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The use of heuristic methods in teaching is not possible without the cooperation of all or part
of the students' academic group. That is, the teacher who made the decision to apply the
heuristic method de facto solves the issues of organizing project method in teaching. There
are a large number of indications on the relationship between the effectiveness of the use of
heuristic methods, taking into account the personality differences of students. As well as the
importance of taking into account the personality differences in the project method.
However, there is a lack of information about experimental studies in which three
components: the project method, the heuristic method and the Myers Briggs personality
types methodology, would be considered simultaneously. This prompted us to conduct this
study. As part of the project method, a tournament among students of prospective
mathematics teachers was held during 2014-2020. Teams of three types to participate in the
competition were formed. There was a team whose members were not previously trained.
The team whose members studied the heuristic method - “Creativity enhancement method”.
And also a team whose members, along with the study of the heuristic method, were selected
in a special way. Students included in this group had personality types most suitable for
performing heuristic techniques, which are components of the heuristic method. The task of
the tournament was to compile a set of educational problems in geometry that can be used
in the school curriculum. The problems developed by the team were evaluated by the panel.
Members of other teams acted as opponents and reviewers. Using the heuristic method
allowed teams to prepare more problems and systematize them. The best results in the use
of the heuristic method showed the team, the composition of which was selected in a special
way. The survey conducted according to the results of the tournament showed an increase
in students' interest both in the studied discipline and in the project method, as well as a
willingness to use the project method in their future work.

1. Literature review

1.1. Problem-based learning

International Conference on High Technologies for Sustainable
Development, which describes the 2014-2018 experiment [1].

Problem-based learning (PBL) is a widely spread teaching

The experiment on the application of the project method inthe  method. This method has the following features: using

study of the discipline "Mathematics training methodology" was
carried out from 2014 to 2020 year. This article is a generalization
and continuation of the work originally presented at the
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collaboratively work in groups or teams, using principle “learning
by doing”, increased motivation and interest in learning outcomes

2.
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Creative techniques are also used [2]. In its turn, principle
“learning by doing” include such techniques: learning by trial and
error, evidence in practice, experience versus book learning,
discovery versus instruction [3]. Another point of view on the main
features of PBL in [4] is as follows: the method involves solving a
problem posed by the student, initiative of a group of students by
the form of study, results of research and activities in the form of
the final product, long-term project, and teachers are used only as
consultants. The PBL is considered as three principal approaches:
learning, contents and social [5]. The term learning means
cognitive learning, which have follows peculiarities: the problem
is focused on learning, learning versus experiment, enhancement
motivation and study within the framework of the project. These
peculiarities are the same that point out above. The content
approach first of all implies interdisciplinary learning. The social
approach is mean that student organize in project team and get
project management skills.

At all source mentioned above indicate such features of PBL;
cognitive character of learning (including heuristic methods [5]);
student should be organized in group; the goal is to solve the
problem (this solution to the problem is carried out within the
framework of the project [4, 5]). One author is using term a group
[4], another is using both term group and team [2]. It is more
clearly stated in [5] - the project team is working on the project.
Direct link to project management is here.

1.2. Elements of role-playing projects in PBL

In this and other publications, the project method is equated to
PBL. But, according to [6], there are four types of projects:
construction, enjoyment, problem and specific learning. Thus PBL
is only a third type of project. The "construction™ project constructs
the interaction of the project team members according to certain
circumstances. This means that role projects, as well as their well-
known variety - a business game - are construction projects. We
believe that all types of projects include elements of construction
project and PBL. When considering PBL projects, at least the role
of the teacher and the role of the team leader are highlighted. Also,
the size of the team is usually taken into account.

In [2] the team contract is considered to be an interesting PBL
tool. This contract contains the project rules namely: objective of
the project, communication between team members, rules and
procedures for meetings, etc. At this contract experience of project
method is used. As example, a resource and time management
elements are include. The team role distribution is considered at
item - define the responsibilities of each team member. The role of
the teacher is described as a facilitator of the learning process in
[2]. Group size guidelines are given. Students which study
engineering in framework of PBL perform project tasks in
industry. The teacher acted as a mediator among the student group
and employees of the firm. The number of assistant lecturers
should be limited [7].

In the case of real project, special employee of the company —
an instructor can be assigned. He selects a project topic, prepares
the presentation of the project for a group of students with a
statement of the problem and meets regularly with the members of
the group [7]. But inspector should not execute the project instead
of students or impose their opinion on them. It is also considered
necessary to have an instructor who must prepare important data
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and organize information for students [2]. The instructor ensures a
link between educational tasks with real problems. Another
problem is that the use of the project method to solve real problems
presupposes the existence of a core of good academic standing and
conscientious students. Lack such of core creates an incredible
administrative struggle to compensate for lack of student’s
motivation and to maintain the quality of the final product for the
client [7]. Also, the potential problem for the implementation of
real projects should be limited in scope so that the task does not
exceed academic terms - a quarter or a semester.

In [8] example of student's group from 5 to 45 is provided. But
note that more often groups of 5-7 are applied. It is point out that
two faculty advisers should provide the work of student’s group
[8]. In [9] teaching roles in problem-based learning is described as
a process-oriented supervisor.

PBL uses the results of research in the field of cognitive
psychology to enhance creativity and increase interest [10]. The
size of group is considered; note that for most purposes 3-5
members feasible is recommended. But this recommendation is
not based on scientific analysis, but only on experience. Regarding
the long-term project, it is indicated that most of the project terms
are four years, when the whole process of studying at the university
is performed on one project [10]. It should be noted that the work
of the project team is provided by one or two teachers [10].

1.3. The role of teacher

The role of teachers is advisory, rather than authoritarian.
Teachers used teaching assistant as mentors. On a final stage the
report to the client is prepared with help a research assistant [10].
In [11] it was concluded that the group size and team tenure don't
influence at the team performance. Note that both the term group
and command are used in [10] and [11].

At the each publication mention above the role of a teacher is
discussed. In detail the teacher's role is investigated in [12]. This
role changes according to stage of a project. At the preparatory
stage, the teacher motivates the students, helps in setting the goals
of the project. When performing the main stage teacher directs the
process. At the final stage the teacher is involved in summarizing
works as an independent expert [12]. There are notes that it is very
difficult for a teacher to plan or execute projects with students and
control them at the same time. In [10] for decided this problem the
senior seminar students as mentors are used. In order to avoid the
monitoring problems, the teacher may assign a leader for each
group of students. Collective execution of the project may lead to
the fact that the poor academic standing students avoid academic
work. Therefore, the teacher can use individual evaluations, along
with a general evaluation of the performance of the group [7]. Such
an evaluation can also be given by the instructor (research
assistant) and each member of the group can evaluate the
contribution of his colleagues during the various stages of the
project [7]. In [13] identifies various ways of organizing the work
of the teacher: with open (explicit) coordination or with hidden
coordination (including the coordinator in the work on the project).
In [14] refer different options for the distribution of roles between
the teacher and students. In the case that the total amount of work
can be divided into independent parts for each student, the role of
the co-ordinator falls upon the teacher. In the case when it is
possible to identify the main and auxiliary tasks, and also when the

1129


http://www.astesj.com/

S. lvanova et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 6, No. 1, 1128-1136 (2021)

final distribution of tasks between students occurs in the process
of performing assignments, the role of the co-ordinator falls upon
the teacher and one of the students. Such a distribution of roles
exists when performing of integrated master's theses when several
students develop one topic [14].

The main sources mentioned above are connected project
approach with creating a group. In [15] note that obviously, the
group is fundamentally and, when possible, students should be
grouped. It is important to give students time to study group
behaviour and performance. A study of the work in the student
group showed that although the teacher's intervention and
management led to improved student satisfaction with the results
of the project, this negatively affected group unity [15]. An
interesting variant in which the function of the co-ordinator is
entrust to one of the students. This student co-ordinator is usually
chosen from among the most successful students [16]. In general,
many researchers distribute students into "strong" and "week",
meaning only their academic achievements. For election of co-
ordinator, such a feature as a high sense of responsibility, can take
into account, for example [15].

In [11] pays attention to the need to take into account the
personal differences of students while monitoring their academic
achievements. So, students in different ways can show themselves
in oral or written evaluation. To take account of these differences
is proposed to use socionics typology [17]. Refer that the project
method is also assumed control of academic achievements. In [18]
insists that the same teaching method gives different results for
students with different personality types. He invited to divide
students into small groups so that each group included
representatives of only one personality types. [18].

1.4. Student competition

The foregoing article consider different aspect of project
method at education; these are: increasing creativity, “learning by
doing”, increased motivation, results of research and activities in
the form of the final product, teacher's role, size of group and
selection team members in according there personality types.
Depending on the type of project, this or that moment turns out to
be very important. It is consider the projects, which included this
entire item. These projects are based on student's competitions.

The Formula Student team includes from 40 to 50 members
typically [19]. This large team is parted into sub-teams of 3 or 4
participants. A large project team has a leader called the captain.
Usually this role is performed by a graduate student. The
formalized roles are systems engineer and managers responsible
for marketing and financial matters [19]. The captain and faculty
member is controlled financial issues, also. An adviser and
industry mentor supported each large team. In this case is realized
problem learning study: team solve problem of automobile design
with final product - racing car. As well role-playing project is
realized. The students are performed role of design division of
automobile company.

The same examples when there is a PBL project and a role
project and also the final product are World Robot Olympiad and
Robot Soccer World Cup. Another example is student
tournaments. International Natural Sciences Tournament (INST) is
including following specializations: Chemistry, Material Science,
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Geography, and Engineering. University students can participate
in the team. The researcher or doctoral student acts as a trainer.
Separate tournaments in mathematics (International Tournament
of Young Mathematicians) and physics (International Physicists’
Tournament) are held.

The International Physicists’ Tournament (IPT) has the most
established and regulated rules for conducting [20]. The IPT
preparatory work on the formation of tasks carried out group of
teachers, which is then not in contact with students. The other
teachers, usually four of them, are panel members. Each team has
the adviser - PhD student. Team is headed by the captain; he is one
of a student. Teams of six students receive a list of tasks that can
be solved experimentally or theoretically. In a round of a
tournament, each team plays one of the following roles: speaker,
opponent, and reviewer. Each task consists of three rounds, i.e.
each team must play all three roles. Along with the team
competition, the participant's personal contribution is assessed.
Speakers and Opponents who receive an above average grade for
their performances receive personal points. Individual winners of
the Tournament are determined by the total amount of personal
points.

Point out that in a number of cases, the work result of the
project team may be not only in obtaining certain knowledge and
skills, but it have practical result. Practical result is important
when:

e Anprojectis real and results of which will be used in practice;

o  Competition between projects groups, for example - Formula
Student, IPT, INST, etc.;

e  Business games, when the insufficient level of results breaks
the plot of the game and does not allow achieving the
necessary knowledge and skills;

e  This is the study of heuristic methods, when the absence of a
result will not allow to fully revealing the content of the topic.

1.5. The results of the review and the objectives of the study

The effectiveness of the application of project method, as
reviewed by the literature sources, is related to the features of the
formation and work of project teams. Recommendations for the
size of the project team are very different - from 2 to 12 members.
Note that there are usually 15-25 students in an academic group.
The size of the project team depends on the size of the academic
group, due to organizational factors. Conveniently if all students
of an academic group are included in the project team or two teams
are formed from this academic group. The most common
recommendation is that the project team should be small, but for
more teams, more teachers should be involved than a lecturer and
assistant.

In two cases, it is important to distribute roles between students
in the project team - in the implementation of long-term projects
and in student team tournaments. Long-term projects can be
implemented for execution of a bachelor's degree project, a
master's degree project and a term paper formed to work for a long
period of time. The project team can be formed for a year or more
for implementing collaborative interdisciplinary or research
projects. In [11], it was concluded that group size does not affect
team performance. We assumed this was due to the fact that team
members were selected without regard to their personal
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differences. Extensive experience in the formation and
organization of project team interaction has been accumulated in
project management. As a rule, the distribution of roles between
students of the team members is spontaneous: someone is chosen
for the role of leader, someone is a generator of ideas, and someone
is responsible for processing the results of the work. Sometimes
students themselves are called to perform certain functions in the
team. However, there are various scientifically valid typologies of
team roles. This distribution can be performed on the basis of the
project management theory. The terminology accepted in project
management, namely: project team, teamwork, team roles, is also
expedient to use. The heuristic nature of the design method is often
noted. The content of the project method can be the work of the
team to study and apply the heuristic method [21]. In this case the
distribution of team roles should be performed on the basis of
personality type’s methodologies [21]. The important question is
about the role of the teacher in the project method. The roles of
teachers vary. Teachers prepare material and project rules. They
are advisers and evaluate students. Is teacher outside the project
team or its member? Usually it depends on which project we are
considering. In a short-term project, the teacher is out of the
project. If the subject of the study is a long-term project, then the
teacher can be an advisor and even be a member of the project
team.

The study includes a preparatory stage, which consists of
building project teams, teaching students to use the heuristic
method and surveys to determine their personality type. The
experiment itself included the organization of a tournament, work
with the use of a heuristic method, including taking into account
the personality type of students. As well as the panel's assessment
of the teams' work results and a survey of the participants about the
experiment results. At the analysis stage, the performance of the
project teams, and the effectiveness of using individual techniques
of the heuristic method by students with certain personality types
were compared.

2. The methodology of experiment

2.1. The hypothesis of the study

The project method is widely used in education. The scientific
basis of this method was developed in project management. The
guidelines for team size and selection of team members were
generally developed based on the team role methodology. Often
the purpose of forming a project team is to ensure teamwork within
the heuristic method. The methodology of personality types is
more suitable for selecting group members and organizing the
interaction of team members in the case when the application of
the heuristic method is the reason for the formation of the project
team. The lack of data on the combination of personality type’s
methodology, heuristic method and project method should make
up for this experiment.

The following statement is accepted as hypotheses of a study:

e Ha, - The use of the heuristic method, allows to improve the
performance of the team.

e Hp - The formation of a project team, taking into account the
personality types of students, allows to improve the
performance of the team.
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e H¢ - The use of the project method in the form of team
competition increases the interest of team members in the
application of this method.

2.2. Tools are used to test these hypotheses of a study

The Keirsey Temperament Sorter. Student’s personality types
were determined using the Keirsey questionnaire [22]. The first
test was conducted six months before the tournament. The second
test was performed immediately before the tournament. Along
with personality types, their brightness was determined. The test
was carried out on the basis of an adapted version of the test in
Ukrainian  (http://ibib.Itd.ua/2211-test-keyrsi-tekst-35784.html).
Two academic groups consisting of 15-20 students in each took
part in testing. The coincidence of the results of the first and second
tests was in the range of 76-81%, which is within the acceptable
range (75-90%) in accordance with [23]. Students with personality
types necessary for the execution of the heuristic method algorithm
were selected to the first group. Of the students with the same
personality types, preference was given to the participants with the
brighter type.

The expert evaluation. The teacher and two PhD students
prepared tasks for the tournament and became members of the
panel. The panel members evaluate each problem based on a report
and discussion. The maximum score is 100 points. The problem
was evaluated on four items: correctness of composing and
solving the problem (40), completeness of methodological
recommendations (20), compliance with the requirements of the
educational set of problems (20), consistency, clarity and validity
of each stage in the presentation of the problem (20). The maximum
number of points for each item is indicated in parentheses. The
individual contribution of each participant was also assessed. The
maximum score also is 100 points. The problem was evaluated on
five items: ability to report, ability to debate, quickness in
correcting your mistakes, finding mistakes in opponents, the
ability to analyze the proposed sets of problems from a
methodological point of view. The maximum score of each item is
20 points.

The survey. A survey was conducted following the experiment.
All students answer the questions "Do you like the project
method?" and “Will you use the project method in your future
work?”.  The members of first and second team answer the
questions "Do you like the heuristic method?" and "Will you use
the heuristic method in your future work?". The members only of
first team answer the questions "Do you like the distribution team
role due personality type?" and “Will you use the distribution team
role due personality type in your future work?”.

2.3. The heuristic method

It was decided to use as a heuristic method “creativity
enhancement method” [21]. This method included several
heuristic techniques, namely: collective discussion, pause between
the presentation of ideas and their criticism, random associations,
analogy, expert evaluation, using a matrix. The sequence of
heuristic techniques is follow. At first is applied three techniques
collective discussion, pause between the presentation of ideas and
their criticism, expert evaluation. This three techniques is
represented a all known brainstorming. The main difference of a
creativity enhancement method in contradistinction to another
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method based on brainstorming is using matrix. The purpose of the
first three heuristics is to determine what sense should be given to
the row and column. Second part of heuristic techniques follows.
These are random associations, analogy and expert evaluation. The
goal of techniques random associations and analogy is to generate
ideas about the semantic content of the first row and first column
elements. Expert evaluation technique is used to select better
variant of ideas. Third part of heuristic techniques grouped around
the matrix. These are using a matrix, collective discussion and
expert evaluation. The combination of elements first row and first
column give a content of each matrix cells [24]. Each cells can
contain a possible solve of problem. But in fact, many
combinations give impossible options or options that are not
implemented under given restrictions. The cells that are have sense
the material of collective discussion. The final selection is
performed using expert evaluation techniques.

2.4. The personality types selection

The preparation of students to use creativity enhancement
method one lecture session and one practical session were provide.

According to the method especially selected students
performed determination techniques. The moderator of discussion
should be with personality type ENTJ or ESTJ [21, 22]. For
collective discussion the ENTJ, ENTP, ESTJ and INTJ personality
types are recommended [22, 25, 26]. These types are arranged in
the order in which they are best suited for this technique. For
criticism the types sequences in order of their degree of preferable:
ISTP, INTP, ISTJ, ESTJ [25, 27, 28]. For expert evaluation the
same type can be used only at another sequences their degree of
preferable. For technique of random associations the types ENTP
and ENTJ should be added to discussion group [21, 26]. For
technique of analogy a type INTJ should be used [22, 25].

3. The results of the experiment

The experiment was attended by students of SUNPU -
prospective teachers of mathematics. Every year, the subject
studied two academic groups. The experiment was carried out
during 2014-2020. Students were assigned to two or three project
teams. The academic group was reorganized into a project team if
the number of students was less than 15 or two project teams if the
number of students was more than 15. Thus, there were two or
three project teams. The teams were of three types. The third
project team were participants, who were doing methodical task
without special preparatory training for this task. The members of
the first project team took additional sessions to learn the creativity
enhancement method. The participant of this team especially
selected on the base of their personality type. The types, which
corresponded with personality type to need a heuristic technique
of method, were included in team. Members of the second project
team are also studying the heuristic method. Students of the third
project team didn't have additional classes. In total, sixteen project
teams were created: a fifth team of the first type, three teams of the
second type, and three teams of the third type (Table 1).

The total number of problems prepared by the teams is
presented in Figure 2. The tournament was organized for project
teams as part of the study of the discipline «Mathematics training
methodology». IPT rules were used for the competition. If there
were three teams, then each of the teams consistently acted as a
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speaker, opponent and reviewer. In the competition between the
two teams, there were only speakers and opponents. The teams
were tasked with developing a set of geometric problems, namely,
a planimetry subsection. The topic of these problems set is
established the same for all teams. This set of problems can be used
in the school curricula. Specific requirements for this set are
established: definite purpose of using, the arrangement of the
problems in increasing order of difficulty and the availability of
the alternate problems (with the same level of difficulty as well as
methodical recommendations).

Table 1: Types of team per year

Year
< Lo [{e] M~ [oe] (o] o
— — — — — — [aN)
o o o o o o o
N N N N N N N
Types
of team
First type
Second type
Third type

The work of teams of the first and second types was organized
in accordance with the heuristic method algorithm. The collective
discussion group included from 5 to 10 people, depending on the
number of project team members. The ideas put forward by them
were discussed by a group of critics of 3-5 people, together with
some of discussion group participants. The final decision is made
by an expert evaluation group of three people, one of whom is a
moderator. Then the team was divided into two parts, one
discussed the specific content of the rows, the second columns.
Groups is performed this task using free association and analogy
techniques. Based on the results of the discussion, a matrix was
drawn up. Schemes of problems were depicted in the
corresponding cells of the matrix. The discussion group is selected
problems for further development. Then, the team, to increase
productivity, split into parts and worked on selected problems. For
each problem it was necessary to find several solutions and
develop methodological recommendations. The expert evaluation
group with high-achieving students selected problems that could
be presented.

LOM
GTE

i

VI
77
WAl

Figure 1: Example of a table with options for problems

An example of a fragment of one of the matrices obtained by
the command of the second team type is presented in Figure 1. The
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elements that need to be found are marked in red. These are the
medians drawn to the three sides of the triangle. The first row of
the matrix is location options of medians (LOM). The first column
contains the given triangle elements (GTE). Each cell of the second
row corresponds to a triangle with all sides are given.

Of the three options for the location of the median, only one
was chosen, since in all three cases the solution algorithm is the
same. In the third row, there are triangles in which two sides and
the angle between them are known. Two options are selected when
the median is drawn from a known angle and when it is drawn from
an unknown angle. In the fourth row, there are triangles in which
two sides and angle are known but the angle is not located between
them. Two variants are also chosen when the median is drawn from
a known angle and when it is drawn from an unknown angle.
Further, in the matrix considered triangles in which one side is
known. These rows are not shown. For each of the triangles
marked with a yellow background, the team developed several

2014
2015 2016

2017

solutions with explanations, as well as recommendations for the
teacher on how to apply these problems in the school curricula.

The total number of problems prepared by the teams is
presented in Figure 2 and Table 2. The team reported the results,
usually there were several speakers. Students preparing the
problem presented it. The panel evaluated the team members who
participated in the presentation individually. The members of the
opponent's team who participated in the discussion were also
individually assessed. The participants of the opposing team
looked for inaccuracies in the solution and deficiencies in the
explanation. They raised objections to methodological
recommendations and to the possibility of using the problem in the
school course. On the basis of the report and discussion, the panel
evaluated each of a set of problems. Problems with more than 100
points were selected for use in the school course. The number of
problems selected by the panel is shown in Figure 3 and Table 2.

mTeam3

2018
2019 2020

Figure 2: Total number of problems by year

14
12

10

o N B O ®

2014
2015 2016

2017

mTeam3

2018

2019

2020

Figure 3: Selected number of problems per year

www.astesj.com

1133


http://www.astesj.com/

S. lvanova et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 6, No. 1, 1128-1136 (2021)

Table 2: Team performance

Team Team 1 Team 2 Team 3
No | Total Se- | Total Se- | Total | Se-
Year lected lected lected

2014 34 14 24 9 12 5
2015 31 12 - - 11 4
2016 25 13 - - 5 4
2017 22 10 18 7 - -
2018 17 7 19 8 -

2019 29 13 22 8 9 6
2020 24 12 20 10 - -

The results of the student survey showed an increase in the
interest of team’s members of all types in the project method and
the heuristic method. The students of the first type of team showed
enthusiasm for defining their personality types and organizing the
team work based on this data. As for the prospects for using the
acquired skills in further work, everything is not so unequivocally.
Most of the students of the first type team are not going to use the
knowledge gained about personality types in their further work.
Almost half of them are ready to use the heuristic method in the
future, in contrast to participants from teams of the second type.
The project method of work was assessed by the students of teams
of three types as the most deserving of use in the work of a teacher
(Table 3).

Table 3: Types of team per year

Team types

Third team

Survey questions

First team
Second team

Do you like the project method? 89% 84% | 7
Do you like the heuristic method? 7% | 6

Do you like the distribution team role due
personality type?

3

X2

D g
S

82% | - -

Will you use the project method in your

future work? 65% | 71% | 58%

Will you use the heuristic method in your

future work? 44% | 24% @ -

Will you use the distribution team role due

0, - -
personality type in your future work? 23%

Has interest in studying the discipline
increased due to innovations in the form | 81% 73% | 67%
of education?

4. Analysis of experiment result and discussion

The performance of the second type team, which used the
heuristic method, is higher than the performance of the third type
team. Teams of the second type developed 24 problems. The
average number of problems in a set is 8. The third type team
developed 13 problems. The average number of problems in a set
is 4,3. Thus, the results of the experiment confirmed the hypothesis
Ha.
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The application of the heuristic method requires special
training. One lecture and one practical session are the minimum
time to explain the essence of the method. It would be desirable to
have more time for this. But there is a problem associated with the
allocation of even this short time. If the heuristic method were used
in teaching several disciplines, then there would be an opportunity
for additional training. The method is quite complex, and several
times the teams invented the contents of the matrix during
brainstorming and heuristic techniques of random associations and
analogies are not used. Heuristic techniques of random
associations and analogies can be used to search for the contents
of rows and columns. If one technique does not work, the other can
be used additionally. It is promising to use the heuristic method in
long-term projects carried out during a semester or longer.

The performance of the first type team, which was formed
taking into account the personality types of students, is higher than
the performance of the second type team and much higher than the
performance of the third type team. The first type of team
developed sets of 56 problems. The average number of problems
inasetis11,2. The experimental results confirmed the hypothesis
of Hy. This means that the selection of performers for the execution
of heuristic techniques was performed correctly.

It is very difficult to select the necessary personality types for
the project teams, considering the level of knowledge, motivation
and the personal interaction and relationships due to the small
number of students learning a certain subject. For to form first type
team in some cases it was necessary to include the students that
had rare personality types ENTJ (moderator) ENTP (discussion
group) from another academic group. This reduced the
performance of teams of the second and third types. Experience
has shown the academic achievements of the students can be more
important than the exact matching of their personality types with
their role in the creativity enhancement method. Sometimes we
had to include the students from different academic groups into the
project teams to strike a balance between the levels of their
knowledge. The correct selection of team members of the first type
allows students to understand the advantages of the method
through a successful result. The project team included not only
students with a personality type that is suitable for performers of
heuristic techniques. Thus, it was necessary to find a model of
participation for those who have a different personality type.
Experience shows that the ENFP can act as a moderator,
facilitating discussion through one's own imagination and
enthusiasm. The personality type ENFJ can substitute INTJ in the
discussion group because of their ability to generate the ideas. The
personality type ENFJ can also fulfil the role of the teacher
assistant when teaching creativity enhancement method. Having
the big number of the representatives of personality types ISTJ,
INTJ, INTP, ISTP, in the discussion group, it makes sense to give
the students time to make the record of their ideas before the
beginning of the discussion. A higher level of students' knowledge
is created the prerequisites for the effective execution of the chosen
role when working in a project team. However, this students, who
did not have high grades earlier with the matching of their
personality type with the appointed role surprisingly enough
showed a better efficiency. For example, a student of personality
type ISTJ, with an average level of academic achievement,
working as a critic in a project team, enthusiastically is joined the
work in detail analyzing the proposals of other team members. This
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is allowed him to systematize and deepen his knowledge and skills
appropriate way for him. The personality types of students, who
show high results in the experiment, usually coincide with the
typical personality types for STEM specialties: ISTJ, INTP, ESTJ,
INTJ, ENTP, and ENTJ.

The survey showed that the members of the three types of
teams were enthusiastic about the project method implemented in
the form of competition. 82% of the total number of students liked
the participation in the project. Students, who are going to use the
project method in their profession - 64,7%. Thus, hypothesis Hc is
confirmed.

The number of students in project teams is higher than
recommended by the majority of research. This is due to the lack
of teachers to conduct the research. Another problem of the project
method was the organization of teamwork in such a way that all
team members took an active part in it. We did not have this
problem with the work of the first type of teams, unlike the second
and third type teams. This serves as an indirect confirmation of the
success of team interaction based on personal types. When using
project method, there has always been the problem of assessing the
personal contribution of team members and, accordingly,
evaluating their academic achievements. Not all students presented
solutions to problems and participated in the discussion. In the
first type team, the students, in particular, the moderator, were
involved in the assessment, which contributed to its objectivity and
validity. The fact that students who solved the problem represent
it is good for their self-realization, but it can be bad for the team
score. From the point of view of higher score of the team, it is
advisable to entrust the presentation of problems to students with
high academic achievements.

5. Conclusion

The experiment was conducted in the form of a tournament,
which made it possible to implement the PBL project and at the
same time the role-playing project. The project had the final
product - a set of geometry problems. Students studied the
creativity enhancement method using the principle of "learning by
doing". Thus, the project was comprehensive. Three types of
project team took part at competition. Students of first and second
project team are learned the heuristic method. Students of third
project team haven't special training. It was found that the use of
the project method in the form of a team competition aroused
increased interest among students. It has been established also that
the use of the heuristic method improves the performance of the
project team. Members of first project team were selected
according to their personality types. It was proven that the
selection of students with certain personality types to the project
team, the most suitable for the implementation of the heuristic
techniques of the method, allowed increasing the performance of
the project team. This confirms the correctness of the
recommendations for the selection of personality types
corresponding to a certain heuristic techniques. It is best to choose
students with the ENTJ personality type for the role of moderator.
It is recommended to choose personality types ENTP, ENTJ, INTJ
for discussion and generation of ideas. The ISTP, INTP and ISTJ
personality types should be used as criticisms. Several members of
a collective discussion group must necessarily be at the group of
critics. However, among the critics, there should be several
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members of the project team who did not participate in the
discussion, for unbiased analysis of the proposed solutions.
Academic achievement affects the performance of teams along
with the personality types of students. This is important to consider
when choosing a moderator and discussion group members. For
this reason, the preferred ENTJ types can be replaced with ESTJ
as the moderator, and ENTP can be replaced with INTP in the
discussion group.
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