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The paper is based on the interweaving of qualitative and quantitative analyses to evaluate the
learning gap between foreign and native speaker students in the Italian national standardised
assessments. The study shows that a linguistic and structural analysis of the items based on specific
criteria allows for an initial justification of the resulting differences identified between the students’
sub-groups, partially explaining the disadvantages of foreign students.
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Introduction

Several research over the last decades have highlighted how students' performances in mathematics
is influenced by different factors such as their social and economic status, their gender, their mother
tongue or other factors related to the educational system, the characteristics of schools or the structure
of curricula (Ongaki & Musa, 2014). Recent research has emphasised several elements conditioning
the gap in academic performance among foreign students compared to native speakers: the social and
economic situation of families, and the level of education, occupation, or parental expectations (e.g.
Schnepf, 2007), the language spoken at home and the resulting language barriers that emerge in the
school context (Carhill et al., 2008), the age of arrival in the destination country, or being second-
generation immigrants (Schleicher, 2006). These factors play an important role with regard to the
knowledge, or lack thereof, of the educational system and its characteristics, hindering the integration
of students and the possibility of making full use of their potential (W68mann & Schiitz, 2006).
Finally, it is interesting to analyse the language barriers factor: foreign students have to learn
mathematics in a language different from their mother tongue while also having to adapt to different
cultural practices (Phakeng, 2016). Linguistic diversity must be considered not only as a vocabulary
problem, but also as a different way of constructing meanings and new concepts; for immigrant
students perceptions and interpretations of mathematics differ from those of native students,
influencing the way they experience what happens in the classroom (Gorgorio & Planas, 2001).

Theoretical framework: Citizenship gap in standardised assessment

The results of international surveys such as PISA and TIMSS and recent research (Ajello et al., 2018;
Sbaragli & Demartini, 2021) have confirmed the strong link between reading skills and performance
in mathematics. A systematic analysis of the language difficulties encountered by students when
dealing with mathematical texts suggests that mathematical competences are closely interconnected
with reading and text comprehension competences (Sbaragli & Demartini, 2021).
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Considering the Italian language, texts used in mathematics (both in standardised tests and in
everyday practice) have several characteristics that contribute to their complexity: they are non-
continuous or mixed, with an interweaving of texts, images, formulae, etc. which requires a specific
cognitive effort; a syntax with a preference for coordination normally prevails, but there is a great
deal of implicit subordination, especially in the gerund form; the expression of actions with nouns
instead of verbs (nominalisation) is often used; the used language is not always familiar to students
by resorting to a progressively increasing number of technical terms that are interconnected; terms
from the common lexicon are often used to refer technically to mathematical objects (e.g. 'edge’,
'angle'), giving rise to misconceptions and constant difficulties (Sbaragli & Demartini, 2021). Thus,
foreign students' disadvantages' in mathematics are certainly related to language difficulties but these
difficulties are due to a variety of factors as highlighted in previous research (Giberti & Viale, 2019).
Considering data from Italian standardised assessment, which are administered every year in different
grades from primary to upper secondary schools, in our previous works we performed a pseudo-
longitudinal study (i.e. a repeated cross-sectional study of the same birth cohort; see Steel 2011 for
an application) to deeper understand the reasons of the citizenship gap in mathematics standardised
assessments (Cascella & Giberti, 2020; Cascella et al., 2022). In Cascella & Giberti (2020) we showed
that a relationship between text comprehension (as defined by Ajello et al., 2018) and mathematical
ability exists and could explain part of the citizenship gap. Nonetheless, some items show a
statistically significant Differential Item Functioning (DIF) by citizenship status in favour of native
students regardless of their medium or low reading demand level (Cascella & Giberti, 2020). We thus
concluded that criteria identifying reading demand are not exhaustive to explain the citizenship gap.

To go a step further, in Cascella et al. (2022), we performed a mixed-method analysis of items
showing a statistically significant DIF by citizenship in favour of native students, regardless of items’
reading demand, and proposed six new criteria to “classify” texts, as listed here below:
I.  large amount of text (more than 100 words);
II.  non-continuous text or mixed text (alternation between text, figures, graphs, formulas);
ITI.  necessity of text reading (is it possible to answer correctly considering only figures and
numbers reported in the item?);
IV. lexical complexity of the text (e.g. presence of terms which do not belong to the ‘basic
vocabulary’ of Italian language (Chiari, 2017) or polysemic terms);
V.  syntactic complexity of the text (e.g. use of passive forms, gerund subordinates, etc.);
VI.  type of item (we consider that multiple choice items help foreign students while open-ended
and argumentative questions might be an obstacle for students with language difficulties).
These criteria are our proposed adaptation of the reading demand criteria (Ajello et al., 2018). In some
cases, we modified the threshold of the criteria (e.g. number of words which was originally 200),
other criteria were newly added (e.g. crit. III). These modifications allowed to explain the DIF by
citizenship. Results based on different items with similar characteristics showed DIF by citizenship,
thus supporting our interpretative hypotheses (Cascella et al., 2022).

"' In this and in previous works, in accordance with the OECD and INVALSI procedure, we categorised students by
citizenship status using the following criteria: Native (i.e., student born in Italy with at least one parent born in Italy),
first-generation foreign/immigrant (i.e., student not born in Italy to parents not born in Italy), and second-generation
foreign (i.e., student born in Italy to parents not born in Italy).



Aim and methods

Building on our previous research and on the criteria already proposed (Cascella et al., 2022), the
current was aimed at validating the criteria on a new subset of data to figure out if these criteria are
useful to interpret learning gaps between foreign and native speaker students. Indeed, in previous
research the criteria were formulated on the basis of items showing DIF in favour of native students,
while in the current paper we analyse items from italian standardised assessments by considering DIF
and our criteria in parallel, within the framework of a blind analytical strategy: part of the research
team (1 researcher) analysed data from a quantitative point of via the Differential Item Functioning
analysis, another part of our research team (2 researchers), applying our qualitative criteria (Cascella
et al., 2022) to all items of the test. The fourth member of our team served as “external” judge. Then,
results from the quantitative and qualitative analysis were compared in order to answer the following
question: Do the criteria proposed by Cascella and colleagues (2022) explain the citizenship gap also
performing a parallel quantitative-qualitative analysis of a new subset of data?

While, in our previous study we performed a quali-quantitative analysis to explain students’ gap in
mathematics by citizenship, the current paper aims to validate the criteria proposed in Cascella et al.
(2022) by using those criteria to analyse a different set of data. To validate our proposed interpretative
criteria we have to understand if the items highlighting citizenship DIF in a new set of data are
characterised by the same features and, to this end, we performed the two analyses separately.

Data

For the purposes of the present study, we analysed data collected by the Italian national institute for
the evaluation of the educational system (hereafter INVALSI), at grade 5 in 2017. The achievement
test administered in 2017 consisted of 39 (open-ended or multiple-choice) items spreading into a wide
range of difficulty. The INVALSI sample was composed of 25,482 students, approximately the 2%
of these students are first generation foreign students and the 7% are second generation students.

The methodological strategy

In the present study, we employed a quali-quantitative strategy aimed at comparing results from a
quantitative analysis (step 1) with the qualitative criteria presented in the previous paragraph (step 2).
Step 1 and 2 were run simultaneously and independently of one another to avoid reciprocal influences.

Step 1 (quantitative analysis). Data were analysed by using the Rasch model (1960/1980) that
estimates the probability of encountering each item successfully as a function of students’ ability
compared with item’s difficulty. Within the framework of the Rasch model, it is assumed that
students’ personal characteristics do not play any role in affecting such a probability: therefore, if the
model holds from a statistical point of view (i.e., if appropriate levels of data-model fit are verified),
then students’ estimated ability is invariant across sub-groups of people (e.g., males versus females,
native versus foreign students, and so on). Violations of measurement invariance can be detected by
performing a Differential Item Functioning (DIF) analysis. DIF can be due to weaknesses in the
instrument used to measure students’ ability or it can represent genuine differences between sub-
groups of students. In regards to the latter case, previous studies (Cascella et al., 2020) argued that,
when DIF is not detrimental for measurement, it can be used as a tool to identify didactical



interpretation of learning gaps between sub-groups of students. In fact, it is worth noting that even if
statistically significant, DIF can be negligible in SIZE (or magnitude), as summarised by Zwick
(2012): lower than 0.43 = negligible; between 0.44 and 1 = moderate; and greater than 1 = high.

Step 2 (qualitative analysis). Each item of the test was categorised according to the 6 criteria listed in
the previous section. Then the quantitative evaluation was compared with the qualitative results. A
case study of the items identified as those playing the largest role in explaining the citizenship gap
was carried out to accomplish the analysis.

Results
Quantitative results

The DIF analysis highlighted that most of the items showed a statistically significant DIF. Yet, this
DIF is not detrimental for measurement as all items’ DIF magnitude were far below the 0.43 threshold
(e.g., Zwick, 2012), thus showing a negligible DIF. Table 1 reports the items showing a statistically
significant DIF.

Qualitative results

The clarity and unambiguity of the criteria proposed to classify items (Cascella et al., 2022) is
confirmed by the very low rate (3%) of disagreement between the researchers. The 7 cases in which
the two researchers involved in the qualitative analysis didn’t agree were analysed and defined by the
external judge. The classification of all the items of the test highlights that only two items are
considered with a large amount of text (Crit. I: D2, D19) while almost all items except 6 (D4, DS,
D12, D17, D23, D26) have mixed text (Crit. II). All items include some text but in 4 items this text
was not necessary (Crit. III) to answer the question (D9, D16, D29, D30). In almost half of the cases,
we identify elements of lexical complexity (Crit. IV) such as words which do not belong to the ‘basic
vocabulary’ (Chiari, 2017) and polysemic words. A syntactic complexity (Crit. V) was found only in
7 items (D5, D11, D19, D20, D22a, D22b, D26) and 16 items out of the 39 were multiple choice
items while the other required an open answer, in few cases argumentative (Crit. [V).

Cross-over results

In this paper we focus on the 16 out of 39 items (Table 1) highlighting a slightly significant DIF
between Italian students and 1% generation foreign students to understand if the proposed criteria are
useful to explain citizenship disadvantages. Within these items, 6 show also a DIF between Italian
students and 2™ generation foreign students, and just 1 highlights a DIF only between Italian and 2"¢
generation foreign students (Table 1). Almost all these items meet at least 3 out of the 6 criteria
proposed. Item D9 is the only one meeting 2 criteria and no one meets less than 2 criteria. Item D9 is
a particularly difficult item, almost all the students struggle in answering it and the fact that, usually,
only few 1% generation foreign students are top performers suggests that the high difficulty could be
the reason for DIF. It is interesting to observe that all the items identified and reported in Table 1 are
open answers items, except item D2, a multiple choice item in which criteria I, II, and III could
explain citizenship gap. As previously mentioned, almost all INVALSI items include less than 100
words; in grade 5 2017, test here analysed, the only 2 items with a large amount of texts are item D2
and D19, the former is the one already mentioned as an item that create a gap due to several reasons



while the latter does not show a significant DIF. Approximately half of the selected items evidence
lexicon difficulties and the syntactic complexity appears only in 4 items.

Table 1: Analysis of the item with significant DIF between Italian and 1st generation foreign students >

ITEM I. large II. non- III. necessity | IV. lexical | V. syntactic | VI. type [DIF ITA-| DIF ITA-
amount of text| continuous text | of text reading [complexity| complexity | of item® | 2gen lgen
D2 yes yes yes no no MC X
D4 no no yes no yes OA X X
D5 no no yes no yes OA X
D7 no yes yes yes no OA X
D9 no yes no no no OA X
DI10a no yes yes no no OA X
D10b no yes yes no no OA X
D13a no yes yes yes no OA X
D13b no yes yes yes no OA X
D15a no yes yes no no OA X X
DI15b no yes yes no no OA X X
D15c¢ no yes yes no no OAj X
D21 no yes yes yes no OA X X
D22a no yes yes yes yes OA X X
D22b no yes yes yes yes OA X X
D33 no yes yes yes no OA X X
Discussion

The current paper builds on our previous research aimed at exploring the citizenship gap in
mathematics and thus identifying criteria that could explain the citizenship gap. In this research we
validate these criteria through a parallel quantitative-qualitative analysis on a new subset of data. We
found that just two items showing DIF were characterised by a large amount of text. Such a result
could suggest to further modify (at least some of) the criteria proposed by Cascella and colleagues
(2022): for instance, the criteria I (number of words) could be based on more levels (e.g. low, medium
and high number of words) rather than a single threshold. Instead, criteria II and III are confirmed as
significant to explain the foreign students’ disadvantage: almost in all the items identified through
DIF there is the necessity to read and understand the text and coordinate the information gathered by
the text with other representations (figures, tables, etc.).

Our results confirm the influence of the items’ format (Crit. VI) on foreign students' answers: almost
all items with a significant DIF are open answers. Open answer questions thus represent an element

2 An ‘X’ in the last two columns indicates that the item was perceived as more difficult by ‘second-generation’
(penultimate column) or by ‘first-generation’ students (in the ultimate column), compared with native students. In the
present study we did not highlight items showing a statistically significant DIF favouring foreign against native students.

SMC = multiple choice; OA = open answer, OAj = open answer requiring justification



of difficulty not associated with (foreign) students' ability in Mathematics, and that is thus captured
by the Rasch model as a DIF. Furthermore, the significant DIF highlighted in relation to 1** generation
foreign students in the only multiple choice item identified (D2, Figure 1), could be deeply explained
following the other criteria: D2 is one of the two items with a large amount of text, it is a non-
continuous text (the information in the graph need to be connected to the text which explain the
context and to the sentences reported in the true/false table) and there is the necessity of reading it.
D2. Al cinema Odeon i film vengono proiettati due volte al giorno: alle ore 17 e

alle ore 21.
Nel grafico & rappresentato il numero di spettatori che hanno assistito a

Indica se ciascuna delle seguenti affermazioni @ vera (V) o falsa (F).

ciascuna proiezione la scorsa settimana. V|F
a. | 180 persone hanno assistito alle proiezioni del martedi oo
| |
[ b. | Il giovedi & il giorno in cui ci sono stati meno spettatori Olo
140
- e |l sabato alla proiezione delle 17 e a quella delle 21 hanno
:é'f X ! assistito lo stesso numero di spettatori oo
2 i % 30 d Il venerdi ci sono stati pil spettatori rispetto a sabato Oolg
s
5 - ¢ L e In nessun giorno della settimana gli spettatori sono stati pit olo
E di 200
Z w
w©
20

Figure 1: text of item D2*

Finally, as a result we observe that the DIF emerged in the identified items could be deeply explained
by the criteria proposed. We report here, as a paradigmatic example, item D21 (Figure 2a) which
showed a significant DIF that could be explained by several factors, that are (i) the necessity of
reading the text and connecting the information gathered in it and in the figure, (i1) the polysemic
word ‘scala’ (‘scale’ which in Italian also means ‘stair’), and (iii) the open answer request.

D21. Gli alunni di una classe disegnano gli animali che hanno studiato in scienze. D33. Disegna una retta parallela alla retta b.
Riducono in scala le misure reali degli animali studiati.
Paolo fa il disegno che vedi in figura.

=z

SCALA1:60 b

Quanto & lungo nella realta il pesce?

Risposta: .................... centimetri

Figure 2: text of the D21 and D33 items®

4 Stimulus translated by authors: “At the cinema the films are screened twice a day: at 17 and 21. The graph shows the
number of spectators who watched each screening last week. Decide if each of the following statements is true or false.”

3 Stimulus translated by authors: D21 text - “Pupils draw the animals they studied in science. They scale down the actual
measurements of the animals they studied. Paolo makes the drawing you see in the picture. How long is the fish in
reality?”’; D33 text - “Draw a line parallel to line b”)



Another interesting example coming from our analysis is item D33 (Figure 2b). This item shows a
statistically significant DIF both for 1% and 2" generation foreign students, despite a very bare text.
Nonetheless, according to our criteria, it is worth noting that this is an open answer question in which
the text reading is necessary, non-continuous, and has words from a specific vocabulary (‘retta’ which
means ‘/line’ and ‘parallela’ which means ‘parallel’).

Furthermore, we also observed that we can use these criteria to deepen our understanding of items
highlighting a citizenship gap, but we cannot state that items following these criteria, are, as a
consequence, items creating a citizenship gap. Indeed, we observe 5 items (D20, D10c, D19, D28,
D11) following four or more of these criteria but without evidencing a significant DIF.

Conclusions

In developing an achievement test, one of the challenges to face is constructing invariant items by
students’ characteristics (such as their citizenship status). Nonetheless, especially in Large-Scale
Assessment, observing statistically significant DIF is quite common. DIF is not always a cause of
concern. For example, it can be not detrimental for measurement when it is below some thresholds
commonly used in educational literature (e.g., Zwick, 2012). Results presented showed that, in
INVALSI data, there was no detrimental DIF, thus guaranteeing the goodness of measurement.
Furthermore, a gap with a significant DIF can be explained by the linguistic and structural analysis
of the item: the structure of the item with a non-continuous text, the necessity of text reading, the
lexical complexity and the open answer item format are the criteria that most explain the foreign
students’ gap. These results prompt us to develop a further in-depth analysis to study the factors that
influence this gap to understand the variables that determine the disadvantages of foreign students.
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