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Abstract: The article presents the results of an empirical study of the collaborative solution of thinking problems by
groups of students. The study was conducted in the context of educational activities when students solve educational problems.
The student group was divided into subgroups of four people; each subgroup was given a learning task. In accordance with the
author’s ideas, collaborative thinking is carried out through the implementation of the following functions: generation, selection,
meaning transfer, implementation. These functions are distributed among participants in collaborative problem solving. The
purpose of the study was to study the distribution of functions when students collaboratively solve thinking problems. To study
the distribution of functions, the author used a questionnaire to determine the distribution of functions between students. The
author has shown that in the process of collaborative problem solving, functions are distributed among the participants. It is
revealed that in the processes of collaborative solution of thinking tasks, each group of students has a unique combination of
functions, which the author defines as the group’s thinking style.
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Introduction

Currently, in public practice, strategic guidelines have been identified, which include the development
of collaboration, collaborative activities, and a culture of cooperation. The educational practice emphasizes
the need to develop innovation competencies, the ability to think critically, the readiness to work in a team,
creativity and entrepreneurship, the ability and willingness to take reasonable risks. This is evidenced, in
particular, by the implementation and development of the Four Cs program (USA), the 21t century skills
Assessment and training program (ATC21S) (Griffin, Care, and McGaw, 2012; Griffin, Care, and Harding,
2015). Collaborative problem solving and collaborative thinking skills have been classified as 21¢-century
skills (Griffin, Care, and McGaw, 2012). In cognitive science, the study of the interaction paradigm in
thinking and cognitive processes is actively developing (Belousova, 2013).

Thus, in social practice, in education, science, business, and management, attention is focused
and programs are formed aimed at developing the skills and competencies of collaborative thinking, or
collaborative thinking activity.

Currently, in cognitive psychology, many psychologists are conducting research on the problems of
collaborative thinking in the paradigm of embodied cognition (Calvo and Gomila, 2008).

There are studies aimed at studying different types of problems in the context of collaborative
solution: collaborative crossword solving as a form of collaborative thinking (Szary and Dale, 2013),
mathematical and physical problems (Ahonen and Harding, 2018; Belousova, 2010; Harding et al., 2017),
various characteristics of the problem (Griffin, Care, and Harding, 2015).

Problem Solving addresses cognitive and social aspects (Ahonen and Harding, 2018; Burch, Burch,
and Batchelor, 2019; Hesse et al., 2015; Yuan, Xiao, and Liu, 2019) of collaborative problem solving.

Researchers are looking at different ways to use collaborative problem solving in educational
practice (Ahonen and Harding, 2018; Care, Scoular, and Griffin, 2016; Griffin, 2017; Lioe, Fai, and
Hedberg, 2006; Yuan, Xiao, and Liu, 2019), based on STEM learning (Chen, et al.,2019), when using
online learning (Ahonen and Harding, 2018; Harding et al., 2017; Lipponen, 2002).

Hesse et al. (2015) identified five main areas in the design of collaborative problem solving. Definite
cognitive skills were assigned to them: participation in the production and transmission of information;
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considering and taking into account the points of view of others; understanding the strengths and
weaknesses of group members; regulating the process of problem solving; knowledge formation in the
process of group interaction. In addition to these skills, social skills are also highlighted, which involve the
development of participant management skills (Hesse et al., 2015).

The social side of collaborative problem solving has long been noticed by researchers of collaborative
solutions, collaborative activities, and group interaction in various fields of psychology.

Various socio-psychological studies emphasize the fact of functional role distribution when solving
various tasks by a group. R. Schindler also identified group roles: alpha, beta, gamma, and omega, which
differ in their behavior and functions in the group (Gellert M, and Nowak C., 2000).

Analysis of interaction processes in group problem solving, undertaken by R. Bales (Rudestam,
1982), led to the identification of two functions that underlie people’s acceptance of certain roles: the
task-solving function and the support function. Each function is represented by a specific set of roles. The
task solving function is represented by the roles: initiator, developer, coordinator, evaluator, and motivator.
Roles associated with group support: mastermind, harmonizer, mediator, dispatcher, surveyor, wingman
(Rudestam, 1982).

Further research in various fields of psychology led to a refinement of the set of roles performed by
group members in solving various tasks. In Russian psychology, within the framework of the program-role
approach, M. G. Yaroshevsky identifies the main set of group roles in solving scientific problems: an idea
generator, a polymath, and a critic (Yaroshevsky, Yurevich, and Allakhverdyan, 2000). Similar data can be
found in other theories (Gadzhiev, CH. M., 1983-generator of ideas, critic, activator, resonator of ideas,
problem finders).

In management psychology, the classification of roles is widespread. Belbin, R. M. (1993), who
believes that effectively working groups include eight group roles: coordinator (leader), idea generator,
organizer of collective work, critic (controlling and evaluating link), implementer (practitioner), mover
(person who supports performance), resource scout (contact specialist), finalizer — closer (inspector).

The list goes on and there are many empirical studies and concepts that present different sets of
roles for participants in collaborative problem-solving processes.

Concept of functional bases of collaborative thinking activity

It seems to us that the described facts of the role distribution of the processes of collaborative
problem solving can be interpreted as a manifestation of a general pattern concerning the self-organization
of collaborative thinking activity. We assume (Belousova, 2002) that the roles previously identified by
various researchers (Bales, R. F.,1950; Belbin, R. M., 1993; Gadzhiev, CH. M., 1983; Schindler, R., 1968;
Yaroshevsky, Yurevich, and Allakhverdyan, 2000, etc.) are not certain types of activities fixed in them, but
reflect the contribution made by each participant to the formation of psychological neoplasms that are
formed in the course of collaborative problem solving. In our opinion, the phenomena of functional-role
distribution of participants represent real functional relationships that arise in the system of collaborative
problem solving or tasks.

Theoretically, we distinguish four functions (Belousova, 2002) that integrate the empirical experience
of researchers: idea generation, selection, meaning transfer, and implementation.

One of the criteria underlying the distribution of functions is the participation of a person in the
initiation and development of thinking, which is manifested in the reflection of contradictions, entering
new information into the consciousness, image of the world of participants, in the processes of forming
psychological neoplasms (goals, ideas, hypotheses of meanings, assessments, motives, needs), leading
to dynamization and self-organization of the participants ‘ thinking activity.

We believe that the first stage in the formation of a goal in collaborative thinking activity is to reflect
the contradiction and form assumptions and hypotheses based on it. This stage marks the beginning of the
initiation of thinking activity. From the point of view of the dynamics of activity development, the initiation
of thinking is one of the most mobile poles of thinking activity. In this regard, the pole associated with the
greatest mobility of collaborative thinking activity is provided by the function, the content of which is the
ability to primarily reflect contradictions in the subject content of the task and form some assumptions
and hypotheses based on them. It is this function that stands out in the literature when it comes to “idea
generators”, the role of “alpha” (Gadzhiev, CH. M., 1983; Yaroshevsky, Yurevich, and Allakhverdyan,
2000; Schindler, R., 1968, etc.).

The next step in the self-organization of collaborative thinking activity aimed at achieving the goal
and characterized by the development of the necessary neoplasms is associated with the selection
function, i.e., with the selection and evaluation of assumptions and hypotheses. This function is assumed
by a person in the role of a critic: he considers the proposed assumptions, hypotheses, as if sifting through
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information, selecting the necessary and cutting off the irrelevant. These operations assume that the critic
has formed ideas about the main contradictions of the problem, i.e. a structured psychological situation
(Tikhomirov, 2002).

The information selected and sorted out by the critic is the concrete basis that is transformed into
a goal in the next steps. However, the stated assumptions, hypotheses, do not yet imply their mandatory
acceptance by the other members of the group, or by the partner. The final verbalization and definition of
the goal are necessary, bringing it to the partner. Therefore, in collaborative thinking activity, the following
function is necessarily distinguished: transmitting hypotheses and assumptions that arise from the
generator and selected by the critic to the rest of the group members, as well as organizing activities for
their implementation. This function plays a very important role in goal formation in collaborative thinking
activity. If we consider the main content of this function, its essence is the processes of the content
transfer, that is, transferring of meanings of the purpose, meanings, psychological neoplasms, meanings
of the information to other participants.

In individual thinking activity, meaning formation and meaning transfer are merged and form an
integral part of goal formation (Tikhomirov, 2002). In collaborative thinking activity, while preserving
for each participant the general laws of individual thinking activity, meaning formation as the formation
of common meanings of objects looks somewhat different. In collaborative thinking activity, meaning
formation, as we have shown (Belousova, 2002), is realized through the processes of meaning transfer.
Thus, meaning transfer in collaborative thinking activity performs two tasks: meaning formation (formation
of general meanings) and translation, or transfer of meanings, meaning transfer itself. In a group, to
form a common goal, it is necessary for all participants to accept it, and for this purpose, the meaning of
assumptions, hypotheses, is brought to everyone. This role is assumed by the coordinator, performing the
functions of meaning transmission. Reflecting the meaning, value assumptions, hypotheses, coordinator
of the dialogue conveys their meaning to other participants, thereby forming shared meanings, structured
common understanding of the situation and make a general psychological situation. As a result of these
processes, participants accept hypotheses, assumptions, goals, and then hypotheses, assumptions, and
goals become common, since their meaning is included in the overall psychological situation.

In the general system of collaborative thinking activity, the function of meaning transfer is rather
close to ensuring stability: goal formation, which begins with a generator that offers an idea, continued by
a critic who selects the most relevant ideas, ends with a coordinator who brings the idea to everyone and
turns it into a system - forming factor-a goal. Thus, the level of mobility of collaborative thinking activity
from function to function decreases, but at the same time the level of stability increases. Therefore, the
more mobile and less stable the generation, the less mobile and more stable the selection function, i.e.,
the selection and evaluation of ideas, the more the function of meaning transfer tends to the stability pole.
The function of meaning transfer carries mobility (you have to follow the movement of the generator and
the critic), but it is more stable, since in order to organize and implement activities, you need to stop, fix
your choice on a certain idea.

So, it is possible to predict that the function of ensuring stability in collaborative thinking activity
will be assumed by the one of the participants who implements its norms, namely, the one who more
or less successfully performs this function. What does the sustainability function mean? In individual
activities, this role is played by the set (Uznadze, 2001). The stability of collaborative thinking activity is
mainly provided by the implementation function, which is one of the least mobile among other functions.
Representing a pole of stability, it involves the implementation of the formed goals.

But this function is necessary, because it is the final link in the functional support of self-organization
of collaborative thinking activity, one of the most important. Without it, the activity is unproductive, devoid
of its result, since it involves the implementation of the formed actual neoplasms. In the self-organization
of the system of collaborative thought activity, this function is more responsible for maintaining stability.
Thus, self-organization of collaborative thought activity presupposes the presence of participants who
take on the goal-realizing function and ensure the greatest stability of the system, its goal-preservation.

Thus, in functional terms, self-organization of collaborative thinking activity as goal achievement, or
goal formation is represented as follows. The generation of suppositions, hypotheses, and goals begins,
creating a substantive basis from which some hypotheses, goals, and assumptions are evaluated positively
and selected, while others are evaluated negatively. Negative ratings are perceived by all participants,
including the generator, which continues to generate other assumptions, hypotheses, and goals based
on them. Selected by the critic of the assumptions hypothesis or targets are reflected by the coordinator,
their meaning is communicated by the coordinator to other members of the group, and formed a common
sense of purpose (hypothesis, assumptions), giving rise to the common goal of the participants, which
determines their collaborative action. The coordinator’s activity creates a certain emotional background,
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which completes the integration of participants and the goal is realized.

At the same time, we emphasize that the distribution of these functions among the participants is
free: each person performs the function that corresponds to him, and in relation to the intellectual and
personal characteristics of the other partners in the solution. The fact of functional distribution is not rigidly
fixed between the participants and at various stages of the decision, that is, movement and thinking, there
is a redistribution of functions.

Summarizing, we can conclude that the selected functions are components of collaborative thinking
activity and the formation of psychological neoplasms to solve problems and tasks. Moreover, and we
want to emphasize this, it is not collaborative thinking activity that leads to the division of functions, but the
self-organization of a system of collaborative thinking activity, i.e. a group of people who think together,
in its functional plan is possible only when they are distributed. Thus, stability and mobility, selectivity
and orientation, dynamics of emerging psychological neoplasms and self-organization of collaborative
thinking activity are provided by the functional distribution of participants.

In our opinion, it is very important to understand the relationship between functions and roles, or
between functions and participants who implement these roles. The functions of generation, selection,
meaning transfer and implementation are among the permanent components, the interaction of which
leads to self-organization and development of collaborative thinking activity, to the ability to form and
develop common neoplasms for participants, to solve problems and tasks together. But this constancy
of the functions that structure collaborative thought activity does not mean that they are permanently
assigned to certain participants. Here, a different process is observed: the roles of the generator, critic,
coordinator, and implementer are dynamic, they change, although they are limited by the development of
personal qualities of each participant in a collaborative decision, its capabilities, goals, needs, and their
relationship with partners.

So, the analysis of the functional support of collaborative thinking activity allows us to say that in
the system of collaborative thinking activity there is a complex inter-individual formation of a functional
nature, which performs the functions of self-organization. This mechanism of collaborative thinking activity
is objectified in the form of distribution of functions between participants in collaborative problem solving.

It was interesting for us to see how functional support occurs when solving problems together
in real life, in the course of students * educational activities at the University. The process of solving
educational problems is one of the spheres of students * life reality, the main activity through which their
professional development and formation takes place (Craig and Baucum, 2001).

Materials and Methods

To study and analyze the self-organization of collaborative thinking activity in the processes of
collaborative solving professional problems, we conducted an experimental study in natural conditions.
The study involved 180 students from various universities in Rostov-on-Don. The course of the study
was as follows: students in the organization of classes in psychology were offered to solve the problem.
Classes were conducted using the “small group” method, which involves dividing the student group into
subgroups of four people. Each subgroup was solving a separate the task. At the end of the lesson,
students of each subgroup were asked questions aimed at studying the functional distribution in groups
(Belousova, 2002). The questions were formulated in such a way that each participant could evaluate the
participation of partners in the performance of the function. Each function had two questions.

Based on the responses of group members, the frequency characteristics of each participant’s
performance of certain functions were calculated. We used data obtained during 5 classes. The data
obtained were processed based on two analysis plans: first, the analysis of the ratio of functions between
participants in relation to collaborative thinking activity; second, the analysis of the ratio of functions
characteristic of individual thinking activity. Primary quantitative data processing was based on taking into
account the accumulated frequency of functions performed by each member of the subgroups.
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Results and Discussions

The analysis made it possible to see that, indeed, there is selectivity in taking on certain functions
by participants.

Table 1
Average values of functions in groups in the course of solving problems
Functions Average values Standard deviation Standard error of the mean
Generation 23,00 19.66 3.42
Selections 20,52 19,36 3,37
Meaning transfers 18,88 18,57 3,23
Implementations 22,94 21.46 3,74

Analysis of the average values for each of the functions shows that the highest and almost identical
average values are observed in the generation function (23.00) and the implementation function (22.94),
followed by the selection function (20.52) and meaning transfer (18.88) (Table 1).

In the experimental groups, the functions of implementation (32.96 %) and generation (29.55%)
are more pronounced, which are most often assumed by participants. In equal proportions, the roles of
critic and coordinator related to the implementation of the functions of selection and meaning transfer are
distinguished in the groups (12.50 %). And a fairly high percentage (12.50) falls on the share of students
who do not have a pronounced dominance of certain functions.

The use of the Student’s T-test for paired samples showed that there are significant differences
between the generation and selection functions (t=2.466 with a confidence level of 0.019), between the
generation and meaning transfer functions (t=3.995 with a confidence level of 0.000), and between the
meaning transfer and implementation functions (t=2.662 with a confidence level of 0.012). The differences
between the other functions were insignificant.

The obtained data allowed us to fix different functional relationships in the studied subgroups. If
we consider the functional ratio as one of the indicators of dynamic processes of self-organization of
collaborative thinking activity, we can say that the ratio of functions in a group in the course of collaborative
problem solving creates a certain profile, which is manifested in the dynamics and direction of thinking.

In general, we can conclude that systems of collaborative thinking activity are self-organized in the
process of solving problems due to the distribution of functions between participants. The distribution of
functions between participants resembles a mechanism whose purpose is to regulate thinking activity.
However, in collaborative thinking activity, this mechanism is associated with the dynamics of functions,
the ratio of which differs in each group.

We can interpret the results obtained as evidence of an individually peculiar outline of the functions
performed by a person when solving problems in a group, which brings us back To L. S. Viygotsky's ideas
about the functional nature of the psyche (1983; 1986).

Since we have identified four functions through which the self-organization of collaborative thinking
activity is carried out, the dominance of one of them in the structure of functions performed by the
group, and created the basis for highlighting the originality of collaborative thinking of this group. We
interpret this orientation of the originality of the group’s collaborative thinking as a stylistic originality of
collaborative thinking. Thus, the studied subgroups clearly differ in the level and ratio of functional support
for collaborative problem solving, which is defined by us as the thinking style of each group.

We conducted a simple quantitative analysis aimed at calculating the percentage of the orientation
of thinking in different subgroups. The results were distributed as follows in descending order: practical
- (31 %), initiative - (17 %), critical - (15 %), managerial - (10%). At the same time, we can also observe
groups that are dominated by two (21 %) or three (1%) or even four (5%) functions, which indicates an
unexpressed style of thinking in these groups. Thus, we can see that there are pronounced differences in
the orientation of the group solution, and these differences are related to the dominant type of functions
in the functional support of the solution. In accordance with the kind of function, dominant among the rest,
the following styles of thinking groups: a proactive style — the dominant function of generation; critical style
is dominated by a function selection; management style — meaning transfer function dominates; practical
style - the function implementation dominates.

The results obtained are consistent with the research of Dautov, D. F. (2009), aimed at studying the
effectiveness of collaborative thinking activity in student groups that solve various types of problems. The
research was based on theoretical ideas (Belousova, 2002) about the functions: generation, selection,
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meaning transfer, implementation, providing collaborative thinking activity. Dautov found that when
problem solving is organized, when roles are distributed among students, there is a higher efficiency
of collaborative thinking activity in student groups (Dautov, 2009). His research also highlighted certain
personal characteristics of participants that affect the distribution of functions in collaborative thinking.
Our research echoes the results of T. Pavlova (Pavlova, 2015), who studied the ontogenetic aspect of
the problem under study. In the study of collaborative problem solving by preschool children, vol. Pavlova
found that the distribution of functions between preschoolers is associated with the characteristics of the
personality type.

We believe that the results obtained indicate, first, a general interindividual psychological mechanism
distributed among group participants and existing in the form of functions assumed by participants, as
it was noted by many researchers (Bales, R. F.,1950; Belbin, R. M., 1993; Gellert M, and Nowak C.,
2000; Gadzhiev, CH. M., 1983; Schindler, R, 1968; Rudestam, K. E., 1982; Yaroshevsky, Yurevich, and
Allakhverdyan, 2000); secondly, that the very situation of cooperative interaction of various people with
unique personal qualities leads to the dynamics of functions in the collaborative solution of thinking
problems, generating a stylistic originality of collaborative thinking.

The results also allow us to speak about the presence of a kind of “contribution” of each participant
to collaborative thinking activity. This “contribution” is expressed in the assumption by each participant of
the primary performance of functions. We believe it is possible to interpret this fact, returning to the ideas
of Viygotsky L. S. (2005), as exteriorization and resocialization of functions previously formed by man in
ontogenesis. The performance of certain functions by each person, their correlation with the functions
performed by other participants, and provides a unique vector and direction of collaborative thinking
activity of each group, its stylistic originality.

Conclusions

1. Thus, the analysis of the processes of collaborative thinking activity processes in groups of
students allows us to say that in the course of its implementation, a complex inter-individual education
arises, which performs the functions of self-organization. This mechanism of collaborative thinking activity
is objectified in the form of distribution of functions between group members. The functions that ensure
the self-organization of the system of collaborative thinking activity include the following: generation,
selection, meaning transfer, implementation.

2. The Presented results allow us to see a different ratio of functions in each group, which gives a
peculiar character to the collaborative solution of problems by each group. This correlation of functions in
the processes of collaborative problem solving is characterized as a style of collaborative thinking of the
group.

3. In accordance with the type of function that dominates among the others in their combination, the
following styles of group thinking were identified: initiative style-the generation function dominates; critical
style-the selection function dominates; management style — the meaning transfer function dominates;
practical style — the implementation function dominates.
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