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Abstract

The COVID-19 pandemic represented a shift from face-to-face to online and distance learning.
Teaching methods and assessing strategies changed, as well as grading standards. The focus of
this paper is to address the differences between pre- and post-COVID-19 pandemic mathematics
grades and, in particular, to investigate the possible differences between mid-term and end-term
grades in Italy. To this end, 231 Italian middle and high school students’ grades were analysed.
Using the Wilcoxon rank test (a non-parametric statistical test) the results showed a statistically
significant difference in pre- and post-COVID-19 quarantine grades. End-of-year grades were
higher than those before the COVID-19 confinement. Furthermore, the results indicated that
more than half of the students in the sample achieved a higher grade at the end of the school year.
Gender differences in mathematics grades were examined, since the literature about gender gap
in mathematics achievement is not coherent about whether boys outperform girls or vice versa.
Statistically significant differences at the end of the first semester were reported, in favour of female
students although gender differences were not detected at the end of the school year. The findings
suggest that greater caution should be paid in interpreting students’ grades pre- and post-COVID-19
confinement, since it cannot be excluded that such students’ achievements are inflated. Excessively
high students” grades that do not represent their actual knowledge and competencies could give
educators and legislators misleading and even false information about the quality of distance
learning and students’ knowledge.
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AHHOTAIIUA

IMaupemnsa COVID-19 croco6cTBOBaa epeXofy OT OYHOTO 0Opa3oBaHVA K OHJIAIH U AMCTaHIIN-
OHHOMY 06pa3oBaHNMI0. VI3MeHeHNs IIPOM3OIIIN He TOTTbKO B METOaX IIPEIOfaBa s, HO U B CTpa-
TEeryAX ¥ CTaHJApTaX olleHMBaHuA. VcceoBanye Halle/lleHO Ha CpaBHEHMeE OlJeHOK 110 MaTeMaTuKe,
MOJTyYeHHBIX YYaIMMUCA B Iepuof fo 1 noce nagemun COVID-19, u, B 4acTHOCTH, Ha M3ydeHMe
pasnnm4mii B IPOMEXXYTOYHBIX ¥ UTOTOBBIX OLleHKaX yJamuxcs Vtanunm. 11 nocTmkeHns mocTaB-
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JIEHHOI1 11e/TM GBI/ IIPOBEJIeH aHA/MN3 YCIIeBaeMOCTH 231 yueHNKa CPeIHNX ¥ CTAPIINX K/TACCOB IITKOTT
Wrtamu. Pe3ynpTaTel, IOTy4eHHbIe ¢ ToMolbio T-KpuTepus BunkokcoHa (HemapaMeTpuuecKoro
CTaTHCTUYECKOTO TECTa), CBUAETENbCTBYIOT O CTATUCTIYECKU 3HAYMMOJL pasHUIle B OI[eHKAX, I10-
JTy4eHHBIX B TIepMOJ] IO U IMOC/Ie NOKAayHa, BeisBaHHOro COVID-19. [TonyyeHHble B KOHIIE TOfla
MUTOTOBbIE OLIEHK) OKa3ajMCh BBbIIIE, 4YeM OLIeHKMU B IepuoJ o JoKgayHa. Kpome Toro, cormacHo
HOHy‘IeHHI)IM pesyanaTaM, 60)166 IIO/IOBMHBI yqamnxcg n3 BI)I6OPKI/I II0 OKOHYaHUN Y‘Ie6HOI‘O
rofia TaxKe IoIy4nmy 6osee BLICOKUIL 6a/U1. B xozie ncceoBanms U3y4anich reHaepHble OTINYI
B YCIIEBAEMOCTH 110 MaTeMaTyKe. B Hay4yHOII 1uTepaTtype, IOCBAIIEHHOI JAHHOM TeMaTuKe, 10 CUX
HOP He CYH_[eCTByeT €QUHOI'0 MHEHUA O TOM, CyII.[eCTByeT m reH,uepHoe HpeI/IMyH.[eCTBO Majib4umn-
KOB Hajl leBOYKaMI B M3Y4eHNNU MaTeMaTUKU WIn Haobopor. ITo utoraM mepsoro cemecrpa Ob1n
HO]IY‘IeHbI CTAaTUCTUYECKM 3HAYMMBbIE pasnmqml, COIJIaCHO KOTOPI)IM IIKOJIbHUILIBI HpeBOCXOJII/UII/I
IIKOBbHUKOB. [Ipy 9TOM B KOHIIe y4eOHOrO rofja IeHAepHbIX pasnnduii o6HapyxeHo He Obu10. ITo-
JTydeHHbIe Pe3y/IbTaThl CBUETETbCTBYIOT O TOM, YTO IIPY aHA/IM3€ OLIEHOK YYalIXCs, ITOMTyYeHHBIX
VMU JI0 ¥ BO BpeMs IOKzjayHa Bo BpemsA manzemuyu COVID-19, crefyer nposBaATh 0cobyio ocTo-
POXXHOCTD, TOCKO/bKY HeJlb3sl MICK/II0YAaTh BePOATHOCTD 3aBbILIEHN YCIIeBAEMOCTH yYaIUXcs. 3a-
BBIII€HHbIE OLICHKN, HE 0Tpa>1<a10mme peaanme 3HAaHMA M KOMIIETEHII NN CTyJIeHTOB, MOI‘yT BBeCTU
IpernofiaBaTesnell U paboTofaTenell B 3a0/Iy>KieHIe, TaK KaK MOTYT COfIep>KaTh JIOXKHYI0 MHpOpMa-
LIMIO0 O KaueCcTBe 3HAaHMII BBIITYCKHUKOB.

KiroueBble cmoBa: MaTeMarnka, COVID-19, ananus 1 olieHuBaHe, ZUCTAaHIIMOHHOE O0yYeHIe.

Introduction

The COVID-19 pandemic has had an important impact on both teaching and
learning. The emergence of COVID-19 meant a transition from face-to-face to online
teaching (Brown, 2020; Daniel, 2020; Gilles & Britton, 2020; Zhao et al., 2020; Sahu,
2020; Istenic¢, 2021a, 2021b). As far as mathematics education is concerned, current
studies in the field highlighted that mathematics lessons are less formal and, hence,
could improve students’ learning by creating a more relaxed learning environment
(Mulenga & Marban, 2020).

The transition from face-to-face to online learning has also changed the way teachers
have to assess their students. Tests and examinations have been suspended by several
institutions (Daniel, 2020) and new assessment methods have been used (see Rahim, 2020;
Tuah & Naing, 2021). Shifting from face-to-face lessons to online or distance learning led
teachers to assess students through open-book exams, assignments, and portfolios (Khan
& Jawaid, 2020; Tuah & Naing, 2021). Consequently, differences in students’ grades are
expected (Schramm et al., 2021). For instance, Gonzalez and colleagues (2020) found that
the COVID-19 confinement had some positive effects on students’ performance. They
compared students’ grades in the year 2019/2020 with two control groups in the previous
two years, finding that students after the pandemic had better results than those control
group students had in the years before the confinement. The authors argued that higher
scores are expected due to the COVID-19 confinement. However, they attributed these
differences both to the new learning methodology and the new assessment processes.

Similarly, Garcia Pefialvo and colleagues (2021) conducted a longitudinal study in
which one area investigated the trend in college students’ final grades. They considered
the generation from the 2019/2020 academic year and the previous three academic years
as control group. The researchers found a statistically significant increase in students’
achievements after the pandemic, thus indicating that after the pandemic students
tend to have higher grades than before it. Similar conclusions were drawn by Pdcsova
and colleagues (2021), who compared students’ achievements from the academic
year 2019/2020 and 2020/2021 with those from previous years. The results show that
distance learning had a significant impact on the improvement of grades in the students’
evaluations. They found that while more students passed the final exams in the academic
year 2020/2021, distance education did not affect excellent students.
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Moreover, greater caution needs to be taken while interpreting students’
achievements, since cheating represents a threat to the validity and reliability of students’
grades. Some authors highlighted the problem of cheating as one of the issues of online
assessment (Khan & Jawaid, 2020; Nguyen et al., 2020; Bilen & Matros, 2021; Gamage
et al., 2020) and specific programs are used to detect cheating during online tests (Lee
et al,, 2020). Hence, the problem should be examined by comparing students’ grades
before and after the COVID-19 quarantine (Basilaia & Kvavadze, 2020), since unreliable
students’ grades harm the whole educational system. In particular, excessively high and
inflated grades are believed to give educators, students, families, and policymakers false
and unreliable information (Felda, 2018). Whether is this the case with students’” grades
after the COVID-19 isolation, greater caution in interpreting students’ grades should be
taken. Students might get a false feeling that they mastered the covered material, despite
lacking formal knowledge (Chowdhury, 2018; Butcher et al., 2014).

At present, the effects of distance learning on students’ grades in Italy have not yet
been investigated. Hence, addressing such question is important for two reasons: firstly,
that it could provide a clearer understanding of the real achievement/understanding of the
subject, and secondly, the comparison of students’ grades before and after the COVID-19
isolation (Basilaia & Kvavadze, 2020) could provide an additional method to detect grade
inflation and raise questions about the reliability of teachers’ grades at the end of the
quarantine. This, in turn, could shed some light on student’s false expectations about their
own knowledge and achievements.

Another important issue which relates to academic achievements pre- and post-
quarantine periods, is the gender gap (Isteni¢, 2021a). For instance, Elzainy and colleagues
(2020) found an increase in the mean of students’ grades in female students in both face-
to-face and online learning environments. However, the aspect of gender gap, especially
in mathematics, has not been thoroughly investigated by international literature which
has focused primarily on gender gap in mathematics under normal circumstances.

Various research studies have shown that there is a significant gender difference in
grades. The literature, however, is not homogeneous, since some studies highlighted that
boys have higher grades than girls (Ross et al., 2012; Weis et al., 2013), while others state
the opposite (O'Dea et al., 2018; Devine et al., 2012; Hyde et al., 1990). Some researchers
claim that gender differences in mathematics achievements might be the consequence of
gender stereotypes in mathematics, which state that mathematics is more a male domain
(Alan et al., 2018; T'sui, 2007; Cvencek et al., 2011). In addition, some researchers did not
find any gender difference in math achievement (Else-Quest et al., 2010; Hyde et al., 2008;
Penner & Paret, 2008). Hence the question about whether the isolation period helped
reduce gender differences in mathematics achievement has no empirical or theoretical
answer, and so this research attempts to provide a preliminary answer to this question.

In this paper, we address the question whether students’ mathematics grades changed
significantly before and after distance learning. We conducted a study involving 231
students with the aim of investigating whether there are any differences in students’
mathematics grades before and after the pandemic. We argue that significantly higher
students’ grades at the end of the quarantine period could provide evidence of grade
inflation and cheating, hence making students’ mathematics grades unreliable. The
question about whether there are gender differences in mathematics grades before and
after distance learning is also considered, since distance learning could represent either a
possible solution to normalize grades among genders, or an issue for students of a specific
gender.
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The Italian context and objectives of the study

Due to the spread of the COVID-19 disease in Italy, the Government decided to
close all schools at the end of February 2020 (DPCM, 2020; MIUR, 2020a; MIUR, 2020D).
The Government suggested that educators adopt distance learning methods in order
to guarantee an almost regular and “normal” continuation of the learning activities for
students. Teachers were invited to use different online platforms and apps for synchronous
and asynchronous teaching, and a virtual contact with students was suggested: teachers
were asked not to send only homework and material to students, but also to interact with
them, providing explanations and important feedback information (MIUR, 2020b).

Moreover, the Italian Ministry of Education invited teachers to adopt new grading
standards, which needed to be approved by the Class councils and based on new
criteria (MIUR, 2020a). In particular, for secondary education (that is, middle and high
schools), the Ministry stressed that teachers had to continue their regular assessment
and grading procedures, using, as usual, grades from 1 to 10, where 6 is the first passing
grade, 10 represents excellence and grades lower than 6 are failing grades (MIUR, 2018).
Furthermore, students who did not have the possibility of being assessed, due to technical
or other verified issues, such as unstable internet connection or lack of technological
tools, were nevertheless evaluated by the council of all teachers teaching in that class, to
determine whether or not they should pass (MIUR, 2020a).

The Italian Ministry of Education stressed the importance of developing new grading
standards and assessment methods (DPCM, 2020; MIUR, 2020a). However, little is known
about the distribution of grades in Italy before and after the COVID-19 health emergency.
In particular, it has been shown that in other countries students’ grades increased after the
coronavirus confinement (Gonzalez et al., 2020). However, there were several questions
about the validity and the reliability of students’ grades after the COVID-19 pandemic
(Khan & Jawaid, 2020; Nguyen et al., 2020). Basilaia and Kvavadze (2020) suggested that
students’ achievements should be compared before and after the isolation due to the
spread of the coronavirus in order to get a clearer picture about the quality of students’
learning. Following this idea, this paper addresses a similar question, namely whether
students’ mathematics grades increased during the period of the COVID-19 confinement
from February 2020 to June 2020.

Since the problem has not yet been studied extensively, gender differences in
mathematics grades before and after the coronavirus confinement are also included.
The research also aimed to verify, whether students’ achievements at the end of the first
semester correlated to those at the end of the second semester. The aim of the research was
to investigate students’ mathematics grades before and after the COVID-19 quarantine
in Italian schools. In particular, we wanted to answer the following research questions:

RQI1: Is there any difference in mathematics grades at the end of the first
semester and at the end of the school year, i.e., before and after the
coronavirus health emergency?

RQ2: |s there any difference in grades between males and females?
RQ3: Are students' grade at the end of the first and second semester correlated?

RQ4: Which grades did students get at the end of the school year?
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Methods

Methodology

A non-experimental quantitative cross-sectional research method was used. The
nature of the research is descriptive. Descriptive and inferential statistical methods were
used.

Sample

The simple random sample consisted in 231 Italian students who attend a middle or
high school with Slovene as language of instruction in North-Eastern Italy. There were
121 (52.4%) male and 110 (47.6%) female students. The average age of the participants
was M=15.9 (SD=1.49; min=13; max=23). There were 16 (6.9%) middle school students,
51 (22.1%) 1% year high school students, 73 (31.6%) 2™ year high school students,
55 (23.8%) 3™ year high school students, 24 (10.4%) 4™ year high school students and
12 (5.2%) last year of high school students.

Procedure and data analysis

In order to answer our research question, we examined both the students’ mathematics
grades in their January’s report card, and in their June’s report card. After obtaining
students’ (or their parents’, if the students were minors) signed informed consent and the
school principals’ approval, we collected the students’ grades in mathematics at the end
of the first and second semester directly from the schools’ official registers, avoiding self-
reported data, which permitted us to obtain valid and reliable data. Despite all students’
grades in Italy being public data (MIUR, 2021), we nevertheless asked students (or their
parents) for a written informed consent, in order to follow ethical standards (cf. Cooper &
Coetzee, 2020). We collected data about students’ gender and mathematics grades at the
end of the first and second semester. Data was anonymized using a coding scheme, such
that anonymity and objectiveness were assured in every step of the research. The collected
data were accessible only to the researcher (OECD, 2021).

The gathered data was analysed using the Jamovi statistical software. Firstly,
demographical data was analysed using descriptive statistical methods. Secondly,
inferential statistical methods were used. In particular, the assumptions of normality and
equality of variances were checked using the Kolmogorov-Smirnov test and the Levene’s
test respectively. A non-parametric Mann-Whitney U test and the Wilcoxon signed rank
tests were used to answer the RQ1 and RQ2. In order to answer RQ3, the Spearman’s p
correlation coefficient was used. Furthermore, descriptive statistical methods were used
to answer RQ4.

Results

Firstly, we investigated possible differences in mathematics grades at the end of
the first semester and at the end of the second semester. The mean students’ grade in
mathematics at the end of the first semester was M=7.61 (SD=1.47; min=3; max=10;
Mdn=8). The absolute and relative frequencies are presented in Table 1. The Kolmogorov-
Smirnov test showed a violation of the assumption of normality (KS=.120; p=.003), while
the Levene’s test for the equality of variances showed that there is no violation of such
assumption (F(1,229)=1.39; p=.239).

The average students’ mathematics grade at the end of the school year, i.e., in June,
was M=8.14 (SD=1.37; min=4; max=10; Mdn=8). Final mathematics grades were not
normally distributed (KS=.162; p<.001), with equal variances (F(1,229)=3.86; p=.051).
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Table 1. Frequencies of students’ mathematics grades.

First semester Second semester
Grade f % f %
3 1 0.4 0 0
4 2 0.9 1 0.4
5 16 6.9 5 2.2
6 38 16.5 26 11.3
7 44 19.0 44 19.0
8 47 20.3 60 26.0
9 49 21.2 69 29.9
10 21 9.1 39 16.9

Comparing the students’ mean grades at the end of the first semester (i.e., in January)
with those at the end of the second semester (i.e., in June), a difference of .528 (SE=.068)
might be observed and the statistical significance of this difference was tested. Due to
the violation of the assumption of normality (KS=.191; p<.001), the differences between
first semester’s and second semester’s grades were checked using the non-parametric
Wilcoxon signed rank. The test results indicate a statistically significant difference
between the grades at the end of the first semester and those at the end of the school
year (W=9156; p<.001). The results showed that grades at the end of the school year are
statistically higher than those at the end of the first semester.

Our second aim was to investigate possible grade differences between genders. At the
end of the first semester, males had the mean grade M=7.98 (§D=1.42; min=5; max=10),
while females had an average of M=8.31 (SD=1.29; min=4; max=10). At the end of the
second semester, i.e., at the end of the school year, boys’ mathematics grade was on average
M=7.45 (§D=1.49; min=4; max=10), while for girl it was M=7.79 (SD=1.43; min=3;
max=10). Due to the violation of the assumption of normality, the non-parametric Mann-
Whitney U test was used to check the differences between men and women for the grade
at the end of the first semester and second semester. Firstly, the test showed a statistical
significance (U=5698; p=.054) at the end of the semester, indicating that girls tend to have
higher mathematics grades than boys. Secondly, the non-parametric Mann-Whitney U
test showed no statistically significant differences in mathematics grades between boys
and girls (U=5753; p=.069) at the end of the second semester, which indicates that boys
and girls had similar final grades for mathematics.

Furthermore, we found that the differences in mathematics grades before and after
quarantine are statistically significant both for males (W=2679; p<.001) and females
(W=1957; p<.001). In particular, both boys and girls had final grades that are statistically
higher than grades in their first report cards.

Our third aim was to verify whether there was a correlation between the students’
grades at the end of the first and second semester. Using the Spearman’s p correlation
coeflicient, we found a positive and statistically significant correlation (p=.750; p<.001),
indicating that students with higher grades at the end of the first semester also had higher
grades at the end of the second semester.

Our last aim was to understand the students’ grades at the end of the second semester.
In order to verify the distribution of grades at the end of the first semester and at the
end of the school year, a contingency table was constructed (see Table 2). At the end of
the first semester, there were 19 students (8.2%) with a grade lower than 6, i.e., with a
failing grade. At the end of the school year, 4 students (1.7%) had an insufficient grade.
In particular, the only student with the grade “3” at the end of the first semester got a “7”
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at the end of the second semester. Furthermore, the number of excellent students rose
from 21 (9.1%) to 39 (16.9%). In particular, among the 49 students with a “9” at the end of
the first semester, 19 (38.8%) got an excellent grade at the end of the school year. Overall,
31 students (13.4%) got in their final report card a grade lower than at the end of the first
semester, 81 students (35.1%) got the same grade, while 119 (51.5%) students got a higher
grade at the end of the second semester.

Table 2. Comparing grades at the end of first semester with those at the end of the second semester.

June
January 4 5 6 7 8 9 10 Total

3 0 0 0 1 0 0 0 1
4 1 0 0 1 0 0 0 2
5 0 3 7 5 1 0 0 16
6 0 1 10 14 10 3 0 38
7 0 0 6 12 16 10 0 44
8 0 1 9 15 29 3 60
9 0 0 23 19 49
10 0 0 0 4 17 21

Total 1 5 26 44 47 69 39 231

Discussion

The COVID-19 pandemic had a significant impact on education worldwide (Brown,
2020; Daniel, 2020; Gilles & Britton, 2020). In respect to students’ grades, higher grades
after the coronavirus confinement are expected (Gonzalez et al., 2020), not only because
students might feel more comfortable at their homes (Mulenga & Marban, 2020), but also
because some of them might cheat during online tests and assessments (Khan & Jawaid,
2020; Nguyen et al., 2020; Bilen & Matros, 2021; Gamage et al., 2020). In this paper, we
addressed the question as to whether there are significant differences in mathematics
grades before and after the confinement in the school year 2019/2020. Other research
questions investigated in depth the phenomenon of grade distribution in Italy before
and after the COVID-19 confinement, including if there are differences in mathematics
grades between genders, whether there was a correlation between grades at the end of the
first and second semester, and the grades students obtained.

With our first research question, we aimed to verify whether there are statistically
significant differences between students’ mathematics grades before and after the
quarantine. In order to verify the reliability of students’ math grades at the end of the
school year, we considered the suggestions made by Basilaia and Kvavadze (2020). The
findings indicate that there is a statistically significant differences between grades pre-
and post-quarantine. In particular, students at the end of the second semester had higher
math grades.

We found that our results are in agreement with the claims of several researchers
(Gonzalez et al., 2020; Garcia Penalvo et al., 2021; Pdcsovd et al., 2021), who found
statistically significant improvements in students’ grades before and after the COVID-19
confinement. Such improvement could be the result of students’ being more relaxed and
at the comfort of their homes (Mulenga & Marban, 2020), an overall improvement of
the teaching and learning methods (Gonzalez et al., 2020), but also because of cheating
during online assessments (Khan & Jawaid, 2020; Nguyen et al., 2020; Lee et al., 2020;
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Bilen & Matros, 2021; Gamage et al., 2020). Dealing with the question, whether there is
evidence of grade inflation before and after the COVID-19 distance learning isolation, is
important for different reasons.

Firstly, mathematics grades should express the students’ real competencies and
abilities, and are used by educators to improve their teaching methods and students to
modify their learning strategies (Felda, 2018). Unreal and distorted information about
students’ knowledge could give legislators and teachers false information about the
quality of the instruction (Chowdhury, 2018; Felda, 2018; Butcher et al., 2014). Moreover,
inflated grades could consequently lead educators and legislators to provide insufficient
help and resources for those students who fail to master the national programs, since their
grades do not represent the real knowledge and competencies.

Secondly, statistically significant differences between grades in the first and second
report cards might indicate that students cheated. Gonzalez and colleagues (2020)
showed that students’ grades increased in the last year. However, they do not exclude the
possibility that students cheated. Other researchers hypothesized (Fuller et al., 2020) and
found (Bilen & Matros, 2021; Balderas & Caballero-Herndndez, 2020) that some students
have cheated during online assignments and tests. Hence, higher grades are expected
(Gonzalez et al., 2020), but they are not completely reliable (Tuah & Naing, 2021; Elsalem
etal., 2021).

Thirdly, unreliable and excessively high (inflated) grades could create an unfair
environment, which would give college entrance staff false information about students’
knowledge. Furthermore, it could lead universities to invest more time, energy and
resources to adequately prepare their future students. McManus and colleagues (2020)
report the example of the United Kingdom abolishing all A-levels, GCSE and SQA
assessments for summer 2020. Such examinations were replaced by calculated grades:
teachers were asked to estimate the grades students would attain. Universities in the
UK relied on the students’ achievements on such exams in order to select their future
students. In such case, inflated grades could lead to unfair opportunities for students,
since they could not be assessed objectively.

This last scenario is only partially relevant to Italy, as university admission does
not rely solely on student achievement. On the other hand, there are some faculties that
consider students’ grades as part of their entrance requirements. Thus, excessively high
and inflated students’ grades could lead to an unfair selection. Similarly, where employers
rely on students’ final achievements, high school grades that are based on unrealistic
achievements might lead to unfair job opportunities.

Our second research question regarded possible differences in mathematics grades
between boys and girls. In the international literature there is no consistent answer to
this question. Some researchers found that girls tend to have higher school grades than
boys (O’Dea et al., 2018; Devine et al., 2012; Hyde et al., 1990); other researchers found
the contrary, i.e., that boys tend to have higher school grades in mathematics (Ross
et al., 2012; Weis et al., 2013). Furthermore, some studies found little or no gender
differences in mathematics achievements (Else-Quest et al., 2010; Hyde et al., 2008;
Penner & Paret, 2008).

Our research considered students’ mathematics grades as they appear in their
report cards. At the end of the first semester, girls tended to have higher grades in
mathematics than boys, however at the end of the school year, differences between
genders were not statistically significant . Thus, our findings partially support results
from previous research in respect of the students’ grades at the end of the first semester
(e.g., O’Dea et al., 2018; Devine et al., 2012; Hyde et al., 1990), but not at the end of the
school year (e.g., Else-Quest et al., 2010; Hyde et al., 2008; Penner & Paret, 2008). Hence,

the presented phenomenon
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cannot be fully understood by solely considering previous research studies. Additional
studies are needed. In particular, the question as to whether distance learning could help
to equalize students’ achievements in mathematics and reduce gender gap in mathematics
(see also Armah et al., 2020), especially due to gender stereotypes in mathematics (Stoet &
Geary, 2012), needs to be considered in future research studies.

With our third research question, we aimed to verify whether there was a correlation
between students’ grades at the end of the first semester and at the end of the semester.
We found a strong positive and statistically significant correlation between the two
grades. This means that students with higher grades at the end of the first semester also
had higher grades at the end of the second semester.

We analysed the grades obtained by comparing the grade distribution at the end of the
first semester and those at the end of the school year. Our findings suggest that more than
half of the students had a higher grade in mathematics at the end of the school year, while
little more than 13% of the students received a lower grade in their final report card. Also,
the number of excellent students rose and those of underachieving students diminished.
If, however, grades at the end of the second semester were inflated or obtained through
cheating, educators would not only struggle with unobjective grades that do not represent
students’ real knowledge and competencies, but students would also be deprived of the
extra help they would have receive during the summer through support lessons, which
were provided by the schools (MIUR, 2020c).

Limitations and future research

The present work is not without limitations. The aims of the research were to
understand the phenomenon of grade distribution before and after quarantine, and hence
no other variables that could influence students’ grades were considered. In particular,
the questions about whether students cheated during the COVID-19 distance learning
assessment, or whether teachers inflated students’ grades, remain unanswered by the
present research. Furthermore, students’ motivation, their satisfaction with the new
teaching methods and effort during the COVID-19 could be further investigated. Further
analysis is required, for a clearer picture about the phenomenon described.

Nevertheless, this paper provides some preliminary insight about the distribution
of math grades before and after the pandemic in Italy. In particular the students” grades
being higher in the second semester, requires greater caution in interpreting students’
achievements. Finding that students’ mathematics grades are higher during the pandemic
that they were before it, we argue that it represents a possible evidence of grade inflation,
where students receive incomplete or even false information about their actual knowledge
and competencies. Legislators and educators should thus interpret students’ achievements
with additional attention. Moreover, we found that there are no statistically significant
differences in mathematics grades between genders after the pandemic. Additional
research is required to fully understand, whether distance learning could help to reduce
the gender gap in mathematics, thus leading to a decrease in gender stereotypes.

Future research is needed, in order to fully understand the scenario depicted and to
evaluate the influence that variables, such as motivation, students’ satisfaction with the
teachers’ methods, anxiety and other factors, may have on students’ achievements during
distance learning.
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