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Differential Item Functioning (DIF) analysis carried out within the framework of the Rasch model has been used to compare scholastic performance in sub-groups of students matched on ability and clustered by some features (such as, for example, gender). In this paper, we use DIF to understand if misconceptions about multiplication with decimal numbers act on boys and girls differently, i.e. if this can lead boys and girls to approach a mathematics item differently and, in some cases, to encounter it not successfully. We present empirical evidences revealed on a sample of 1647 students attending grade 8 of lower intermediate school. Results highlighted that misconception about multiplication of decimal numbers strongly disadvantages girls relative to boys and pose new research questions about mechanisms causing these results.

Introduction.

Italian National standardized assessments, called INVALSI test, are administered every year to all Italian students in different grades from primary to secondary school. In recent years the importance given to these tests has increased and researchers in mathematics education are starting to use the INVALSI results.

Results of national and international surveys have highlighted that in many countries there is a strong gender gap in mathematics in favour of males and Italy is one of the countries in which this gap is more remarkable [START_REF] Mullis | TIMSS 2015 International Results in Mathematics[END_REF]OECD, 2016;[START_REF] Invalsi | Rilevazione nazionale degli apprendimenti 2016-2017[END_REF]. This phenomenon has been deeply studied in mathematics education research. Recent works overcome the idea that the main causes of gender gap are related to biological differences (Hill, Corbett & St Rose, 2010): the main reasons of this gap must be sought considering factors related to the social and cultural context in which the students live, such as the level of gender inequality which is strictly related to the gap in mathematics [START_REF] Guiso | Culture, gender, and math[END_REF]. Furthermore, the beliefs of teachers and parents on students' ability and differences in metacognitive aspects such as self perception, self concept and anxiety related to mathematics are fundamental to explain the reason of the observed gender gap (Fredericks & Eccles, 2002;[START_REF] Cargnelutti | How is anxiety related to math performance in young students? A longitudinal study of Grade 2 to Grade 3 children[END_REF]OECD, 2016;[START_REF] Pajares | Gender differences in mathematics self-efficacy beliefs[END_REF]. Finally, recent research has revealed that factors related to classroom practices, learning strategies and curriculum variables have a strong influence on gender differences in mathematics [START_REF] Leder | Mathematics education: new perspectives on gender[END_REF][START_REF] Giberti | Gender differences and didactic contract: analysis of two INVALSI tasks on powers properties[END_REF]OECD, 2016). Moreover, in previous studies we have shown the influence on gender differences of micro-social factors, strictly related to the milieu habits [START_REF] Brousseau | Le contrat didactique: le milieu[END_REF] and to the interrelation between the student and the teacher. From this perspective we highlighted that misconceptions, as a product of classroom practices, have a stronger impact on females rather than males [START_REF] Bolondi | Highlights on gender gap from Italian standardized assessment in mathematics[END_REF] and our aim is to investigate more in depth this issue.

In this paper we propose the analysis of a specific item, which is part of a wider research program called "Variazioni 2" and financed by INVALSI, aimed at exploring the relationship between variations in item formulation and in its psychometric functionality. Much research in mathematics education has studied the impact of a variation in item formulation with a particular attention to 'word problems'. An updated literature review has been proposed by Daroczy and colleagues (2015). Literature considers the influence of linguistic variations as well as other kinds of minor changes on students' responses and solving strategies (e.g. [START_REF] Nesher | Levels of description in the analysis of addition and subtraction word problems[END_REF][START_REF] De Corte | Influence of number size, problem structure, and response mode on children's solutions of multiplication word problems[END_REF][START_REF] D'amore | Lingua, matematica e didattica[END_REF]. Duval in 1991 defines all these modifications as "redactional variables", and Laborde in 1995 uses this term to include also non-verbal changes, e.g. introduction or modification of pictures. Using a specific statistical strategy, in this paper we analyze data collected in the project "Variazioni 2" to understand if and how a specific variation might affect differently male and female solving strategies to solve a mathematics item. In particular, we analyze an item included into a mathematics achievement tests to explore a specific didactical issue concerning misconceptions in multiplying decimal numbers [START_REF] Fischbein | The role of implicit models in solving verbal problems in multiplication and division[END_REF][START_REF] Sbaragli | Il ruolo delle misconcezioni nella didattica della matematica[END_REF].

Research questions.

The term misconception is widely used in research in education and takes different meanings; in this research, following D'Amore & [START_REF] D'amore | Analisi semantica e didattica dell'idea di "misconcezione[END_REF], we define a misconception as a concept momentarily incorrect, standing by for a more critical and developed cognitive arrangement. A typical misconception (D'Amore [START_REF] D'amore | Analisi semantica e didattica dell'idea di "misconcezione[END_REF][START_REF] Hart | Children's understanding of mathematics: 11-16[END_REF] is due to the premature formation of a conceptual model of multiplication when students operate exclusively with natural numbers. Students learn multiplication with natural numbers and, observing that the product of two numbers is always greater than its factors, they are led to believe that "multiplication always increases". This is true for natural numbers (excluding 0 and 1), but this is not always true for decimal numbers. This misconception, thus, leads students to make mistakes when they operate with decimal numbers, and, for instance, D'Amore and [START_REF] D'amore | Analisi semantica e didattica dell'idea di "misconcezione[END_REF] explain that the answer of many students of different grades to the question "What is the result of 4 × 0.5?" is 8. In order to explore this phenomenon, we compared two versions of the same item (Table 1). The two formulations differ only in factor order. This allows us to understand if the idea that "multiplication always increases" is related to both factors of the multiplication or mostly to one of the two factors. In particular, our hypothesis is that the intuitive model [START_REF] Fischbein | The role of implicit models in solving verbal problems in multiplication and division[END_REF][START_REF] Mulligan | Young children's intuitive models of multiplication and division[END_REF] of multiplication as a repeated sum is easier to apply in the second version (0.5 × 4) and this strategy led students to overcome easier the misconception. This is of course also related to the language used: in Italian we read the multiplication 4 × 0.5 as "4 repeated 0.5 times" while in English and in many other languages it is "4 times 0.5". This only one of several misconception related to the transition between natural numbers and decimals and, in previous studies focused on misconception in comparing decimal numbers [START_REF] Bolondi | Highlights on gender gap from Italian standardized assessment in mathematics[END_REF][START_REF] Giberti | Differenze di genere e misconcezioni nell'operare con le percentuali: evidenze dalle prove INVALSI[END_REF] we observed that females have more difficulties than males. For this reason, we decided to investigate if this misconception and the variation carried out, affects differently boys and girls. Therefore, our research questions are: 1) Does the misconception here analyzed act on boys and girls differently? In other words, does this misconception cause different item functioning in male relative to female subgroup? 2) What is the impact of the inversion of factors into a multiplication (e.g., 4×0.5 in place of 0.5 ×4) on students' answers? What is its impact on item functionality? Does the inversion of factors have different effects on boys and girls?

Participants and measures.

Starting from a mathematics achievement test developed by INVALSI for students attending grade 8 (lower intermediate school), in the project 'Variazioni2', we developed three further mathematics achievement tests, complete in terms of mathematical content and level of difficulty. These four forms (F1, F2, F3 and F4) were administered to a probabilistic sample of 1647 students attending grade 8.

Analytic strategy.

Our four mathematics achievement tests were administered by means of a spiraling process (according to which different forms are administered to different students within each classroom) in order to randomly assign forms, in this way each form was administered to approximately 400 students. When using this design, differences between group-level performance on administered forms are taken as direct indications of the differences in difficulty between forms [START_REF] Kolen | Test equating, scaling, and linking[END_REF] and it is particularly adequate to make comparable answers given by different subgroups of students. In addition, all achievement tests were equated to make estimations directly comparable. Both item and person parameters estimated via the Rasch model [START_REF] Rasch | Probabilistic models for some intelligence and attainment tests[END_REF] were scaled in an empirical range equal to [-4; +4] logits, where 0.00 logit does not mean absence of ability but it is the ability-difficulty level in relation to which students have a probability equal to 0.5 of encountering an item successfully.

In the result section, we provided a summary of psychometric characteristics of the item D9 in F1, F2, F3, and F4. In order to compare, male and female performances, we provided a visual display of the set of observed means for each person factors level (i.e., for boys and girls) across each of the class interval present in the item-trait test-of-fit specifications. Each level is plotted in relation to the Item Characteristic Curve, i.e. the theoretical curve estimated by the Rasch model according to which no factor other than students' intrinsic ability can explain the probability of a correct answer. At the bottom of the table, we reported the distractor plots drawn for males and female, separately, in order to explore their answer behavior in relation to each answer option.

Results.

The table below (Table 1) reports on differences in item functionality in F1, F2, F3, and F4. For each of them, in addition to information about fit (i.e., Weighted MNSQ) always close to 1 and thus good, the distribution of correct and wrong answers provided by students is available in order to provide a first glance on the differences between booklets.

Booklet F1

Booklet F2 Item formulation shows little variation comparing booklets F1 and F2 and it's the same also comparing booklets F3 and F4. As already explained, in both versions the question intent is the same but the inversion of factors into the multiplication might change the influence of the misconception on decimal numbers and the answering strategy activated by students to solve the item might change. Indeed, we observe a lower percentage of correct answers (Table 1) in the first version, included in booklet F1 and F2, than in the second one, included in F3 and F4.

To analyze gender differences, we provided a visual display of the set of observed means for each person factors level (i.e., for boys and girls) across each of the class interval present in the item-trait test-of-fit specifications. Each level is plotted in relation to the Item Characteristic Curve, i.e. the theoretical curve estimated by the Rasch model according to which no factor other than students' intrinsic ability can explain the probability of a correct answer. Distractor plots drawn for males and female, separately, showed differences in answer behavior between boys and girls in relation to each answer option (Table 2). In particular, option B is more attractive for low-ability male students relative to females with the same ability level. Instead, it is evident that females are more attracted by option D, which is strictly related to the misconception, since they give the result of 4×5 instead of 4×0.5. Little differences can be disclosed also in relation to option A, more attractive for low-ability girls and all these evidences are confirmed also by percentage reported in Table 2. Most of these differences are more remarkable in F2 (Table 3), with a clear advantage of males relative to females. Nevertheless, by exploring Distractor Response Curves drawn by gender, response patterns for the set of distractors associated with D9 presented in F1 and D9 presented in F2 are similar. The main difference between them can be disclosed into the distractor plot drawn for males in Table 3: high-ability boys are not attracted by any distractors, while distractor D is attractive also for high-ability females. Both in booklet F3 and F4 (Table 4 and5), the item D9 proposes the inversion of factors, i.e. 0.5×4 in place of 4×0.5. The analysis of answers to the item D9 in booklet F3 confirms an overall advantage of males. Differently from previous cases, higher differences are observable especially at medium-ability level along the latent trait (around 0.0 logit). Nevertheless, differences observed for low ability students are the most result of this analysis: from -1.5 to -0.5 logit all differences are in favor of females. This evidence is strongly confirmed by analyzing F4 data: the probability of a correct answer is 20% higher in female than in male group, from -1.50 to -0.5 along the latent trait. In both cases, distractor analysis shows interesting dissimilarities. The most interesting differences between boys and girls can be observed in F4. In particular, option B is attractive for males and not attractive for females, while option D is more attractive for girls especially at the lower level of the latent trait, confirming the evidences emerged in F1 and F2. Conclusions.

Males Females

In this paper, we compared two versions of the same item with the purpose of analyzing a specific misconception concerning multiplication with decimal numbers. The results showed interesting evidence that will be investigated in further studies from a qualitative point of view. The analysis showed that our new formulation (0.5×4) is simpler (in terms of item difficulty) than the first one (4×0.5) and this is particularly due to the improvement of the performances of girls. This result is coherent to the model of multiplication as a repeated sum proposed by [START_REF] Fischbein | The role of implicit models in solving verbal problems in multiplication and division[END_REF] or by [START_REF] Sbaragli | Il ruolo delle misconcezioni nella didattica della matematica[END_REF]. In particular, our new formulation seemed to affect low-ability girls positively suggesting that they are more prone than boys to the effect of misconception. Moreover, empirical findings showed a sharper difference between boys and girls at the higher ability level, unless boys confirmed their superiority in encountering this task independently on its formulation at the top level of the ability distribution. Furthermore, in both versions, distractor D (i.e., product equal to 20) which is strictly related to the misconception, is always preferred by females. In particular, we observed that the inversion of the two terms of a multiplication has a huge impact on students' answering behavior especially on females: strong gender gap emerges in favor of males in the first version (4×0.5) for students scaling at the upper-tail of the latent trait and in favor of females in the second version (0.5×4), especially at the lower tail of the ability distribution. In the second form the influence of the misconception appears lower and (probably for this reason) the item is easier since students can calculate the product by using the implicit model of multiplication as repeated addition and this particularly helps low-ability girls.
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