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Abstract: In this paper we retrace the main stages of an interdisciplinary research project with the 
aim of highlighting the views of mathematics teachers on large-scale standardized tests. The 
researchers analyse the responses of over 500 Italian primary school teachers to a questionnaire 
prepared for this purpose using correlational and principal component analysis (PCA). The 
comparison between the questions relating to the statements and those relating to classroom 
practices allowed us to let the attitudes and beliefs emerge. Teachers’ recognition of the validity 
of the INVALSI data in building classrooms practices clashes with the belief that large scale 
standardized assessments are used by Institutions for the evaluation of the single teacher. 
Keywords: Perceived difficulty; math education; MTSK model. 
 
Resumen: En este artículo, repasamos las principales etapas de un proyecto de investigación 
interdisciplinar que tiene el objetivo de destacar las visiones que tienen los profesores de 
matemáticas sobre pruebas estandarizadas a gran escala. Se han analizado las respuestas de más 
de 500 profesores de Educación Primaria de Italia a un cuestionario diseñado con este propósito, 
usando análisis de correlación y análisis de componentes principales (ACP). La comparación entre 
las preguntas vinculadas con los enunciados y aquellas relacionadas con las prácticas de aula han 
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permitido al equipo investigador hacer emerger tanto actitudes como creencias del profesorado 
participante. El reconocimiento por parte de los docentes de la validez de los datos del INVALSI 
para la construcción de prácticas de aula choca con la creencia de que las instituciones utilizan 
evaluaciones estandarizadas a gran escala para la evaluación de cada docente en particular.  
Palabras clave: Dificultad percibida; Educación Matemática; Modelo MTSK.  
 

 

INTRODUCTION 

 

This research is part of a wider project, developed nationally and 

internationally, concerning how large-scale assessments are received, 

metabolized, and used by the system (Faggiano et al., 2023; Looney, 2011; 

Scheerens, 2016). Within the specific line of research concerning 

mathematics education (De Lange, 2007; Meinck et al., 2017), the research 

project focuses on the perception and use of mathematics tests by teachers 

(Abrams et al., 2003; Di Martino & Baccaglini-Frank, 2017; Spagnolo et 

al., 2022). Large-scale assessments have a strong system-wide impact 

which is highly disputed due to its political and pedagogical implications. 

In Italy, the national institute for the evaluation of the education and 

training system (INVALSI - www.invalsi.it), administers tests every year 

at the census level to assess skills of students of grades 2, 5, 8, 10 and 13 

in Italian, mathematics, and English (reading and listening). The data of a 

large national sample representative of the national population are returned 

to all stakeholders by July of the same year. These assessments have a 

considerable impact on the teaching-learning processes. For this reason, it 

is very important to investigate these dynamics. With specific training, the 

data deriving from large scale assessments can become tools, not only for 

a systemic perspective, but also to develop skills-based teaching (Rizzo & 

Vaccaro, in press). These data, so solid from a statistical point of view, 

can, in fact, through teacher’s mediation, become a useful resource for the 

realization of formative evaluation (Bolondi & Ferretti, 2021), going in the 

direction of solving the problem of how to use the data of a large-scale 

standardized assessment for the formative assessment of students 

(Bolondi, 2015). 

The Italian experience has brought out a series of macro phenomena 

relating to the culture of evaluation, for whose analysis the “INVALSI 

Group - Didactic and Disciplinary Knowledge” of the SIRD (Italian 

Society of Didactic Research) conducted an interdisciplinary research 

project, in which this paper is framed. One of the aims of the project is to 

http://www.invalsi.it/
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study statements, practices, and beliefs on the Italian National 

Standardized Assessment (by INVALSI). Within the research project, a 

questionnaire, designed for quantitative analysis, was administered. From 

the comparison between the variables related to the statements and those 

related to practices it is possible to find out about the beliefs of the Italian 

mathematics teachers on large scale assessment. We know that 

standardized tests influence didactic practices (e.g., Rodríguez-Muñiz et 

al., 2016) but here we want to investigate where the beliefs fit into this 

context and how they interact with the practices. 

In this paper we want to investigate the relationships that exist 

between the variables relating to statements and those relating to practices 

using both the point of view, disciplinary and pedagogist. 

 

1. FRAMEWORK 

 

We show in Figure 1 a summary of the framework based on which the 

main research project was carried out. The framework has its roots in those 

used by INVALSI and the OECD (Organization for Economic Co-

operation and Development) for their large-scale standardized tests. Our 

results are in the two parts of comparing in Figure 1; both the one in which 

the declared practices are compared with the knowledge and the one in 

which they are compared with attitudes and beliefs. 

Before explaining in detail the type of analysis carried out for this 

paper, it is necessary to summarize some results already published to 

understand why an analysis of the main components on some clusters was 

necessary and why we wondered whether or not there were correlations 

between statements on the practices of systematic use of INVALSI items 

and utility of INVALSI tests to analyse, to reflect on, and to design the 

teaching experience.  

In Faggiano et al. (2023), researchers confirmed the presence of a 

metadidactic conflict (Arzarello & Ferretti, 2021) between classroom 

practices and what teachers consider valid for assessment. We show, as an 

example, one of the items we need both to clarify the origins of the conflict 

and to introduce another finding already published. In the questionnaire, 

researchers show the INVALSI item in Figure 2 without the percentage of 

correct answer and ask to the teachers: “On a 1 (very easy) to 10 (very 

difficult) ranking, how difficult do you think the item is for 5th grade 

students?” 
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Figure 1. Research variables framework elaborated by the authors 

The percentage of correct answers in Figure 2 tells us that the item is 

difficult for Italian students and this is not surprising given that mastery of 

the positional number system was required between two different semiotic 

registers (Duval, 1993). What surprised the researchers was that 79.5 % of 

teachers estimate the difficulty of the item to be at most 5. The conflict 

arises from the fact that 87.6 % said they often used similar items in their 

assessment tests. 

 
Figure 2: Item 10, Grade 5 Mathematics INVALSI test (2009) with percentage 

of students’ answers (in red incorrect, in green right one). Original in Italian. 

The goal of the current paper is to compare the variables related to the 

statements and those related to practices in order to explore if they are 
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consistent, since in Faggiano et al. (2023) inconsistencies were identified 

between the questions that teachers found valid and their ability to interpret 

the reasons for students’ errors. 

In Rizzo and Vaccaro (in press), the principal component labelled 

“Utility of INVALSI tests to analyse, to reflect on, and to design the 

teaching experience” was constructed conducting a PCA analysis on this 

9-item cluster. This component summarizes items from 3 to 9. 

We are interested in understanding if, and how much, INVALSI questions 

could be useful for the effective teaching and learning of Mathematics: how 

much do you agree with the following statements? 

3. Classroom analysis of INVALSI questions helps pupils to 

understand the importance of reflecting about their learning 

4. The analysis of INVALSI questions helps teachers to understand 

which learning goals in Mathematics should be attained 

5. Teachers must refer to INVALSI outcomes when defining their 

learning goals 

6. Didactical design must include activities dealing with INVALSI 

questions 

7. The assessment tests used in the classroom should include only 

questions like the INVALSI ones 

8. School departments should take in consideration also INVALSI 

outcomes of the pupils in their work on the vertical development of 

curricula 

9. The INVALSI outcomes of pupils should not be overlooked while 

designing the school curricula 

We need another principal component constructed from a 6-item 

cluster by Rizzo and Vaccaro (in press): the statements on the use of the 

INVALSI data to develop the skills of the students (“Teaching with the 

test”): 

 
For each of the following classroom practices, state how often you use 

them: 

3. I have the pupils thinking over fast and smart strategies to solve the 

INVALSI tests 

4. I draw from INVALSI tests the inspiration for activities about 

argumentation in Mathematics 
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5. I draw from INVALSI tests the inspiration for activities about 

problem solving 

6. I draw from INVALSI tests the inspiration for activities about the 

justification of answers 

This component summarizes items from 3 to 6 and positively 

correlates with “Utility of INVALSI tests to analyse, to reflect on, and to 

design the teaching experience”. 

 

2. INSTRUMENT 

 

The questionnaire is, in fact, divided into three main sections:  

 

• In the first section, seven INVALSI items are presented and for 

each of them we built a set of three question. The first question 

is about the teachers’ understanding of the purpose of the 

question and the hidden reasons behind the students’ errors 

(Gagatsis et al., 2019); the second question is about the use in 

the classroom of questions of the same type as the item 

presented and the third question is about how they believe those 

items presented may be suitable for assessing the learning of 

their students.  

• The second section, mediated using validated scales, 

investigates the teachers’ opinions on the formative evaluation 

and on the ideology of natural gifts (Ciani & Vannini, 2017). In 

this section there are also clusters on teachers’ opinions towards 

the INVALSI assessment programme. 

• In the third section we have a set of questions on professional 

training, reading habits, professional context, and personal data. 

 

Questionnaire was administered in two campaigns (Rizzo & Vaccaro, in 

press), to a total sample of 526 Italian primary school teachers, a large 

national-scale sample but geographically imbalanced. All questionnaire 

responses were coded and analysed with a statistical software for data 

analysis (IBM® SPSS® Statistics 27).  
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3. METHODOLOGY 

 

First and foremost, two indices were constructed for synthetising the 

information from the questionnaire on the INVALSI items to perform a 

correlational analysis. 

Then, we performed a Pearson correlational analysis using a statistical 

software for data analysis. Given two variables, the Pearson correlation 

coefficient measures the strength and direction of the linear relationship 

between the two variables. In the analysis performed we decided to 

consider only Pearson correlational coefficient with a significance level of 

0.01 or less. The correlational analysis was performed both on the indices 

constructed in this paper and on the principal components found in Rizzo 

and Vaccaro (in press). 

Finally, we performed a principal components analysis (PCA) to 

reduce the number of original variables in a questionnaire cluster and to be 

able to perform correlations between this principal component and the 

other variables found. PCA is, in fact, a dimensionality-reduction method, 

in which a set of variables can be replaced by a minimum set of variables, 

the principal components (Jolliffe & Cadima, 2016).  

We use a statistical software for data analysis (IBM® SPSS® 

Statistics v. 28) to conduct the analysis of the principal components and 

the correlation analysis between the components thus obtained that we 

needed for this article. 

 

4. RESULTS 

 

In the first section of the questionnaire, respondents were asked to 

declare on a scale from 1 to 4, how much they usually used in their 

assessment tests questions like the ones in six of the seven INVALSI items 

used in the questionnaire. Using these questions, we built an index 

labelled: “Statements on the practice of systematic use”. This index is in 

the “Statements on their practices with respect to INVALSI items” section 

of the framework. For each of the seven INVALSI items in the first section 

of the questionnaire, there is another interesting question: “On a scale from 

1 to 4, how suitable do you find the Item to assess students’ learning of 

your 5th grade students?”. Using these questions, we built a second index 

labelled: “Validity awareness”. This index is in the “Knowledge on 

reading and interpreting INVALSI math items” section of the framework. 
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In both indices, the variables have been added and the same weight 

has been attributed to each of the variables. The two indices correlate 

positively with a Pearson’s coefficient of .593. 

The principal component labelled “Utility of INVALSI tests to 

analyse, to reflect on, and to design the teaching experience”, located in 

the “Attitudes towards INVALSI tests and their impact on teaching” 

section of the framework, correlates with the “Validity awareness” index 

with a .442 Pearson’s coefficient. 

We want to consider now the principal component labelled “Teaching 

with the test” that positively correlates both with “Utility of INVALSI tests 

to analyse, to reflect on, and to design the teaching experience” (Rizzo & 

Vaccaro, in press) and with the index “Statements on the practice of 

systematic use”. Pearson’s correlation coefficients are, respectively, .515 

and .315. Finally, the principal component “Teaching with the test” also 

correlates with the “Validity awareness” index with a .378 Pearson’s 

coefficient. 

We use the PCA on the following 4-item cluster: 

Please indicate your degree of agreement with the following statements. 

The INVALSI tests are intended to evaluate 

1. the Italian school system 

2. the learning in mathematics of each student 

3. the professional preparation of the individual teacher 

4. the didactic efficacy of schools 

From the PCA analysis, two components are obtained which have a 

total variance explained equal to 71.8 %. 
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Table 1. Rotated component matrix (own elaborated) 

 
First 

component 

Second 

component 

The INVALSI tests are intended to evaluate the 

Italian school system 
.852  

The INVALSI tests are intended to evaluate the 

learning in mathematics of each student 
 .896 

The INVALSI tests are intended to evaluate the 

professional preparation of the individual 

teacher 

.452 .635 

The INVALSI tests are intended to evaluate the 

didactic efficacy of schools 
.822  

 

The distribution of the item “The INVALSI tests are intended to 

evaluate the professional preparation of the individual teacher” on the two 

components is not surprising as the public debate has often brought out the 

teachers’ belief that the INVALSI tests evaluate teachers at individual 

level. We labelled the second component as: “Utility to evaluate the 

individual” and performed a correlational analysis with “Utility of 

INVALSI tests to analyse, to reflect on, and to design the teaching 

experience”. The Pearson coefficient of this correlation is .262. On the 

other hand, the first component labelled “Utility to evaluate the system” 

also correlates with “Utility of INVALSI tests to analyse, to reflect on, and 

to design the teaching experience”. The Pearson coefficient of this 

correlation is .460. 

 

5. DISCUSSION AND CONCLUSIONS 

 

The first correlation found between the indices “Statements on the 

practice of systematic use” and “Validity awareness” indicates that there 

is agreement between the statements on the use that teachers make of 

INVALSI items and how they consider them suitable for evaluating the 

learning of their pupils. Although with a lower coefficient, the “Validity 

awareness” index also correlates with the main component “Utility of 

INVALSI tests to analyse, to reflect on, and to design the teaching 

experience”. These correlations tell us that the teachers not only declare 
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that they are aware of the validity of the items for evaluating the 

knowledge, skills, and competences of each of their students but also that 

they consider them useful for the organization of the contents and for the 

design of their didactic action. 

The correlation between the design of teaching and the use of the 

INVALSI data for the development of a teaching based on skills 

(“Teaching with the test”) also tells us that those who use INVALSI items 

for the design of their teaching do so in the way best possible and, that is, 

to develop a teaching based on the development of skills. Some teachers 

therefore declare that they use the information deriving from large-scale 

standardized tests in their teaching both for its design and for the 

development of skills. 

The conflict found in Faggiano et al. (2023) between the belief about 

that standardized assessment items are suitable for evaluates students (at 

individual level) and the difficulty on understanding the reasons for the 

students’ errors seems to extend to the aim of large-scale standardized 

assessment. In fact, the “Validity awareness” index correlates with the 

component labelled “Utility of INVALSI tests to analyse, to reflect on, and 

to design the teaching experience”, extending the usefulness of the 

INVALSI data from individual to a school level. On the other hand, the 

“Utility of INVALSI tests to analyse, to reflect on, and to design the 

teaching experience” also positively correlates with the “Utility to evaluate 

the individual” and this belief conflicts with statements on usefulness of 

the INVALSI items and data in the construction of didactic activities and 

evaluation. The profile of a teacher who, although he/she recognises the 

validity of the INVALSI data in building classrooms practices, also 

believes that large scale standardized assessments are used by Institutions 

for the evaluation of the single teacher, emerges. 

Fortunately, the correlational analysis between the components 

“Utility to evaluate the system” and “Utility of INVALSI tests to analyse, 

to reflect on, and to design the teaching experience” suggests the presence 

in the sample of a good number of teachers who, despite having of the 

uncertainties about identifying the reasons for students’ errors, he/she 

declares himself/herself aware of the usefulness of the items of the 

standardized tests and their data for both evaluating the school system and 

evaluating the single student in class. 
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