑓𝑜𝑟 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑠

- 𝑓𝑒 𝑏𝑙𝑢𝑒 = 40 .27 = 10.8  

- 𝑓𝑒 𝑜𝑡ℎ𝑒𝑟 = 40 .18 +  .01 = 7.6

blue brown green other

observed (fo) 12 21 3 4

expected (fe) 10.8 18 3.6 7.6

𝑓𝑒 = 𝑁 𝑝𝑘  𝑓𝑜𝑟 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑠



chi-square goodness of fit test

- 𝐶 = 4

- 𝑑𝑓 = 𝐶 − 1 = 3

- 𝜒2
𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 3 = 7.8147  

- 𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = σ

(𝑓𝑜 −𝑓𝑒)2

𝑓𝑒
= 2.438

- p-value = 0.4865

- APA reporting: Eye color distributions have 

not significantly changed since 2000, 

𝜒2 3, 𝑛 = 40 = 2.43, 𝑝 =  .49

blue brown green other

observed (fo) 12 21 3 4

expected (fe) 10.8 18 3.6 7.6



W14 Activity 1

- data

- conduct a chi-square test

https://docs.google.com/spreadsheets/d/1duesn3I0UkCMokFU60MoPtggQ0y122ItMwAX8GXRk_g/edit?usp=sharing


chi-square test for independence

- is parent-allowed alcohol use related 

to how many alcohol-related 

problems are experienced?

- typically, this is a situation where 

there is no clear IV/DV but a 

relationship needs to be tested 

- this is a non-parametric version of a 

correlation test

- note that variables are no longer 

interval/ratio: these are COUNTS

OBSERVED 
frequencies

experienced alcohol-related 
problems

yes no

parents 
allowed 
alcohol 

use

allowed 71 9

not 
allowed

89 31



chi-square test for independence

- is parent-allowed alcohol use related 

to how many alcohol-related 

problems are experienced?

- typically, this is a situation where 

there is no clear IV/DV but a 

relationship needs to be tested 

- this is a non-parametric version of a 

correlation test

- note that variables are no longer 

interval/ratio: these are COUNTS



chi-square test for independence

- is parent-allowed alcohol use related 

to how many alcohol-related 

problems are experienced?

- typically, this is a situation where 

there is no clear IV/DV but a 

relationship needs to be tested 

- this is a non-parametric version of a 

correlation test

- note that variables are no longer 

interval/ratio: these are COUNTS

OBSERVED 
frequencies

experienced alcohol-related 
problems

yes no

parents 
allowed 
alcohol 

use

allowed 71 9

not 
allowed

89 31



chi-square test for independence

- we first count up the totals row and 

column-wise to get how many people 

were sampled and how many were in 

each level

OBSERVED 
frequencies

experienced alcohol-related 
problems

yes no total

parents 
allowed 
alcohol 

use

allowed 71 9 80

not 
allowed

89 31 120

total 160 40 N = 200



expected frequencies

- what proportion of students experienced 

problems? 

- 160 / 200 = .80

- if problems experienced are not related 

to whether parents allowed alcohol use 

or not, then 80% of the students should 

experience problems and 20% shouldn’t

- expected (allowed-yes) = .80 * 80 = 64

- expected (allowed-no) = .20*80 = 16

EXPECTED 
frequencies

experienced alcohol-related 
problems

yes no total

parents 
allowed 
alcohol 

use

allowed 80

not 
allowed

120

total 160 40 N = 200

.80 .20



expected frequencies

- what proportion of students experienced 

problems? 

- 160 / 200 = .80

- if problems experienced are not related 

to whether parents allowed alcohol use 

or not, then 80% of the students should 

experience problems and 20% shouldn’t

- expected (allowed-yes) = .80 * 80 = 64

- expected (allowed-no) = .20*80 = 16

EXPECTED 
frequencies

experienced alcohol-related 
problems

yes no total

parents 
allowed 
alcohol 

use

allowed 64 16 80

not 
allowed

120

total 160 40 N = 200

.80 .20



expected frequencies

- what proportion of students experienced 

problems? 

- 160 / 200 = .80

- if problems experienced are not related 

to whether parents allowed alcohol use 

or not, then 80% of the students should 

experience problems and 20% shouldn’t

- expected (not allowed-yes) = .80 * 120 = 96

- expected (not allowed-no) = .20*120 = 24

EXPECTED 
frequencies

experienced alcohol-related 
problems

yes no total

parents 
allowed 
alcohol 

use

allowed 64 16 80

not 
allowed

120

total 160 40 N = 200

.80 .20



expected frequencies

- what proportion of students did NOT 

experience problems? 

- 40 / 200 = .20

- if problems experienced are not related 

to whether parents allowed alcohol use 

or not, then 80% of the students should 

experience problems and 20% shouldn’t

- expected (not allowed-yes) = .80 * 120 = 96

- expected (not allowed-no) = .20*120 = 24

EXPECTED
frequencies

experienced alcohol-related 
problems

yes no total

parents 
allowed 
alcohol 

use

allowed 64 16 80

not 
allowed

96 24 120

total 160 40 N = 200

.80 .20



step 1: 
state the 

hypotheses

step 2: 
set criteria 
for decision

step 3: 
collect 
data

step 4: 
make a 

decision!

NHST for chi-square test of independence

𝐻0: 𝑛𝑜 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 
𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠

𝐻1: 𝑡ℎ𝑒𝑟𝑒 𝑖𝑠 𝑎 𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛𝑠ℎ𝑖𝑝 
𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠

𝛼 =  .05
find 𝜒2

𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 based 

on right tailed test 
and degrees of 

freedom 
𝑑𝑓 = (𝑅 − 1)(𝐶 − 1)

(1) find observed frequencies 𝑓𝑜

(2) find expected frequencies 𝑓𝑒 
based on proportions

(3) compute𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = σ

(𝑓𝑜 −𝑓𝑒)2

𝑓𝑒

(3) find p-value for 𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑

check whether𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 

is beyond 𝜒2
𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙and 

p-value < .05. if so, 
reject null hypothesis!



chi-square test

- 𝑑𝑓 = 𝑅 − 1 𝐶 − 1

- 𝑑𝑓 = 2 − 1 2 − 1 = 1

- 𝜒2
𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 1 = 3.84  

- 𝜒2
𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = σ

(𝑓𝑜 −𝑓𝑒)2

𝑓𝑒
= 6.38

- p-value = 0.0115

EXPECTED
frequencies

experienced alcohol-related 
problems

yes no

parents 
allowed 
alcohol 

use

allowed 64 16 80

not 
allowed

96 24 120

160 40 N = 200

OBSERVED 
frequencies

experienced alcohol-related 
problems

yes no total

parents 
allowed 
alcohol 

use

allowed 71 9 80

not 
allowed

89 31 120

total 160 40 N = 200



W14 Activity 2

- data

https://docs.google.com/spreadsheets/d/1duesn3I0UkCMokFU60MoPtggQ0y122ItMwAX8GXRk_g/edit?usp=sharing


chi-square test: assumptions

- independence of observations (between-subject measurements)

- expected frequencies in each cell > 5

- typically categories are merged if counts are low



next time

- bootstrapping
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