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Abstract-Functional roles are of considerable interest in
research of joint mental activity. For many years it has been
the purpose of investigating to classify functional roles. Few
researchers have considered the problem from the point of
internal cognitive processes. Most of the research has been
focused only on the exposed side of the process. This paper
considers functional roles in joint mental activity by using
cognitive maps of its participants. The results allow describing
internal thinking process of participants in the joint activity
who perform various functional roles. The obtained data can
be used to analyze the reasons for success and failure in joint
mental activity.
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I. INTRODUCTION

Joint mental activity, as the system is described at
several levels of its manifestation. Its consideration should
be carried out both at the level of the differentiated and
autonomous parts of the whole, and at the level of the links
between these autonomous parts [1]. This allows us to
present joint mental activity as a system of connections that
arise between its participants and the task they solve, with
the obligatory distribution of certain functional duties
among these participants [2]. This approach allows us to
study the thought process in a manifest, external form, in
the form in which it was formed at the initial stages of the
development of the subject [2, 3, 4]. One of the tools for
such study is cognitive mapping, a structured and sorted
view of reality that makes it more concrete, but not
reducible to model stimuli [4, 5, 6, 7].

The theory and practice of cognitive mapping has a
long tradition [7]. The content of this phenomenon has
changed in the process of changing paradigms: from the
cognitive map as a static image depicting the external
environment to a synergistic network of internal
representations [4]. In the logic of the study, the
construction of cognitive maps is viewed as a way of
realizing the internal concepts of joint mental activity as a
space for human cognitive activity.
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Il. METHODS

Functional roles in a group are considered one of the
important determinants of joint thought activity. Few
researchers considered functional roles from the
perspective of internal cognitive processes. Previous works
have focused mainly on the classification of roles. This
article addresses cognitive maps as a tool for in-depth study
of the phenomenon of functional roles.

The study involved 80 test people (23 men and 57
women) aged from 20 to 24, who were the students of
Bachelor Course of the 3d and 4th years and the students of
Master’s Course of the 1st year (humanitarian and technical
specialties) of the Don State Technical University.

At the first stage of the study, student groups were
divided into subgroups of four. They were split on the basis
of their own preferences. Each student under testing had to
accept one of the four functioning roles - a generator of
ideas, a coordinator, a critic and a performer. These roles
are the main ones in joint mental activity. Thus 20 small
groups were formed. The testees were given a standard
instruction to solve a problem by brainstorming. The
procedure included four main stages - stating the problem,
generating ideas, evaluating ideas, selecting ideas. The
results of each stage were recorded.

At the second stage of the study, the groups of students
were given the task. The task of finding ways to break the
vase full of water located in the locked room without
leaving traces. This task helped make the functional roles,
to which the participants in the joint activity were more
predisposed, more definite.

At the third stage, after the problems were solved, the
certainty of functional roles was measured in each group.
This was done by questionnaire AK. Belousova - "The
method of cross-evaluating in subgroups from the point of
participants’ functioning as self-organizers for joint thought
activity".

At the fourth stage, each student was invited to depict
the process of joint mental activity of the group in a
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graphic form. The drawing image created by the student
can have explanations in the form of separate words or
short phrases. Tasks for students were presented in free
form, with high uncertainty. Thus, the construction of
cognitive maps became less formal and more flexible. This
allowed us to overcome the limitations of orientation to
formal criteria for cognitive maps.
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Empirical study of the certainty of the functional roles
of students who were solving the task, allowed
distinguishing three groups of test subjects. The groups
differed in the coherence of the elections in determining the
functional roles of the members of the group.

The results of the study are shown in Table 1.

TABLE 1 INDICATORS OF THE FUNCTIONAL ROLES OF SUBJECTS

Types of groups Functional roles Average number of Average number of Number of groups
elections function elections in a group of each type
1 type Generations 3,15
High level of certainty in functional Coordination 3,25 309 8
roles Selection 3,18 '
Realizations 2,43
2 type Generations 2,71
The average level of certainty in Coordination 3,00
functional roles Selection 2,54 2,68 6
Realizations 2,45
3 type Generations 1,83
Low level of certainty in functional Coordination 2,08
roles Selection 2,79 2,07 6
Realizations 1,60

In the group of high level of certainty of functional
roles, the average number of participants in the joint
decision-making was from 3,15 for the functional role of
generation, up to 2,43 for the functional role of the
realizations. The indicators of mutual elections testify to
the high degree of agreement between the opinions of the
members of the group, about the functions performed by
them, and the clear distinction based on the role principle.
The largest average values of elections are characteristic
for the coordination function. This demonstrated the high
activity of students' participation in solving problems.

In the groups with the average level of certainty in
functional roles, the average election values turned out to
be lower. For the generation function, they were 2,71.
Consequently, in groups this function was performed by
more than one person. Their contribution was not
significant enough that one of them began to prevail in the
performance of this function. The least important was the
realizations function — 2,33. The greatest value was the
coordination function — 3,00. The predominance of this role
function may indicate a desire to increase its effectiveness,
through the delegation of authority to one of the members
of the group. A significant number of elections indicate that
such a strategy was successful.

In the group with low level of certainty in functional
roles, the average results by functions were distributed
differently. The generation function received an average of
1,83 elections. Almost every participant in the solution of
problems claimed to perform this function. The remaining
values are also not large. An exception is the selective
function — 2,79. Critical analysis of the information was

quite in demand in the group. This allowed this function to
become more specific than the rest.

Analyzing the empirical material distinguished several
characteristics of cognitive maps, according to which they
differed from each other. A total of 76 images were
analyzed. Four testees were unable to complete the
assignment.

The first criterion was the abstract character of the
images. Abstractness was understood as the degree of
remoteness of the image from specific images. The number
of abstract images was taken into account, the more of
them, the more abstract the cognitive map was. The
presence of 25% or less, abstract images from the total
number in the figure was evidence of low abstractness. If
abstract images are 25 to 75% - this means that the map has
average abstraction indicators. If there were more than 75%
of such images, then the abstractness of the cognitive map
was defined as high.

Among the images there were no maps having a close
to equal representation of abstract and specific images.
Cognitive maps with high abstractness, represented a set of
abstract images, symbols or concepts. Widespread were
images of squares, rectangles and circles, with words
inscribed in them. Words used: "idea", "mistake", "dispute”,
etc. generally, without specifying the dispute content or
who made a mistake. Maps with low abstraction had more
specific images. They included the figures of people,
objects (pencil, book, etc.). Symbols and words in them
were used much less often. Maps with medium abstractness
represented a combination of abstract and specific images.
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In cognitive maps with low abstraction, material objects
were depicted. They included the figures of people, objects
(pencil, book, etc.). Symbols and words in them were used
more rarely. Maps with medium abstractness represented a
combination of material and non-material images.

The second distinguished characteristic is connectivity,
relative number of connections between map objects. High
connectivity was defined as the predominance of the
number of links over the number of objects. The more links
between objects, the higher the connectivity of the
cognitive map was. Only lines and arrows connecting two
or more objects were taken into account as links between
objects. The connectivity of the cognitive map was
determined by the formula:

K= ne/n,, 1)
where Kc is the cognitive map connectivity coefficient,

n. is the number of links, and n, is the number of objects.
Cognitive maps, with a coefficient of connectivity from 1,0
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to 1,5, were defined as having a low connectivity, from
1,51 to 2,0 - medium, more than 2,1 - high.

The third characteristic is complexity. This is the total
number of cognitive map objects. A separate object of the
cognitive map was understood as an image that is outside
the boundaries of another image. The complexity of the
cognitive map was determined as the ratio of the depicted
objects to the number of stages of brainstorming. If the
number of objects was less than or equal to the number of
stages of brainstorming (four or fewer stages), then the
complexity of such a cognitive map was determined to be
low. The cognitive map, which included 8 to 12 objects,
was defined as a map of medium complexity. A map in
which more than 12 objects was defined as complex.

I11. DISCUSSION OF RESULTS

Obtaining data on the degree of certainty of functional
roles and general characteristics of the cognitive maps of
the members of the group made it possible to determine the
significance of the links between them.

TABLE 2 INDICATORS OF COGNITIVE MAPS AND THE OF FUNCTIONAL ROLES

Types of groups Functional Indicators of cognitive maps
roles Abstractness (in Coherence Complexity
percent)
Average Indicators r- Average Indicators r- Average Indicators r-
Spearman Spearman Spearman
_ ltype Generations 4 54 -0,869 1,47 -0,827 14,25 0,845
High level of certainty in
functional roles Coordination 90,62 0,726 228 0,756 10,75 0,101
Selection 5545 0,744 130 0,167 7,87 0,651
Realizations 5 5 -0,786 1,53 0,601 9,62 0,496
2 type Generations
The average level of certainty in 83,12 -0,892 1,43 0,646 9,16 0,629
functional roles Coordination 85.83 0,871 1,86 0,886 511 -0.243
Selection 475 0,453 1,23 0771 11,83 0,886
Realizations 437 0,129 1,47 0,461 2,84 0,723
Sype Generations 74 g3 0,314 107 0,226 438 0,371
Low level of certainty in functional

roles Coordination ¢ ¢ 0,671 1,10 0,129 433 0,671
Selection 541 0,229 0,95 0,631 4,66 0,871
Realizations 483 0514 0,90 0,257 1,70 0,686

The results presented in Table 2 allow us to compare
the data obtained by all three types of groups.

The largest number of relationships in 1 group was
obtained between generation functions and abstractness (r
= -0,869 p <0,01), connectivity (r = -0,827 p <0,01),
complexity of cognitive maps (r = 0,845, p <0,01). In the 2
types of groups, the generation function reveals a
relationship with only one index of cognitive maps -

abstractness (r = -0,892, p <0,01). Thus, the bearers of this
role, demonstrates three relationships in one group and one
in two, which indicates a high diversity of thinking activity
in the process of group problem solving. The greatest
interest, in this case, is the negative relationship between
the generation function and the abstractness indicator. It
indicated a decrease in the level of abstraction of the image
of the cognitive map with an increase in the level of
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certainty of this functional role. At the same time, the
average abstraction index for carriers of the generation
function in 1 group was high, amounting to 72,50 and
second only to the functional role of selection — 90,62. This
might occur due to the fact that the carriers of the
generation function used different thought processes at the
stage of generating ideas and at the stage of creating a
cognitive map. They might use imaginative thinking while
developing solutions to the problem. While drawing an
image of a cognitive map, they, on the contrary, used
abstract thinking, seeking to generalize figurative
information. Since the values of abstract thinking in the
carriers of this role were high, they exceeded the majority
of others in this indicator of cognitive maps, they
succeeded. However, because of the need to translate
specific images into an abstract form, this process was
worse for those who have a more pronounced role
generation function. This indirectly confirmed by the
average indices of abstraction in the functional role of
generation in type 2 groups — 83,12. This indicator was
higher than in the first type of groups, while the degree of
certainty of the functional role of generation in the second
type of groups is lower. Consequently, the abstraction
indicators of the cognitive map are related not so much to
the degree of expression of the functional role of
generation as to the very performance of this role by a
member of the group.

The functional role of coordination reveals significant
positive relationships with the indices of abstractness (r =
0,726 p <0,01), (r = 0,871 p <0,01) and connectivity (r =
0,756 p <0,01), (r = 0,886 p < 0,01) in the 1 and 2 types of
groups. The average abstractness indicators (90,62; 85,83)
and connectivity (2,28; 1,86) are the highest among all
roles. This testified to the expressed desire of the bearers of
the role to generalize the information obtained in the
process of the group solution of the problem and to link its
individual parts into a single whole. The nature of the data
obtained suggests that these indicators of cognitive maps
are most heavily involved by the bearers of this functional
role in group activities. The lack of correlation with the
complexity of cognitive maps suggests a focus on
establishing links between already existing ideas, and not
on generating new ideas. This is confirmed by the average
complexity indicators, which are 10,75 for type 1 groups,
and 5,11 for group 2 types, which is much less than the
indicators of the functional role of generation.

The functional role of selection was demonstrated by
the relationship with the abstraction index in type 1 groups
(r = 0,744 p <0,01), with a complexity index of 2 (r = 0,886
p <0,01) and 3 types of groups (r = 0,871p <0,01). At the
same time, the average indicators of the complexity of
cognitive maps in both groups 1 and 2 are the highest
among all roles, amounting to 11,83 and 4.66 points. The
existence of an interrelation with the complexity of
cognitive maps, in groups 2 and 3, is apparently explained
by the activity of the carriers of the generation function. In
the first group it is high, which could suppress the activity
of the selection function. In groups 2 and 3, due to the
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lower activity of the carriers of the generation function, the
functional role of selection manifests itself more strongly.
It is noteworthy that the average indices in all types of
groups in representatives of this functional role are close to
each other. Nevertheless, the relationship with the
abstractness of the cognitive map is found only in type 1
groups. This means that the abstraction indicators of the
cognitive map, as in the case of the generation function, are
related to the very performance of the functional duties of
the selective role, and not to the degree of its definiteness.

The functional role of the realization does not
demonstrate a significant  relationship  with the
characteristics of cognitive maps. Perhaps the reason lies in
the very function that this role performs. The bearers of this
function are not inclined to offer ideas or criticize others.
They do not try to coordinate the actions of participants in
mental activity. They see their task in correcting the ideas
already proposed. The thinking activity of the bearers of
the realization function is aimed at ideas expressed by other
members of the group. This makes the indicators of their
cognitive cards different in each individual case.

IV.CONCLUSION

The results obtained in the experiment made it possible
to draw the following conclusions:

With a high level of certainty of functional roles, the
indicators of cognitive maps are most noticeable. The low
level of certainty of a functional role does not allow to fully
manifesting itself to participants in group activities, which
deprives cognitive maps of pronounced indicators.

The functional roles of generation and coordination
have the greatest number of interrelations among the
remaining roles. It is for these two roles that the
characteristics of cognitive maps are most noticeable. This
allows us to assume that the holders of these roles involve
more diverse thinking techniques in solving the group
problem, which is reflected in the cognitive maps.

Among all the characteristics of the cognitive map,
abstractness has the greatest number of relationships with
functional roles. Perhaps, it is this property of cards that is
the basis for describing one's own thinking in the process
of group thought activity.

Indicators of the cognitive map can be associated not
only with the degree of expression of the functional role,
but also with the qualitative content of the role as such.
This means that the bearer of a certain functional role,
assuming its functions, accepts certain features of thinking
characteristic of it. This is true even when the certainty of
the role is relatively low.

For the functional role of generation, cognitive maps
with an average level of abstraction and connectivity are
characteristic, with a high level of complexity of the image.

For the functional role of coordination, cognitive maps
that have a high level of abstraction and connectivity with
different levels of complexity are characteristic.
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The functional role of selection is characterized by
cognitive maps that have a low level of abstraction and an
average level of complexity, with a different level of image
coherence.

For the functional role of the realization, cognitive
maps are characteristic, with different but, as a rule, not
high indicators, which is related to the very nature of the
functions performed in group activities.

Summing up, we can conclude that the results of the
research made it possible to establish the connection of
certain roles with the indicators of cognitive maps, which
makes possible a deeper study of the mechanisms of mental
activity in the group. The data obtained make it possible to
better understand the mental processes associated with the
formation of functional roles, as well as with the
peculiarities of thinking inherent in their carriers. In the
future this can be used to increase the productivity of
mental activity in the group and to remove cognitive
barriers in the joint solution of mental problems.
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