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Large-scale assessments in Mathematics
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Assessment triangle

Cognition
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Pellegrino, 2011



Principal component analysis and pedagogical interpretations
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Green bars indicate skills related to basic structural knowledge on Arithmetic and Elementary Geometry.

 



Principal component analysis and pedagogical interpretations
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The traditional feedback in large-scale assessments focused on means and a priori interpretations of the range 
of proficiencies.



Task models: cognitive 
demands and levels of 
complexity

Diagnostic assessments – Sobral 2022
 (9th grade – middle school) 

SAEB 2019 - Mean 318,96 

Diagnostic test - 
Mean

303,32

SAEB 2021 - Mean 300,79

Minimum 137,39

Median 311,88

Maximum 508,03
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Cognitive-diagnostic models (CDM) – Q matrix

Skills (cognitive attributes) Item 
02

Item 
09

Item 11 
(SAEB)

Item 14 
(SAEB)

Item 15 
(SAEB)

Item 
19

Recall basic arithmetic notions, facts and
procedures 1 1 0 0 0 1

Combine elements from basic arithmetic in 
simple word problems 1 0 0 1 0 o 

Represent mathematically a given problem in 
terms of basic elements of only one domain (e.g., 
Arithmetic)

0 1 0 0 1 0

Represent mathematically a given problem in 
terms of basic elements of two or more domains
(e.g., Arithmetic and Probability & Data) 0 1 1 0 0 0



Skill mastery – DINA, Mathematics, Sobral, ninth grade
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Domain analysis, connectivity & complexity: “Matriz dos 
Saberes”

Source: Pellegrino, 2010

ECD requires a domains 
analysis: its layers 
describe the (nonlinear) 
evolution and 
consolidation, year by 
year, of knowledge & 
skills; they illustrate 
both the chunks in the 
long-term memory of 
learners as well as the 
gradient of complexity 
in Basic Mathematics 
standards



From isolated skills to knowledge networks 
(domain analysis in evidence-centered design)



Progression maps and optimal curricular paths
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Examples of tests and tasks
CEnPE. Plase, read the following text in order to answer ques5ons 1 ato 9 in the sequel.

Mariana cycles around the town square in 4 minutes while Teresa manages to cycle around the same square in 5 minutes.

The square is rectangular and has sides measuring 300 meters and 100 meters. Inside, there are trees and a lake, as shown in the
following figure of the square seen from above.

Mariana and Teresa leave, at the same moment, the starting point highlighted in the figure and start pedaling in the direction
indicated by the arrow for a time of 40 minutes.

They travel around the square, pedaling almost all the time in a straight line and keeping their speeds constant, that is, they do not
increase or decrease their speeds.



Question 1. How many laps can Mariana go around the 
square in 40 minutes? *

Question 2. Approximately how many meters does Teresa 
walk in 40 minutes?

Question 3. Who circles the square faster: Mariana or 
Teresa?

Question 4. How many laps around Mariana square does 
Teresa complete after 40 minutes?

Question 5. What is the difference between the number 
of laps given by Mariana and Teresa twenty minutes after 
the beginning of the game?

Question 6. How many minutes after the start of the 
game are enough for Mariana to have covered half a lap 
more than Teresa?

Question 7. We know that the two cyclists start from the 
same point. Do they meet again during the 40 minutes of 
play?

*all questions were followed by “explain your reasoning” 
or “justify your answer”

Question 1 – comments and feedbacks

Performance patterns Observed answers

Insufficient: The student does 
not isolate the data relevant 
to the problem, showing 
difficulties in reading and 
interpreting the base text and 
the command itself

a) Elas só mudam de posição 
b) ARVORES 

Partially Sufficient: Student 
isolates relevant information; 
however has difficulty 
modeling the problem using 
arithmetic operations of 
addition or division. For 
example, he considers that he 
should multiply 4 by 40 
instead of dividing

a) Ela deu 16 voltas 
b) 160 voltas pois 4x40=160 
c) 5 volta porque 40 divido pra 
5 igual a 40 
d) 40 voltas porque um 
minuto da quarenta Voutas 

Sufficient: the student isolates 
the information, models 
arithmetically the problem 
and calculates, either by 
addition or by division, the 
quotient.

a) Ela da uma volta em 4 
minutos na lógica ela da duas 
voltas em 8 minutos então ela 
da dez voltas em 40 minutos. 
b) Vou somando 4+4 até 
chegar em 40 e em fim 10 
voltas no parque 



Task Template Editor Assessment System

Integrated system of formative assessments - CEnPE

Adaptive Learning 
Platform







Transcription and classification algorithms
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Vídeos tutoriais 
para 
redes,escolas e 
monitores



Support for learning recovery
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Content 
pedagogical 

knowledge of 
math teachers

Egg model: Ball e colaboradores



Feedback to teachers
PCK domains Level 1 Level 2 Level 3 Level 4

Knowledge of contents
and students

Reveals difficulties in 
recognizing or describing
errors, doubts, faulty
representations and
other gaps in students' 
learning; or does it, from
a technical point of view, 
limiting itself to pointing
out answers or
procedures that it 
considers correct

Recognizes and 
describes errors, doubts, 
faulty representations 
and other gaps in 
students' learning, in a 
technical way, but raising 
plausible hypotheses 
about the reasons for 
these gaps, such as, for 
example, insufficient 
prior knowledge; 
however, it does not plan 
pedagogical intervention

Recognizes and
describes errors, doubts, 
misrepresentations and
other student learning
gaps, from a technical
and pedagogical point of
view, raising plausible
hypotheses about the
reasons for these gaps 
and outlining didactic
approaches to relevant
interventions

Recognizes and 
describes errors, doubts, 
misrepresentations and 
other student learning 
gaps, from a technical 
and pedagogical point of 
view, raising plausible 
hypotheses about the 
reasons for these gaps, 
from which it plans and 
executes didactic 
approaches of 
interventions aimed at 
student diversity , 
adapted to different 
contexts, challenges, 
needs and explicit 
learning objectives



Multidimensional analysis: specialized knowledge of basic math



Multidimensional analysis: knowledge of content and students







Research groups leadership - CEnPE
EDUCATIONAL PUBLIC POLICIES & Econometric 
Analysis: Jorge Lira, J. Bento Cavalcante Neto, 
George Gomes, Ernesto Trajano, Guilherme Irffi
SIGNAL PROCESSING AND AI IN EDUCATIONAL 
ASSESSMENTS : Charles Casimiro, Guilherme Barreto, 
José Gilvan Maia, João Paulo Pordeus, Amauri 
Holanda, Lucas Damasceno, Erivan Lima
LABORATÓRIO DE MÍDIAS EDUCACIONAIS & 
NÚCLEO DE DESENVOLVIMENTO DE PLATAFORMAS 
DE APRENDIZAGEM: George Gomes, Henrique 
Pequeno, Melo Jr., Adriano, Nidia Barone, George, 
Jander, Rafael Albuquerque
EDUCATIONAL DATA SCIENCE LAB: Esdras Medeiros, 
Caio Azevedo, Juvêncio Nobre, José Roberto Silva, 
Creto Vidal
PROFESSIONAL DEVELOPMENT FOR  
MATHEMATICS,  LANGUAGES AND  
COMPUTATIONAL THINKING TEACHING: Janicleide 
Vidal Maia, Lyssandra Torres, Romildo Silva, Annelise  
Maymone, José Maria Monteiro

jorge.lira@mat.ufc.br



Thank you very much!


