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Abstract

The purpose of the study was to explore the effect of the Montessori Method integrated with cooperative
learning on mathematical reasoning skills in the preschool period. In this study, an experimental design with a
pretest-posttest control group was used. The study group included a total of 30 children, 15 of whom were in the
experimental group and 15 in the control group. The study was conducted with mathematics teaching supported
by the Montessori Method integrated with cooperative learning activities in the experimental group and
mathematics teaching supported by the Turkish Ministry of National Education (MoNE) Preschool Curriculum
(2013) in the control group. The “Evaluation Instrument for the Early Mathematical Reasoning Skills” was used
as the data collection tool, and the data were analyzed with the Mann-Whitney U Test in line with the gender
and reasoning variables. When the performances of the experimental group students who were taught
mathematics supported by the Montessori Method integrated with cooperative learning and the control group
students who were taught mathematics supported by the Turkish MoNE Preschool Curriculum (2013) were
compared, a significant difference in favor of the experimental group was determined. However, no significant
difference was determined in experimental and control group students’ reasoning skills according to gender. By
integrating the Montessori Method with different methods, materials, and techniques, its effects on
developmental areas can be investigated.

Keywords: preschool education, reasoning, mathematics, Montessori method, collaborative learning

Introduction

In the literature, there are various studies conducted in order to reveal the individual changes and developments
that Montessori Method applications provide for children (Cossentino, 2006; Duckworth, 2006; Deluca &
Hughes, 2014; Macia-Gual & Domingo-Pefiafiel, 2021). However, there are also criticisms of the method in the
literature, arguing that structured materials and the cerated environment lead children to intense individual
thinking and restrict social communication and cooperation (Kilpatrick, 1914; DeVries & Goncu, 1987;
Rathunde & Csikszentmihalyi, 2005; Beatty, 2011; Kayili & Ari, 2016). The criticisms stated that social
development is as important as individual development in preschool children and drew attention to the fact that
it is very important to support adaptation and group cooperation. In line with these views, it would not be wrong
to say that children’s communication with their peers in the learning process is of great importance for the
effectiveness of learning. Active communication with their peers in the learning process can also support the
development of children’s mathematical thinking skills, such as reasoning and problem solving. The frequent
use of the cooperative learning method in the process of attainment of mathematical skills in the literature
supports these ideas (Leikin & Zaslavsky, 1997; Lavasani & Khandan, 2011; Siew, Chin & Sombuling, 2017,
Rambe, Syahputra, & Elvis, 2020).

The relevant literature argues that different methods and techniques used to support the acquisition of
mathematical thinking and reasoning skills in the preschool period play an effective role in the learning process
of the children. It can be stated that examining the different methods and techniques used in preschool education
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and integrating and reflecting their effective aspects into the teaching process will also appeal to the individual
differences of children. Studies have revealed the positive effects of implementing robotics applications (ElKin,
Sullivan & Bers, 2014), STEM activities (Cakir & Altun Yalg¢in, 2022), music activities (Rajan, 2017,
Dansereau & Wyman, 2020), and movement activities (Laure & Habe, 2023) with the Montessori Method.
However, Montessori Method applications integrated with cooperative learning were not found in the
literature. In this context, it is predicted that the study will bring a new perspective to the literature, and this
aspect reveals the importance of the study. It can be foreseeable that the use of collaborative learning activities
with intense group communication in addition to the Montessori Method’s mathematical materials and
individual tasks as an answer to the criticisms directed at the Montessori Method about intensive individual
tasks limiting social interaction will be effective on the related skills. In line with this prediction, the purpose of
this study was to examine the effects of the Montessori Method integrated with cooperative learning on
preschool children’s attainment of mathematical reasoning skills. Within the scope of this study, the problem
statement was determined as ‘Does the Montessori Method integrated with cooperative learning have an effect
on early mathematical reasoning skills?” The determined problem statement was tested within the scope of the
hypotheses and sub-dimensions presented below:;

- The performance of the mathematical reasoning skills of preschool children who were taught with the
Montessori Method integrated with cooperative learning is higher than that of the children who were taught with
the MoNE (2013) Preschool Curriculum.

- Mathematical reasoning skills performance of preschool children who were taught with the Montessori
Method integrated with cooperative learning shows a significant difference according to gender.

- Mathematical reasoning skills and performance of preschool children who were taught with the MoNE (2013)
Preschool Curriculum shows a significant difference according to gender.

Mathematical Reasoning Skills in the Preschool Period

There are many studies revealing that preschool education aims to support children in all developmental areas,
adapts to their developmental characteristics and individual differences, and helps them discover their existing
potentials (Dearing, McCartney, & Taylor, 2009; Burchinal, Vandergrift, Pianta, & Mashburn, 2010; Gomes &
Pereira, 2014; Manigo & Alison, 2017). Since 80% of human development occurs in this period, this period has
a very important role in human life (Duffy, 1998). Children who receive preschool education continuously
improve themselves in areas such as cognitive, social-emotional, psychomotor, and language development
(Reynolds, 2004). Qualified and adequate educational support will be beneficial in raising children with high
cognitive levels in the preschool period, especially when cognitive development is quite rapid (Whitebread &
Coltman, 2015).

The most important task in the cognitive development of children is physical awareness, in line with
coordinated studies (Lillard, 1996). In the preschool period, children focus directly on what they see, and this
helps them gain physical knowledge. As children gain physical awareness, they are highly motivated and go into
the effort of exploration. The physical knowledge they gain forms the basis for logical reasoning (Ayvaci,
2010). This whole process is a sign that children are getting ready for the acquisition of mathematical thinking
skills. The mathematical reasoning process begins in early childhood with an awareness of quantity and size.
This is followed by the skills of counting in sequence, understanding the connection between numbers and the
amount they represent, comprehending the last digit indicating the number of objects in a row, producing
solutions to simple arithmetic problems, and trying different estimation strategies using effective techniques
(Sarnecka & Gelman, 2004; Geary, 2006).

The mathematical experiences children gain enable them to understand their own world, and in line with these
experiences, children lay the mathematical foundations necessary for their success in their educational lives
(Charlesworth & Lind, 2010). In the literature, there are many different studies investigating the effects of
learning methods and techniques on mathematical thinking skills used in the education process (Rauscher et al.,
1997; Clements & Sarama, 2008; Sumpter & Hedefalk, 2015; Ahmed, Mengistie, & Wondimu, 2020;
Murtazaevich, 2020). The Montessori Method, which gives importance to the training of the senses based on
physical learning, is among these methods.

Montessori Method and Mathematics Materials

Maria Montessori focused on the education of the senses and accordingly developed sensory materials that
create an environment for children to learn through exploration (Lillard, 2007). The relevant materials used as a
learning method in the Montessori Method aim to facilitate children’s learning by concretizing mathematical
concepts. Montessori creates an exploration area for children with the materials she uses in the method she
developed and observes them in their own exploration area. Children experience their own experiences with the
help of sensory materials in the exploration environment offered to them, and the foundations of logical thinking
begin to be laid during this period. (Lillard, 2013). In addition, the individual use of materials encourages
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children to stay connected to their own learning speed and control their mistakes, encouraging them to work
independently without a need for others (Denervaud, Knebel, Immordino-Yang, & Hagmann, 2020).

Muchyidin and Priatna (2022) found that students who used Montessori mathematics materials were able to
convey their mathematical ideas orally or in writing and use mathematical concepts more qualitatively.
According to the results of Faryadi’s (2017) study, Montessori mathematics materials increased children's
learning success by improving their problem-solving skills and positive classroom behaviors. However, some
research (Basargekar & Lillard, 2021; Brown & Lewis, 2017; Mallett & Schroeder, 2015) investigating the math
achievement and learning of Montessori students and alumni has not consistently found the instruction that is
based on Montessori to be more effective than other instructional approaches. The results of research in the
literature regarding whether Montessori materials and teaching have effects on mathematics are inconsistent.
This situation requires further study on the subject.

Method

Study Design

Since the effect of the Montessori Method integrated with cooperative learning on early mathematical reasoning
skills was explored in the study, an experimental design with a pretest-posttest control group was employed.
Experimental design is a research design that aims to determine cause-and-effect relationships between variables
by examining any situation and comparing the results (Hinkelmann & Kempthorne, 2005).

Study Group

The experimental group, who were taught with the Montessori Method integrated with cooperative learning,
included eight girls and seven boys (n=15), and the control group, who were taught with the MoNE Preschool
Curriculum (2013), included seven girls and eight boys (n=15). While forming the study group, a classroom
from the Y preschool, which had Montessori mathematics materials required by the study and used the
Montessori Method, and a classroom from the X preschool, which was in a close neighborhood to the Y
preschool in the same district and used only the MoNE Preschool Curriculum (2013) and was closest to the
experimental group in terms of age, were selected as the experimental group and the control group, respectively,
using the purposive sampling method. The purposeful association of systematic and randomly selected case
samples for the study purpose is defined as purposive sampling (Marshall & Rossman, 2014). The study group
was formed by simple random sampling from the classrooms, determined by purposive sampling. Simple
random sampling refers to each member of a group having the same chance of being included in the sample
(West, 2016). Information on the selected study group is presented in Table 1.

Table 1. Study Group

School/Center Classroom Number of Children
Y Preschool Morning Group 15
X Preschool Morning Group 15
Total 30

As seen in Table 1, in this study, 15 subjects for the experimental group and 15 subjects for the control group
were selected impartially. The gender distribution of the subjects participating in the study is presented in Table
2.

Table 2. Gender Distribution

Gender Experimental Control Total
Group Group

Girl 8 7 15

Boy 7 8 15

Total 15 15 30

As seen in Table 2, the experimental group of the present study consisted of eight girls and seven boys, and the
control group consisted of seven girls and eight boys. There were 15 children in both groups, and the study
group consisted of a total of 30 children.

Equivalency Process

In order to examine the equivalence between the experimental and control groups, the mathematical reasoning
skills pretest scores of the experimental and control groups were compared. The results obtained are presented in
Table 3.

Table 3. Mann-Whitney U Test Results Regarding Pretest Scores of the Experimental and Control Groups
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Groups N Mean Sum of U p
Rank Ranks
Mathematical Reasoning Experimental 15 18,47 277,00 68,0 0,067
Control 15 12,53 188,00

According to Table 3, when Mann-Whitney U Test values comparing the pre-test scores of preschool children
who will be applied collaborative mathematics activities supported by Montessori materials and preschool
children who will be applied mathematics activities supported by MoNE (2013) Preschool Curriculum are
examined, there is no statistically significant difference (U= 68,0, p>.05) between the groups. In this case, the
experimental and control groups were considered equal for their mathematical reasoning skills.

In order to examine the equivalence of the mathematical reasoning skills of the experimental group according to
gender, the pretest scores of the boys and girls were compared. The results obtained are presented in Table 4.

Table 4. Mann-Whitney U Test Results Regarding Pretest Scores of the Experimental Group According to
Gender

Groups N Mean Sum of U p
Rank Ranks
Mathematical Reasoning Girl 8 1,11 7,75 26,0 0,82
Boy 7 1,24 8,29

According to Table 4, when the pre-test scores of preschool girls and boys who participated in collaborative
mathematics activities supported by Montessori materials in the experimental group are compared, there is no
statistically significant difference (U=26.0, p>.05) according to gender. In this case, the experimental group was
considered equal in terms of the mathematical reasoning skills of the boys and girls.

In order to examine the equivalence of mathematical reasoning skills in the control group according to gender,
the pretest scores of the boys and girls were compared. The results obtained are presented in Table 5.

Table 5. Mann-Whitney U Test Results Regarding Pretest Scores of the Control Group According to Gender

Groups N Mean Sum of U p
Rank Ranks
Mathematical Reasoning Girl 7 1,13 7,79 26,5 0,86
Boy 8 1,10 8,19

According to Table 5, when the pre-test scores of preschool girls and boys who participated in the activities of
MoNE (2013) Preschool Curriculum in the control group are compared, there is no statistically significant
difference (U=26.5, p>.05) according to gender. In this case, the control group was considered equal in terms of
the mathematical reasoning skills of the boys and girls.

Data Collection Tools

The study data were collected using the “Evaluation Instrument for the Early Mathematical Reasoning Skills”
developed by Ergiil (2014). Of the 40 questions in the measurement tool, 21 are about measurement, and 19 are
about data analysis and probability. There are 21 questions on inductive reasoning and 19 questions on
deductive reasoning. The general skills in the questions about measurement include comparing objects and
events, measuring non-standard units, comparing measurement results, sequencing time, estimating, and
examining the situation in which the result is given. The general skills in the questions about data analysis and
probability include sorting and classifying objects, making graphics using real materials, making graphics using
the pictures of objects, making graphics using symbols, reading one-dimensional graphics, reading two-
dimensional graphics, assessing a situation or data in an event, questioning the probability status according to
the data obtained because of the assessment, and making situational or numerical estimations. Twenty-eight of
the questions in the scale are communicated to the children verbally through the prepared pictures, nine of them
using various materials, and the remaining three questions are communicated to the children verbally without
using any material. In the study, a rubric was preferred for reasons such as the importance of the process in
mathematical reasoning studies and the small age group. A rubric was created for the assessment tool, and each
question was scored on a scale of 0-5 according to the children's answers. For the reliability studies of the
assessment tool, a test-retest application was conducted with 40 children. The test-retest reliability for all
domains in the assessment tool was found to be above .98.

Implementation Process
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Before proceeding to the implementation process related to the study, a general meeting was held with the
teachers of the classes constituting the experimental and control groups regarding the purpose and subject of the
study and the data collection tools to be used in it. In the first stage of the process, the “Evaluation Instrument
for the Early Mathematical Reasoning Skills” was administered to all groups simultaneously by the classroom
teachers in order to determine the mathematical reasoning skills of the children in the experimental and control
groups before they started their preschool education.

In the second stage of the process, the children in the experimental group were taught mathematics using the
Montessori method. In the experimental group, mathematics activities planned with the Think Pair Share
technique based on cooperative learning were carried out. On the other hand, the control group was only taught
mathematics with the MoNE (Ministry of National Education) (2013) Preschool Curriculum by the classroom
teacher.

When the process was completed, the “Evaluation Instrument for the Early Mathematical Reasoning Skills” was
administered to the children in the experimental and control groups as a posttest by the groups’ classroom
teachers.

Data Analysis

Since the number of participants in the groups was below 30, a non-parametric test was preferred (Cokluk,
Sekercioglu & Biiyiikoztiirk, 2021). Therefore, since the number of participants in each group is 15, the data
were analyzed with the Mann-Whitney U test in line with the hypotheses. Mann-Whitney U tests are used to
compare two independent groups and test whether the findings differ significantly from each other (Nachar,
2008).

Results and Discussion

The first hypothesis of the study was that “the performance of the mathematical reasoning skills of preschool
children who were taught with the Montessori Method integrated with cooperative learning is higher than the
children who were taught with the MoNE Preschool Curriculum (2013)." The data from the Mann-Whitney U
test performed for the related hypothesis are presented in Table 6.

Table 6. Mann-Whitney U Test Results Regarding Posttest Scores of Experimental and Control Group Children

Groups N Mean Rank  Sum of U p
Ranks
MESUREMENT Experimental 15 3,58 23,0 9,2  0,00*
Control 15 2,35 8,0
Experimental 15 3,77 22,40 9,0 0,00*
Induction Control 15 2,47 8,60
Length and Weight Experimental 15 4,37 21,53 22,0 0,00*
Control 15 3,19 9,47
Area and Volume Experimental 15 3,63 23,0 23,7 0,00*
Control 15 2,13 8,0
Sequencing Time Experimental 15 3,10 21,07 29,0 0,00*
Control 15 2,09 9,93
Experimental 15 3,39 21,97 155 0,00*
Deduction Control 15 2,23 9,03
Testing Experimental 15 3,84 21,37 245 0,00*
Control 15 2,51 9,63
Comparing Word Experimental 15 2,93 21,03 29,5 0,00*
Problems Control 15 1,96 9,97
DATA ANALYSIS and PROBABILITY Experimental 15 3,38 22,93 1,0 0,00*
Control 15 2,18 8,07
Experimental 15 3,78 22,33 10,0  0,00*
Induction Control 15 2,89 8,67
Knowing the Properties Experimental 15 4,51 21,30 255 0,00
of Shapes Control 15 3,40 9,70
Making Graphs Experimental 15 3,04 19,53 52,0 0,01*
Control 15 2,38 11,47
Experimental 15 2,99 22,87 2,0 0,00*

Deduction Control 15 1,47 8,13
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Examining the Picture  Experimental 15 3,23 20,57 36,5 0,00*

and Guessing the Control 15 2,12 10,43

Situation in the Picture

Reading Graphs and Experimental 15 3,20 21,67 20,0 0,00*

Telling the Results Control 15 1,76 9,33

Specifying Probability ~ Experimental 15 2,53 22,80 3,0 0,00*
Control 15 0,54 8,20

Mathematical Reasoning Experimental 15 3,48 23,0 2,4  0,00*

Control 15 2,27 8,0

As seen in Table 6, the values (U=2,4 p<.05) of the Mann-Whitney U test comparing the mathematical
reasoning skill performances of preschool children who were taught with the Montessori Method integrated with
cooperative learning and preschool children who were taught with the MoNE Preschool Curriculum (2013)
showed that there was a significant difference in favor of the experimental group.

There was a significant difference in the posttest scores in the measurement (U=9,2, p<.05) and data analysis-
probability (U=1,0, p<.05) list and in the posttest scores of induction (U=9,0, p<.05) and deduction (U=15,5,
p<.05) dimensions in the measurement list in favor of the experimental group. A significant difference was also
found in favor of the experimental group in the posttest scores of the deduction dimension’s length and weight
(U=22,0, p<.05), area and volume (U=23,7, p<.05), sequencing time (U=29,0, p<.05) and induction dimension’s
testing (U=24,5, p<.05) and comparing word problems (U=29,5, p<.05) skills.

In addition, there was a significant difference in the posttest scores of the induction (U=10,0, p<.05) and
deduction (U=2,0, p<.05) dimensions in the data analysis-probability list in favor of the experimental group. A
significant difference was also found in favor of the experimental group in the posttest scores of the induction
dimension’s knowing the properties of shapes (U=25,5, p<.05), and making graphs (U=52,0, p<.05) skills and
posttest scores of the induction dimension’s examining pictures and guessing the situation in the picture
(U=36,5, p<.05), reading graphs and telling the results (U=20,0, p<.05) and specifying probability (U=3,0
p<.05) skills.

The second hypothesis of the study was that "the mathematical reasoning skills performance of preschool
children who were taught with the Montessori Method integrated with cooperative learning shows a significant
difference according to gender.” The data from the Mann-Whitney U test performed for the related hypothesis
are presented in Table 7.

Table 7. Mann-Whitney U Test Results Regarding the Posttest Scores of the Experimental Group Children
According to Gender

Groups N Mean  Sum of Ranks U P
Rank
MEASUREMENT Female 8 3,50 7,06 20,5 0,38
Male 7 3,67 9,07
Female 8 3,74 7,19 21,5 0,45
Induction Male 7 3,81 8,93
Length and Weight Female 8 4,40 8,13 27,0 0,91
Male 7 4,33 7,86
Area and Volume Female 8 3,65 8,19 26,5 0,86
Male 7 3,62 7,79
Sequencing Time Female 8 3,17 7,31 22,5 0,52
Male 7 3,47 8,79
Female 8 3,27 7,31 22,5 0,52
Deduction Male 7 3,52 8,79
Testing Female 8 3,63 6,75 18,0 0,24
Male 7 4,10 9,43
Comparing Word Female 8 2,92 8,06 27,5 0,95
Problems Male 7 2,95 7,93
DATA Female 8 3,29 6,69 17,5 0,22
ANALYSIS and PROBABILITY Male 7 3,49 9,50
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Female 8 3,75 7,63 25,0 0,72
Induction Male 7 3,81 8,43
Knowing the Properties of Female 8 4,58 8,75 22,0 0,46
Shapes Male 7 4,43 7,14
Making Graphs Female 8 2,92 7,69 25,5 0,77
Male 7 3,19 8,36
Female 8 2,84 6,81 18,5 0,27
Deduction Male 7 3,16 9,36
Examining the Picture and Female 8 3,03 7,06 20,5 0,37
Guessing the Situation in ~ Male 7 3,46 9,07
the Picture
Reading Graphs and Female 8 3,08 7,25 22,0 0,48
Telling the Results Male 7 3,33 8,86
Specifying Probability Female 8 2,40 6,50 16,0 0,16
Male 7 2,69 9,71
Mathematical Reasoning Female 8 3,40 6,75 18,0 0,25
Male 7 3,58 9,43

As seen in Table 7, the values (U=18,0, p<.05) of the Mann-Whitney U test comparing the mathematical
reasoning skill performances of preschool children who were taught with the Montessori Method integrated with
cooperative learning showed that there was no significant difference according to gender. No significant
difference was found in the posttest scores in the measurement (U=20,5, p<.05) and data analysis-probability
(U=17,5, p<.05) list and in the posttest scores of induction (U=21,5, p<.05) and deduction (U=22,5, p<.05)
dimensions in the measurement list according to gender. A significant difference was also not found in the
posttest scores of the deduction dimension’s length and weight (U=27,0, p<.05), area and volume (U=26,5,
p<.05), sequencing time (U=22,5, p<.05), and induction dimension’s testing (U=18,0, p<.05) and comparing
word problems (U=27,5, p<.05) skills according to gender.

Furthermore, there was no significant difference in the posttest scores of induction (U=25,0, p<.05) and
deduction (U=18,5, p<.05) dimensions in the data analysis-probability list, the posttest scores of induction
dimension’s knowing the properties of shapes (U=22,0, p<.05), and making graph (U=25,5, p<.05) skills, and
posttest scores of induction dimension’s examining pictures and guessing the situation in the picture (U=20,5,
p<.05), reading graphs and telling the results (U=22,0, p<.05) and specifying probability (U=16,0, p<.05) skills
according to gender.

The third hypothesis of the study was that "the mathematical reasoning skills performance of preschool children
who were taught with the MoNE Preschool Curriculum (2013) shows a significant difference according to
gender." The data from the Mann-Whitney U test performed for the related hypothesis are presented in Table 8.

Table 8. Mann-Whitney U Test Results Regarding the Posttest Scores of the Control Group Children According
to Gender

Groups N Mean Sum of Ranks U p

Rank
MEASUREMENT Female 7 2,32 7,557 25,0 0,73
Male 8 2,38 8,38
Female 7 2,49 8,36 25,5 0,77
Induction Male 8 245 7,69
Length and Weight Female 7 326 8,21 26,5 0,86
Male 8 3,13 781
Area and VVolume Female 7 221 9,00 21,0 0,41
Male 8 2,06 713
Sequencing Time Female 7 2,00 7,21 22,5 0,52
Male 8 2,17 8,69
Female 7 214 7,07 21,5 0,45
Deduction Male 8 231 881
Testing Female 7 2,38 7,00 21,0 0,41
Male 8 262 8,88
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Comparing Word Female 7 190 7,36 23,5 0,59
Problems Male 8 2,00 8,56
DATA Female 7 2,33 10,00 14,0 0,11
ANALYSIS and PROBABILITY Male 8 2,05 6,25
Female 7 3,07 10,07 13,5 0,08
Induction Male 8 2,73 6,19
Knowing the Properties Female 7 3,48 8,36 25,5 0,77
of Shapes Male 8 333 7,69
Making Graphs Female 7 2,67 9,86 15,0 0,13
Male 8 2,13 6,38
Female 7 159 9,00 21,0 0,42
Deduction Male 8 137 7,13
Examining the Picture Female 7 218 8,21 26,5 0,86
and Guessing the Male 8 206 781
Situation in the Picture
Reading Graphs and Female 7 1,95 9,07 20,5 0,38
Telling the Results Male 8 158 7,06
Specifying Probability Female 7 0,64 9,57 17,0 0,19
Male 8 0,46 6,63
Mathematical Reasoning Female 7 2,32 9,00 21,0 0,42
Male 8 222 713

As seen in Table 8, the values (U=18,0, p<.05) of the Mann-Whitney U test comparing the mathematical
reasoning skill performances of preschool children who were taught with the MoNE Preschool Curriculum
(2013) showed that there was no significant difference according to gender.

No significant difference was found in the posttest scores in the measurement (U=25,0, p<.05) and data
analysis-probability (U=14,0, p<.05) list and in the posttest scores of induction (U=25,5, p<.05) and deduction
(U=21,5, p<.05) dimensions in the measurement list according to gender. A significant difference was also not
found in the posttest scores of deduction dimension’s length and weight (U=2635, p<.05), area and volume
(U=21,0, p<.05), sequencing time (U=22,5, p<.05), and induction dimension’s testing (U=21,0, p<.05) and
comparing word problems (U=23,5, p<.05) skills according to gender.

In addition, there was no significant difference in the posttest scores of induction (U=13,5, p<.05) and deduction
(U=21,0, p<.05) dimensions in the data analysis-probability list, the posttest scores of induction dimension’s
knowing the properties of shapes (U=25,5, p<.05), and making graph (U=15,0, p<.05) skills, and posttest scores
of induction dimension’s examining pictures and guessing the situation in the picture (U=26,5, p<.05), reading
graphs and telling the results (U=20,5, p<.05) and specifying probability (U=17,0, p<.05) skills according to
gender.

Conclusion

The study findings supported the first hypothesis, “The performance of the mathematical reasoning skills of
preschool children who were taught with the Montessori Method integrated with cooperative learning is higher
than the children who were taught with the MoNE Preschool Curriculum (2013).”

The main reason behind the significant improvement in the length-weight and area-volume measurement skills
in the measurement list in the posttest data can be considered as the lesson plans developed with the Montessori
Method integrated with cooperative learning strengthened the interaction in children and encouraged them to
learn effectively. In a similar study, Nisa, Ariyanto, and Asyhar (2019) examined the effect of Montessori
education on the mathematical thinking skills of children in early childhood. The aforementioned study, which
included skills such as measuring the length and weight of an object and understanding mathematical concepts,
revealed the effect of Montessori education and supports the findings of the present study. By working in
cooperation, the lesson plans developed additionally, and cooperative learning supported children to reinforce
these concepts, which they concretized in their minds with the help of the Montessori materials. The fact that
Clements (2019) stated that cooperative learning is effective in the development of basic mathematical skills in
his study, in which he examined the acquisition of these skills in preschool children, supports the present study’s
findings.
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The reason for the significant difference in the time sequencing skill in the measurement list can be explained by
the integrated application addressing children’s individual differences. Charlesworth (2011) argued that the
concept of time as a measurement concept is difficult for children to acquire. Skills such as classification,
sequencing, and establishing a part-whole relationship are prerequisites for acquiring the concept of time in the
preschool period. In this respect, it can be stated that Montessori materials visually concretize difficult-to learn
abstract concepts such as time, and cooperative activities enable children to establish cause-and-effect
relationships between events more easily and facilitate the understanding of concepts such as ‘today’,
'tomorrow', and ‘yesterday’. According to Lyons (2022), in so many ways, cooperative games align with
Montessori's insightful views on education. Also, Clements (2022) concluded that preschool children exhibited
all peer cooperation behaviors, there was preliminary evidence of supportive behavior in pairs, and children's
counting scores increased. Brozova (2022) states that Montessori activities used in mathematics education are
suitable for personalization, responsibility, and flexibility. The results of many different studies (Siljehag &
Allodi, 2023; Hanish et al., 2023; Jin & Moran, 2023) show that collaborative studies used in preschool
education increase interaction between children, support positive peer relationships, and provide a frequency of
coordinated behaviors. The mentioned studies show that collaborative activities integrated with Montessori
education improve mathematical reasoning skills by contributing to both individual and social development,
similar to the result of this study.

The reason for the significant difference in testing and comparing word problem skills in the measurement list
can be interpreted as the children using Montessori materials testing their mistakes without the need for any
other external control and producing alternative solutions to problems by improving their self-expression skills
with the help of cooperative activities. In his study examining the mathematical skills of preschool children,
Faryadi (2017) revealed that the group who were taught the Montessori Method had more advanced problem-
solving skills than the group who were taught the traditional curriculum. Bahatheg (2010) examined the effect
of the Montessori Method on creative problem-solving skills in a study conducted in a preschool with 24
students and put forth that there were significant differences between groups in terms of problem-solving
capacities. Also, Gentaz and Richard (2022) concluded that the problem-solving skills of children who were
educated with the Montessori approach were higher than those who received traditional education. Lyman and
Foyle (1988) explained the importance of using the cooperative learning method in preschools and the first
years of elementary school. The study concluded that the use of this method over a long period of time is
meaningful in the development of communication, active role-playing, problem-solving, and probability
thinking skills in children. Jin and Moran (2021) examined teachers' views on preschool children’s problem-
solving skills based on cooperation in their study. The participating teachers stated that cooperative learning is
effective in developing problem-solving skills. This is in line with the results of the present study.

The reason behind the significant difference in the knowing the properties of shapes skill in the data analysis
and probability list can be interpreted as the children’s learning basic mathematical concepts with the support of
materials that develop their senses, and then working in cooperation with their friends and making the learning
permanent. In their study examining Montessori materials, Shatri, Bajraj, Berisha, and Kendusi (2021) stated
that children are more interested in concrete things than abstract things and that the use of these didactic
materials, which have many different forms such as shape, size, and weight, by educators would be beneficial in
facilitating the learning process. Lillard and Else-Quest (2006) also revealed that mathematical thinking skills
are more advanced in children who use Montessori materials. Zippert et al. (2019) determined that children who
are more interested in cooperative play in early childhood explore more advanced mathematical concepts and
engage in verbal mathematics works, as well as basic skills such as shape, spatial, and pattern. Also, Goss
(2022) stated that children have ample opportunities to engage with challenging math problems, and challenging
problems require spatial reasoning. Engaging activities enable children to reason mathematically in a broad
range of ways and develop a range of spatial skills. In this direction, the findings of the aforementioned studies
are in parallel with the results of the present study.

The reason for the significant difference in making graphs, reading graphs and telling the results, guessing the
situation in the picture, and specifying probability in the data analysis and probability list can be interpreted as
the children who learned basic mathematical concepts with the Montessori Method applications integrated with
cooperative learning improving their skills like estimation, reasoning, logical probability, and evaluation of
results. Aktas Arnas (2012) listed the mathematical skills acquired in preschool education as classification, one-
to-one matching, comparison, ranking, number concept, operation concept, geometry and spatial thinking,
measurement, and graphs. As can be seen in this direction, the skills of making graphs, reading graphs, and
telling the results in children are acquired after basic mathematical skills. Children learn all these skills as a
prerequisite when making graphs. In his study, Charlesworth (2005) expressed that children's data collection and
interpretation skills develop by collecting data throughout their lives and showing the results with a simple
graph. In addition, the 2000 publication by the National Council of Teachers of Mathematics (NCTM)
describing the mathematical skills and processes acquired in schools includes data analysis and probability as
the final stage in the content standards. Data analysis and probability skills, which are acquired after number and
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operation, algebra, geometry, and measurement skills, include statistical reasoning, analyzing data, and making
inferences and predictions based on it. In this direction, it can be stated that this skill is acquired at the end of a
very comprehensive process for children in the preschool period, and thus observing and integrating the
effective aspects of different methods and techniques and using them in the education process will meet
children’s different interests and demands and will support their individual learning speeds from different
aspects. Tan, Harji, and Lau (2011) supported this research’s results with their idea that an interactive,
collaborative, and supportive learning environment, such as structuring with peers and adults, helps to overcome
learning barriers as well as anxieties and elevates learners to a higher level of development as they gain
conceptual and procedural knowledge.

The scores of the posttest used in the present study did not support the second hypothesis, “Mathematical
reasoning skills performance of preschool children who were taught with the Montessori Method integrated with
cooperative learning shows a significant difference according to gender,” and the third hypothesis,
“Mathematical reasoning skills performance of preschool children who were taught with the MoNE Preschool
Curriculum (2013) shows a significant difference according to gender."

There are many studies in the literature examining mathematical skills according to gender (Beller & Gafni,
1996; Bierman, Torres, Domitrovich, Welsh, & Gest, 2009; Slot, Bleses, & Jensen, 2020). Mathematical anxiety
not being at a high level for both genders, and the teachers of both groups not having a prejudice against any of
the genders about their acquisition of mathematical skills, may be the reason why no significant difference was
observed in the acquisition of mathematical skills in the present study. In their study, Tovazzi and Caprara
(2019) examined the Montessori Method, mathematics education, and gender differences. They stated that
teachers’ prejudices are effective in influencing the interests and attitudes of male and female students towards
mathematics. In this respect, they argued that the potential results on mathematical concepts in schools where
the Montessori Method is used may be equal for both genders. They explained this by stating that the
Montessori teacher’s role is to be an observer in the education process and that his or her personal
characteristics do not affect children. The results of the aforementioned study support the findings of the present
study.

The present study’s finding that the mathematical reasoning skills of children did not differ according to gender
was also supported by the study conducted by Klein, Adi-Japha, and Hakak-Benizri (2010). In their study, they
examined the effect of gender differences on verbal, spatial, and mathematical interaction variables. According
to the results of this study, which was conducted with 80 children aged 5-6 years attending preschool education
institutions, no significant difference was found between girls and boys in terms of their mathematical, verbal,
and spatial skills. Harris (2005) made a similar study by integrating Montessori education with music and
examining the effect of this education on mathematics achievement in terms of gender. The fact that Montessori
education enriched with music did not show a significant difference according to the gender variable supports
the findings of the present study. However, in his study, in which he used tests based on mathematical reasoning
at national standards, Becker (1990) stated that there was a significant gender difference in contrast to the
studies conducted in preschools. When students’ gender differences in the subject area and item type are
examined, girls had more difficulty in the field of algebra and boys in the section with mixed questions. Thus,
this finding does not support the findings of the present study.

Limitations and Recommendations

During the implementation phase of the study, one child from the experimental and control groups was excluded
from the study at the request of their parents. In addition, more children can be studied to increase the
generalizability of the study.

The Montessori Method, which is applied in early childhood, can be integrated with different education and
training techniques. By using teaching techniques integrated with relevant materials, the effects of the child on
other developmental areas can be investigated.
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