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The Montessori method offers an alternative approach to public and
independent schooling. In the Greek educational system, the Montessori
method is mainly applied in preschool and primary educational contexts.
The main research objective was to investigate the early mathematical
competence of students aged 4-7 years old attending a Montessori preschool

educational center with those of students aged 4-7 years old attending
educational institutions where traditional teaching techniques and methods
are being implemented at the Eastern Thessaloniki, Greece. The overall
research sample was 142 students, 68 taught in the Montessori institution
and 74 attending typical ones, as well as 119 parents of the children that
were measured. A questionnaire was administered electronically to the
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COVID'19_ parents who agreed to participate in the research, while the measurements of
Montessori early mathematical competence were carried out via the Utrecht Early
Teaching method Mathematical Competence Scales. Overall findings showed that the scores

of the students attending the Montessori educational institution were higher
than those of the ones attending typical educational institutions, especially
those of pre-kindergarten, kindergarten, and first-grade children.
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1. INTRODUCTION

Undoubtedly, the spread of the COVID-19 outbreak and the policy of maintaining physical and
social distance during the past 3 years has changed the pattern of life in all fields and has led to enormous
socioeconomic challenges around the world [1], [2]. While the tremendous educational and pedagogical
impact of the COVID-19 pandemic has been widely acknowledged in most educational systems, the proper
cognitive and social development of children and students has been extremely disrupted in all levels of
education. Preschools and kindergartens, schools, and universities have been closed both nationwide and on a
local basis in more than 100 countries, affecting more than half of the world’s student population [3].

Relevant results from studies conducted during these years indicate that overall cognitive scores and
social skills in early childhood education and children under 3 years of age born since the beginning of the
pandemic are significantly lower than over the past decade [2], [4]. Some of the negative results of the
absence of real-life communication were: a decreased sense of awareness, inadequate communication and
socialization skills, and lack of peer relationships. There has also been reported reduced development of
problem-solving skills, ability to work in teams, and conflict-solving skills [5]. Additional predictions also
include fewer literacy skills [6] including listening, speaking, reading, and writing as well as the process of
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finding and analyzing information, especially for disadvantaged children who have unequal access to
educational resources and stimuli [3]. Nevertheless, the implementation of learning techniques at home like
reading daily to young children, storytelling, dictating, and having systematic interaction with the children
are likely to result in the greatest maintenance of children’s literacy skills and their socio-emotional
connection with their parents [1], [6], [7].

In Greece, during the 2 main school years of the COVID-19 pandemic (2019-2020 and 2020-2021),
specific restrictions on social interaction were implemented. The operation of educational settings, from early
primary to higher education, was suspended for more than 6 months in total. During these months,
synchronous and asynchronous distance learning was implemented through online platforms. In the current
school year, all educational settings remain open with extremely specific and predefined health protocols.

The Montessori method is considered an alternative approach to modern educational practice. It is a
concrete pedagogical method, well organized that allows individual choice and freedom [8]. It constitutes an
effort to create the best possible learning conditions so as for the children to be able to develop their
cognitive abilities from preschool age [8]-[10]. In this educational and pedagogical framework, each child is
able to actively participate only in the activities he/she wants to engage in, at his/her own pace, within the
predetermined learning environment. As a result, the learning environment of the classroom is based on well-
structured activities, so that children have the possibility of free and autonomous choice concerning their
involvement in them [11].

Montessori programs are being implemented globally with extremely positive results for all
members of the educational community. Relevant international research demonstrates that the cognitive and
socio-emotional abilities of children from 3-6 years old attending traditional educational frameworks were
poorer than those of the ones attending Montessori educational programs [12]-[14]. More specifically,
preschoolers from Montessori programs have a higher phonological performance, tend to make fewer errors,
concentrate more easily, have better social understanding, and mastery orientation, enjoy scholastic tasks
more, and develop more psychomotor and mathematical skills [11], [14]-[19]. Furthermore, in Montessori
educational programs, children are capable of deciding and choosing freely, resulting in gradually enhancing
their self-esteem, self-awareness, and social skills as well as the pedagogical relationship between teachers
and students [13], [20].

The term “early math” includes basic mathematical notions such as counting, quantity, shapes,
spatial relations, measurements, and patterns. Because of children’s natural curiosity, the understanding of
these concepts is accomplished via their interaction with their surrounding environment [7]. Montessori
believed that children first perceive value from the length of an object rather than the number of objects [17].

According to relevant research, children who attended Montessori educational programs, have
higher academic performance, acquire critical approaches, and problem-solving skills, and can adapt much
more easily to classroom conditions [11]. In addition, they succeed in more tasks and possess part-whole
skills [21]. In the same context, relevant differences in the mathematical performances are also presented in
the research results of Mallett and Schroeder [22] and Courtier et al. [8].

The Montessori method is considered an innovative teaching method in many countries around the
world, including Greece. In particular, in the Greek educational framework, the Montessori method is mainly
applied in preschool and primary educational contexts. Despite the fact that the method has been applied
more systematically in Greek educational institutions in recent years than in the past, there isn’t enough
research conducted regarding the effectiveness of this method in our country especially regarding children’s
mathematical competence. In a recent study, parents whose children attend Montessori schools and teaching
programs argued that their children are more confident, especially in the field of mathematics, and they also
have the ability to assist their elder siblings [23].

In this context, we will present the results of relevant research regarding the impact of the
Montessori method on the early mathematical competence of children 4-7 years old. The research was
conducted during the years of the COVID-19 pandemic crisis in Greece. During those years, specific health
protocols were implemented in all institutions, including schools.

2. METHOD

The main objective of the cross-sectional study design adopted was to investigate the early
mathematical competence of students aged 4-7 years old attending a Montessori preschool educational center
with those of students aged 4-7 years old attending educational institutions where traditional teaching
techniques and methods are being implemented in North Greece. Furthermore, a correlation between the
parent’s socioeconomic status and their children’s mathematical competence was assessed. While previous
studies have explored the impact of the Montessori method on children’s cognitive development worldwide,
in Greece relevant studies have been quite limited, especially since the COVID-19 pandemic.
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The study group consisted of children studying in the private Montessori setting, while the control
group consisted of children from nearby typical educational settings. All children lived in the same area and
came from 4 levels of education (early years setting, pre-kindergarten, kindergarten, and first grade).
Measurements began with those who were the first to give the consent forms.

Cross-sectional studies are observational studies that analyze data from a population at a single point
in time [24]. Cross-sectional research design does not provide findings from which certain causal inferences
or causal relationships can be drawn, but exploratory mapping of the relationships between variables and the
possibility of making correlations. The amount and quality of data were enhanced by the evaluation of
multiple mathematical areas that determine children’s performance in early mathematical competence [25],
while different analytic methods were implemented.

Unlike other types of observational studies, cross-sectional studies do not follow individuals over
time [24], [25]. They are usually inexpensive and easy to conduct [25]. In the current cross-sectional study,
all participants live in the same geographical district of Eastern Thessaloniki, and data were collected at a
single point in time for each age group.

Children’s early mathematical performance was also correlated with parents' socioeconomic profile,
regarding their studies and professions. All measurements were conducted during the school year 2021-2022
while the COVID-19 pandemic was still active. The following parts describe the sample as well as the
methods and techniques used to collect and analyze the data.

2.1. Sample

The research sample consists of 142 children, 68 taught in the Montessori institution (study group)
and 74 attending typical ones (control group). It also consists of 119 parents, 55 from private educational
settings (Montessori and first grade) and 64 from public ones. More specifically, 47.9% of the children’s
sample was female (N=68) and 52.1% male (N=74). Moreover, 89.9% (N=107) of the parents were female,
and 10.1% (N=12) of them male.

2.2. Measures and instruments

The Utrecht early mathematical competence scales standardized in the Greek language by Barbas et
al. [26] assessed the early mathematical competence of children aged 4-7.05 in the eight areas: i) comparison,
i) classification, iii) correspondence, iv) seriation, v) use of number words, vi) structured counting,
vii) resultative counting, and viii) general understanding of number words. Based on the number of correct
answers in each area and the age of the participant, he/she is then classified into one of five levels of
mathematical competence (A: good to very good, B: quite good to good, C: average to quite good, D: weak
to average, and E: very weak to weak). At the same time, in each age group, a questionnaire was
administered to the parents electronically. The questionnaire contained items regarding the demographic
characteristics of the parents, their studies, and professions in order to form the factor socioeconomic status
(SES) and the type of educational setting their children are attending (Montessori, typical, private, and
public) [27], [28].

2.3. Procedure

The assessment of early mathematical competence of children aged 4-7 years old, both studying in
the Montessori educational setting and the typical ones, was conducted with the Utrecht early mathematical
competence scales, standardized in the Greek language by Barbas ef al. [26]. First-grade students were
measured before all the others during the first school term in order to assess their performance at the
beginning of the school year. Measurements continued during the second term with the children in
kindergarten, then at third term with those in pre-kindergarten, and during June with the youngest ones aged
4. The demographic characteristics questionnaire designed by the researcher was distributed to the
participating parents through the class teachers online. The questionnaire was pilot-tested to ensure that
parents understand all questions and there are no ambiguous words.

2.4. Ethics

The study got approval from the ethics research committee from the University of loannina.
Following this, parental consent was sought and the researcher assessed only the children whose parents
agreed. It goes without saying that although children are young and unable to sign an informed consent, their
assent was sought and only if they wished to do so they participated.

2.5. Data analysis

The current analysis was quantitative. Data was analyzed using SPSS. All data was collected and
analyzed gradually during the school year 2021-2022 based on the ages of the students from the oldest to the
youngest. Descriptive (frequencies) and t-tests, correlations, and regression analysis were performed.
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3. RESULTS AND DISCUSSION

Regarding their ages, Table 1 indicates that the youngest participants at age 4 were 38 (f=26.8%),
those at the pre-kindergarten 43 (f=30.3%), at kindergarten 36 (f=25.4%) and first grade 25 (f/=17.6%). All
142 children were categorized into 5 levels of early mathematical competence, as described in Table 1. From
the whole sample, 78.8% (112) of the participants have achieved a quite good to very good level of early
mathematical competence, 14.8% (21) a weak to quite good level, and 6.3% (9) a very weak to weak level.

Table 1. Level of early mathematical competence

Valid Frequency Valid Percent
A: Good to Very Good 79 55.6
B: Quite Good to Good 33 23.2
C: Average to Quite Good 13 9.2
D: Weak to Average 8 5.6
E: Very Weak to Weak 9 6.3
Total 142 100.0

More specifically, children attending the private Montessori educational setting (study group) were
categorized into levels A, B, and C as seen in Table 2. Most of them, 86.8% (59) were at level A (good to
very good), 10.3% (7) at level B (quite good to good), and only 2.9 % (2) at level C (average to quite good).
On the other hand, only 27% (20) of the children attending private and public typical educational settings
(control group) have been categorized in level A, 35.1% (26) in level B, 14.9% (11) in level C, 10.8% in
level D (weak to average) and 12.2% (9) in level E (very weak to weak) as described in Table 3.

Table 2. Level of early mathematical competence (study group)

Valid Frequency Valid Percent
A: Good to Very Good 59 86.8
B: Quite Good to Good 7 10.3
C: Average to Quite Good 2 2.9
Total 68 100.0

Table 3. Level of early mathematical competence (control group)

Valid Frequency Valid Percent
A: Good to Very Good 20 27.0
B: Quite Good to Good 26 35.1
C: Average to Quite Good 11 14.9
D: Weak to Average 8 10.8
E: Very Weak to Weak 9 12.2
Total 74 100.0

Table 4 presents the results of an independent samples t-test analysis, using the level of early
mathematical competence as the test variable and the study group and the control group as grouping
variables. The results showed statistically significant differences in the level of early mathematical
competence between the study group and the control group (=-7.681, p<.05). More specifically, the study
group achieved higher mathematical performance at the mathematical tasks.

Table 4. Independent samples t-test between study group, control group, and level of early mathematical

competence
Level of Early Mathematical Competence  t df Sig. (2-Tailed) Mean Difference Std. Error Difference
Equal Variances Assumed -7.681 140 .000 -1.29769 .16894
Equal Variances Not Assumed -7.94790.446 .000 -1.29769 .16330

Tables 5-7 show the differences through an independent samples t-test analysis at the level of early
mathematical competence between the study and the control group for the children in the same age group.
More specifically, Tables 5-7 show a statistically significant difference in the level of early mathematical
competence between the study and the control group for the children at pre-kindergarten (=-7.744, p<.05), at
kindergarten (=-3.729, p<.05) and at first grade (r=-4.984, p<.05) respectively.
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Table 5. Independent samples t-test between study group, control group, and level of early mathematical
competence for pre-kindergarten children
Level of Early Mathematical Competence  t df Sig. (2-tailed) Mean Difference Std. Error Difference

Equal Variances Assumed -7.744 41 .000 -2.47174 .31920
Equal Variances Not Assumed -8.28823.268 .000 -2.47174 .29823

Table 6. Independent samples t-test between study group, control group, and level of early mathematical
competence for kindergarten children
Level of Early Mathematical Competence t df Sig. (2-tailed) Mean Difference Std. Error Difference

Equal Variances Assumed -3.729 34 .001 -1.00000 26813
Equal Variances Not Assumed -3.72917.000 .002 -1.00000 26813

Table 7. Independent samples t-test between study group, control group, and level of early mathematical
competence for first-grade children
Level of Early Mathematical Competence  t df Sig. (2-tailed) Mean Difference Std. Error Difference
Equal Variances Assumed -4.984 23 .000 -.92308 18521
Equal Variances Not Assumed -5.19612.000 .000 -.92308 17765

Table 8 presents a correlation analysis conducted among the variables of early mathematical
competence, profession of the mother, profession of the father, educational level/studies, and SES. The
analysis didn’t approve any statistically significant relation between the level of early mathematical
competence of the participants and the SES of their parents, which could be attributed to the fact that all
participants live in the same municipality of Eastern Thessaloniki.

Table 8. Correlation between the variables: early mathematical competence, the profession of the mother, the
profession of the father, educational level/studies, and SES

Grouping Level of Early Mathematical Profession of The  Profession of  Educational SES
Variables Competence Mother The Father  Level/Studies
Level of Early Pearson Correlation 1 -.088 -.050 -.119 -.156
Mathematical Sig. (2-Tailed) 377 .592 .198 116
Competence N 142 103 117 119 102
Sig. (2-Tailed) .000 767 .390 .540 313
N 142 103 117 119 102
Profession of Pearson Correlation -.088 1 .380™ 459" .810™
The Mother Sig. (2-Tailed) 377 .000 .000 .000
N 103 103 102 103 102
Profession of Pearson Correlation -.050 .380™ 1 .359™ 17
The Father Sig. (2-Tailed) .592 .000 .000 .000
N 117 102 117 117 102
Educational ~Pearson Correlation -.119 459 .359™ 1 .769™
Level/Studies Sig. (2-Tailed) .198 .000 .000 .000
N 119 103 117 119 102
SES Pearson Correlation -.156 .810™ 17 769" 1
Sig. (2-Tailed) 116 .000 .000 .000
N 102 102 102 102 102

**_ Correlation is significant at the 0.01 level (2-tailed).
*_ Correlation is significant at the 0.05 level (2-tailed).

Finally, a regression analysis was run (Table 9), using the level of early mathematical competence
as the dependent variable and sex, SES, and type of group (study/control) as independent variables. Holding
all the relevant independent variables constant the model shows that the type of group has a statistically
significant effect (b=1.608, p<.05). On the contrary, the variables Sex and SES do not have a statistically
significant effect on the level of early mathematical competence of the children for the whole sample.

Table 9. Regression analysis with level of early mathematical competence as the dependent variable
Unstandardized Coefficients Standardized Coefficients T Sig

Model B Std. Error Beta
(Constant) 1.058 171 6.174.000
Sex 156 .200 .062 780 .437
SES 118 110 .094 1.079.283
Type of Group  1.608 219 .639 7.334.000
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Analyzing the previously mentioned results, it can be stated that the majority of children attending
the private Montessori educational setting were categorized in levels A (good to very good) and B (quite
good to good). On the other hand, almost half of the children attending private and public typical educational
settings have been categorized in levels A and B. In addition, a little less than 25% of the children from the
control group were at levels D (weak to average) and E (very weak to weak) compared to none of those from
the study group. Similar findings indicating that children taught with the Montessori method complete
successfully more mathematical tasks and possess problem-solving skills are presented in other research [§],
[21], [22], leading to the hypothesis that the Montessori teaching method leads to higher performance.

Moreover, an independent samples t-test analysis showed a statistically significant difference in the
level of early mathematical competence for the children at the ages of pre-kindergarten, kindergarten, and
first grade. These results indicate that all students at the ages of pre-kindergarten, kindergarten and first grade
taught via the Montessori method had a higher level of early mathematical competence compared to those
receiving typical education. Further regression analysis also proved that the type of group has a statistically
significant effect on the level of early mathematical competence. Similar results appeared in relevant research
[11], [14]-[17]. Furthermore, a correlation analysis didn’t show a statistically significant relation between the
level of early mathematical competence of the participants and the Socioeconomic status of their parents.
This result could be possibly attributed to the fact that all participants live in the same municipality of Eastern
Thessaloniki.

4. CONCLUSION

Overall findings showed that the scores of the children attending the Montessori setting were higher
than those of the children attending typical educational settings while most of the children from the study
group were at the highest-level A. In the present research, no statistically significant results were found
regarding the level of early mathematical competence about gender and between the level of early
mathematical competence and the variable SES level of the parents. This finding is probably related to the
fact that the sample in this research came from families that resided in the same Municipality and had a
similar socioeconomic profile.

One can argue that more research on the impact of the Montessori teaching method on the cognitive
development of children from preschool education to the primary educational level is needed, especially in
the Greek educational framework. As many pedagogical and teaching factors impact the academic
performance of children, further research regarding the teaching techniques and materials, the teacher’s
proper training, the available resources, and the socio-economic context of upbringing is also of great
importance. Furthermore, additional Montessori schools from other cities in Greece as well as children with
diagnosed learning disabilities could also be included so that it would be possible to generalize the results.
Finally, the present research could also be carried out within a different methodological framework and by
conducting measurements at the beginning and the end of the school year.
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