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Abstract

The present contribution aims at evaluating the effect of teaching practices on high school
students’ performance focusing on INVALSI mathematics and reading tests at grade 13.
The student-level data refers to the 2021-2022 cohort and are used jointly with classroom-
level data gathered by teachers’ questionnaires. This allows us to consider the effect of
instructional practices and teachers’ qualification and experience over students’ sociode-
mographic characteristics. Multilevel logistic models are adopted to assess factors influ-
encing the probability of over- and under-achieving. These latter are defined accordingly
to the INVALSI proficiency classification, considering test scores grouped in five classes.
Main findings suggest that educational practices under investigation have not an effect on
over-achieving, whereas some are associated with under-achieving. Furthermore, teachers’
qualification and experience appear as key determinants for enhancing students’ perfor-
mance and preventing failures.
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1 Introduction

Teachers are one of the most important resource that the educational system provides to its
students. Scholars have highlighted that, beyond their behaviour in the classroom, their sub-
ject knowledge, experience, level of education, and professional training are factors capable
of influencing students’ outcomes (Burroughs et al. 2019). With regard to behaviour in the
classroom, teachers’ ability to adapt suitable practices for a specific classroom context is
recognized as a key aspect for improving students’ engagement and, therefore, their aca-
demic outcomes (Tomaszewski et al. 2022). Innovative teaching practices can serve as a
strategic tool for improving educational outcomes in any subjects (Chinelo 2020), increas-
ing the rate of students achieving above-average results, and simultaneously reducing the
likelihood of under-achieving.

Nonetheless, there are well documented disparities observed in the Italian education sys-
tem related to students’ family socioeconomic conditions (Contini et al. 2018; Pensiero et al.
2019; Sulis et al. 2020), gender (Contini et al. 2017; Tocchioni et al. 2025) and the presence
of a migratory background on students’ educational choices and, indeed, on their educa-
tional success (Barone 2009; Tocchioni et al. 2025). Moreover a high variability is observed
at the class and the school level in students’ results (Invalsi 2019, 2024) that exacerbates dis-
parities. Within this framework, teachers’ practices, experience, and qualifications represent
strategic assets for policymakers seeking to promote policies aimed at reducing structural
inequalities.

The spread of innovative instructional practices is naturally influenced by the distribution
of the school’s workforce according to some teachers’ characteristics (e.g., age, subject),
including students attending a certain track, the types and number of tracks at schools. These
factors permit to classify high schools and to shape the attractiveness of certain schools over
others for students with similar characteristics. Keeping all this in mind, transformations in
the classroom environment have been also observed, driven by the integration of ICT, which
was significantly accelerated by the COVID-19 pandemic period.

Building on these considerations, the paper investigates the influence of innovative teach-
ing practices on students’ academic outcomes, operationalised here as over-achievement or
under-achievement based on the competence-level classification developed by the Italian
National Institute for the Evaluation of the Education and Training System (INVALSI).!
First, the analysis focuses on assessing students’ performance, shifting the emphasis from
modelling average competences to identifying factors that have the greatest impact on over-
and under-achievement. Second, focusing on the analysis on teachers’ characteristics in
terms of experience, the qualification and the effectiveness of new instructional practices
permit to shed light on the role of these strategic assets in promoting excellence and prevent-
ing poor performances in Italian high schools. These aspects have received considerable

"INVALSI is the public body responsible for the external standardised assessment of student learning out-
comes across the Italian school system. Its large-scale assessments are census-based and are administered
annually at key educational stages (grades 2, 5, 8, 10, and 13). Tests are administered directly by schools
and, from Grade 8 onward, are computer-based. In addition to the census administration, each year a subset
of high schools, including grades 10 and 13, is selected for the national sample; in these schools, computer-
based tests are administered under the supervision of external inspectors in order to reduce cheating and
ensure more controlled administration conditions. The assessments measure competencies in reading, math-
ematics, and english, and scores are estimated using Item Response Theory (IRT). Specifically, Rasch-family
models (Invalsi 2016) are adopted and scores are classified in five competence-level categories.
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attention in the recent literature (Sulis et al. 2020; Porcu et al. 2023), as policy efforts have
mainly been tailored to optimising average competencies within the student population.
Third, the analysis of factors influencing poor versus high-quality competences has been
recently challenged by new regulations of the Italian Ministry of Education on educational
standards.? The debate, emphasising the need for personalising instruction in schools, shifts
the attention to the definition of educational programs addressed to foster excellence and
reduce disparities.

Building on this framework, the main research questions addressed in the present con-
tribution are:

1 To what extent do teachers’ characteristics, in terms of professional experience and train-
ing, are associated with students’ achievement, and how do these effects vary between the
two core disciplinary areas of reading and mathematics?

2 To what extent shared instructional practices and teaching strategies are associated with
patterns of student success and failure?

3 To what extent ICT tools may play a key function as facilitators or barriers to students’
achievement within contemporary high school learning environments?

To address these research questions, the analysis draws on INVALSI data from the 2021—
2022 cohort of 13th-grade students, combined with classroom-level teacher survey data,
allowing the matching of student outcomes with instructional practices and teacher char-
acteristics. The rest of this paper is organised as follows. Section 2 is devoted to providing
a brief literature review. Section 3 presents the data and the methodological approaches
adopted in the analysis. Results from descriptive analysis and modelling approaches are pre-
sented in detail in Sect. 4. In Sect. 5, main findings and concluding remarks are discussed.

2 Literature review

Since the Coleman Report (Coleman et al. 1966), the impact of teachers on students’ aca-
demic achievement has been the focus of research that seeks to highlight how the learning
environment and the educational relationships between students and teachers are the ele-
ments capable of limiting the impact of extracurricular factors on achievement. Teacher
effectiveness or quality, as the ability of teachers to influence student outcomes, is therefore
a widely explored topic. This concept is subject to a multiplicity of definitions, as sum-
marised by Burroughs et al. (2019). On the one hand, some teacher characteristics, which
include experience (years in the teaching profession), professional knowledge (educational
qualification, participation in further training) and content knowledge, have been found to
be positively associated with students’ achievement. On the other hand, teachers’ behav-
iours, which form a bridge to another strand of the literature that investigates teaching prac-
tices, often expressed through the lens of the relationship between teachers and students and
the support they provide them, can influence academic results and student involvement in
school activities (Tomaszewski et al. 2022).

2For details see: https:/www.mim.gov.it/-/scuola-approvato-al-senato-il-ddl-per-il-riconoscimento-degli-stu
denti-ad-alto-potenziale-cognitivo-valditara-la-personalizzazione-della-didattica-e-1.
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However, the support given by teachers to students is only the surface of the structured
interactions that take place in the classroom environment. Teaching work takes shape in
specific instructional practices, the impact of which on achievement is, however, analysed
by scholars in a fragmented manner, consistently with the didactic specificities of individual
subjects. Yu and Singh (2018), for example, compare two different methods of teaching
mathematics, observing how teaching focused on procedures determines negative effects on
learning, while concept-based explanations have a positive effect.

Beyond practices that are specific to a single subject, there is growing interest in instruc-
tional practices that can, instead, be transversal across several subjects. Key examples
include group and cooperative work practices, flipped classroom methodologies, and
inquiry-based or laboratory-oriented approaches. Bilici and Yilmaz (2024), using a quasi-
experimental design, focus on collaborative storytelling, a methodology through which stu-
dents are asked to produce, in groups, outputs to be presented to the whole class, finding a
positive effect on achievement in biology. Abukari et al. (2023) assessed the influence of
cooperative learning methodology on chemistry achievement, finding a significant increase
in achievement in their treated groups. These results are consistent with meta-analytical
evidence that cooperative and collaborative learning are on average associated with small-
to-moderate gains in academic achievement across subjects and levels of schooling (Kyndt
et al. 2013; Yasar et al. 2024).

Moreover, a recent meta-analysis synthesises a large body of evidence on the effective-
ness of the flipped classroom methodology in various disciplines (Hew et al. 2021), in line
with the broader literature reporting generally positive, though heterogeneous, effects of
flipped learning on students’ achievement and motivation (Strelan et al. 2020; Zheng et al.
2020). Alongside cooperative and flipped approaches, inquiry-based and laboratory-ori-
ented instructional practices represent another family of cross-curricular methodologies.
Several studies indicate beneficial effects of these practices on conceptual understanding,
higher-order thinking, and, under well-structured conditions, on achievement outcomes in
science and related domains (Kagar et al. 2021; Villanea 2023; Arifin et al. 2025). Nonethe-
less, some large-scale studies warn that poorly implemented inquiry may fail to translate
into higher performance (Jerrim et al. 2022).

What emerges from the literature is that a solid body of research on teacher characteris-
tics is accompanied by a more fragmented focus on what actually happens inside classrooms
and on the impact that teaching practices have on student outcomes. Studies often consider a
single subject and therefore are limited to compare the effectiveness of teaching methodolo-
gies across different subjects. This gap appears even more pronounced in the context of the
Italian education system, where systematic, cross-subject evidence on instructional prac-
tices and their effects on achievement is particularly scarce. Within this theoretical frame-
work, the main purpose of the present study is to integrate information from the INVALSI
teachers’ survey with data on students’ competences in order to shed light on how individual
characteristics, instructional practices, and teachers’ experiences interact in shaping educa-
tional success.
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3 Data and methods
3.1 Data

INVALSI sample data on 13th-grade students from the 2021-2022 student cohort were
gathered and matched with teacher-level data collected at the classroom level. The sample
consists of 11,196 students, grouped into 579 classes across 288 schools. The teacher sur-
vey collects information on instructional practices and individual characteristics from 920
teachers (464 literature teachers and 456 mathematics teachers) in 505 classes across 260
schools, allowing student records to be matched with subject-specific teacher information.

Missing data at the student level arise from two main sources. First approximately
10.5% of students have missing values on the Index of Economic, Social and Cultural Sta-
tus (ESCS index), which summarises socioeconomic status based on parental occupation
and education, and household ownership. These missing values were addressed through
hierarchical imputation, replacing them with the mean computed for students sharing the
same classroom and same migratory background (considering the three categories native,
first-generation, or second-generation). The imputation procedure adopted permitted a com-
plete recover of values affected by missingness in the ESCS index. Missing observations
affect the reading test score (6.7%), the mathematics test score (6.9%), and the migration
background control variable (1.2%), as shown in Table 10. The other factor of the presence
of missing observations is related to the matching procedure between students- and teacher-
level data. This matching results in the loss of 115 classes for literature teachers and 123
classes for mathematics teachers. This source of missingness was considered structural, and
the reference samples for the analysis include only students for whom the teacher survey
was also completed (n= 8960 for the reading sample and n = 8784 for the mathematics
sample). The combination of structural missing data due to unobserved teachers and the
list-wise deletion of missing observations in tests scores and migration background results
in two final analytical samples with numerosity of 8320 for the reading sample and 8,171
for mathematics sample, with a missingness rate of respectively 8-7% with respect to the
reference datasets. Missing data are not completely randomly distributed across the sample:
they are more concentrated among students enrolled in vocational and technical tracks and
in southern regions (Table 11). Nonetheless no systematic differences emerge in socioeco-
nomic background measured by the ESCS index between students with missing observa-
tions, even controlling for the school’s track.

3.2 Measures

The INVALSI competence assessment programme annually covers the entire population of
Italian students in grades 5, 8, 10, and 13. Similar to the OECD PISA framework, where
test scores are mapped onto competence levels, INVALSI scores can likewise be classified
into five competence levels, each associated with qualitative descriptors of students’ profi-
ciency.> For mathematics and reading comprehension at the 13th grade, scores that do not
reach the 3rd level are considered below the minimum competence level that is expected
from students at the end of the high school (Invalsi 2024). These students are referred to

3For details: https://invalsi-areaprove.cineca.it/index.php?get=static&pag=g13_descrittori_qualitatitvi.

@ Springer


https://invalsi-areaprove.cineca.it/index.php?get=static%5bNONSPACE%5d%20%26pag=g13_descrittori_qualitatitvi

1. Moreschini et al.

as under-achievers. On the other side, students who reach the 5th level are considered as
over-achievers.

Furthermore, the INVALSI teacher survey includes a section designed to collect infor-
mation on reading and mathematics instructional practices. The following analysis focuses
on items from the teaching questionnaire, which use Likert scales to measure the frequency
with which teachers implement specific behaviours and instructional strategies. Specifically:

e Ten items measure the frequency of ICT usage by teachers, covering the use of person-

al and school computers, interactive whiteboards (IWB), personal and school tablets,
smartphones, personal and institutional e-learning platforms, and personal or institu-
tional educational software. The original three-point scale (regular use, occasional use,
no use) was dichotomised by coding regular use as 1 and all other categories as 0. The
choice to dichotomise responses has been made by the aim of capturing the association
of a regular use of ICT on educational success, avoiding to take into consideration any
form of sporadic use. This option clearly disentangles didactic approaches that system-
atically rely on the use of ICT from the other. An Item Response Theory model (IRT)
(Birnbaum 1969) was then estimated to summarise the ten indicators into a single latent
measure at teacher-level of attitude to ICT usage. The use of such an approach permit-
ted to jointly assess the combined and systematic use of ICT to shape different teachers’
profiles.
The main advantage of IRT is its capability to provide a unique score of the latent trait
for those teachers who exhibit exactly the same response pattern, reflecting the unique-
ness in the attitude to the use of ICT for teaching related to each single pattern of the
observed responses. Thus, the use of IRT for dichotomous items represents an advan-
tage over the Classical Test Theory approach, which assigns the same score to items
that have different rates of positive answers and treats items as if they were numeric.
Moreover, this approach identifies informative and non-informative items, weighting
them according to their level of informativeness.

e Four items measured on a four-points Likert scale (never, sometimes, often, always or
almost always) related to the frequency of teaching practices different from traditional
lecturing. These include cooperative activities among peers, classroom presentations of
multimedia products, flipped classroom or flipped teaching methodologies, and labora-
tory-based activities.

o Two items measured on a four-points Likert scale related to the frequency of assessment
methods different from individual evaluations, that is, group works evaluation and the
use of ICT platform for testing and evaluation.

As control variables, additional information on teachers’ sociodemographic characteristics
(gender and age), educational qualifications, years of service, and contract duration helps to
shed light on multiple sources of variability that may be associated with students’ success
in high schools.

3.3 Methods

A multilevel logistic regression (Goldstein 2011) is used to model the probability of over- or
under-achieving in mathematics and reading (Sect. 3.2). The multilevel logistic regression

@ Springer



Investigating the effect of teacher practices on student achievement:...

approach makes it possible to effectively deal with the hierarchical structure of the INVALSI
data, where students (level one units) are grouped into classes (level two units) that share the
same teachers and classroom environment. The model can be specified as follows:

logit(P(yic = 1)) = Bo + 3,01 + x.02 + ue (D

In 1, P(y;c = 1) represents the probability that a student 7 in class ¢ is an over- or under-
achiever. The term x, is the vector of individual characteristics of student 7 in class c,
namely socioeconomic status (SES), gender, macro-regional area of residence and migra-
tion background, while . represents the vector of variables related to teaching practices
and teacher characteristics observed for class c. Additionally, u. represents the normally
distributed random intercept term that captures the association between students belonging
to the same class. It permits to take into account unobservable factors explaining diver-
gences in the results at the class level. The posterior estimations of the level-2 random
intercepts (empirical Bayes estimates) are considered as adjusted indicators of the so called
class effect in explaining divergences in students’ competences (Goldstein and Spiegelhalter
1996; Leckie and Goldstein 2019) and they are used in the literature to assess divergences
between classes.

In addition, to derive latent trait scores representing teachers’ attitude to ICT use, it was
applied a dichotomous IRT model to the ten dichotomised indicators which capture teachers’
attitude to regularly integrate digital tools into their instructional routine. Given the binary
nature of the recoded items, the analysis relies on the Two-Parameter Logistic Model-2PL
IRT (Birnbaum 1969). In IRT models, the probability of endorsing an item depends on both
respondent characteristics (person parameters) and item-specific features (item parameters).
Under the 2PL, the Item Response Function (IRF) for item i takes the form:

explo (0 — 6;)]

P(Y,; =116, = ,
(e = 1100 = T explon(B, — 60)]

2

where the person parameter 6, denotes the normally distributed individual latent trait level,
namely the teacher’s attitude to use ICT. «; is the item discrimination parameter, and J; is
the item location parameter. The discrimination parameter «; governs the steepness of the
IRF around the location parameter. Higher values of «; correspond to steeper curves, mean-
ing that the item more effectively differentiates between teachers whose latent ICT usage
is near §;. Conversely, low-discrimination items produce flatter curves, providing weaker
information about differences in the underlying trait. In practice, discrimination parameters
typically assume moderate positive values (Hambleton et al. 1991).

The item location parameter J; retains the same interpretation as in the Rasch (1PL)
model (Rasch 1980), representing the location on the latent continuum, where the probabil-
ity of provide a positive answer to an item reaches.5. A feature of the IRT models is that per-
son location parameters and item location parameters are expressed in the same metric and
this permits to interpret the latter as the minimum level of latent trait required to a respon-
dent to have a probability greater that.5 to endorse it. For this reason, the item location
parameter is also known as item difficulty parameter. The term, borrowed from the context
of standard test analysis (De Ayala 2013), where these models were originally developed,
in this context indicates that only teachers whose ICT attitude levels exceed the item’s loca-
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tion value are likely to respond 1. Therefore, the higher the item parameter for any item 7,
the more difficult it is for a teacher to reach the minimum level of latent trait required to
answer it positively. Conversely an item with a low location parameter (also called easy
item) reflects an activity in the use of ICT that even teachers with lower ICT attitudes often
endorse. Unlike in the 1PL model, however, IRFs in the 2PL may intersect, implying that the
relative “difficulty” of items, in terms of probability to provide a positive answer, can vary
across different regions of the latent trait (Baker and Kim 2004). This property reflects the
greater flexibility of the 2PL in accommodating heterogeneous item behaviour.

Model estimation yields item parameters and empirical Bayes estimates of 6; are pre-
dicted at posterior on the basis of the prior distribution of 6;. These latter represent continu-
ous standardized scores capturing teachers’ propensity to integrate ICT in their professional
practice. The latent trait scores are computed moving from the teachers’ questionnaire and
are incorporated as class level covariates in the models. The estimated latent trait score is
used as predictor of teachers’ attitude to ICT use in the multilevel regression model in Eq. 1.

4 Results
4.1 Insights from descriptive statistics

The distribution of students’ academic performance highlights inequalities related to gender,
migratory background, geographic location, and socioeconomic status. Descriptive statistics
(Table 1) presented separately for the reading and mathematics samples, shade light on how
disparities are deeply rooted in the Italian educational system. These aspects are reflected
not only in students’ competences but also in the teaching practices and assessment methods

Table 1 'Students’ characteristics Reading Mathematics

s Tl G % %
Male 47.1 47.7
Female 529 52.3
Migratory background % %
Native 91.8 91.5
1st generation 2.7 2.7
2nd generation 55 5.8
Region % %
North 41.7 41.1
Centre 19.2 213
South and Islands 39.1 37.6
Track % %
Scientific track 24.6 243
Classic and Linguistic track 14.2 14.6
Other general track 14.7 13.5
Technical 31.7 329
Vocational 14.8 14.7
Achievement % %
Low 41.2 47.7
High 8.1 15.8
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employed across different school tracks. Gender differences emerge clearly in both subjects,
although with distinct patterns. In reading, males are over-represented in the under-achiever
category (47.4%), while 9.6% of females are classified as over-achiever. In mathematics, the
pattern is reversed: among over-achievers, males are over-represented in mathematics with
20.8% of males classified in the top categories versus 11.4% of females. The gender gap in
reading appears narrower when compared to the gender gap in mathematics (Table 2).

Migratory background emerges as a critical factor in both low and high performance.
First-generation students, born abroad to foreign-born parents, face the steepest challenges,
with half classified as under-achievers in reading (50.0%) and an even higher share in
mathematics (58.9%). High achievement among this group is rare, with just 0.8% excel-
ling in reading and 11.0% in mathematics. Second-generation students, born in Italy to
foreign-born parents, show some improvement but remain behind their native peers. For
this group, 51.7% are under-achievers in reading and 49.9% in mathematics, while only
4.4% and 12.8% are over-achievers in these subjects, respectively. In contrast, native stu-
dents - those born in Italy with at least one Italian-born parent or a mixed background - per-
form substantially better, with smaller proportions of under-achievers (40.4% in reading and
47.3% in mathematics) and higher shares of over-achievers (8.5% in reading and 16.2% in
mathematics).

Geographic differences further exacerbate these inequalities: students from the South
and the Islands are overrepresented among under-achievers, with 54.2% of students from
this area falling into this category in reading and 65.1% in mathematics, while in the North
students perform better, with under-achiever rates of 29.8% and 33.1%, respectively in read-

Table 2 Under-achievement and Low High Low High
over-achievement rates for read- Reading  Reading ~ Mathematics ~ Mathematics
gx}i (élf7 ?;320) and mathematics Gender % % % %
Male 47.4 6.4 43.2 20.8
Female 35.8 9.6 51.8 11.4
Migratory % % % %
background
Native 40.4 8.5 473 16.2
Ist 50.0 0.8 58.9 11.0
Generation
2nd 51.7 44 49.9 12.8
Generation
ESCS % % % %
quartiles
Ql 59.3 2.3 62.2 8.0
Q2 46.5 53 52.3 12.0
Q3 36.9 8.3 43.7 15.5
Q4 22.3 16.4 31.9 28.1
Geographi- % % % %
cal macro-
areas
North 29.8 10.8 33.1 23.7
Centre 40.1 8.0 454 16.0
Southand  54.2 53 65.1 7.2
Islands
Total 41.2 8.1 47.7 15.8
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ing and mathematics. Conversely, the North hosts a larger proportion of over-achievers,
particularly in mathematics (23.7%), compared to the South, where the percentage drops
to just 7.2%.

The role of socioeconomic status, as captured by the ESCS index, provides evidence of
a strong mechanisms of intergenerational transmission of inequalities in education (Barone
2009; Fabrizi et al. 2024; Lo Cicero 2024). In reading, the students in the bottom quartile of
the socioeconomic distribution show a proportion of under-achievers of 59.3% compared
to the 22.3% among those in the top quartile. Conversely, high achievement is concentrated
among the most advantaged students, with 16.4% reaching top performance, compared with
only 2.3% among the most disadvantaged. A similar pattern emerges in mathematics, where
students in the bottom quartile display higher shares of low achievement reaching 62.2%,
compared to the 31.9% rate among those in the top quartile. At the same time, high achieve-
ment is concentrated among the most advantaged students (28.1%), while remaining com-
paratively rare among those in the lowest quartile (8.0%) (Table 2).

These differences are not bounded to academic outcomes in terms of competences, but
they are deeply reproduced in the educational choices of track. Evidence from sociological
research shows that students from socioeconomically advantaged families are more likely
to enrol in prestigious general track (lyceum) schools (Pensiero et al. 2019). For instance,
scientific tracks, where the average ESCS is about 0.5, and classical and linguistic tracks,
with an average ESCS of 0.4, attract students from more privileged backgrounds and boast
the highest shares of over-achievers, particularly in mathematics (38.3% in scientific tracks)
and reading (15.6% in classical and linguistic tracks) (Table 3). In contrast, technical and
vocational schools, which primarily attract students from disadvantaged background (aver-
age ESCS of —0.3 and —0.6, respectively), show notably high proportions of under-achiev-
ers, reaching the value of 79.0% of students classified as under-achievers in reading and
83.8% in mathematics in vocational schools.

Table 4 reports the frequency with which teachers employ each teaching practice across
school tracks, highlighting some disparities. Technical and vocational schools, aligned with
their practical orientation, place greater emphasis on collaborative and hands-on learning
methods. Peer activities, for instance, are a central practice in vocational schools, with

Table 3 Students characteristics for reading (n= 8320) and mathematics (n= 8171) by track

Scientific Classic/ Other Technical Vocational
track Linguistic general track
track

Read Math Read Math Read Math Read Math Read Math

Gender (%)

Male 53.8 543 236 232 163 17.8 60.8 60.7 59.6 59.2
Female 46.2 457 764 768 837 822 392 393 404 40.8
Migratory background (%)

Native 95.5 951 945 944 929 93.1 88.6 88.0 887 89.5
1st Generation 1.2 1.2 1.7 1.8 2.1 1.7 4.1 43 3.7 33
2nd Generation 33 3.7 3.8 3.9 4.9 52 7.3 7.7 7.6 72
Achievement (%)

Low 178 17.1 190 49.6 423 622 513 474 79.0 838
High 156 383 166 9.8 6.2 5.9 3.0 129 03 0.6
Students’ SES (1)

ESCS 0.5 0.5 0.4 0.4 -0.03 -0.02 -03 -02 -0.7 -0.6
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1. Moreschini et al.

53.2% of reading teachers and 39.8% of mathematics teachers report using them often, with
an additional 8.1% and 10.3% using them always. By contrast, these activities are far less
common in general tracks, where collaborative methods are not as prioritised. A notable
exception is mathematics in the classic and linguistic tracks, where 36.6% of teachers report
using them at least often. Laboratory activities appear to be generally not very widespread,
though they are more common among reading teachers. They are used at least often by about
25% of teachers in the general tracks and in the technical track, whereas they seem to be
less explored in the vocational track (21.5%). They are clearly less common in mathematics
teaching: only in the scientific track they reach a level of use comparable to that observed in
reading instruction. Another exception is the vocational track, where they are used at least
often by 18.6% of mathematics teachers. The same difference in use across subjects can be
observed for students’ presentations of multimedia work (“classroom presentations”). This
practice is extremely widespread among reading teachers, especially in the vocational track,
where it is used at least often by 63.0% of teachers, and in any case by more than 30% in
all other tracks as well. Mathematics teachers, by contrast, appear to be less inclined to use
this teaching method. The flipped classroom is scarcely adopted across all tracks. Even in
vocational schools, which record the highest usage, only 24.8% of reading teachers report
using it regularly, while its adoption in general track schools is almost absent (Table 4).
This table also reports the predominant mode of instruction, distinguishing among different
degrees of remote teaching and thereby capturing a data collection period still shaped by
the effects of Covid-19 restrictions. The fact that the emergency phase of the pandemic had
largely passed is reflected in the very high proportion of teachers reporting that classes were
conducted either exclusively or predominantly in person, ranging from 94% to 98.4% across
all tracks and reaching 100% among reading teachers in classic and linguistic tracks. At the
same time, the technical and vocational tracks appear to be those in which distance teaching
remained comparatively more prevalent during the period under examination.

Assessment methods display a less clear pattern across tracks, but marked differences
still emerge between reading and mathematics teachers. Group evaluations appear largely
an occasional rather than systematic assessment, most frequently employed among reading
teachers in scientific track and in vocational schools (61.2% and 69.6%, respectively). By
contrast, mathematics teachers are substantially less likely to rely on group evaluation: in
the scientific and technical tracks, 59.1% and 56.7% of teachers, respectively, report never
or almost never using this strategy. Only in the other general tracks, which are less strongly
oriented towards mathematics, around 60% of teachers report using group evaluation at
least occasionally. The use of digital platforms for assessment, such as Kahoot or Moodle,
is even less widespread across all tracks(Table 5). The figures reported in Tables 4 and 5
do not represent the proportion of students exposed to these practices, as student exposure
also depends on how students are distributed across tracks. The corresponding student-level
figures are reported in Tables 12 and 13.

4.2 Operationalising ICT usage latent trait
Table 6 reports the proportion of teachers who declare regular use of each ICT tools in read-

ing and mathematics, respectively. There is a substantial variation across items: some tools,
such as personal and school computers or interactive whiteboards, are regularly used by a
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1. Moreschini et al.

Table 6 Proportion of ICT usage  JCT Tool Reading Mathematics

across reading and mathematics

teachers Personal computer 0.66 0.56
School computer 0.66 0.55
Interactive whiteboard 0.60 0.66
Personal tablet 0.31 0.34
School tablet 0.08 0.06
Smartphone 0.37 0.29
Personal e-learning platforms 0.28 0.22
Institutional e-learning platforms 0.40 0.29
Personal educational software/ 0.32 0.38
applications
Institutional educational software/ 0.31 0.32
applications
Cronbach’s 0.65 0.62

Table 7 IRT 2PL parameter esti- Reading Mathematics

mates for ICT usage items ICT to0l 5 o 5, o
Personal computer -0.928 0.814 -0.353 0.826
School computer =5.702 0.118 -0.596 0.317
Interactive whiteboard -0.701 0.609 -1.312 0.538
Personal tablet 1.322  0.652 1.347 0.524
School tablet 3.804 0.704 4.577 0.643
Smartphone 0.775 0.787 1.420  0.690

Personal e-learning platforms 0.698 2482 1.102 1.735
Institutional e-learning platforms  0.362  1.688 0.793  1.727

Personal educational software/ 0.527 2946 0.408 1.952
applications

Institutional educational software/ 0.615  2.149 0.576  2.488
applications

large percentage of teachers in both subjects, whereas others, including tablets and educa-
tional software, are adopted on a regular basis only by a small minority.

Internal consistency is acceptable (reading: o Cronbach = 0.65; mathematics: o Cronbach
=0.62), an expected result given the diversity of ICT resources considered. The application
of an IRT 2PL model, which enables the definition of a latent construct that appropriately
weights items according to their difficulty and discrimination parameters, allows a more
precise investigation of measurement accuracy along the latent trait.

The 2PL was estimated separately for reading and mathematics teachers. Table 7 reports
the estimated item (d;) parameters and discrimination (cy;) parameters for each ICT tool.
The main results reveal marked heterogeneity in the item behaviour across the two groups
of teachers. A subset of tools—particularly personal and institutional e-learning platforms,
as well as educational software—exhibit high discrimination values, indicating that they are
especially effective in distinguishing teachers along the central region of the latent ICT
usage trait. Conversely, tools characterised by very low rates of regular use, such as school
tablets, exhibit a high location parameter underlining the high difficulty to be score posi-
tively and contributing information primarily at the upper tail of the latent trait distribution.
More widely used resources, including personal and school computers or interactive white-
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boards, show moderate values of both item parameters, providing stable information across
a broader range of ICT usage levels.

The Item Information Curves —IICs— highlight a consistent pattern across reading and
mathematics teachers (Fig. 1). In both subjects, the most informative items are those related
to e-learning platforms and educational software (I;—Is-I9-I10), which show pronounced
information peaks around the central region of the latent trait. These items, which show high
discrimination parameters, are therefore crucial for distinguishing teachers with a medium
attitude of ICT usage. Items associated with rarely used tools, such as school tablets, exhibit
high difficulty and contribute information only at the upper end of the trait distribution,
while widely used tools (e.g., personal or school computers, interactive whiteboards) pro-
vide poor but relatively broad information. The Test Information Functions —TIFs— confirm
that, for both groups, measurement precision is maximised around 6 € [0, 1], decreasing
sharply in the tails. The mathematics scale yields a slightly lower overall information level

Reading teachers: on the left IICs, on the right TIF.
()

Mathematics teachers: on the left IICs, on the right TIF.
(b)

Item
1" 3

13
— 1
— 15
— 16 2
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Fig. 1 IRT-based information functions for ICT usage items: a Reading, b Mathematics teachers

@ Springer



1. Moreschini et al.

than reading, in line with its lower internal consistency. Overall, the ICT usage scale is most
reliable for discriminating among teachers with average levels of the digital engagement.

4.3 Multilevel models results

Different sets of multilevel logistic models were conducted to evaluate how teacher char-
acteristics and instructional practices are associated with the likelihood of under- or over-
achievement in reading and mathematics. Table 8 presents the log-odds coefficients after
controlling for student characteristics and academic tracks. Reported log-odds should be
compared only across models referring to the same subject, since the analytical samples for
reading and mathematics differ in size.

With regard to teacher characteristics, teacher experience, measured by the number of
years in the teaching job, is positively associated with reading achievement. Each additional
year of experience reduces the odds of under-achieving in reading by 1.13%, and increases
the odds of over-achieving by the same amount. Conversely, teachers’ gender and qualifica-
tion influence the likelihood of over-achievement in mathematics. Having a female teacher
increases the odds of over-achieving in maths by 34% with respect to have a male teacher,
while having a teacher with education above a master’s degree boosts the odds by 56%.
The educational level of teachers is also associated with the odds of under-achievement
in reading. Teachers with qualifications exceeding a master’s degree reduce the odds by
26%. Lastly, the coefficients for employment conditions, operationalised by contract dura-
tion, suggest the importance of teacher continuity. Students taught by teachers with annual
contracts have a 57% higher odds of under-achieving in reading and a 176% higher odds
of under-achieving in mathematics compared to those taught by teachers with permanent
contracts. The same contract duration is associated with a 59% decrease in the odds of over-
achieving in mathematics. Similar associations with mathematics performance are shown
by shorter contracts, which increase the odds of under-achieving by 158% and reduce the
odds of over-achieving by 78%.

Although the full models consider various teaching and assessment practices, the esti-
mated coefficients are significantly different from zero for only a few, and none of these
show positive associations with over-achievement. Notably, flipped classroom methods,
an instructional practice where students research topics independently before classroom
discussions, are linked to poorer outcomes. Students who are often or always exposed to
flipped classrooms see their odds of under-achieving in reading to increase by 35% com-
pared to those who are never exposed to the practice. For mathematics, the negative associa-
tion is clearer in the odds of over-achieving, which decreases by 33% for students exposed
to such a practice even occasionally. Other assessment strategies, such as group work evalu-
ations and ICT platform testing, are also negatively associated with maths achievement.
Group work assessments increase the odds of under-achieving by 36% when used occa-
sionally and by 52% when used often or always. Furthermore, even occasional reliance on
ICT-supported testing increases the odds of under-achieving in maths by 31% compared to
never using it.

The estimated coefficients for the Teacher ICT Use scale, which provides information
on the attitude to the joint use of multiple technologies for teaching, have been found not to
be significantly associated with any of the considered outcomes. This result was confirmed
using alternative model specifications which substituted the single joint-use scale with the
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Table 8 Estimated coefficients (log odds) for teacher characteristics and teaching practices on students’ prob-
ability of under-achieving and over-achieving in reading (n= 8320) and mathematics (n= 8171)

Reading Mathematics
Under- achieve-  Over- achievement Under-achievement Over-
ment achievement
Intercept —0.680%* —2.719%** —1.256%** —1.449%**
Student characteristics
Female —0.187%** 0.168* 0.581%** —0.780%**
Migratory background
ref.: Native
1st Generation 0.367** —1.728%** 0.535%*%* —0.348
2nd Generation 0.519%** -0.476* 0.299%* -0.271
School track
ref.: Other general
track
Scientific track —1.621%%* 1.22] %% —2.730%%* 2.551%**
Classical/Linguistic —1.345%%* 1.067%%* —0.985%*%* 0.652%**
track
Technical 0.349%%%* —0.652%** —0.575%%* 0.387
Vocational 1.606*** —2.813%** 1.205%%* —2.47T***
ESCS —0.171%** 0.307%** —0.0461 0.174%%*
Region
ref.: North
South 1.490%** —1.076%** 2.081%** —2.042%**
Centre 0.757%%* —0.557%** 1.092%** —0.901%**
Teacher characteristics
Age > 60 0.262 0.0370 0.255 -0.232
Female —-0.105 0.00259 —0.151 0.294*
Education: Above mas- —0.300** —0.0208 -0.317 0.450*
ter’s degree
Years of employment —0.0114* 0.0136* 0.00450 —0.00573
Type of contract
ref.: Permanent
Annual 0.457* 0.134 1.021%%** —0.888%**
Less than one year —0.433 0.264 0.949%** —1.472%%*
Teaching practices
ICT use 0.0862 —0.0989 —-0.111 0.0909
Flipped classroom
ref.: Never
Sometimes —0.135 0.110 0.0815 —0.403%*
Often or always 0.300% —0.265 0.101 -0.413
Peer activities
ref.: Never
Sometimes 0.0938 —-0.200 0.122 0.0956
Often -0.213 0.346 —-0.130 0.273
Always —0.185 0.323 —0.0515 0.0830
Classroom presentation
ref.: Never
Sometimes —0.0810 —0.0691 —0.0421 —0.198
Often or always —0.0159 —-0.301 —0.254 0.344
Laboratory activities
ref.: Never
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Table 8 (continued)

Reading Mathematics
Under- achieve-  Over- achievement Under-achievement  Over-
ment achievement
Sometimes —0.0845 0.180 0.0368 —0.0929
Often or always 0.00368 0.171 —0.000435 —0.0841
Group work evaluation
ref.: Never
Sometimes 0.131 —-0.161 0.313** —0.203
Often or always 0.184 —0.0637 0.419* —0.385
ICT for testing and
evaluation
ref.: Never
Sometimes 0.0892 —0.0868 0.277* 0.0355
Often or always 0.0384 —0.108 0.159 0.212
Type of class
ref.: Only in-person
Primarily in-person 0.0550 —0.187 0.0180 —0.0434
Primarily remote 0.716 —0.773%%* —0.598 0.110
Equally in-person and ~ 0.203 —0.358 0.420 —1.199%**

remote

Table 9 Intraclass Correlation Coefficients (ICC, %) across model specifications

Reading Mathematics

Under-achievement ~ Overachievement  Underachievement  Over-achievement
Null model 44.0 343 50.2 534
Student covariates 15.9 11.7 27.2 26.3
Full model 13.9 9.3 24.7 21.4

ICCs are reported as percentages and are computed assuming the residual individual level variance equal
to 72/3

dichotomised items that make up the scale. No coefficients were found to be significantly
different from zero.

Lastly, data from the teacher questionnaire shed light on the impact of remote teaching,
still in use due to COVID-19 restrictions at the time of data collection. While different
degrees of remote learning have been found to be not significantly associated with under-
achievement, they show to reduce the odds of over-achieving in both subjects. Students
primarily taught remotely have 54% lower odds of over-achieving in reading compared to
peers who attended in-person classes. Similarly, students with a balanced mix of remote and
in-person classes were found to be three times less likely to over-achiever in mathematics.

Table 9 reports the Intraclass Correlation Coeflicients (ICC) for three different speci-
fications of the multilevel model: i) an empty model with only a random intercept at the
classroom level to understand variance decomposition; ii) a model with only student-level
covariates; and iii) the full specified model. The variation of the ICC across models with
the same outcome variables shows how the unexplained portion of the variance at the class
level changes when additional covariates are introduced into the model. The first row of the
table shows that a significant portion of the variance in the probabilities of under-achieving
and over-achieving in both subjects is attributable to unobserved characteristics within the
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classrooms. This is more evident for mathematics achievement (consistently over 50%)
than for reading (44% for under-achievement and 34.3% for over-achievement). Introduc-
ing student-level covariates produces a steep reduction in unexplained classroom-level vari-
ance (around 30 percentage points for reading and around 25 for mathematics). The addition
of teacher-level covariates produce a further, though limited, reduction of the unexplained
classroom-level variance. The remaining ICCs in the full model are still non-negligible,
especially in mathematics, pointing to the persistence of relevant unobserved classroom-
level characteristics associated with the probabilities of our outcomes.

5 Conclusions

The present contribution introduces several novel aspects to the existing literature on fac-
tors which are related with divergences in academic success and failure monitored in terms
of over-or-under achieving. Firstly, it simultaneously considers competences in two skill
areas, reading and mathematics, that have traditionally been widely investigated separately
in large-scale assessment research. By integrating results on both these dimensions, the
study provides robust and comprehensive insights that can inform the design of future poli-
cies aimed at enhancing school effectiveness and promoting equitable educational outcomes
across diverse student populations.

The main findings provide evidence in response to the research questions, highlighting
how teachers’ characteristics, instructional practices, and ICT-related factors are associated
with students’ attainment. With respect to the first RQ1 (concerning the relation between
teachers characteristics and students achievement), the main findings confirm that teachers’
experience, qualifications, and employment conditions are significantly associated with stu-
dent performance, although with differences across subjects. Teaching experience is posi-
tively related to reading outcomes, as it reduces the probability of under-achievement and
increases the likelihood of over-achievement. Teachers with a high qualification above a
master’s degree is also associated with a lower probability of under-achievement in reading
and a higher likelihood of over-achievement in mathematics. In addition, teacher gender
is significantly associated with mathematics, where female teachers are linked to a higher
probability of student over-achievement. Employment conditions emerge as a relevant fac-
tor: temporary contracts are associated with higher risks of under-achievement and lower
probabilities of over-achievement in mathematics, and with increased under-achievement
in reading. These results underline the importance of the contract stability for teachers and
advanced training, while also showing that their effects vary across tracks.

Turning to the second RQ2 (Teaching practices and student success/failure), the results
indicate that instructional practices are only weakly associated with over-achievement, as
none of the considered practices show significant positive effects on over-achievement.
However, some practices are associated with a higher likelihood of under-achievement.
Specifically, more frequent use of flipped classrooms is linked to an increased probability of
under-achievement in reading, while in mathematics it is associated with a lower likelihood
of over-achievement. Similarly, group work assessment practices are positively associated
with under-achievement in mathematics, especially when used more frequently. These find-
ings suggest that such practices may not effectively support lower-achieving students.
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Finally, regarding the role of ICT (RQ2.1), the results do not provide evidence of a sig-
nificant overall effect of ICT use on student achievement. The general ICT use scale is
not associated with either under- or over-achievement in reading and mathematics. How-
ever, specific ICT-related practices show some negative associations: ICT-based assess-
ment is linked to a higher probability of under-achievement in mathematics. In addition,
remote teaching is associated with a lower likelihood of over-achievement in reading, while
a mixed approach of instruction (both in-person and remote) reduces the probability of
over-achievement in mathematics. Overall, these results suggest that ICT does not act as
a facilitator of achievement and may be associated with lower performance. Summarising,
teachers’ characteristics such as experience, qualifications, and employment stability, play
a relevant role in shaping student achievement compared to the instructional practices here
investigated and ICT use, whose effects appear more limited and, in some cases, negatively
associated with performance.

This study provides a starting point for further investigation into the differential effects
of educational practices on student competencies across various high school tracks. Future
research could build on these findings by employing causal inference methods, such as
propensity score matching, to more precisely isolate the impact of specific instructional
practices on student outcomes and to deepen our understanding of the mechanisms shaping
academic achievement. This approach was not explored here as its main aim was to detect
how teaching practices at class level, teacher’s assets in terms of experience and qualifica-
tion and students’ profiles are associated with academic success or failure, both monitored in
terms of level of competences achieved, carrying out the analysis at student and class level.
In this framework, the presence of first level units clustered in classes and the importance of
key covariates at class level, rises caution to the use of propensity score methods to match
students with similar profiles. Ignoring the presence the Level 2 units in the matching pro-
cedure could lead to serious biased estimates as cluster level characteristics are partially lost
when matching is carried out only at level 1 units.

Nonetheless, it is worthwhile to rely on multiple waves of the INVALSI surveys in order
to assess the robustness of these results across years. Furthermore, the teachers’ survey do
not cover all classes investigated by the students’ survey and this structural missingness in
the master data set subsequent merging with students’ data can not be easily recovered with
imputation procedures, without risking of introducing other sources of bias. Lastly, the data
do not provide key information on factors such as students’ level of digital skills or teach-
ers’ training in the use of ICT for teaching, neither on their training in specific instructional
practices used in the classroom. All these aspects may influence the observed results and
should be considered in future research lines (Table 14).
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Table 10 Missing data in the
whole sample (n = 11,169)

Table 11 Distribution of miss-
ing cases in the whole sample
(n = 11,169) by school track
and geographical area

Variable

Missing (%)

Migratory background
Reading score
Mathematics score
Literature teacher data
Mathematics teacher data

1.2
6.7
6.9
25.5
26.8

Category

Missing cases (%)

School track

Other general tracks

Vocational institute

Technical institute

Classical and linguistic general track
Scientific general track
Geographical area

Centre

North

South and Islands

14.3
14.9
279
20.9
22.0

22.5
37.0
40.5
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Table 14 Estimated coefficients (log odds) for the students covariates only model on students’ probability of
under-achievement and over-achievement in Reading and Mathematics

Reading Mathematics
Under-achievement Over-achievement Under-achievement Over-achievement
Intercept —0.943%%* —2.684%** —0.610%** —2.006%**
Student
characteristics
ESCS —0.169%%** 0.309%*** —0.0494 0.178%*%*
School track
ref.: Other general
track
Vocational 1.673%%* —2.801*** 1.202%%%* —2.532%%*
institute
Technical institute 0.366%** —0.619%** —0.605%** 0.436*
Classical/Linguis- —1.420%%* 1.158*** —0.983%** 0.650%**
tic general track
Scientific general  —1.660%*** 1.262%%* —2.913%** 2.74T***
track
Female —0.205%%* 0.186** 0.568*** —0.774%%*
Migratory
background
ref.: Native
1st generation 0.362%* —1.727%** 0.526%** -0.334
2nd generation 0.520%%** —0.478* 0.283%* —0.265
Region
ref.: North
Centre 0.802%** —0.672%** 0.981*** —0.822%**
South 1.506%** —1.116%*** 1.926%** —1.984%**
Tabular appendix
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