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Preface

This volume of Communications in Computer and Information Science (CCIS) contains
the post-proceedings of HELMeTO 2022, the fourth International Conference on Higher
Education Learning Methodologies and Technologies Online, which took place during
September 21-23, 2022 in Palermo, Italy.

The conference was organized by the Department of Mathematics and Computer
Science at the University of Palermo and by the Institute of Educational Technology of
the National Research Council of Italy. The 2022 edition of HELMeTO also marked
the return of the event in presence, as the previous two editions had been held entirely
online due to the Covid-19 emergency.

The growing interest in the topics of learning methodologies and technologies in
higher education, and in particular in the interdisciplinary approach that characterizes
this research field, suggested a change from a workshop format to a conference event, thus
promoting a more international perspective. The success of this approach was highlighted
by the 126 submissions received (almost double those received for the previous event)
from more than 400 authors in 24 countries.

These numbers not only confirm the growth trend of an event that was born just
four years ago (39 submissions in 2019, 59 in 2020, and 65 in 2021), but above all they
consecrate HELMeTO as a key event for researchers and practitioners working in Higher
Distance Education Institutions or studying Online Learning Methodologies to present
and share their research in a multidisciplinary and international context.

The conference included two general tracks on Online pedagogy and learning
methodologies and and on Learning technologies, data analytics and educational big
data mining as well as their applications. Thanks to the growing attention that the con-
ference has attracted over the years, this edition collected twelve special tracks, focusing
on specific topics, previously proposed by their organizers and peer-reviewed by the
Program Committee.

e Special Track 1 - Improving education via XR and Al

e Special Track 2 - Educational Approaches and Innovative Applications to Counteract
Social Media Threats

e Special Track 3 - Hybrid Learning and Accessibility in higher education

e Special Track 4 - E-learning for providing “augmented” mathematics education at
University level

e Special Track 5 - STEAM Education old and new challenges in distance teach-
ing/learning approaches in Higher Education

e Special Track 6 - Online Faculty Development: Next Steps for Practice and Future
Research

e Special Track 7 - Artificial Intelligence and Multimodal Technologies in Education
(AI&MTEd 22)

e Special Track 8 - Experience-based training activities for online higher education

e Special Track 9 - Intelligent Analytics for Process-aware Higher Education
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Abstract. In this contribution, we discuss phenomenological research related to
a pilot study carried out by the Consortium of the MaTeK Horizon 2020 project
during the 2020-21 academic year. The research aims to analyse the effects of the
Covid-19 pandemic on the use of teaching resources in mathematics in five coun-
tries. A questionnaire made of seven questions was administered to a data sample
made of teachers of all grades. The answers coming from the questionnaire were
quantitatively and qualitatively analysed. Closed-ended questions were analysed
by using a clustering methodology called k-means. Open-ended questions were
qualitatively analysed. The results show that almost all the teachers are aware of
the impact of the Covid-19 pandemic on education. However, their perception
of how the pandemic situation changed the use of educational resources mostly
appears linked to cultural factors, age, teaching experiences and school grades of
the teachers.

Keywords: Phenomenological study - Teaching resources in mathematics -
Covid-19 pandemic - Cluster analysis

1 Introduction

If we study the history of societies, we can find several pandemic events such as smallpox,
cholera, plague, and, more recently SARS [1, 2]. Each one of these pandemic events
affected human life in many aspects from health to the economic sphere [3]. Education
is one of these aspects. In 2020-21, the SARS-CoV-2 pandemic (Covid-19) has had a
massive impact on Education. Students from different countries have been affected by

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
G. Fulantelli et al. (Eds.): HELMeTO 2022, CCIS 1779, pp. 292-303, 2023.
https://doi.org/10.1007/978-3-031-29800-4_23
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school and university closures. Italy was the first Western country to suffer a coronavirus
emergency. On March 4, 2020, the Italian Prime Minister announced a strict lockdown
and the immediate closure of all schools and universities to contain the spread of the
virus.

This phenomenon then extended to other countries as well all over the world. In
response to school closures, UNESCO recommended the use of distance learning pro-
grams and opened educational applications and platforms that schools and teachers can
use to reach learners remotely and limit the disruption of Education. These proposed
“solutions” involved all levels of Education [4, 5]. According to [6] Covid-19 has shown
different everyday situations and different related emerging problems around the world.
The problems with connectivity and stability of the internet connections were only minor
parts of them. A new environment implied looking for using new pedagogical and didac-
tical perspectives in revising competencies needed for the further life of the pupils (what,
how and why the need to learn) and those who should be adopted by teachers [7, 8]).

In2020 and 2021 several researchers investigated teaching practice and their response
to the crisis [7, 8]. Steed and Leech [9], discussed the US teachers’ difficulties in per-
sonal interactions with students and their inadequate resources. Hu et al. [10], painting
the Hong Kong Covid-19 teaching scenario, provided evidence of barriers including
difficulty engaging students in online activities and highlighted inadequate support from
several parents for learning activities. Nikolopoulou [11] highlighted teachers’ negative
feelings in particular, at the beginning of online education in Greece. Brunetto et al. [12]
proposed a new teaching model for describing and analysing a new teaching system in
Covid-19 time. Several Researchers in [5, 11-13] put in evidence as the pandemic was
for many teachers and students the opportunity to re-examine their teaching/learning
also concerning the use of curricular resources.

The types of resources used by teachers fall into different categories. Pepin, Gueudet
and Trouche [14] distinguish 1) curriculum resources, 2) social resources, and 3) cogni-
tive resources. Curriculum resources are “developed and used by teachers and students
in their interaction with mathematics in/for teaching and learning, inside and outside
the classroom” [14, p. 172-73]. They are further categorized as a) text resources (e.g.
textbooks, syllabi, websites), b) digital curriculum resources (e.g. e-textbooks, educa-
tional platforms), and other material resources (e.g. calculators, digital instructional
technology) [14].

The study of resources and mathematics teachers’ interaction/work with those
resources has become a prominent field of research (e.g., [14]). Very few of these works
deal with the effect of the Covid-19 pandemic on resources used by teachers.

That was one of the reasons we decided to focus on this phenomenon. This research
is one thread of the different researches conducted under the Horizon 2020 MaTeK
(Mathematics Teacher Knowledge) project (2021-2023) in which five universities from
as many countries are involved: Comenius University in Bratislava, Slovakia; Charles
University, Czech Republic; University in Palermo, Italy; NTNU, Norway, and METU,
Turkey. Our consortium focuses on enhancing the design capacity of pre-service mathe-
matics teachers. Preparation of future mathematics teachers is specialized and includes
mathematical and pedagogical content knowledge as well as reflecting this knowledge
in practice [15]. The process includes the use of resources, and the ability to judge and
design own materials when making and enacting a lesson plan [16]. Teacher knowledge
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is the prerequisite of the education enterprise, and student knowledge development is
its objective. Therefore, it is essential to understand what kinds of knowledge mathe-
matics teachers develop, and how they use their expertise in teaching to help students to
develop deep knowledge of mathematics [16]. Since that pre-service teachers are often
not adequately prepared to cultivate opportunities for students to engage with reasoning
and proof [17, 18] we are focusing on reasoning and proving skills. These skills also
form an important strand of mathematical proficiency [19, 20]. The main framework
used to study this research subject is referred on Stacey and Vincent’s theory [21].

In this contribution, we refer to the study that the Consortium did about this theme
and in particular the work that was done about the study of the Covid-19 pandemic effects
on the use of resources by all grade teachers. In the following paragraphs, we discuss
the methodology used for this research (an open-ended questionnaire was designed ad
hoc) and some remarks about the results obtained from a pilot study carried out at the
end of the 2020-21 academic year.

2 Methodology

2.1 Design

A quantitative and qualitative research design was used to determine by an open-ended
questionnaire the repercussions of the Covid-19 pandemic on the use of resources by
teachers. This phenomenological research aims to describe how teachers from several
different school institutions of all five MaTeK countries express and make sense of
their shared experiences with the complex phenomenon/scenario that they are living in
pre/during and post Covid-19 times. In this context, we focused on teachers’ feedback
about their experiences of meaningful activities, compatible with Covid-19 restrictions
on the use of teaching resources [14, 22].

2.2 Participants and Questionnaire

The research involved 110 voluntary teachers from several different school institutions
of all five MaTeK countries. The involved teachers — mainly females (83%) — had 3—
25 years of work experience in teaching Mathematics, as main taught subjects. All
participants were ensured anonymity.

The questionnaire was designed by a strong collaboration between all five MaTeK
partners and was online administered. It is made up of twenty-three items aimed to
focus on some key aspects in studying teachers use of resources in mathematics, in
several topics such as refreshing or improving teachers’ personal knowledge in math-
ematics, inspiration or ideas for teaching mathematics, preparing assessments, finding
materials to be used with their students in class. Six more question were dedicated to
particularly analyse teacher’s conceptions about Reasoning, Proving and the related of
teaching resources [23-25]. The last part of the questionnaire was dedicated to collect
demographic data such as age, experience, etc.

In this contribution we only refer to a subset of questions in the questionnaire. In
particular, we analysed the answers given to questions related to demographic data such
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as age, gender, highest degree of education, taught subjects (other than mathematics)
and school grades of the teachers and the two questions reported below.

Q1- To what extent did the Covid-19 pandemic situation change the way you used
educational resources compared to how you use them now?

Q7- Please, describe how the Covid-19 pandemic situation has changed the way you
used educational resources compared to how you use them now.

Q1 is aclosed-ended questions and the answers were collected by using Likert scales.
Q7 1s an open-ended question and the answers were qualitatively analysed. All other
demographic questions are closed-ended questions. All closed-ended questions were
quantitatively analysed by using k-means clustering method.

3 Data Analysis and Results

Data coming from closed-ended questions in the questionnaire were quantitatively anal-
ysed by using Cluster Analysis (C1A) method [26]. CIA aims at grouping the elements of
a set in different non-overlapping clusters, that can be analysed to deduct their distinctive
characteristics and to point out similarities and differences between them. Particularly,
in this study, we used a non-hierarchical clustering method, called k-means [27], as it
allows researchers to individuate clusters that are also easily represented in Cartesian
graphical form.

The answers were coded by using a binary scheme. Each teacher was identified by
an array composed of components 1 and 0, resuming the answers given by him/her in the
questionnaire. For the sake of simplicity here we refer to the use of a two-level coding,
where 1 means that a given answer was used and 0 means that it was not used by a
student.

Table 1. An example of data matrix. The N teachers and the M answers are denoted as Ty,
To,...,TN., and as Ay, Ao,...,AM, respectively.

Answers Teachers

Ty T, . N
Aq 0 0
Ar 1 1
A3 1
Ay 0
As 1

0
AMm 0 1 0

For example, let us say that teacher T used answers Ay, Az and As to respond to
the questionnaire questions. Therefore, column T in Table 1 contains the binary digit 1
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in the three cells corresponding to these answers, while all the other cells will be filled
with 0.

All data elaborations were performed by using custom code written in C language
and MATLAB by one of the authors.

In order to find the number ¢ of clusters that best partitions our sample, the mean
value of the Silhouette function § [28] was calculated for different numbers of clusters.
We found that the best partition of our sample was achieved by choosing g = 4 clusters
(<s(4)> = 0.69). The obtained mean value is higher than 0.6, indicating that reasonable
cluster structures have been found [29].

Once the appropriate partition of sample has been found, each cluster was character-
ized. To do this we took into account the answers most frequently given by the teachers
for each cluster, which according to Springuel et al. [30] can be called the “prominent”
answers.

Figure 1 shows the solution obtained by applying the k-means method. It shows the
four clusters that best partition our data set and the related centroids. Each point in this
Cartesian plane represents a teacher and is placed in a given cluster because it is more
similar to the teachers in the same cluster than the ones in the other clusters of Fig. 1
(31, 32].

* *
O *% N * "
0.5 0o * ¥ O #*
g *ci
&g xRy i
o Cl4 ®
oo
O
>0r oo ..
.S CI3
’ ."%2... o)
05
_1 L L L
-1 -0.5 0 05 1

X

Fig. 1. K-means graph. Each point in this Cartesian plane represents a student. Points labelled
Cl1, CI2, C13 and Cl4 are the centroids.

To the values reported on the axes X and Y it is not assigned a specific meaning. Only
the distances between each couple of teachers are relevant and represent the dissimilarity
between each couple of teachers with respect the answers given to the questionnaire.

It is worth noting that some points may be placed at the boundaries of different
clusters. The k-means method classifies these teachers in a specific cluster and associates
them the behaviour obtained by the most frequent answers in the cluster. However,
those points may actually represent teachers that exhibit mixed behaviours, involving
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characteristics of the neighbouring clusters. In particular, this happens for some points
in CI2 cluster and some other in CI3 and Cl4 clusters.

The k-means method should, therefore, be understood as giving global-type infor-
mation, and must not be considered as a way to study the characteristics of each element
in the data sample in detail that could be obtained referring to a qualitative analysis. We
are still working in the direction of a qualitative analysis to further detail our results.

4 Discussion

In this section, we discuss the results obtained by the clustering analysis further detailed
by a qualitative analysis of the answers related to question Q7.

Table 1 summarizes the answers most frequently given by the teachers in each cluster
(i.e. the components of the related centroids) [32, 33]. It follows the coding used in the
Appendix. The number of students in the clusters is also shown.

Table 2. The answers most frequently used by the teachers in the questionnaire and the number of
teachers for each cluster. The answers are shown by means of the coding reported in the Appendix.

Cluster Cll1 CI2 CI3 Cl4

Most frequently Q1.d, Q2.a, Q1.d, Q2.a, Q1.b, Q2.a, Ql.cd, Q2.a,

given answers Q3.f-g-h, Q4.b, Q3.d-e, Q4.b, Q3.g-h-i, Q4.c, Q3.m, Q4.c,
Q5.d, Q6.b Q5.b, Q6.d-¢e Q5.b, Q6.d-c Q5.b, Q6.b

Number of 21 47 21 21

teachers

The k-means analysis allowed us to find four clusters that are represented by the
four centroids, which describe the prevalent behaviour of the teachers in the clusters
(Table 2).

Upon examination, teachers in cluster Cl1 appear to be young Turkish teachers (age
25-29) from 6th, 7th and in part 8th grades, almost female. These 21 teachers in the
CI1 cluster show a clear behaviour that is significantly different from the other teachers
in the sample. They appear to be aware (fourth level on 6 of a Likert scale) that the
Covid-19 pandemic explicitly asked teachers for a change in the use of resources. In
replying to Q7, they also highlighted that this change requires a perspective change in
teaching, as discussed by Pepin et al. [14]. They clearly state that Covid-19 strongly
influenced them, changing their use of resources. They strongly refer to a “shift” from
text resources (e.g. textbooks, syllabi, websites), to digital curriculum resources (e.g. e-
textbooks, educational platforms), and other material resources (e.g. calculators, digital
instructional technology).

The centroid strategies of CI2, show different teachers’ behaviours in Q1, with more
detail in the answers to question Q7. CI2 cluster represents the biggest group of teachers
(47 teachers) not culturally homogeneous in which it is possible to find teachers from
Norway, the Czech Republic and, albeit to a small extent, Slovakia. CI2 appears to
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represent “old experienced” teachers (age 40-59), almost from 4th, and 5th grades,
almost female. They appear to be aware (at the same level as CI1) of the effect of
the Covid-19 pandemic on the use of resources. In this case, they also reply to the
questionnaire highlighting the significance of the changing process regarding the use of
teaching resources. In replying to the Q7 question, they underlined in what ways the
Covid-19 pandemic changed the way they used resources. In some cases, they refer to a
new use of digital curriculum resources (e.g. e-textbooks, educational platforms) or other
material resources as digital instructional technology for teaching (e.g. for preparing
lessons, and assessments). However, some other teachers appear still anchored to the
traditional logic of resource use. Some teachers refer to classical text resources (e.g.
textbooks, syllabi) as one of the most useful resources for teaching.

The clusters represented by centroid C13 and Cl4 have the same numerosity as Cl1.
(21 teachers for each one).

C13 is composed of “mixed experienced” teachers (age 30—49), almost from 7th, 8th
and 9th grades, almost female. CI3 cluster, as the CI2 one represents a group of teachers
not culturally homogeneous in which it is possible to find teachers from Italy and in
small part from Slovakia.

The most given answers of CI3, show a strongly different teacher behaviour on
the Q1, detailed by the qualitative analysis of the Q7 question. These teachers appear
aware of the effect of the Covid-19 pandemic on their teaching on level 2 of the Likert
scale. They reply to Q1 highlighting a not significant change of resources in the pre
and post Covid-19 times. Analysing their reply to the Q7 question, they appear more
“conservative” than all the other colleagues from different countries in CI1 and CI2. It
appears very clear that for them (especially for the Italian teachers) the classical printed
version of textbooks and all the classical text resources remain the most useful resource
for teaching even after Covid-19.

Very few teachers in Cl13 refer in the questionnaire to a strong change in the daily
use of digital curriculum resources or digital instructional technology for teaching. This
result screeches (and surprised us) with the data related to their degree of education that
is higher than the teachers in the CI1 and CI2 clusters.

The cluster Cl4 is made of 20 young Czech teachers (age 25-29) from the last grade
(13th), almost female. Cl4 teachers appear moderately aware of the effect of the Covid-
19 pandemic on their use of resources. Analysing Q7 answers it is possible to de-tailed
this data. Some Czech teachers refer to a new use of digital curriculum resources or
digital instructional technology for teaching, useful for them in preparing lessons or
helping students in a classroom or, finally for the student’s assessments. Some other
teachers appear still anchored (even if less than the CI2 and CI3 teachers) to classical
text resources (e.g. textbooks, syllabi) as useful resource for teaching.

By also analysing the data related to Q7, the most used resources before Covid-
19 were textbooks and discussions with colleagues. After Covid-19 time, some Czech
teachers (some similar behaviour was found in cluster CI12 about Slovak teachers) fre-
quently use digital resources (such as GeoGebra, WolframAlpha, etc.) and professional
online platforms for teachers. Other typical/classical resources remained the same after
the Covid-19 situation.
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S Conclusion

Some researchers (e.g., [34]) highlight an increase in the use of technology and new
software environments during the Covid-19 pandemic. In this contribution, we discuss
a pilot study carried out during the 2020-21 academic year by the Consortium of the
MaTeK Horizon 2020 project concerning the effects of the Covid-19 pandemic on the use
of teaching resources in mathematics. Quantitative and qualitative methods were used
to analyse the answers given to a questionnaire by a set of teachers. We only refer to a
subset of questions in the questionnaire designed in the context of the MaTeK Horizon
2020 project. In particular, we analysed the answers related to the demographic questions
such as age, gender, teaching experience, the highest degree of education, taught subjects
(other than mathematics) at School and the two questions reported below.

Q1- To what extent did the Covid-19 pandemic situation change the way you used
educational resources compared to how you use them now?

Q7- Please, describe how the Covid-19 pandemic situation has changed the way you
used educational resources compared to how you use them now.

Q1 is aclosed-ended question and the answers were collected by using Likert scales.
Q7 is an open-ended question and the answers were analysed using a qualitative analysis.
All other demographic questions are closed-ended questions. All closed-ended questions
were quantitatively analysed by using K-means clustering.

Young teachers appear to be more open to changing their teaching than the “older”
ones. We observed that young Check and Turkish teachers are aware that the Covid-
19 pandemic explicitly asked them for a change in the use of resources and that this
change also requires a perspective change in teaching. In many cases in Q7 answers,
they strongly refer to a “shift” from text resources (e.g., textbooks, syllabi, websites) to
digital curriculum resources (e.g., e-textbooks, educational platforms) and other kinds
of resources (e.g. calculators, digital instructional technology). The “Older” teachers
in our sample are aware of the impact of the Covid-19 pandemic on student learning.
However, their use of teaching resources was not always strongly influenced by that.
Italian and Slovak teachers in Q7 answers highlighted such a kind of behaviour much
more than the teachers from other countries.

We think relevant some results regarding teachers with a high degree of education
(Master, mainly Italians and Slovaks) independent of their age. They are aware of the
impact of the Covid-19 pandemic on student learning, but still do not feel significant
daily use of digital curriculum resources or digital instructional technology for teaching
[35], sticking with the use of old-fashioned resources, like textbooks.

Turkish teachers are all grouped in a single cluster, showing a remarkable cultural
homogeneity concerning the use of teaching resources. The same happens for almost
all Czech teachers in Cl4. Italian teachers exhibit similar behaviour, being included in a
single cluster, which also contains some Slovak teachers. The remaining part of Slovak
teachers is in another cluster, together with Norwegian and a few Czech ones.

It is worth noting that Czech teachers exhibit mixed behaviours concerning the use
of resources in teaching due to the Covid-19 pandemic. They recognize the importance
of updating the resources, due to the pandemic emergency. In some cases, replying to
Q7 they appear still anchored to the traditional use of resources. These results deserve
more deepening and will be an object of further study, also by the Consortium.
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Some more conclusions can be inferred using a closer analysis of the single answers
given by the teachers to the questionnaire Q7 question. A preliminary result of such a
kind of analysis seems to highlight that the majority of teachers feel the need to change
their use of teaching resources. However, they find hard to do it in their everyday teaching
coming from 4th and 5th grades. These results also deserve deepening and will be the
object of further analysis, mainly by using further qualitative methods of data analysis.

Acknowledgment. This study was supported by the H2020 project no. 951822, MaTeK. https://
www.projectmatek.eu/. We would like to express our special thanks to our colleagues in the

project: Isil Isler Baykal, Erding Cakiroglu, and Jakub Michal, as well to the participants who
have contributed to this study.

Appendix

Q1 — To what extent did the covid-19 situation change how you used to use resources
and how you use them now?

a- 1 —Notat all

b- 2
c- 3
d- 4
e- 5

f- 6 —To a great deal
g- No answer

Q2 — What is your gender?
a- Female
b- Male

c- Prefer not to say

Q3 — Please indicate the grade level(s) you are teaching mathematics this year (2021-
22) — You may select more than one option:

a- 1st Grade
b- 2nd Grade
c- 3rd Grade
d- 4th Grade
e- 5Sth Grade
f- 6th Grade
g- 7th Grade
h- 8th Grade
1- 9th Grade

j- 10th Grade
k- 11th Grade
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12th Grade
13th Grade

Q4 — What is the highest degree of education you have completed?

High School
Bachelors
Masters
Ph.D.

No answer

Q5 — What subjects other than mathematics do you teach?

Science related subjects (chemistry, biology, physics)
Social Studies related subjects (examples)

Arts or humanities (examples)

No answer

Q6 — What is your age?

a- Under 25
b- 25-29
c- 30-39
d- 4049
e- 50-59
f- 60+
References
1. Yildirim, B.: Preschool education in turkey during the covid-19 pandemic: a phenomenolog-
ical study. Early Childhood Educ. J. 49(5), 947-963 (2021). https://doi.org/10.1007/s10643-
021-01153-w
2. Gostin, L.O., Friedman, E.A.: A retrospective and prospective analysis of the west African
Ebola virus disease epidemic: Robust national health systems at the foundation and an empow-
ered WHO at the apex. Lancet 385(9980), 1902-1909 (2015). https://doi.org/10.1016/S0140-
6736(15)60644-4
3. Davies, S.E.: National security and pandemics. UN Chronicle 50(2), 20-24 (2013). https://
doi.org/10.18356/0dfec716-en
4. Stoiljkovié, C.: The impact of the Covid-19 pandemic on the educational work of kindergarten
teachers. Int. J. Cognit. Res. Sci. Eng. Educ. 8(3), 123-133 (2020)
5. Chan, M.C.E., Sabena, C., Wagner, D.: Mathematics education in a time of crisis — a viral
pandemic. Educ. Stud. Math. 108(1), 1-13 (2021)
6. Krause, C.M., D1 Martino, P., Moschkovich, J.N.: Tales from three countries: reflections

during COVID-19 for mathematical education in the future. Educ. Stud. Math. 108(1-2),
87-104 (2021). https://doi.org/10.1007/s10649-021-10066-9



302

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

B. Di Paola et al.

Mellone, M., Ramploud, A., Di Paola, B., Martignone, F.: Cultural transposition: Italian didac-
tic experiences inspired by Chinese and Russian perspectives on whole number arithmetic.
ZDM Math. Educ. 51(1), 199-212 (2018). https://doi.org/10.1007/s11858-018-0992-7
Maciejewski, W.: Teaching math in real time. Educ. Stud. Math. 108(1-2), 143—-159 (2021).
https://doi.org/10.1007/s10649-021-10090-9

Steed, E.A., Leech, N.: Shifting to remote learning during Covid-19: differences for early
childhood and early childhood special education teachers. Early Child. Educ. J. 49, 789—798
(2021)

Hu, X., Chiu, M.M., Leung, W.M.V,, Yelland, N.: Technology integration for young children
during COVID-19: towards future online teaching. Br. J. Educ. Technol. 52, 1513-1537 (2021)
Nikolopoulou, K.: Online education in early primary years: teachers’ practices and experi-
ences during the COVID-19 pandemic. Educ. Sci. 12(2), 76 (2022)

Brunetto, D., Bernardi, G., Andra, C., Liljedahl, P.: Teaching as a system: COVID-19 as a
lens into teacher change. Educ. Stud. Math. 110(1), 65-81 (2021). https://doi.org/10.1007/
s10649-021-10107-3

Remillard, J.T.: Examining key concepts in research on teachers’ use of mathematics curricula.
Rev. Educ. Res. 75(2), 211-246 (2005)

Pepin, B., Gueudet, G., Trouche, L.: Re-sourcing teachers’ work and interactions: a collective
perspective on resources, their use and transformations. ZDM Math. Educ. 45(7), 929-944
(2013)

Scheiner, T., Montes, M.A., Godino, J.D., Carrillo, J., Pino-Fan, L.R.: What makes mathe-
matics teacher knowledge specialized? Offering alternative views. Int. J. Sci. Math. Educ.
17(1), 153-172 (2017). https://doi.org/10.1007/s10763-017-9859-6

Slavickova, M., Novotn4, J.: Possible approaches for the pre-service mathematics teacher’s
preparation to apply the digital technology in their own teaching. In: Proceeding of CERME
12, hal-03748748, pp. 1-9 (2022)

Sears, R., Mueller-Hill, E., Karadeniz, I.: Preservice teachers’ perception of their prepara-
tion program to cultivate their ability to teach proof. In: Proceedings of the First Congress
on Mathematics Education for Central America and the Caribbean (I CEMACYC), Santo
Domingo, Dominican Republic (2013)

Stylianides, A.J., Stylianides, G.J.: Proof constructions and evaluations. Educ. Stud. Math.
72(2), 237-253 (2009)

Kilpatrick, J., Swafford, J., Findell, B.: Adding It Up: Helping Children Learn Mathematics.
National Academy Press, Washington, DC (2001)

Stylianides, A.J., Ball, D.L.: Understanding and describing mathematical knowledge for
teaching: knowledge about proof for engaging students in the activity of proving. J. Math.
Teach. Educ. 11, 307-332 (2008)

Stacey, K., Vincent, J.: Modes of reasoning in explanations in Australian eighth-grade mathe-
matics textbooks. Educ. Stud. Math. 72(3), 271-288 (2009). http://www.jstor.org/stable/256
19864

Kock, Z.J., Pepin, B.: Secondary school mathematics teachers’ selection and use of resources.
In: Eleventh Congress of the European Society for Research in Mathematics Education (No.
16). Freudenthal Group, Freudenthal Institute, ERME (2019)

Trouche, L., Gueudet, G., Pepin, B.: The documentational approach to didactics. arXiv
preprint arXiv:2003.01392 (2020)

Serpe, A.: A computational approach with MATLAB software for nonlinear equation roots
finding in high school maths. In: Sergeyev, Y.D., Kvasov, D.E. (eds.) NUMTA 2019. LNCS,
vol. 11973, pp. 463—477. Springer, Cham (2020). https://doi.org/10.1007/978-3-030-39081-
5_40



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

A Phenomenological Study About the Effect of Covid-19 303

Serpe, A., Frassia, M.G.: Task mathematical modelling design in a dynamic geometry envi-
ronment: Archimedean spiral’s algorithm. In: Sergeyev, Y.D., Kvasov, D.E. (eds.) NUMTA
2019. LNCS, vol. 11973, pp. 478-491. Springer, Cham (2020). https://doi.org/10.1007/978-
3-030-39081-5_41

Everitt, B.S., Landau, S., Leese, M., Stahl, D.: Cluster Analysis. John Wiley & Sons, Ltd.,
Chichester, UK (2011)

MacQueen, J.: Some methods for classification and analysis of multivariate observations. In:
LeCam, L.M., Neyman, J. (eds.) Proc. 5th Berkely Symp. Math. Statist. Probab. 1965/66, vol.
I, pp. 281-297. Univ. of California Press, Berkely (1967)

Rouseeuw, P.J.: Silhouttes: a graphical aid to the interpretation and validation of cluster
analysis. J. Comput. Appl. Math. 20, 53-65 (1987)

Struyf, A., Hubert, M., Rousseeuw, P.J.: Clustering in an object-oriented environment. J. Stat.
Softw. 1(4), 1-30 (1997)

Springuel, R.P., Wittmann, M.C., Thompson, J.R.: Applying clustering to statistical analysis
of student reasoning about two-dimensional kinematics. Phys. Rev. ST Phys. Educ. Res. 3,
020107 (2007)

Di Paola, B., Battaglia, O.R., Fazio, C.: Non-hierarchical clustering as a method to analyse
an open-ended questionnaire on algebraic thinking. South Afr. J. Educ. 36(1), 1-13 (2016)
Battaglia, O.R., Di Paola, B., Fazio, C.: Unsupervised quantitative methods to analyze student
reasoning lines: theoretical aspects and examples. Phys. Rev. Phys. Educ. Res. 15(2), 020112
(2019)

Fazio, C., Battaglia, O.R.: Conceptual understanding of Newtonian mechanics through cluster
analysis of FCI student answers. Int. J. Sci. Math. Educ. 17(8), 1497-1517 (2019)

Winter, E., Costello, A., O’Brien, M., Hickey, G.: Teachers’ use of technology and the impact
of Covid-19. Irish Educ. Stud. 40(2), 235-246 (2021)

Montone, A., Fiorentino, M.G., Mariotti, M.A.: Learning translation in geometric transfor-
mations through digital and manipulative artefacts in synergy. In: Zaphiris, P., [oannou, A.
(eds.) HCII 2019. LNCS, vol. 11590, pp. 191-205. Springer, Cham (2019). https://doi.org/
10.1007/978-3-030-21814-0_15



