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DAY 3
Test of significance, cross tabulation and elaboration



Test of significance



Idea of statistical testing

• The test determines whether the hypothesis for the population is correct

• There is two types of hypotheses: null hypothesis ja alternative hypothesis

1. Null hypothesis (H0) argues that phenomena does not apply
 H0: There is no difference how often people from cities or rural area

use rubber boots

2. If H0 is rejected (falsified), we validate the alternative hypothesis HA

 HA: There is a difference how often people from cities or rural area
use rubber boots
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Idea of statistical testing

• The choice of test depends on e.g. research problem, level of 
measurement of variables, and number of groups to be compared. 
Example:

H0 = Education and gender are not related
HA = Education and gender are related

=> The appropriate test could be the Chi-square test (C2) for cross-tabulation

• The decision whether or not to reject the null hypothesis is made on 
the basis of the observed significance level of the test, i.e. the p-value.
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Idea of statistical testing

• The P-value is the probability that the result of the sample deviates by 
an observed amount or even more from the null hypothesis (assuming 
that the null hypothesis holds true)

• The P-value is the probability that the observed deviation from the 
null hypothesis can be explained by sampling error alone

• If it is decided to reject the null hypothesis, then the p-value indicates 
the risk of error associated with the decision.
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Idea of statistical testing
• The lower the p-value, the more the alternative hypothesis is 

supported and the more evidence argues against the null hypothesis.

• How small, then, must the p-value be in order for the null hypothesis 
to be rejected? The most commonly used limit is 0.05, or 5%.
• Note! However, this is a completely arbitrary limit and case-by-case 

consideration should be used.

P-value Risk level Risk of error (%) Verbal expression for the 
association between variables

Symbol

p < 0,001 0,1 % 0,1 % Very significant ***

0,001 ≤ p < 0,01 1,0 % 1 % Significant **

0,01 ≤ p < 0,05 5,0 % 5 % Almost significant / Significant *
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Coefficient intervals

• The confidence interval indicates the interval between 
the actual value of the population variable with a 
certain probability.

• Generally, a 95% confidence level is used = P <0.05
• Means we allow a 5% error

• 95% confidence interval = mean ± 1.96 ∗ 𝑆𝐸
• mean ± 1.96 times the standard error

• 99% confidence interval = mean ± 2.58 ∗ 𝑆𝐸
• mean ± 1.96 times the standard error

The T-hat indicates
coefficient intervals

Same with different
presentation
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Idea of statistical testing
• Example:

• The researcher gets a p-value of 0.001, or 0.1%, so the result of the sample is 
surprising.

• The P-value of 0.001 must be interpreted as follows: 
If the null hypothesis is assumed to be correct, then a result similar to the 
sample or even more deviating from the null hypothesis occurs in one sample 
out of a thousand.

• This if what is sufficient evidence against the null hypothesis. The 
result is no longer surprising if the null hypothesis is not true

• It is important to note that statistical testing never proves the null 
hypothesis to be correct!
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Elaboration



Elaboration I: Additivity
• Z is additive factor if…

• The association between X 
and Y does not change 
(replication)

• Also, there is association 
between Z and Y

• (Z and X may also be 
associated)

• Example:
• X = training
• Y = salary
• Z = work experience
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Elaboration II: Spurious correlation
• The connection between X 

and Y is apparent if…
• X and Y association 

disappears when Z id added 
to the model

• is due to the Z’s level of 
association to X and Y

• Example:
• X = number of fire trucks
• Y = degree of destruction
• Z = magnitude of the fire

Independent
variable

X

Dependent
variable

Y

Control
variable

Z

Independent
variable

X

Dependent
variable

Y

Original association between X and Y
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Elaboration III: Intervention
• Z is now intervening:

• Z occurs over time between X and 
Y

• Difference to spurious correlation 
in theory, not in numbers!

• Example:
• X = age
• Y = liberal attitude sexually explicit
• Z = religiosity

Independent
variable

X

Dependent
variable

Y

Control
variable

Z

Independent
variable

X

Dependent
variable

Y

Original association between X and Y
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Elaboration IV: Interaction
• The connection between X and 

Y is different in different 
categories of Z:
• Strength of association may vary 

In a different groups of Z
• The assocation may be lost in 

one of the groups of Z
• The association may go different 

directions in Z’s groups

• Example:
• X = number of children
• Y = salary
• Z = gender

Independent
variable

X

Dependent
variable

Y

Control
variable

Z

Independent
variable

X

Dependent
variable

Y

Original association between X and Y

Independent
variable

X

Dependent
variable

Y

Z group 1 (Males) Z group 2 (Females)

- +
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Elaboration: Summary
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Cross tabulation



Cross tabulation

• The researcher is interested in 
the connection between 
residence and political interest

• He is particularly interested in 
whether people living in rural 
areas are less interested in 
politics
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• The results are to be presented as widely as possible and the researcher does 
not have time to go in depth to investigate whether there is a causal effect.

• One good option for the researcher is to use cross-tabulation



What is cross tabulation for?

• The cross-tabulation is used to ask whether the distributions of the 
dependent variable are different in different categories of the independent 
variable?

• The null hypothesis “There is no correlation between variables X and Y” is 
being tested

• In order to obtain information on whether or not there is a association 
between the variables, the percentages (row percentages) of the 
independent variable are calculated.

• If the distributions differ between the independent and dependent
variables, it can be assumed that there is an association between them.
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Cross tabulation and variable types

• To use cross tabulation, 
researched needs to choose
dependent and independent
variables

• Eg: Interest in politics is a 
dependent variable, which is 
associated by different living 
environment, which serves as 
independent variable

• Cross-tabulation is a suitable method for categorical variables
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Cross tabulation: example

Ordinal scale

How interested are you in politics?

N %

Very interested 226 11,8

Somewhat interested 929 48,3

Not much interested 629 32,7

Not all interested 138 7,2

Total 1923 100

Nominal scale

Which of the descriptions best describes your living environment?

N %

Big city 440 22,9

A suburb or neighborhood of a large city 242 12,6

Small or medium-sized city or municipality 528 27,5

Small rual city or municipality 341 17,7

Countryside 371 19,3

Total 1923 100

• The nominal scale describes groups with 
different properties.

• Groups are similar or different in terms of 
properties, but properties cannot be ordered or 
their distance cannot be measured

• The ordinal scale puts the findings in order, but 
says nothing about the magnitude of the 
differences between them.

• There is either more or less of certain category
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Cross tabulation: practical example

• Our research hypotheses are as follows:

• H0 = There is no association between people's living environment and political interest

• HA = There is association between people's living environment and political interest

• We use the chi-square test to answer the research question of whether 
people’s living environment and political interest are associated

• The chi-square test is suitable for this purpose, as the variables are in 
nominal- and ordinal scale
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Cross tabulation: table format

• Cross-tabulation between living environment (independent variable) 
and interest in politics (dependent variable)
 This is a neat table form in which crosstabs are usually presented

 Usually tables present relative distributions (percentage table)

Table 1. Relationship between residence and interest policy (%)

How interested are you in politics?

Which of the descriptions best describes your living 
environment?

Very
interested

Somewhat
interested

Not much
interested

Not at all
interested Total N

Big city 16,82 54,32 25,45 3,41 100 440

A suburb or neighborhood of a large city 12,81 47,11 33,88 6,2 100 242

Small or medium-sized city or municipality 10,42 51,7 31,82 6,06 100 528

Small rural city or municipality 8,8 40,47 40,76 9,97 100 341

Countryside 9,73 44,32 34,59 11,35 100 370

Total 11,76 48,31 32,74 7,18 100 1921

χ² = 61,59, df = 12, p<0,001
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Cross tabulation: variable rows and columns

• Two categorical variables are presented in the same 
table, with one (independent, X) appearing in the row 
and the other (dependent, Y) in the column

• Combinations of variable classes are called table cells

• For example, people living in rural areas are very 
interested in politics

Table 1. Relationship between residence and interest policy (%)

How interested are you in politics?

Which of the descriptions best describes your living 
environment?

Very
interested

Somewhat
interested

Not much
interested

Not at all
interested Total N

Big city 16,82 54,32 25,45 3,41 100 440

A suburb or neighborhood of a large city 12,81 47,11 33,88 6,2 100 242

Small or medium-sized city or municipality 10,42 51,7 31,82 6,06 100 528

Small rural city or municipality 8,8 40,47 40,76 9,97 100 341

Countryside 9,73 44,32 34,59 11,35 100 370

Total 11,76 48,31 32,74 7,18 100 1921

χ² = 61,59, df = 12, p<0,001

Table 2. Location of variables

DEPENDENT VARIABLE
INDEPENDENT VARIABLE A B … Xn

A

Table’s cells

B

C

D

…

Xn
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Cross tabulation: table format

• In addition to looking at row percentages, we also look at differences in relation 
to the “total” line, i.e. the edge distribution (the distribution of the variable to be 
explained).

• Whether the variables differ can be viewed as differences in the edge distribution 
(i.e., total row)

Table 1. Relationship between residence and interest policy (%)

How interested are you in politics?

Which of the descriptions best describes your living 
environment?

Very
interested

Somewhat
interested

Not much
interested

Not at all
interested Total N

Big city 16,82 54,32 25,45 3,41 100 440

A suburb or neighborhood of a large city 12,81 47,11 33,88 6,2 100 242

Small or medium-sized city or municipality 10,42 51,7 31,82 6,06 100 528

Small rural city or municipality 8,8 40,47 40,76 9,97 100 341

Countryside 9,73 44,32 34,59 11,35 100 370

Total 11,76 48,31 32,74 7,18 100 1921

χ² = 61,59, df = 12, p<0,001
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Cross tabulation: conditional distributions

• What is the distribution of the dependent variable in each category of the independent variable?
• These categorical distributions are called conditional distributions (e.g. =        )
• If there is no relationship between the variables, the distributions are similar in each class

• Conditional distributions can be more easily compared to the edge distribution and to each other
• For example: do the residents of a large city differ from the people in general, or do the residents of a 

large city differ from the rural ones?

Table 1. Relationship between residence and interest policy (%)

How interested are you in politics?

Which of the descriptions best describes your living 
environment?

Very
interested

Somewhat
interested

Not much
interested

Not at all
interested Total N

Big city 16,82 54,32 25,45 3,41 100 440

A suburb or neighborhood of a large city 12,81 47,11 33,88 6,2 100 242

Small or medium-sized city or municipality 10,42 51,7 31,82 6,06 100 528

Small rural city or municipality 8,8 40,47 40,76 9,97 100 341

Countryside 9,73 44,32 34,59 11,35 100 370

Total 11,76 48,31 32,74 7,18 100 1921

χ² = 61,59, df = 12, p<0,001
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So, after all that…are there any differences?

• In the cross-tabulation, the statistical association is tested using Pearson's 
chi-square test (x²)

• The starting assumption is the null hypothesis, ie “the values of the variable 
are independent of each other” (i.e. there is no relationship between them)

• Let’s test how likely it is that there is a relationship between the variables in 
the sample (cross-tabulation table)?

• Thus, the observed cell frequencies are compared with the expected values
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So, after all that…are there any differences?

• The chi-square test, i.e. the independence test, tells how likely it is 
that the dependence has arisen only as a result of the randomness in 
the sampling, or are the variables are independent of each other in 
the population.

• The observed frequencies are easy to understand: they are values in our 
data, e.g., the strength of political interest. We next go through the 
expected frequencies (i.e., the theoretical distribution).
 The formula is simple, but no worries, if you are anxious, let’s go through it step by 

step

𝝌𝟐 = ෍

(𝑠𝑢𝑚 𝑖𝑛 𝑎𝑙𝑙 𝑐𝑒𝑙𝑙𝑠)

(𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 − 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦)2

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦
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Expected frequencies

• The expected frequencies describe a situation where the 
conditional distribution of each variable is similar in each 
category of the other variable.
 In such a situation, there is no statistical association between the 

variables
This corresponds to the null hypothesis of the test
Thus, the test compares the observed table with the table 

corresponding to the null hypothesis
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Yes, Excel can do the work but let’s not be just 
function Joes!

• Step 1: Determine the expected frequencies

• To calculate the chi-square test, we need the 
observed and expected frequencies

• For the expected frequencies, we need the 
edge distributions for each category and 
sample in the table

• Example: The expected frequencies for 
category 1 and sample A are calculated using 
the edge distributions and the total number of 
observations (a + b + c) (a + d + g) / N

Dependent variable

Independent variable Category
I

Category
II

Category
III

Total rows

Sample A a b c a+b+c

Sample B d e f d+e+f

Sample C g h i g+h+i

Total columns a+d+g b+e+h c+f+i a+b+c+d+e+f+g+h+i=N

෍
(𝑬𝒙𝒑𝒆𝒄𝒕𝒆𝒅 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 − 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦)2

𝑬𝒙𝒑𝒆𝒄𝒕𝒆𝒅 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚

Introduction Test of signicance Elaboration Cross tabulation



Quest for Chi-square

Table 1. Relationship between residence and interest policy, observed values

How interested are you in politics?

Which of the descriptions best describes your living 
environment?

Very
interested

Somewhat
interested

Not much
interested

Not at all
interested Total N

Big city 74 239 112 15 100 440

A suburb or neighborhood of a large city 31 114 82 15 100 242

Small or medium-sized city or municipality 55 273 168 32 100 528

Small rural city or municipality 30 138 139 34 100 341

Countryside 36 164 128 42 100 370

Total 226 928 629 138 100 1921

χ² = 61,59, df = 12, p<0,001

• Let’s use previous slide as an example: 
 Expected frequencies are calculated for those whole live in large cities and who are very

interested in politics = 
(226x440)

1921
= 51,8 which is the expected frequency for this group

• We need apply this formula and calculate the solution for every cell in the cross tabulation to 
obtain all expected frequencies

Introduction Test of signicance Elaboration Cross tabulation



Quest for Chi-square

• Let’s roll back to our equation mentioned previously, as we have all
the needed values for the test:

𝜒2 = ෍

(𝑠𝑢𝑚 𝑖𝑛 𝑎𝑙𝑙 𝑐𝑒𝑙𝑙𝑠)

(𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 − 𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦)2

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦
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Quest for Chi-square

• We need apply the formula and calculate the solution for every cell in 
the cross tabulation

• Finally, we come to an answer: Value for Chi-square test is 𝟔𝟏, 𝟔

𝜒2 =
(𝟓𝟏,𝟖−𝟕4)2

𝟓𝟏,𝟖
+ 
(𝟐𝟖,𝟓−𝟑𝟏)2

𝟐𝟖,𝟓
+ 
(𝟔𝟐,𝟏−𝟓𝟓)2

𝟔𝟐,𝟏
…𝑟𝑒𝑝𝑒𝑎𝑡𝑒𝑑 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑐𝑒𝑙𝑙 …+

𝟐𝟏𝟐,𝟔−𝟗𝟐𝟖 2

𝟐𝟏𝟐,𝟔
= 𝟔𝟏, 𝟓𝟗𝟑𝟕
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Quest for Chi-square

Table 1. Relationship between residence and interest policy, observed values

How interested are you in politics?

Which of the descriptions best describes your living 
environment?

Very
interested

Somewhat
interested

Not much
interested

Not at all
interested Total N

Big city 74 239 112 15 100 440

A suburb or neighborhood of a large city 31 114 82 15 100 242

Small or medium-sized city or municipality 55 273 168 32 100 528

Small rural city or municipality 30 138 139 34 100 341

Countryside 36 164 128 42 100 370

Total 226 928 629 138 100 1921

χ² = 61,59, df = 12, p<0,001

• Finally, we need to calculate the degree of freedom (i.e., the number of variables and their minimum 
number of cells), which is a simple: (number of rows - 1) x (number of columns - 1)

• The number of rows in the table is 5 and the number of columns is 4

• Thus, the degree of freedom is (5 - 1) x (4 - 1) = 12
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Quest for p-value

• Since the result of the chi-square test is greater than the number of the smallest p-value for the 
degree of freedom, the statistical significance of the cross-tabulation is p <0.001, i.e. very significant!

P
DF 0.995 0.975 0.20 0.10 0.05 0.025 0.02 0.01 0.005 0.002 0.001

1 0.0000393 0.000982 1.642 2.706 3.841 5.024 5.412 6.635 7.879 9.550 10.828

2 0.0100 0.0506 3.219 4.605 5.991 7.378 7.824 9.210 10.597 12.429 13.816

3 0.0717 0.216 4.642 6.251 7.815 9.348 9.837 11.345 12.838 14.796 16.266

4 0.207 0.484 5.989 7.779 9.488 11.143 11.668 13.277 14.860 16.924 18.467

5 0.412 0.831 7.289 9.236 11.070 12.833 13.388 15.086 16.750 18.907 20.515

6 0.676 1.237 8.558 10.645 12.592 14.449 15.033 16.812 18.548 20.791 22.458

7 0.989 1.690 9.803 12.017 14.067 16.013 16.622 18.475 20.278 22.601 24.322

8 1.344 2.180 11.030 13.362 15.507 17.535 18.168 20.090 21.955 24.352 26.124

9 1.735 2.700 12.242 14.684 16.919 19.023 19.679 21.666 23.589 26.056 27.877

10 2.156 3.247 13.442 15.987 18.307 20.483 21.161 23.209 25.188 27.722 29.588

11 2.603 3.816 14.631 17.275 19.675 21.920 22.618 24.725 26.757 29.354 31.264

12 3.074 4.404 15.812 18.549 21.026 23.337 24.054 26.217 28.300 30.957 32.909

13 3.565 5.009 16.985 19.812 22.362 24.736 25.472 27.688 29.819 32.535 34.528

14 4.075 5.629 18.151 21.064 23.685 26.119 26.873 29.141 31.319 34.091 36.123

15 4.601 6.262 19.311 22.307 24.996 27.488 28.259 30.578 32.801 35.628 37.697

16 5.142 6.908 20.465 23.542 26.296 28.845 29.633 32.000 34.267 37.146 39.252

17 5.697 7.564 21.615 24.769 27.587 30.191 30.995 33.409 35.718 38.648 40.790

18 6.265 8.231 22.760 25.989 28.869 31.526 32.346 34.805 37.156 40.136 42.312

19 6.844 8.907 23.900 27.204 30.144 32.852 33.687 36.191 38.582 41.610 43.820

20 7.434 9.591 25.038 28.412 31.410 34.170 35.020 37.566 39.997 43.072 45.315

• Now we can find the
p-value of Chi-square 
test

• As Chi-square test
was 𝟔𝟏, 𝟔 and 
degrees fo freedom
12, we use this
information to 
extrapolate p-value
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After a long road, back to hypotheses

• As our chi-square test states, the p-value is p<0,001, it invalidates the null-
hypothesis

• Thus, the alternate hypothesis is validated. We can state, that there is 
association between people's living environment and political interest

• Our research hypotheses were as follows:

• H0 = There is no association between people's living environment and political interest

• HA = There is association between people's living environment and political interest
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What if there is one more variable?

• Let’s go way back to the elaboration slides and think about what if we
would have Z variable along with Y (political interest) and X (type of 
area)

• To keep our example simple, we shall use respondents sex as Z 
variable

• Thus, we need to split our data by two groups in the cross tabulation
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What if there is one more variable?

• Here we see that on average there are more males than females who are
interested on politics

• In addition, it seems that interest in politics is higher in large cities and 
disinterest in females is much higher

Table 1. Relationship between residence and interest policy by respondent's sex (%)

Males Females

How interested are you in politics? How interested are you in politics?

Which of the descriptions best describes 
your living environment?

Very Somewhat Not much Not at all

Total

Very Somewhat Not much Not at all

Totalinterested interested interested interested interested interested interested interested

Large city 22,52 55,41 19,37 2,7 100 11,01 53,21 31,65 4,13 100

A suburb or neighborhood of a large city 14,68 50,46 28,44 6,42 100 11,19 44,78 38,06 5,97 100

Small or medium-sized city or municipality 13,11 55,06 25,84 5,99 100 7,66 48,28 37,93 6,13 100

Small rural city or municipality 10,4 41,04 41,04 7,51 100 7,14 39,88 40,48 12,5 100

Countryside 11,11 48,68 31,75 8,47 100 8,29 39,78 37,57 14,36 100

Total 14,58 50,83 28,54 6,04 100 8,94 45,84 36,9 8,32 100

χ² = 42,87, df = 12, p<0,001 χ² =29,51, df = 12, p<0,001
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Not so fast cowboy, few ending remarks!

• The result of a test can be relied upon if its two 
assumptions are met:
•Up to 20% of the cells in the table have a frequency below 5
•No expected frequency shall be less than one

•Note! The larger the sample size, the easier it is for the 
chi-square test to give statistically significant results 
(= small p-values).

Introduction Test of signicance Elaboration Cross tabulation



…and remember kids!

• Cross-tabulation only examines associations, in which case nothing can be said about cause-and-effect 
relationships, i.e. effects

• It can therefore be argued that there is a association between things, not that, for example, there is a 
certain political interest in a particular residential area.
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