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Università degli Studi di Milano

VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH - 28TH, 2021



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

What is done in the italian literature?

I Item level analysis

Interesting, but only a few items at a time
I Large-scale statistical analysis

Comprehensive, but hard to gain insight



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

What is done in the italian literature?

I Item level analysis
Interesting, but only a few items at a time

I Large-scale statistical analysis
Comprehensive, but hard to gain insight



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

What is done in the italian literature?

I Item level analysis
Interesting, but only a few items at a time

I Large-scale statistical analysis

Comprehensive, but hard to gain insight



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

What is done in the italian literature?

I Item level analysis
Interesting, but only a few items at a time

I Large-scale statistical analysis
Comprehensive, but hard to gain insight



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

The data

I Grade 8 INVALSI Math tests

I 8 years of tests (2009 - 2017)
I 342 items
I Split equally into a Construction Set and a Validation Set



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

The data

I Grade 8 INVALSI Math tests
I 8 years of tests (2009 - 2017)

I 342 items
I Split equally into a Construction Set and a Validation Set



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

The data

I Grade 8 INVALSI Math tests
I 8 years of tests (2009 - 2017)
I 342 items

I Split equally into a Construction Set and a Validation Set



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

The data

I Grade 8 INVALSI Math tests
I 8 years of tests (2009 - 2017)
I 342 items
I Split equally into a Construction Set and a Validation Set



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Why grade 8?

I Need items from a single grade

I Gender gap grows with grade
I Highest grade in italian common curriculum
I Highschool choice heavily correlated with gender



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Why grade 8?

I Need items from a single grade
I Gender gap grows with grade

I Highest grade in italian common curriculum
I Highschool choice heavily correlated with gender



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Why grade 8?

I Need items from a single grade
I Gender gap grows with grade
I Highest grade in italian common curriculum

I Highschool choice heavily correlated with gender



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Why grade 8?

I Need items from a single grade
I Gender gap grows with grade
I Highest grade in italian common curriculum
I Highschool choice heavily correlated with gender



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Quantifying discrimination: Differential Item Functioning

The student population is split in slices
according to their total test score.

E =
∑i

mc,ife,i
Ni

∑i
me,ifc,i

Ni

D =−100logE



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Quantifying discrimination: Differential Item Functioning

The student population is split in slices
according to their total test score.

E =
∑i

mc,ife,i
Ni

∑i
me,ifc,i

Ni

D =−100logE



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Model assumptions

I Certain properties of items cause their discrimination

I Items belong to Categories: i ∈ C
I Each Category has a discrimination value: discr(C)

discr(i) = ∑
C3i

d(C)



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Model assumptions

I Certain properties of items cause their discrimination
I Items belong to Categories: i ∈ C

I Each Category has a discrimination value: discr(C)

discr(i) = ∑
C3i

d(C)



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Model assumptions

I Certain properties of items cause their discrimination
I Items belong to Categories: i ∈ C
I Each Category has a discrimination value: discr(C)

discr(i) = ∑
C3i

d(C)



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Model assumptions

I Certain properties of items cause their discrimination
I Items belong to Categories: i ∈ C
I Each Category has a discrimination value: discr(C)

discr(i) = ∑
C3i

d(C)



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

I d item discrimination

I M Classification matrix
I c Categories’ discrimination

d = Mc

d least−−−−→
squares

c



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

I d item discrimination
I M Classification matrix

I c Categories’ discrimination

d = Mc

d least−−−−→
squares

c



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

I d item discrimination
I M Classification matrix
I c Categories’ discrimination

d = Mc

d least−−−−→
squares

c



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

I d item discrimination
I M Classification matrix
I c Categories’ discrimination

d = Mc

d least−−−−→
squares

c



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

I d item discrimination
I M Classification matrix
I c Categories’ discrimination

d = Mc

d least−−−−→
squares

c



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Choosing the categories

I Based on the items from the Construction Set

I Considering:
I Math skills
I Language skills
I Didactic contract
I Item presentation

This process yielded 16 Categories.



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Choosing the categories

I Based on the items from the Construction Set
I Considering:

I Math skills
I Language skills
I Didactic contract
I Item presentation

This process yielded 16 Categories.



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Choosing the categories

I Based on the items from the Construction Set
I Considering:

I Math skills

I Language skills
I Didactic contract
I Item presentation

This process yielded 16 Categories.



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Choosing the categories

I Based on the items from the Construction Set
I Considering:

I Math skills
I Language skills

I Didactic contract
I Item presentation

This process yielded 16 Categories.



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Choosing the categories

I Based on the items from the Construction Set
I Considering:

I Math skills
I Language skills
I Didactic contract

I Item presentation

This process yielded 16 Categories.



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Choosing the categories

I Based on the items from the Construction Set
I Considering:

I Math skills
I Language skills
I Didactic contract
I Item presentation

This process yielded 16 Categories.



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Choosing the categories

I Based on the items from the Construction Set
I Considering:

I Math skills
I Language skills
I Didactic contract
I Item presentation

This process yielded 16 Categories.



VI SEMINAR
“INVALSI DATA: A TOOL FOR TEACHING

AND SCIENTIFIC RESEARCH”
ROME, NOVEMBER 25TH – 28TH, 2021

Example categories
Standard Arithmetic
The item is an arithmetic task that can be completed using only
standard procedures.

Redundant information
The item contains redundant or superfluous information.

Implicit assumption
The item contains an implicit assumption, or requires a datum not
explicitly mentioned in the text.

Numeric answer
The item’s answer is a single number, eventually with a unit of
measure, or it is clearly divided in sub-items that match this definition.
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