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Abstract This empirical study determines the obvious
and hidden factors that affect the Ukrainian Mathematics
teachers to use Project-Based Learning and Teaching (PBL
and PBT) Mathematics. A survey of 126 practicing
Mathematics teachers was conducted using a Standard
closed ended questionnaire. The study confirms that
modern Mathematics teachers believe that it is impossible
to teach Mathematics for modern students without using
PBL and PBT. On the one hand, teachers demonstrate their
beliefs in these educational techniques. On the other hand,
the survey reveals hidden factors that are inhibitory in the
practice of PBL and PBT Mathematics. The study shows
the following statistically confirmed factors in teachers’
beliefs concerning the use of PBL and PBT Mathematics:
Content-Technological Factor; Result & Age Factor;
Factor of the Target Audience on the expediency of using
PBL and PBT Mathematics; Teacher’s Overload Factor;
Praxeological Factor; Locality Factor; Teacher’s
Awareness Spectrum Factor. The previous assumption that
the experience of a Mathematics teacher is an influential
factor in the use of PBL and PBT has not been statistically
confirmed. The results show that an influential factor is the

Locality Factor. So, it’s important if a teacher teaches
Mathematics in a city or a village. Its origins (genesis and
causes) and the consequences of this factor influence on
educational processes in Ukraine need more detailed study.

Keywords Math Education, Project-based Learning
and Teaching, Math Teachers’ Beliefs

1. Introduction

The modern world initiates profound transformations in
the content and organization of the learning and teaching
process. Researchers and teachers-practitioners investigate
what content for education is relevant for the students to
master the subject matter better and to apply the acquired
knowledge and skills successfully in their further life and
future career. How should learning be organized so that
the learners could successfully and effectively adapt to the
fleeting and changing conditions of life and work?

The innovative target priority of the educational process
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is the creation of favourable conditions for developing
such important personality traits as independence,
criticality, the ability to work in the team, to determine the
goals of the activity and the ways to achieve them since
these personal qualities are the key ones to a person’s
successful life in the 21st century (according to the
authors of the international study [1]). Changing emphases
on educational targets caused by the rapid development of
a society in general and the education sector in particular,
encourage educators to seek new educational practices or
to revive former ones adapted to today's conditions. Along
with the use of the latest learning and teaching techniques
(online, offline, blended learning), the application of
Project-Based Learning and Teaching (PBL and PBT) is
considered to be promising. PBL and PBT are not new
in the world practice in general and for Ukrainian
schoolchildren and teachers in particular. But these
educational techniques were not used in the Ukrainian
education for a long time. However, nowadays, educators
and teachers focus on this method due to its powerful
potential in the context of new challenges to be met by the
modern education system.

The appeal to PBL and PBT in the process of teaching
Mathematics in a modern Ukrainian school is motivated
by the fact that the design of the educational process based
on these educational technologies creates favourable
conditions for the formation of most in-demand qualities
of students in modern society. In addition, it should be
noted that the national experience of PBL and PBT
application  shows some reservations in their
implementation in order to avoid negative consequences
and poor educational outcomes. Our observations show
that one of the factors influencing PBL and PBT
Mathematics is the practicing Mathematics teachers’
beliefs regarding their use. The article focuses on the
study of this aspect of applying PBL and PBT
Mathematics.

1.1. Background of the Study

The prior concept included to the theoretical framework
of the study is the concept of “Project-Based Learning”.
The organization, content and methods of conducting PBL
and PBT are in the focus of numerous scientific studies in
the Ukrainian and foreign pedagogy [2; 3; 4; 5; 6]. Dewey
[7; 8], Kilpatrick [9], Makarenko [10] focused on the
genesis, historiography, the methodological and
philosophical foundations of the PBL and PBT.

The profound literature reviews of the PBL in K-12
settings were presented by Thomas [12] and by Condliffe,
Quint, Visher, Bangser, Drohojowska, Saco & Nelson
[13]. They stated that a wide range of scientific studies
use this concept in a slightly different semantic meaning.
Research analysis shows that a wide range of scientific
studies consider the practice of the PBL in school, and
outside, in the workplace and the community (Maida [11],

Thomas [12], Condliffe, Quint, Visher, Bangser,
Drohojowska, Saco, Nelson [13]). Based on the scientists’
research, we would like to highlight characteristic
properties of the PBL and PBT. Markham [5] at Buck
Institute for Education defines project-based learning as
“a systematic teaching method that engages students in
learning knowledge and skills through an extended
inquiry process structured upon complex, authentic
questions and carefully designed products and tasks”.
Unfortunately, this definition does not emphasize the
differences, characteristics, the essence of this method of
teaching. Its essence according to Balkevicius,
Mazeikiené and Svediené [13] is to help students to look
at learning as a self-regulating process, in which each
student must form in his/her skills of planning, organizing
and implementing activities.

In our opinion, PBL and PBT characteristics were
clearly defined by Mohedo and BUez. According to
Mohedo and B{ez [15], this is a method through which
students learn, apply and research (putting into practice
their abilities related to communication and the sharing
and management of information). Learning is based on the
formulation of a problem as the starting point for the
learning process. The decisive question is how this
problem dictates the direction in which the learning
process has to go; more importance is attached to asking
questions than finding answers. The students’ experience
is implicitly part of the learning process that takes place,
and the linking of problems to individual experience
increases levels of motivation. Task based learning is a
central part of the learning process since tasks need to be
solved through information searches and decision-making.
Students learn to relate specific or empirical experience to
theory, which is a decisive question in terms of the
application of knowledge and, above all, in the ability to
analyse information. Learning based on group work is the
last principle through which most learning processes take
place, and where there is also an implicit development of
personal competences related to the management of
cooperation processes. It should be noted that the purpose
of the activity in the PBL and PBT is decomposed in a
number of goals (tasks), one of which is the creation of a
real product, which is considered to be a subjectively new
result for students. This approach to definition and
qualitative analysis of PBL and PBT serve as a foundation
for this research.

The researchers Condliffe, Quint, Visher, Bangser,
Drohojowska, Saco and Nelson [13] describe how PBL
has been enacted in K-12 setting, assessed the PBL
implementation and effectiveness, and recommended
priorities for its advancing. Researchers state that it is a
student-centered process that meets students’ needs and
encourages them to become more involved in their own
learning process. Douladeli [16] points out that PBL and
PBT are successful when such essential elements are
fulfilled: 1) teachers engage students’ interest and “need
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to know” and at the same time stimulate them by making
a capturing driving question (Larmer and Mergendoller
[20]); 2) students are in charge of deciding whether they
will use resources, how they will cooperate and
communicate in order to achieve the goal of their
challenging project (Frey [21]); 3) critical thinking is
enhanced and students can easily conduct their inquiry as
well as innovate by exploiting sometimes the advantages
of technology (Larmer and Mergendoller [20]); 3)
technological improvement gives students the opportunity
to interact and simultaneously submit questions and
answers (Douladeli [16]); 4) feedback and revision are
also important before student’s presentation in front of a
real audience (Frey [21]).

Special attention is paid for PBL and PBT Mathematics
(Lee [26], Krajcik and Blumenfeld [27], Ramadhani &
Fitri [32]). Lee [26] generalizes the practices of this
method application in teaching Mathematics and identifies
the following elements that are essential for its effective
design: 1) an entry event; 2) a driving question; 3)
Need-to-Knows (NTKS); 4) the project planning form; 5)
the project calendar; 6) a scaffolding instruction; 7) a
project rubric.

Thomas [12] states a positive relationship between the
PBL and the quality of student learning, and identifies
some common challenges that teachers face when
implementing PBL and PBT. Scientific studies (Efstratia
[16], Fernandes, Mesquita, Flores and Lima [18]) also
point out difficulties and disadvantages of PBL (PBT).
Among others, authors emphasize: unrealised and
unperceived roles of students in a project team, lack of
students’ social competency, lack of students’ leadership
competency, unrealised role of students completing task
assigned by a lecturer, unrealised responsibility of a
teacher for initiating dialogue with students. Grant and
Hill [28] note that some teachers find implementation of
project-based learning to be risky, because, in addition to
modifying the teacher’s role, it requires teachers to
tolerate changes to the traditional learning environment
(e.g., noise level, student collaboration, and student
movement) and feel comfortable with flexibility in
classroom management. The researchers state that
teachers face accountability pressures; and coping with
the changes and levels of ambiguity can be difficult.
Therefore, insufficient or negative experience of teachers
in the use of PBL and PBT is a brake on improving the
educational process through the introduction of PBL and
PBT.

Some studies (Albion and Ertmer [22; 23]; Block and
Hazelip [24], Calderhead [25]) underline that practicing
teachers’ beliefs influence strongly implementation and
effectiveness of any innovative instruction technique. In
our research (Tarasenkova and Akulenko [19]) we analyse
future Mathematics teachers’ beliefs (about the nature of
Mathematics; about learning Mathematics; about students’
mathematics abilities; about students’ preparedness for
teaching Mathematics using contemporary instructional
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approaches). We state that students’ beliefs strongly
influence their self-confidence and self-estimation, the
level of the preparedness for teaching Mathematics using
innovations.

In her study, Ertmer [14] clarifies the significance of
teachers’ beliefs about PBL and PBT and why they are
critical to consider the way of the implementation of PBL
and PBT. The review [14] suggests that teachers’
pedagogical beliefs are strongly influenced by personal
experiences, vicarious experiences (observing models of
other teachers implementing the innovation), and
sociocultural influences. At the same time, the study states
that many teachers’ personal experiences do not support a
belief in PBL and PBT. However, the problem of the
impact of practicing Mathematics teachers’ beliefs about
PBL and PBT requires more careful consideration and
analysis to improve its effectiveness in the practice of
teaching Mathematics to students. It is also important to
understand what aspects of practicing Mathematics
teachers’ beliefs have a statistically significant effect on
teachers’ motivation and the practice of using this method
in teaching Mathematics.

The article focuses on solving this problem.

1.2. The Objective of This Study is

1) to investigate Ukrainian practicing Mathematics
teachers’ Dbeliefs about the PBL and PBL
Mathematics;

2) to identify the obvious and hidden factors that affect
the Ukrainian Mathematics teachers to use PBL and
PBT Mathematics;

3) to elaborate and present some prospective directions
for improving the preparation of the pre-service
teachers of Mathematics for providing the PBL and
PBT Mathematics.

2. Materials and Methods

2.1. Study Design

To study Mathematics teachers’ beliefs about the
project-based learning and teaching, a survey of practicing
Ukrainian Mathematics teachers was conducted. It was
carried out by the group of researchers from the
Educational-Scientific Institute of Information and
Educational Technologies at the Bohdan Khmelnytsky
National University of Cherkasy.

Sampling. The questionnaire involved 125 respondents;
the sample was random.

2.2. Data Collection

Data collection tools: Standard closed ended
questionnaire was developed by the researchers based on
available literature to evaluate the teacher’s beliefs
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concerning the PBL and PBT Mathematics.

Data collection technique: The data was collected
within  one month. Every participant filled the
questionnaire by him/herself. Each questionnaire took
from 10 to 15 minutes to be filled out, there were no
missing questionnaires.

Ethical considerations: The purpose of the study was
explained to every participant and the participants were
reminded that the information should be confidential and
used only for the purpose of the study.

2.3. Data Analysis Technique

Factor analysis was used to process the survey results.
It helped: 1) to examine the relationships of the input
variables (each grouping of variables is determined by the
factor that gives them the maximum); 2) to identify
factors that cause the relationship of input variables; 3) to
calculate the numerical values of factors as new, integral
variables. The data was analysed and presented in the
forms of tables, graphs and figures.

3. Results

The survey was administered to efficient, experienced
teachers who have an established personal teaching
philosophy about PBL and PBT. The participants’ work
experience as a Mathematics teacher varied: for 1-5 years
(21%), 6-10 years (21%), 11-15 years (14%), 16-20 years
(4%), 21-25 years (11%), 26 years and longer (29%). 52%
of respondents work in city schools, 48% — in rural ones.

In general, 88% of respondents agreed that teaching
Mathematics in modern school is impossible without PBL
and PBT. The questionnaire showed that 80% of
Mathematics teachers use PBL and PBT in their work
often or sometimes; this fact bears witness to teachers’
beliefs about the great value and importance of
schoolchildren’s project activity in learning and teaching
Mathematics. It should be noted that the percentage of
those who use the PBL and PBT Mathematics is unevenly
distributed among teachers according to their work
experience. The teachers having 16-20-year and
21-25-year work experience often or sometimes use this

method in their work (100%); the teachers having
1-5-year work experience do not use it at all (13%). This
fact shows that the newly qualified teachers do not have
sufficient preparation for the organization of the
schoolchildren’s PBL and PBT Mathematics and are not
able to use it. In support of this conclusion, 12% of them
point out that they do not have sufficient knowledge about
the essence of project methodology to use it in practice.
The largest number of those who often use PBL and PBT
Mathematics in their work (35%) is presented among the
teachers having 11-15-year work experience. The teachers
with work experience of more than 25 years always (19%)
or sometimes (70%) use this method in Mathematics
educational process.

Most respondents (82%) agree PBL and PBT helps
schoolchildren to master the new ways of mathematical
activity and to learn new mathematical facts. However, it
is less effective for learning new mathematical concepts.
Concerning the expediency of using the PBL and PBT
Mathematics the students of different age groups, most
respondents (66%) consider it expedient to use this
method in K10-11. At the same time, 52% of respondents
consider it to be an efficient method of teaching
Mathematics in K7-9, 23% of respondents — the students
in K-5 and K-6 settings. Thus, there is a steady tendency
in the teachers’ beliefs concerning the expediency of using
PBT of Mathematics in K 5-11. According to the
respondents, the use of projects in the educational
activities in K 5-6 is less effective.

In order to find out the reasons (factors) of the common
variability of variables (according to the results of the
questionnaire), Factor Analysis was used. Factor analysis
follows the sequence: 1) the correlation matrix for all
variables was calculated (in our case, data received from
the teachers who participated in the analysis); 2) factors
were separated by using the main components analysis
method; 3) factors were rotated to simplify the structure
(\Varimax rotation with Kaiser normalization was used); 4)
factors were interpreted; the SPSS 19.0 software package
was used.

To simplify the presentation of data in correlation tables,
we introduced the notation of variables V; — V,, (Table
1).
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Table 1. Notation of Variables

e
Vi City/village
V, Experience as a Mathematics teacher
Vs Grade levels where the teacher works simultaneously
V, Experience in application of PBT Mathematics
Vs The influence of PBL and PBT on the effectiveness of students’ learning of new mathematical concepts
Ve The influence of PBL and PBT on the effectiveness of learning new mathematical facts
V- The influence of PBL and PBT on the effectiveness of learning new ways of mathematical activity
Vs Significance of students' project activities for studying Mathematics in modern conditions
Vy The expediency of using PBL and PBT in teaching Mathematics in grades 5-6
V1o The expediency of using PBL and PBT in teaching Mathematics in grades 7-9
Vi The expediency of using PBL and PBT in teaching Mathematics in grades 10-11
V12 The respondent has sufficient, in his opinion, knowledge about the essence of PBL and PBT
Vi3 Knowledge of the PBL and PBT essence is not important for a teacher
Vi The importance of the teachers knowledge about the essence of students’ project activities
Vis The importance of the teachers knowledge about the stages of the educational project
Vs The importance of the teachers knowledge of the interdisciplinary connections of mathematics topics
V7 The importance of the teachers knowledge of modern Internet resources
Vi The importance of the teachers knowledge of the methods of reporting on completed projects
Vio The importance of the teachers knowledge about th.e jfe_atures of evaluating the results of students’ project
activities
V2o The importance of the teachers knowledge of ways to motivate students to implement projects
Va1 The importance of teachers knowledge about ICT in education
V2, The importance of other teachers knowledge for PBT Mathematics

Based on the correlation tables, we constructed
correlation pleiades taking into account the identified
relationships between variables with a correlation
coefficient greater than 0.4 (Figures 1 and 2). Since no
correlations with a correlation coefficient value greater
than 0.4 were found between the group of variables Vs, Vg,
V7, Vg, V1o, V13 and the group of variables Vi, Vis, Vg,
V17, Vig, V20, Vo1, two correlation galaxies were formed
(Figure 1-2).

Figure 1. Correlation galaxy 1

Figure 2. Correlation galaxy 2

The numerical value obtained (0.796) of the
Kaiser-Meyer-Olkin sampling adequacy demonstrates a
high sample correlation for the factor analysis. The
Bartlett spherical criterion indicated a statistically
significant result, since correlations between variables
differed significantly from zero (Table 2). Table 3 lists the
names of variables and grouping results (community).
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Table 2. Measure of sampling adequacy and Bartlett’s criterion
Kaiser-Meyer-Olkin measure of sampling adequacy 0.796
Approx. Chi-Square 1134.663
Bartlett’s test of sphericity df 231
Sig 0.000
Table 3. Variables and grouping results (community)
Ne Names of variables Input Output
Vi City/village 1.000 0.856
V, Experience as a Mathematics teacher 1.000 0.599
Vs Grade levels where the teacher works simultaneously 1.000 0.640
\! Experience in application of PBT Mathematics 1.000 0.726
Vs The influence of PBL and PBT on the effectiveness of students’ learning of new mathematical concepts 1.000 0.667
Vs The influence of PBL and PBT on the effectiveness of learning new mathematical facts 1.000 0.713
\ The influence of PBL and PBT on the effectiveness of learning new ways of mathematical activity 1.000 0.600
Vs Significance of students’ project activities for studying Mathematics in modern conditions 1.000 0.562
Ve The expediency of using PBL and PBT in teaching Mathematics in grades 5-6 1.000 0.758
V1o The expediency of using PBL and PBT in teaching Mathematics in grades 7-9 1.000 0.653
Vi The expediency of using PBL and PBT in teaching Mathematics in grades 10-11 1.000 0.730
Vi, The respondent has sufficient, in his opinion, knowledge about the essence of PBL and PBT 1.000 0.724
Vi3 Knowledge of the PBL and PBT essence is not important for a teacher 1.000 0.698
Vi The importance of the teachers knowledge about the essence of students’ project activities 1.000 0.680
Vis The importance of the teachers knowledge about the stages of the educational project 1.000 0.791
Vs The importance of the teachers knowledge of the interdisciplinary connections of mathematics topics 1.000 0.715
Vi7 The importance of the teachers knowledge of modern Internet resources 1.000 0.608
Vig The importance of the teachers knowledge of the methods of reporting on completed projects 1.000 0.794
Vie The importance of the teachers knowledge abouta g;:i, ifteiitsures of evaluating the results of students’ project 1.000 0.788
V2o The importance of the teachers knowledge of ways to motivate students to implement projects 1.000 0.837
Vo The importance of teachers knowledge about ICT in education 1.000 0.740
V2 The importance of other teachers knowledge for PBT Mathematics 1.000 0.835
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Table 4 shows the characteristics of the separate factors: the number, the sum of the squared loadings, the percentage
of the joint dispersion, which is caused by the factor, the corresponding cumulative percentage before and after loading.

Table 4. Total Variance Explained

Initial Eigenvalues Sums of Squared Loadings Rotation Sums of Squared Loadings
Component Total % of Cumulative Total % of Cumulative Total % of Cumulative
Variance % Variance % Variance %
1 6.086 27.662 27.662 6.086 27.662 27.662 5.563 25.286 25.286
2 3.335 15.160 42.822 3.335 15.160 42.822 3.713 16.879 42.165
3 1.573 7.149 49.971 1.573 7.149 49.971 1.478 6.718 48.883
4 1.457 6.623 56.594 1.457 6.623 56.594 1.385 6.294 55.177
5 1.194 5.426 62.020 1.194 5.426 62.020 1.269 5.769 60.947
6 1.055 4.794 66.814 1.055 4.794 66.814 1171 5.323 66.269
7 1.014 4.608 71.423 1.014 4.608 71.423 1.134 5.153 71.423
8 799 3.631 75.054
9 .760 3.454 78.508
10 .641 2.914 81.422
11 .607 2.760 84.183
12 .562 2.555 86.737
13 488 2.220 88.957
14 424 1.929 90.886
15 406 1.844 92.730
16 .367 1.667 94.397
17 317 1441 95.837
18 .269 1.223 97.061
19 219 .996 98.056
20 .189 .861 98.917
21 .146 .664 99.581
22 .092 419 100.000

Figure 3 shows an Eigenvalue graph that illustrates selected factors before loading.

YA

Eigenvalue
N

N
I
T

—t—— >
12 3 4 5 6 7 8 9 1011 12 13 14 1516 17 18 19 20 21 22 X

Component Number

Figure 3. Eigenvalue graph
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Subsequently, the factors were rotated (Table 5) to create a simplified structure (using Rotation Method: Varimax
with Kaiser Normalization was used).

Table 5. Rotated Component Matrix

Component
Ne Variables
1 2 3 4 5 6 7
Vi City/village 0.912
V, Experience as a Mathematics teacher -0.547

Vs Grade Ievels' where the teacher works 0.696
simultaneously

Experience in application of PBT

Va Mathematics 0.683
The influence of PBL and PBT on the
Vs effectiveness of students' learning of new 0.763
mathematical concepts
The influence of PBL and PBT on the
Ve effectiveness of learning new 0.813
mathematical facts
The influence of PBL and PBT on the
\Z effectiveness of learning new ways of 0.704
mathematical activity
Significance of students’ project activities
Vs for studying Mathematics in modern 0.682
conditions
The expediency of using PBL and PBT in
Ve teaching Mathematics in grades 5-6 0.572 ~0.614
v The expediency of using PBL and PBT in 0.753
10 teaching Mathematics in grades 7-9 )
The expediency of using PBL and PBT in
Vi teaching Mathematics in grades 10-11 0.458 0.701
The respondent has sufficient, in his
Viz opinion, knowledge about the essence of 0.789
PBL and PBT
Vis Knowledge of the PBL and PBT essence 0775

is not important for a teacher
The importance of the teachers
Vi knowledge about the essence of students’ 0.753
project activities
The importance of the teachers
Vis knowledge about the stages of the 0.855
educational project
The importance of the teachers
Vi knowledge of the interdisciplinary 0.827
connections of mathematics topics
The importance of the teachers
knowledge of modern Internet resources
The importance of the teachers
Vs | knowledge of the methods of reporting on 0.834
completed projects
The importance of the teachers
knowledge about the features of

0.675

Vis evaluating the results of students’ project 0879
activities
The importance of the teachers

V2o knowledge of ways to motivate students 0.884

to implement projects
Var The importance of teachers knowledge 0.817

about ICT in education )
Vi The importance of other teachers 0.902

knowledge for PBT Mathematics
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4. Discussion

Interpretation of factors. As a result of rotation, the
following factors have been identified (Table 6 — 12) that
influence the use of PBL and PBT Mathematics by a
teacher.

Table 6. Factor 1 (Content-Technological Factor)
Ne Variables
The importance of the teachers knowledge of
V2 . . . 0.884
ways to motivate students to implement projects
The importance of the teachers knowledge about
Vig the features of evaluating the results of students’ 0.879
project activities
v The importance of the teachers knowledge about 0.855
15 the stages of the educational project )
v The importance of the teachers knowledge of the 0.834
18 methods of reporting on completed projects '
The importance of the teachers knowledge of the
Vs interdisciplinary connections of mathematics 0.827
topics
Vi The importance of_teachers !(nowledge about ICT 0.817
in education
v The importance of the teachers knowledge about 0.753
" the essence of students’ project activities '
The importance of the teachers knowledge of
Vi7 0.675
modern Internet resources

Factor 1 indicates Mathematics teachers’ beliefs about
the importance of teachers knowledge regarding the
nature and procedure of PBL and PBT Mathematics.
Therefore, it is called the Content-Technological Factor.
According to the interviewed teachers, the most
significant aspects are the teachers knowledge of ways
to motivate and the features of evaluating the results of
students’ project activities. In general, according to the
respondents, a teacher needs thorough knowledge of the
project implementation stages and the technological
capabilities of ICT and the Internet in providing and
supporting PBL and PBT Mathematics. We should note
also the high level of the variable V4 significance (the
importance of the teachers knowledge of the
interdisciplinary links of topics in Mathematics). At the
same time, the survey has found that teachers are more
interested in the practical aspects of applying these
educational techniques than in the theoretical explorations
that interpret their essence.

Factor 2 (Result & Age Factor) combined Mathematics
teachers’ beliefs about the importance of using PBL and
PBT Mathematics for the effectiveness of mastering
certain units of mathematical content and the feasibility of
its application in K5-11. This factor is called Result &
Age Factor. In general, teachers are convinced that the
study of Mathematics in modern conditions is impossible
without the use of the project method. It can be applied in
K5-11. According to the respondents, this method is the
most effective for students to learn new mathematical
facts and new mathematical concepts. It is not so effective
for the formation of new mathematical methods of activity
in students. These aspects are of a paramount importance
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to teachers who believe that PBL and PBT Mathematics
should be implemented in grades 7-9.

Table 7. Factor 2 (Result & Age Factor)
Ne Variables
Vs The influence of PBL and PBT on the 0.813
effectiveness of learning new mathematical facts )
The influence of PBL and PBT on the
Vs effectiveness of students' learning of new 0.763
mathematical concepts
v The expediency of using PBL and PBT in 0.753
10 teaching Mathematics in grades 7-9 )
The influence of PBL and PBT on the
\ effectiveness of learning new ways of 0.704
mathematical activity
Ve Significance of students’ project activities for 0.682
studying Mathematics in modern conditions )
v, The expediency of using PBL and PBT in 0.572
o teaching Mathematics in grades 5-6 )
The expediency of using PBL and PBT in
Vi . L 0.458
teaching Mathematics in grades 10-11
Table 8. Factor 3 (Factor of the Target Audience)
Ne Variables
The expediency of using PBL and PBT in
Vi1 - Lo 0.701
teaching Mathematics in grades 10-11
V. The expediency of using PBL and PBT in 0614
o teaching Mathematics in grades 5-6 )

Factor 3 (Factor of the Target Audience on the
expediency of using PBL and PBT Mathematics) shows a
tendency that if a teacher uses PBL and PBT Mathematics
in grades 10-11, he/she is convinced that such educational
practice should not be used in teaching mathematics to
students in grades 5-6. Teachers who teach Mathematics
in grades 7-9 do not demonstrate such beliefs.

Table 9. Factor 4 (Teacher’s Overload Factor)

Ne Variables

Vs Grade Ievels_ where the teacher works 0.696
simultaneously

Knowledge of the PBL and PBT essence is not

important for a teacher

0.775

Factor 4 (Teacher’s Overload Factor) finds “hidden”
inhibitory factors in the use of PBL and PBT Mathematics.
It points out that if a teacher is "overloaded" by teaching
in different grades from 5 to 11 at the same time, he/she
believes that knowledge of the essence of PBL and PBT
Mathematics is not important to him. This, in its turn,
inhibits the effectiveness of the application of these
educational practices, since the deep differences between
PBL and PBT Mathematics and just "doing projects",
which are described in detail in [26], are leveled.

Table 10. Factor 5 (Praxeological Factor)

Ne Variables

Vi The respondent has sufficient, in his/her opinion, 0.789
knowledge about the essence of PBL and PBT

V4 Experience in application of PBT Mathematics 0.683

V, Experience as a Mathematics teacher -0.547
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Factor 5 (Praxeological Factor) indicates that teachers
who have experience in the use of PBL and PBT
Mathematics generally believe that they are sufficiently
familiar with the essence of this method of teaching. An
important statistically verified result of our study is that
teacher’s experience is not an influential factor for the use
of PBL and PBT Mathematics.

Table 11. Factor 6 (Locality Factor)

Ne Variables

Vi City/village 0.912

Factor 6 (Locality Factor) finds the importance of the
influence of where the teacher works (in the city or in the
village) on the process of using PBL and PBT
Mathematics. The presence of this factor turned out to be
quite unexpected for us. Its profound effects require more
detailed study.

Table 12. Factor 7 (Teacher’s Awareness Spectrum Factor)

Ne Variables
v The importance of other teachers knowledge for 0.902
i PBT Mathematics '

Factor 7 (Teacher’s Awareness Spectrum Factor)
indicates respondents' belief that a teacher who is not only
“doing projects” but implements PBL and PBT
Mathematics should have quite a wide range of additional
knowledge. To the question: "What other types of
knowledge does a teacher need in order to organize
students' project activities?" free answers of the
respondents are grouped as follows: 1) thorough
knowledge of mathematics; 2) knowledge of the latest and
traditional practical applications and applied aspects of
mathematics; 3) knowledge of psychological, pedagogical
and age features of a child's development; 4) knowledge
about the interests and features of interpersonal
communication of modern students; 5) negative answers,
such as: "Project activities are worse than any other, to
study Mathematics", "This method takes a lot of time, but
there is a catastrophic lack of time".

Table 13. The results of teachers’ ranking certain types of knowledge
necessary for the successful application of PBL and PBT Mathematics

Type of knowledge Points
Knowledge about interdisciplinary links of educational
- - 453
themes in Mathematics
Knowledge about the ways of motivating students for 451
project activity )
Awareness of current educational Internet resources 4.49
Knowledge about steps of learning project performance
4.45
by students
Knowledge about pedagogical software that facilitates 4.42
project implementation )
Knowledge about the essence of students’ project activity | 4.38
Knowledge about ways of reporting on completed 434
projects )
Knowledge about features of outcome evaluation of 431
students’ project activity )

One of the focuses of the study was to elaborate and
present some prospective directions for improving the
preparation of the pre-service Mathematics teachers for
providing the PBL and PBT Mathematics. We were
especially interested in what knowledge, in the opinion of
teachers-practitioners, a future Mathematics teacher
should acquire in the process of his/her professional
training. The respondents were asked to rank (in points
from 0 to 5) the importance of some kind of knowledge
for prospective teachers to apply PBL and PBT
Mathematics efficiently. The results are shown in Table
13. A more detailed analysis can be found in [31].

5. Conclusions

It is argued in our study that modern Mathematics
teachers believe that it is impossible to teach Mathematics
for modern students without using PBL and PBT. On the
one hand, teachers demonstrate their belief in these
educational techniques. On the other hand, the survey
reveals hidden factors that are inhibitory factors in the
practice of PBL and PBT Mathematics.

Preliminary consideration of the study results has led to
the assumption that the experience of the teacher is an
influential factor in the practice of teaching Mathematics
using PBL and PBT. According to the respondents’
answers, the teachers having 16-25 years of work
experience (100%) use PBL and PBT often or sometimes;
at the same time, the teachers having 1-5 years of work
experience do not use it at all (13%). This fact has led to
the assumption that the newly qualified teachers do not
feel sufficiently prepared for the organization the
schoolchildren’s PBL and PBT Mathematics. In support
of this assumption, the study has found that the largest
number of those who often use project-based teaching in
their work (35%) is presented among the teachers having
11-15 years of work experience. The teachers with work
experience of more than 25 years always (19%) or
sometimes (70%) use this method in Mathematics
educational process. However, the assumption that the
experience of a Mathematics teacher is an influential
factor in the use of PBL and PBT has not been statistically
confirmed. Experience as a Mathematics teacher appeared
to be not a statistically significant factor.

The study reveals such statistically confirmed factors in
teachers’ beliefs concerning the use of PBL and PBT
Mathematics: 1) Content-Technological Factor; 2) Result
& Age Factor; 3) Factor of the Target Audience on the
expediency of using PBL and PBT Mathematics; 4)
Teacher’s Overload Factor; 5) Praxeological Factor; 6)
Locality Factor; 7) Teacher’s Awareness Spectrum Factor.

The most influential factor (Content-Technological
Factor) aggregates Mathematics teachers’ beliefs about
the significance of the teacher's knowledge concerning the
nature and procedure of PBL and PBT Mathematics.
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Teachers express their beliefs about the importance of
teachers' knowledge of ways to motivate students to
implement projects, the interdisciplinary links of topics in
mathematics and their applied and practical aspects,
didactic and technological support of the stages of projects,
the specifics of evaluating project activities, ICT and
Internet capabilities in providing and supporting PBL and
PBT Mathematics. Teachers give priority to practical
awareness and experience in the application of these
educational technologies.

The study has found that the range of additional
knowledge of teachers (Teacher’s Awareness Spectrum
Factor), according to respondents, should be sufficiently
wide. The teacher has to have a thorough knowledge of
mathematics, be familiar with the latest and traditional
practical applications of mathematics; be aware of the
psychological, pedagogical and age characteristics of the
development of modern children who are growing and
developing in the era of digital technologies; understand
the interests and features of interpersonal communication
of modern students. An influential factor (Teacher’s
Overload Factor) was the teacher overload factor in
teaching Mathematics simultaneously in different (by age)
classes during one school year.

A rather unexpected influential factor was the Locality
Factor, that is, whether the teacher of Mathematics works
in a city or a village. Its origins (genesis and causes) and
the consequences of the influence of this factor on
educational processes in Ukraine need more detailed
study.
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