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In this paper we describe how mathematical items are constructed for the Italian National Education Assessment System (SNV). After a brief description of the structure of the Italian SNV, we describethrough an examplehow mathematical items are analyzed and finalized before being submitted to Italian students of different school grades. Each item is analyzed from two different perspectives: first the mathematical content and its relevance in the teaching and learning of mathematics is considered and then the statistical analysis of the field trial results are examined. The challenge we face is to maintain an appropriate balance between these two different aspects.

Introduction

Italian National Assessment System (SNV1 ) started its work in 2008 through annual surveys conducted by the National Institute for the Evaluation of the Education System (INVALSI) at different school levels. The INVALSI develops standardized national tests to assess students' reading comprehension, grammatical knowledge and mathematical competence, and administers them to the whole population of primary school students (Grades 2 and 5), middle school students (Grades 6 and 8), and high school students (Grade 10), see Figure 1. From 2008, the SNV test on reading and mathematical competence is part of the 8 th Grade national final examination. Therefore it contributes to the final evaluation of the students [START_REF] Garuti | The SNV (INVALSI) experience[END_REF]. SNV surveys aim at taking a snapshot of schooling as a whole: in other words, it is an evaluation of the effectiveness of education provided by Italian schools. The results of a national sample are annually reported2 stratified by regions and disaggregated by gender, citizenship and regularity of schooling. These results are public, as well as the tests and the scoring guides. However, the results of each school are sent confidentially to the principal.

The mathematics items are connected to the National Guidelines for the Curriculum and to some teaching practices that have consolidated over the years. Another important reference is the UMI-CIIM curriculum "Mathematics for the citizen" (Anichini et al., 2004), which is based on results of mathematics education research and has deeply influenced the last formulation of the national curriculum. The SNV Framework defines what type of mathematics is assessed by the SNV tests and how it is evaluated. It identifies two dimensions along which the questions are built: the mathematical content, divided into four major areas (Numbers, Space and Figures, Relationships and Functions, Data and Forecasts); and the mathematical processes involved in solving the questions (Knowing, Problem solving, Arguing and proving). These dimensions are closely and explicitly related to the National Guidelines. The framework adopted by SNV assessment includes aspects of mathematical modelling as in PISA survey [START_REF] Niss | Mathematical Competencies and PISA[END_REF], and aspects of mathematics as a body of knowledge logically consistent and systematically structured, characterized by a strong cultural unity [START_REF] Arzarello | The impact of PISA Studies on the Italian National Assessment System[END_REF].

The SNV tests differ from PISA or TIMSS surveys not only for its frequency (annual vs. triennial), for the type of tested population (census vs. sample), and for the target population (grade-based vs. age-based students for PISA), but mainly for its goals: as a matter of fact the SNV tests results aim at providing to the Ministry a national benchmark for the assessment of the Italian students at different grades taking into account the national curriculum. In addition, each school and each class receives its own results according to the dimensions described above, compared with the national results and the results of 200 schools or classes with the same socio-economic background. Results are returned to the schools according to the two dimensions of the framework: content and mathematical processes as well as for each item (including the response rates for each option in the case of multiple-choice item).

The goals of the study

The aim of the present study is to illustrate the two approaches used to select mathematics items: mathematical content and its relevance in the teaching and learning of mathematics and the statistical analysis of the field trial results.

The construction and analysis of mathematics items

The preparation of the SNV items takes place in two steps. A first set of items is prepared by inservice teachers of all levels, subsequently, the SNV National Working Group builds the test by selecting items so that the test is balanced both from the point of view of contents and processes.

Since 2013, the item development has been carried out during a summer school held in July, involving about 200 in-service teachers. All item developers are teachers who teach at the school level for which they prepare the items. All items are classified according to the SNV framework (mathematical content, question intent, mathematical process involved and specific links with the National Guidelines).

Towards the end of the year in which the summer school is held, the items are revised and assembled in booklets. Five different working groups (group-level), one for each grade involved, prepare the field trial. The group's work consists of the analysis of the items and the selection of those deemed most suitable to be included in the booklets. Each group-level constructs at least two booklets, making sure that they are balanced from the point of view of both content and processes. Once the items have been tested in the field trial, the results are analyzed by the SNV National Working Group in order to prepare the final booklet for the main study. This National Working Group is formed by the coordinators of the level-groups, generally experienced teachers, researchers in mathematics education and statisticians. The revision of the booklet is supported by psychometric analysis, conducted according to CTT model (classical test theory) and the IRT model (item response theory -1p Model) [START_REF] Rasch | Probabilistic models for some intelligence and attainment tests[END_REF][START_REF] Hambleton | Fundamentals of Item Response Theory[END_REF].

If one item does not fit the parameters, we try to figure out what doesn't work. Sometimes the problem can be that the text is not entirely clear from a linguistic point of view, that some distractors are too attractive or not attractive enough, or the percentage of correct answers is too low, especially when the question requires an open constructed response. In this case, if the item is interesting from an educational point of view and it tests important skills, it is modified according to the analysis done and included in the next field trail. In some cases it is difficult to change the item while maintaining its significance from a mathematical point of view, so if the psychometric properties of the item are too weak we prefer to exclude the item from the final booklet.

Our research questions are: a. In which way item analysis, that is the statistical analysis of the psychometric properties of an item within a test, may support the progressive refinement of the item formulation? b. How to balance the tension between producing a test with good psychometric properties and guaranteeing at the same time that it has appropriate or relevant mathematical content?

Qualitative and quantitative analysis: one example

The example below shows the analysis performed on each mathematical item. Each item is analyzed from two different perspectives: the mathematical content and its relevance in the teaching and learning of mathematics and the statistical analysis of field trial results. In fact, an item may be robust in terms of statistical analysis, but not significant from the point of view of mathematical competence to be measured and vice versa an item could be very interesting from the aspect of mathematics education, but not suited to a standardized test. The challenge that we face is how to ensure the right balance between these two aspects.

From the mathematical educational point of view, the item that we propose as an example in Figure 1, belongs to Space and Figures content. It doesn't require the calculation of the volume of a solid, which is a typical and traditional request at this educational level (8th grade), but the understanding of the relationship between a given quantity (1 litre) and the shape and dimensions of a container. The four figures have different sizes and shapes. Each response option is accompanied by a plausible justification. The item was administered to a random sample of 389 students, representative at the national level (see Table 1). The high number of respondents ensures the robustness of the results of the test.

Analyses are conducted by considering the overall functioning of the item as well as the functioning of each option (4). ----------------------------------------------------------------------------- ---------------------------------------------------------------------------- The item has some problems from the point of view of both the overall functioning and the functioning of individual distractors. A, B, C, D labels represent the different options, the code 7 represents invalid answers and the code 9 represents missing answers. Taking into account the correlation coefficient (in table 1, Item-Rest COR.= 0.11), we notice that the value is positive, but below what we consider the reference value (0.20). This means that the item, as was proposed in the field trial phase, is not able to discriminate students with different skill levels. The correct option (A) is chosen by a small number of respondents, (9.77%). The question, therefore, seems to have a high level of difficulty but, at the same time, it is not so discriminant. In fact, if we consider the correlation coefficient for the correct answer (A) the correlation is low (Pt Bis 0.11). The three distractors have problems too: the weakest is the third (C): besides being very attractive (34.96%) it has a positive biserial-correlation index, even slightly higher than the correct option (Pt Bis = 0.14). This means that the students who choose this option have a higher level of ability, as measured by the whole test, than the students having selected the correct answer. This is confirmed by the IRT analysis shown on the plot of characteristic curves by category (see Figure 3). This comparison reveals that observed behaviour of correct option (in legend, Item 37:1) is not fitting with the theoretical model. From the plot, we can see that the probability to choose the correct answer does not increase with the increase of the skill level. The distractors trends have some problems as well. In particular, the distractor C (Figure 3, Item 37:3) has a probability to be chosen which is higher than that to choose the correct answer, even for the highest level of ability.

The field trial item analysis results help us to make hypothesis about which mathematical aspects of this item don't work. The two more often selected options (C and D) contain both terms that probably confuse students (volume and height), and elements linked to students' cognitive difficulties related to the concept of volume, as shown by the relevant research [START_REF] Vergnaud | Didactique du concept de volume[END_REF].

In option C, the word "volume" probably attracts high level students as they know that the item is about the volume. Probably they think that the lower the volume, the greater the height, because they do not grasp the right relationship between the measures of the base area and the supplied quantity (1 litre). Option D is attractive probably because the question is about the "maximum height" and this option is the only one in which the term "height" is mentioned. This item is interesting from the point of view of mathematical skills and it is closely related to the Mathematics National Guidelines, but it does not seem to be clear for students. Probably its question intent is not well focused either. In fact, given the formulation of the item, we cannot understand the reason why students are unable to answer correctly: does it depend on the fact that students are not able to identify the right container or on the fact that they are not able to identify the right justification?

The question has therefore been modified for the Main Study test (2015) in order to remove its problematic elements (Figure 4). In the new version of the item "the maximum height" is no more mentioned, because the question is about "the highest level". Moreover, all figures have the same height (20 cm), in order to help students to focus their attention on the shape of the containers and on the dimensions of the base. Finally, the justification has been removed from the response options. The item question intent was partly modified, but it is more focused.

The fact that the figures have all the same height allows students to focus more on the size of the base of the containers rather than on the meaning of volume or on the relationship between volume (1 L) and the shape of the containers.

From the point of view of mathematics education the first version of the question was probably more interesting because it was more stimulating (the containers have different sizes and each option has different justifications). This type of question would be very suitable for a class discussion. For example, as part of work with the class, it would be interesting to isolate the crucial variable through a discussion in order to highlight the different ideas of the concept of volume. However, in a standardized national test, where the item is administered to all the Italian 8th grade students, it should be able to discriminate between skill levels, without losing in mathematical relevance.

Figure 5 show the characteristic curves of the modified item administered to the national sample (about 28500 students, with the presence in the classrooms of external observers). The item is still rather difficult (Item Delta = 1.66, and the percentage of correct answers 19.58%), but its discrimination has improved (Item-Rest Cor. = 0.25) as well as the index of FIT (Weighted MNSQ = 1.03). Only the option B seems to have some problems: its correlation coefficient, in fact, have a positive value (Table 2, Pt Bis= 0) even if this correlation is not significant (in table, sig. p = 0,952). The real change is observed on the curves of each response option (Figure 5). In the previous version of the item, the trend of the curves highlighted a number of issues about the different response options. Now we can see that the correct option (Label A; Item 18:1) follows the theoretical model (continuous blue curve) and the curves of the incorrect options drop with increasing student skills. Option B still remains problematic: you can notice from its curve on the graph that this option (in legend, Item 18: 2) has lower probability to be chosen, in comparison with the other distractors, by students of any skill level. Analysing the item from the mathematical content point of view you can see that option B involves an estimate of the base area which is slightly more complex (15x15) than the other options. On the other hand, the other two options C e D, (Figure 5, 18:3 e 18:4) work well: in fact they have higher probability to be chosen by students with low abilities and this probability decreases according to the increase of skill. As intended, the item so modified results to be better focused on a specific question intent.

Discussion

In this paper, we have described how we construct mathematics items for the Italian Assessment System and which aspects are taken into account in the selection of items for the main study. The debate between statisticians and researchers in mathematics education (as well as experienced teachers) of the National Working Group for the construction of the mathematics national test is always very lively. The challenge is to be able to maintain the right balance between these aspects, with the awareness that through a standardized test many mathematical skills cannot be measured. The choice is never between pretty or ugly questions, but between suitable or unsuitable questions in a standardized test aimed at all the students of the country. In this example we showed how statistical analysis has allowed us to improve the item from the linguistic point of view and better focus on the purpose of the item. In this way the mathematical aim of the item is saved while its psychometric properties are improved. Over the past few years, in a few cases we have submitted items that were very interesting from a mathematical point of view, but unsuitable for a test of this kind as they didn't provide information about students' ability. However some of these questions would be more appropriate to be discussed in a classroom setting, proceeding by trial and error until arriving at a shared solution, rather than being included in a standardised test.

The challenge that we try to face is to be able to build interesting questions on math skills that are important to the teaching and learning of mathematics, but that provide a solid measure of students' mathematics skill levels, with the aim of providing useful information for teachers to enrich their work in the classroom.
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 3 Figure 3: Characteristic curves by categoryThe item difficulty, estimated by Rasch scale, is 1.30 (Figure3, Delta(s): 1.30). The IRT model confirms the difficulty of the item. The chart shows on the x-axis the estimated ability of respondents (in logit units) and on the y-axis the probability of answering correctly to the item. Therefore each curve represents the evolution of a response option, in terms of skill of students and chance to choose a certain option. The curves relative to observed data are then compared with theoretical trends that question should have, depending on the Rasch model (continue blue curve). This comparison reveals that observed behaviour of correct option (in legend, Item 37:1) is not fitting with the theoretical model. From the plot, we can see that the probability to choose the correct answer does not increase with the increase of the skill level. The distractors trends have some problems as well. In particular, the distractor C (Figure3, Item 37:3) has a probability to be chosen which is higher than that to choose the correct answer, even for the highest level of ability.
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