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OUTLINE

1. O- A A 6 Ovatidma@ti@sachievementat the end of secondaryupper
school the INVALSIcomputer basedassessment

2. A cohort analysis on INVALSI data: longitudinal predictors of
mathematicsachievementin the COVID19 era.
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x conceptually defined by thelNVALSI Theoretical
Framework (INVALSI, 2018), in line with the
National Guidelines , as well as with the main results
of research findings in mathematics education , and
Is characterized by

Latent V OOAOOEAATI 6 AT 1T OET BEOU
variable o o
(construc) V OOOAT OOAOOBGATI 6 AT 1 OET O

and competences across school tracks)

X operationalized through aRasch-model -based item
bank, administered through computer -based test.
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The INVALSI item bank for Grade 13
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Content Domain :

Numbers

Space and Figures

Data and Forecasts
Relationships and Functions

Cognitive process:
Knowing

Problem Solving
Arguing
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X maintenance (M) items are about fundamental
content knowledge and competences,in continuity
with the goals of the lower secondaryschoolandthe MA ODOEAAI 6 Al 1 O
first two years of the upper secondary school For all
schooltracks.

x Recontextualization items (R): the mathematical
situations are similar to those of grade 8 or 10 (for
reference objects, contexts, etc.), but require the DOAT OOAOOATI 6 A
acquisition of new tools and new mathematical
contents learned during the subsequentschool years.
For all schooltracks;

x |tems for Technical Institute (T) and/or Scientific
Lyceum(S) (e.g. mathematical analysis).



An Item Bank is a large collection of
test items systematically classified an
stored withtheir associated
information (netadatg.

In a Rasch item bank, items are place
onto a common underlying linear scal
so that different subsets of these item
produce interchangeable measures
(Wolfe, 2000).

Raschtem bank
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Federic:

Designingnultiple test
forms- Test
securityflexibility

Describingoroficiency
levels

Improvingmeasurevalidity

Measuringtrendsacross
=  20Ministrationcycles(and
the linkingerror)
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Provide
Individual
feedback

Improve
School Syste
evaluation
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ltem bank ltem<Yepository
evaluation (item +metadatg
TheoreticalFramework
INVALSI Releaseexample /National Guidelines Pretestc iterative
ITEM BANK items item analysist

RaschModel
CYCLE (1960/1980)
Describe

proficiencylevels

Pretest-item pool
calibratiort

calibration/ Ability AutomatedTest

MS Itembank

estimatiort Assembly**

*AcerConquesfWu, Adams, Wilson &Haldane **ATA software Yerschooy 2007)
2007)
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The mathematics proficiency scalez G13
Personability Item difficulty
3O0OAAT OO6 11 AAatertl 1 Oestibnids | ¢ OE Aestimates
4 ‘

variable continuum are described by:

V numerical scores, which quantifies «how
much» of the measured latent variable is
present.

xxxxxxxxxxxxxxxxxxxxx

V5 levels describing the skills and
proficiencies of students who attained
scores that are within that particular
segmentof the scale A described proficiency
level O B Oidddwords what the numerical
score meanso(Turner, 2014)

zzzzzz

'e parameters could not be fitted on the display

ltem-person map
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The mathematics proficiency scalez G13

Personability Item difficulty
estimates estimates

V allows to directly comparedifferent cyclesof
administration (e.g. G13 COVHZOHORT vs
G13pre-COVIDCOHORT taking into account
the linking error;

V Is not (yet) on thesamemetric of the
INVALSEmathematicsscalesof grades8 and
10.

xxxxxxxxxxxxxxxxxxxxx

zzzzzz

V doesnot (yet) allow to measurestudentsd
progressesacrossgradesby comparing
studentslocationson onecommon scale.

'e parameters could not be fitted on the display

ltem-person map
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Overall Gap

Italianlanguage(Reading) 2 0.12*
Mathematics 2 -0.0€
Italianlanguage(Reading) 5 0.12*
Mathematics ) -0.06€
English (Listening) 5 0.01
English (Reading) 5 0.03
Italianlanguage(Reading) 8 -0.07*
Mathematics 8 -0.18*
English (Listening) 8 0.0C
English (Reading) 8 0.0C
Italianlanguage(Reading) 13 -0.24*
Mathematics 13 -0.23*
Englishl(istening 13 0.0%
English (Reading) 13 0.0€
* p<.05 taking into account the Linking Error
Sourced AOOEI 008 Al AAT OAOEI 1T xEOE OEA

olitiche T, s D SrUce CrNAU DR 1 - AT
S (D ERICAETTORE PARCINDG
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North-W North-E Center South South & | Italy

Source: INVALSI
(2021)
https://public.tabl
eau.com/app/profi
le/invalsi/viz/RAP
PORTO2020

2021 1626172845
0410/INIZIO

Lowest proficiency level > Highest proficiency level

Gl3mathematics proficiency scale*

* a proficiency scale describes the extent to which the learner possesses the skills, knowledge and understanding
comprise the area (Turner, 2014)
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Exploring individual and contextual predictors of O O O A AratBemétics achievement
during the COVID19 pandemic (Grade 13, sy. 2020-2021), taking into account their pre-
pandemiclearning levels (Grade 10, s\y. 2017-2018).

Predictors at individual and higher levels will be considered, sucha88OOA AT OO6
sociodemographic characteristics, learning environments characteristics, and an
estimate of the duration of school closures in the s.y. 2020-2021.

4EA DOAAEAOE OAeduodtiandl aspirdEior® Oaddindetefd 0 thhathematics are also
considered in the study. We hypothesized that these constructs are consistent predictors of
academic resilience across the challenging COVID Pandemic period.
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Our contribution:
i AgP1 1 OA OEA ETET O AEOOOEAOOET T 1T AmatbsOAAT OC
proficiency scale and the G13 maths proficiency scale [1];

U investigate predictors of students relative progresses in mathematics during
pandemic through a multilevel approach [2].

sy 20172018 (T1)| sy 20182019 | sy 20192020 | sy 20202021
(T2)

u Data:

[1] INVALSI population data (G10+G13+questionnaire): Cases N=406,494 (missing=17.8%)

[2] A random sample of schools (n=718) from the INVALSI database (classes = 2,988;
students = 41,388)
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Conditional distribution (%) of G10
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-proficiency scale

within the G13 -proficiency levels z Pandemic Cohort

LEVEL 5 G13

LEVEL 4 G13

LEVEL 3 G13

LEVEL 2 G13

LEVEL 1 G13

HMlevel1 G10 MWlLevel 2G10 Mlevel3G10 M Level 4 G10

Level 5 G10
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Level 1 z Grade 13

The student can uséasic content
knowledge and procedures mainly
acquired in lower secondary school
and, partly, at the end of the first two
years of upper secondary school . Can
answer simple questions using easily
identifiable information. Can solve
problems concerning familiar contexts
that require simple procedures.

Level 2 z Grade 13

The student knows the basic
mathematical concepts as outlined in
the national guidelines in the first two
years of upper secondary school. Can
answer questions that require simple
processing of available data (e.qg.,
comparing various kinds of graphs). Can
solve problems for which it is necessary
to extrapolate data from the text and use
mathematical knowledge acquired in
previous grades (i.e., lower secondary
school and the first two years of upper
secondary school).

MESE 1L

Measurement i STEM Bducation (MESEL)
MNaples, 20-=1 January, 1 February

Dipartimento di Scienze Politiche
I S P Universiti deghi studi di Napoli
Federico 1L

() FECA TR FANCINT

o =
South & Islands — 7% | 16% 28%
Center — 6% | 16% 46%

North East 5% 15% 62%
North West 5% 15% 59%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

OL-L OL-H BIH-L EIH-1H

Group Level Grade 10 Level Grade 13

L-L Low (12) Low (%2)

L-IH Low (12) Intermediate to High (3)
IH-L Intermediate to High (B) Low (12)

IH-IH Intermediate to High (3) Intermediate to High (5)
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Vocational Institute 12%
Technical Institute m 46% ‘
Scyentific lyceum m 79% ‘
% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
EL-L BL-IH BIH-L - H-H
Group Level Grade 10 Level Grade 13
L-L Low (12) Low (12)
L-IH Low (22) Intermediate to High (3)
IH-L Intermediate to High (&) Low (22)
IH-IH Intermediate to High (&) Intermediate to High (5)
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Multilevel analyses.
Outcome:

G13-mathematics ability estimate

Level 1.
A G10-mathematics ability estimate;

sociodemographic characteristics;

A
A interest in mathematics :
A

educational aspirations (0= at maximum
high -school diploma; 1= higher).
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Multilevel analyses.

Level 2:

A G10-class average mathematics
ability estimate;

A class-composition based on
sociodemographic characteristics;

A classaverage interest in
mathematics ;

A prop. of stud.s aspiring to achieve a

DISP s @ e Erio iR

higher attainment level than upper -
secondary school diploma.
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Multilevel analyses.

Level 3:

A school tracks;

A G10-school average mathematics
ability estimate;

A school-composition based on
sociodemographic characteristics;

A school average interest in
mathematics ;

A prop. of stud.s aspiring to achieve a

DISP s @ e Erio iR

higher attainment level than upper -
secondary school diploma.
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Multilevel analyses. -

Level 4: Italian Regions

V  G10-region average mathematics ability
estimate;

V  Days of school closure in the school year
2020-21 (%);

V  Gross Domestic Product (GDP) per capita-
2018 (source: Italian National Istitute of
Statistics, ISTAT);

V % of NEET (young people neither in
employment nor in education and training,
source: ISTAT).
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School closures caused by COVID-19 in Italy

@) AT RGNS

Status by Country

Days of school closure in the s.y.

2020-2021 (Sept-Feb)
Status (percentage points difference
B Academic break

N Region-ltalian average)
M Closed due to COVID-19 2
Italy M Fully open s
H rartially open by

2020 Q1 2020 Q2 2020 Q3 2020Q4 2021 Q1 2021 Q2 2021Q3 2021 Q4 2022Q1 ‘

Date ‘\ -22
Weeks fullyciosed [N
Jonen

o
o
Weeks partially op

Country

Data by Country 2

Source: UNESC@nap on schoolclosures Source: A O O Eélabataion with the data of the
(https://en.unesco.org/covid.19/ educatio Bank of Italy Note (Bovini & De Philippis, 2021)
nnresponse and UIS. March 2022 based on the Decree DPCMs and regional
(https://data.uis.unesco.org) ordinances.
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How G13 mathematics ability estimate during pandemic varies between students

(within class), between classes (within school), between schools (within Region)
and between Regions?

Results Randomintercept model

Variance Partition Index
11%

The 11% of the variation in
mathematics scores lies between
Regions; 35% lies within Region
between schools; 10% lies between
classes within school and 45%
between students.

B Region M School mClass m Student

LR test (4devel modelvs3-level model (2,= 163.897. p < 0.01)).
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How G13 mathematics ability estimate varies between classes (within school),
between schools (within Regions), and between Regions during pandemic?

120

CONST

CONST

Therangeof valuesof the Regionresiduals(departurefrom
the grandmean 189.66) is from a reductionin mathematics
ability estimateof 23 pointsto anincreaseof 19 points.

[ | |
0 1100 2200 3300
rank
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How mathematics ability estimate varies during Pandemic once the pre -pandemic
baseline level (Mathematics -G10) is accounted for?

Results Randomintercept+fixed effectof MATH10 (GMC)

CONST
TR
I \ I
>—’—§4
>
1
>—i—>—4

|
0 6 12 18
rank

Therangeof valuesof the Regionresiduals(departurefrom
the overall mean 194.188) is from -11.8 points to + 8.16
points.

Adjusting for MATH10 explains 55% of variability in MATH13 score.
Largedeclinein the Region (66%) and Schoql61%)level LargedifferencesbetweenstudentXimathematicdevelat the baseline ¢lasslevel
reductionis 27%;studentlevelreductionis 21%)



