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Abstract

With the digitalization of the economy, the creative component of an organization’s activities 
increases. Standard business process management methods stop working due to the rise in uncertainty 
of the task solution time. Currently, there are no effective technologies for managing intellectual 
activity processes in organizations. The role of collective intelligence technologies for knowledge 
management in organizations has long been discussed in the literature, but there are still no concrete 
proposals on implementation. This work aims to show how collective technologies can solve 
the problems of managing business processes of intellectual activity. The possibility of collective 
intelligence technologies for increasing labor productivity is demonstrated. Models for distributing 
tasks by competencies and synergy from collaboration are proposed for this demonstration. The paper 
shows that competencies are the primary metric that can be used to measure work with knowledge in 
an organization. But they should also be considered when organizing group activities. A simple model 
example shows that the correct distribution of tasks by competencies allows you to increase the speed 
of solving tasks by a group by several times. In real cases, calculations using computing resources 
are necessary. A model is also proposed that demonstrates increasing the joint activity of a creative 
employee and an analyst. It is shown that business process management should be supplemented by 
mapping the competence model and group work options to the stages of business processes. This will 
allow you to manage the business processes of intellectual activity. 
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Introduction

Organizations that have passed or are 
undergoing a stage of digital trans-
formation are starting to compete in 

the innovation market. To do this, they need 
to create new products and services on a much 
larger scale than before. In the pre-digital era, 
the departments involved in the introduction 
of innovations were few, but they coped with 
their work. Today, many technologists, devel-
opers and managers are involved in the crea-
tion of innovative products. That is why DevOps 
and BizOps technologies are becoming popular, 
involving the creation of a continuous pipeline 
from the development of new products (Dev –  
Development) to their commissioning (Ops –  
Operations) and back, or even starting with 
ideas generated by business (Biz – Business). 
In this regard, the share of employees of such 
organizations engaged in creative intellectual 
activity increases by a multiple. It is no coinci-
dence that industries at the center of the “digital 
vortex” are the main consumer of creative per-
sonnel today, and they feel “hunger” in them.

However, not only problems with the labor 
market arise during the transition to a knowl-
edge society. Increasing the share of crea-

tive activity requires a radical revision of 
approaches to business process management. 
Let us show this with a simple example. Figure 1  
shows a simple business process consisting of 
four stages. For each stage of the business pro-
cess, graphs of the probability of its execution 
in time are given, where the value “1” means 
execution. The condition that the entire busi-
ness process will be manageable is that each 
stage must be completed on time. Usually, even 
a little more time is laid on the execution so 
that it is highly likely to be executed. Moreo-
ver, the execution time is standardized, and 
according to such normatives, it is possible to 
accurately predict when the business process 
will be executed. For example, in car services, 
both the labor intensity and the time of order 
execution are calculated in this way. The entire 
business process management system in the 
organization is built on the fulfilment of this 
rather obvious condition. 

However, if the business process concerns 
creative activity, the end time of the stages will 
be unpredictable. The stage may end much ear-
lier than the allotted time, or it may end much 
later. Figure 2 shows the probability densities 
of completing the stages in the case of creative 
activity. 
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Fig. 1. Diagram of the business process and the probability of completion of stages on time in normal activities.



BUSINESS INFORMATICS   Vol. 16  No. 2 – 2022

38

In fact, such a business process will be 
unmanageable, since the probabilities that the 
stages will not be completed on time will mul-
tiply, and the end time of the entire process 
will become unpredictable. You can, of course, 
significantly increase the time for each of the 
stages, but then the efficiency of the business 
process will be excessively low and employ-
ees will be idle most of the time. When inno-
vation departments were small, they were sim-
ply taken out of the framework of the business 
process management system and set goals with 
indefinite deadlines. In the case when innova-
tion units are integrated into common business 
processes, as is the case today with companies 
caught in the center of digital transformation, 
business process management systems will not 
work. Collective intelligence technologies and 
a competency-based approach to process man-
agement should help solve this problem. 

1. From knowledge management  
to competence management

In [1] it is shown that the analogue of a com-
modity in the knowledge economy will not be 
knowledge itself, but the ability of people to 
operate with knowledge, i.e., their competence 

[2]. Unlike knowledge, the cost of competen-
cies is proportional to the cost price, i.e., the 
costs necessary for human education. If the 
part of the costs of teachers can be attributed to 
several students (which means that such costs 
can be reduced), then the time resources of the 
student himself are not replicated, and in the 
future, they will probably determine a signifi-
cant share of the cost of training. Moreover, 
investments in competencies are quite market-
based and give the same return as investments 
in the production of goods and services. For 
example, according to economists, one year of 
study increases the salary by 10% on average. 
This, in turn, means that total investment in 
human competencies will be more profitable as 
we move to the knowledge economy. 

Due to the special role of competencies in 
the innovation economy, studies of the possi-
bility of building competence management sys-
tems, organizing creative activities, measur-
ing and increasing the value of human capital 
become relevant [3]. Currently, only personnel 
accounting information systems have become 
widespread, but the market is already growing 
demand for such subject-oriented information 
systems as Talent management, Career Devel-

Fig. 2. The scheme of the business process and the probability of execution of stages in creative activity.
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opment Planning, Competence Management, 
etc. Competence management as a concept first 
appeared in the field of education 40 years ago 
[4], but it became widespread in business later 
[5]. Darnton [6] formulated the main com-
ponents of the competence management pro-
cess, to which he attributed: the relationship of 
employee competencies with the strategy and 
objectives of the enterprise, the conditions for 
the development of competencies, their clas-
sification, development planning and compe-
tence control. Competence management is part 
of the general knowledge management system 
(Knowledge Management System, KMS) [7], 
if by knowledge we mean explicit and implicit 
knowledge. For the first time to highlight “tacit” 
or implicit knowledge (tacit knowledge) back 
in 1958, Polani [8, p. 23] proposed, referring to 
them the knowledge that a person has beyond 
what he can say. In relation to knowledge in an 
organization, Nonaka and Takeuchi [9] used 
the term “implicit knowledge” in their book 
“The company that creates knowledge”, call-
ing it more often “unformalized” knowledge: 
“Unformalized knowledge (or “implicit”) is 
personal and dependent on the situation and 
therefore difficult to formalize and dissemi-
nate” [9, p. 84]. Competencies include implicit 
knowledge, and, unlike knowledge, are measur-
able. Since it is possible to talk about managing 
something only if the object of management is 
measurable, the concept of competence man-
agement makes sense in contrast to knowledge 
management. However, you can still use the 
term of knowledge management, meaning by it 
is the management of people’s competencies for 
the creation and use of knowledge.

2. Technologies  
of collective intelligence

The competence approach plays a special role 
in the technologies of collective intelligence. 
The concept of collective intelligence has a 
broad interpretation, and in one form or another 
(wisdom of the crowd, collective intelligence, 

etc.) it can be found in scientific literature dat-
ing back many hundreds of years ago [10]. The 
term Collective Intelligence itself was apparently 
first introduced by David Wexler, the creator of 
the so-called Wexler intelligence assessment 
scales. Wexler [11, p. 906] argued that collective 
intelligence arises only when group members use 
common intellectual resources in their activi-
ties. Many works were devoted to the possibili-
ties of collective creative activity at the end of the 
last century. Let us note as an example the book 
by the Fischer spouses [12] “Distributed minds: 
Achieving high productivity through the col-
lective intelligence of working groups”, which 
discusses approaches to the collectivization of 
knowledge in organizations. Nevertheless, the 
problems of collective intelligence received the 
most attention only with the development of the 
Internet [13]. It was the era of the Internet that 
was marked by a strong interest in the problems 
of collective intelligence. 

At the end of the last century, Canadian pub-
licist Levy [14] published a book entitled “Col-
lective intelligence: Mankind’s emerging world 
in cyberspace”, in which he called for creat-
ing a society where cyber technologies have a 
humanizing influence and contribute to the 
emergence of “collective intelligence.” Hey-
lighen (author of the book “The global super-
organism: An evolutionary-cybernetic model 
of the emerging network society” [15]) wrote 
that it is very important to learn how to use net-
work communications to increase “collective 
intelligence” in such a way that group intel-
ligence exceeds the sum of the intelligences 
of group members [16, p. 92]. Researchers of 
collective intelligence pay special attention to 
the Wikipedia project. For example, Ameri-
can scientists from Carnegie Mellon Univer-
sity have identified the relationship between 
the complexity of Wikipedia content and the 
competence of the editors of this project [17]. 
Horost [18, p. 251], who generally views all 
network resources as a global brain with mem-
ory, nodes and synapses, wrote about Wikipe-
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dia as a collective knowledge base: “Wikipedia 
is distinguished by its “intelligence,” which it 
develops through collective consciousness and 
content editing. And again, we see the total 
sum of many individual judgments about what 
is important and what is not… The resulting 
knowledge differs from PageRank, but both 
resources complement each other perfectly. In 
combination, they form, as it were, the incipi-
ent frontal lobes, the hippocampus and a kind 
of long-term memory Network”.

Zettsu and Kiyoki [19] wrote the fact that col-
lective intelligence technologies are one of the 
tools for knowledge management on the Inter-
net. In [20], it was generally proposed to consider 
all social networks as a knowledge infrastruc-
ture (knoware) of collective intelligence. The 
authors introduce such concepts as a “supernet 
of knowledge,” which includes media networks, 
user networks and knowledge networks. A group 
led by Malone [21] conducts many studies on 
the topic of collective intelligence at the Mas-
sachusetts Institute of Technology in the USA. 
Scientists of this group are studying various ways 
of applying collective intelligence technologies, 
both for organizing global network projects and 
for improving business efficiency. Such works 
as [22, 23] are devoted to the use of collective 
intelligence technologies as special information 
systems of enterprises. In [24], collective intel-
ligence technologies were considered as tech-
nologies for improving the efficiency of human 
activity by analogy with the use of business 
intelligence tools.

In [25] Malone and his colleagues proposed a 
classification, which they called the “genome” 
of collective intelligence. However, in fact, this 
classification did not reveal the features of col-
lective intelligence technologies, but simply 
allowed ranking all global network projects. 
Many researchers, following Malone, also do 
not distinguish between crowdsourcing tech-
nologies and technologies of collective intelli-
gence [26, 27]. However, there is another point 
of view. So Gruber [28, p. 4], describing crowd-

sourcing technologies and social networks, 
writes that they can only claim to be called a 
“collection of intelligences, but they are not a 
single collective intelligence, since they do not 
support group thinking. 

There is currently no consensus on what 
collective intelligence technologies should 
include. This study supports and develops the 
point of view that collective intelligence tech-
nologies are tools and systems “that unite into 
groups the necessary number of people who 
have their own individual goals but organized 
in such a way that the overall intelligence and 
effectiveness of the group increases” [29, p. 
219]. Within the framework of this approach, 
it is possible to define collective intelligence 
technologies as a special form of “information 
technologies that contribute to the collective 
solution of intellectual and creative tasks using 
network communications” [10].

3. The role of competencies  
in collective intelligence technologies

Let us look at some examples that show the 
effectiveness of collective intelligence technol-
ogies in organizing creative activities. The first 
thing that such technologies allow – due to the 
correct consideration of competencies in the 
distribution of tasks that the group solves – is 
to significantly speed up their solution. Let us 
assume that we have a group of four employees 
with different competencies (let there be 6 of 
them), which indicate the probability of solving 
a problem for this competence (this is how the 
human intelligence index, IQ, is usually meas-
ured). For simplicity, let these probabilities be 
either 0 (there is no competence) or 1 (com-
petence allows you to solve the problem with 
probability 1). Then the range of competencies 
of such a group can be described by a rectangu-
lar matrix shown in Fig. 3a. The first employee 
uniquely solves the tasks of the first two and 
fourth competencies, the second – from the 
third to the fifth, etc.
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Let this group also solve problems collected 
in four sets of six competencies each. And let 
us assume that these tasks are distributed evenly 
among the participants (Fig. 3b). With such 
assumptions, the tasks will be solved only if the 
solvers have similar competencies – the results of 
the work are shown in the row under the matrix 
in Fig. 3b. It can be seen that on average the par-
ticipants of such a group will solve three tasks. 

However, if we distribute the tasks among the 
participants in a different way (see the group dis-
tribution matrix in Fig. 4b), keeping the load 
on each participant – six tasks, we can ensure 
that each of the participants solves all six tasks. 
That is to say, the productivity of the group will 
be twice as high and simply due to the correct 
selection of competencies. It is the finding of a 
group (or collaborative) distribution matrix that 
is necessary when organizing work within the 
framework of collective intelligence technology.

In the case when a larger number of employ-
ees participate in the group, and the proba-
bility of their solving problems differs from 
0 or 1, numerical calculations must be car-
ried out, while the difference in productivity 
may be even higher. The algorithm for organ-
izing group work based on the calculation of 
the collaborative matrix is an analogue of the 
division of labor, but for intellectual activ-
ity. It is clear that it is difficult to accurately 
measure the probability of solving certain 
tasks, but it is possible to assess the speed of 
their solution by one or another specialist. 
The correct division of the overall task into 
subtasks and the correct selection of person-
nel facilitates the effective use of intellectual 
resources. In the current practice of conduct-
ing complex scientific research, managers are 
still carrying out such a distribution, relying 
only on intuition.
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4. Synergy in collective 
intelligence

The division of people by technical compe-
tencies is not the only condition for the effec-
tiveness of collective intellectual activity. It is 
important to properly organize joint work on 
one task, or synergy, which considers creative 
and analytical competencies. The division of 
experts into analysts and “idea generators” is 
an important component of the brainstorm-
ing method. Altshuller [30, p. 10] in his book 
“The invention algorithm” describes this 
method proposed by the American journalist 
Alex Osborne at the end of the 1930s: “There 
are people who are good at “generating” 
ideas, but do not cope well with their analysis. 
And vice versa: some people are more inclined 
to critically analyse ideas than to “generate” 
them. Osborne decided to separate these pro-
cesses. Let one group, having received a task, 
only put forward ideas, even the most fantas-
tic ones. Let the other group only analyze the 
ideas put forward”. Even though the “genera-
tion” of ideas and their analysis can be con-
sidered different competencies, it is especially 
necessary to take them into account when 
organizing intellectual activity, since one task 
cannot be divided into the phase of developing 

ideas and the phase of their concretization; 
joint work is necessary.

To understand how the synergy effect is 
achieved when a creative participant (“gener-
ator” of ideas) and an analyst interact, we can 
use model probability density functions for 
solving a problem. If we assume that the time 
for solving the problem is the same for both 
specialists (and is equal to 10), the probabili-
ties of their solving the problem will look some-
thing like as shown in Fig. 5, where F

i
 is the 

probability of solving the problem by the “gen-
erator” of ideas, and F

a
 is the analyst. An expert 

analyst is unlikely to solve the problem ahead of 
time t = 6, and almost certainly will solve it by 
time t = 14, while an expert with creative com-
petencies will solve the problem only by time 
t = 20, but it is likely that he can solve the prob-
lem even with small values of t. 

The distribution function can be interpreted 
not only as the probability density of solving the 
problem, but also as the percentage of task com-
pletion. Of course, a separate task can either be 
completely solved, or it will not be solved. But 
in some cases, a partial solution of the problem 
makes real sense – for example, when perform-
ing some research, when one scientist can con-
duct only part of the research and another can 

Fig. 5. Probabilities of solving the problem by the “generator” of ideas and the analyst.
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finish it. This interpretation of the distribution 
function allows us to simulate a situation when 
two specialists are working on a task at once, and 
one is an analyst, and the second is a “generator” 
of ideas. When transferring a task to each other, 
its volume (or probability) should not change. 
Mathematically, this means that the probability 
function of the joint solution of the problem (in 
the case of transferring the problem from one to 
another) must be continuous.

The continuity of the probability function of 
the joint solution of the problem is quite obvious, 
but only this property does not allow us to deter-
mine the moment when it is possible to transfer 
the task to another participant. It is possible to 
formulate a hypothesis that when transferring a 
task from one participant to another, equality is 
necessary not only for the volume of the solved 
problem, but also for the dynamics of its solu-
tion. There is no evidence of this hypothesis yet, 
but there are empirical facts that partially con-
firm its validity. So, in [31], students’ collabora-
tion was studied in work which was carried out 
remotely using network tools (blogs, wiki, etc.), 
and it was shown that students participate in col-
laboration with great success when the style of 
problem solving (skills, knowledge, goals and 
plans) of their partners is closer and clearer to 

them. This hypothesis means that the collabora-
tive probability function of a joint solution must 
be not only continuous, but also smooth (con-
tinuous in the first derivative or continuous for 
the probability density function).

The “generator” of ideas considers possible 
solutions to the problem faster than the ana-
lyst, since he does not check them immedi-
ately. At a certain point in time (let us denote 
it 

 
), the volume of the problem solved by him, 

and the speed of the solution may turn out to 
be equal to how an analyst would solve it, but 
much later, at the moment of time . If at this 
moment you transfer the task from the “gener-
ator” of ideas to the analyst, the overall solution 
of the problem will be reduced by an amount  
(

a
 – 

i
). In a sense, this transfer of the solution 

from the “generator” of the idea to the analyst 
models “insight” in the group solution of the 
problem. Thanks to this “insight,” the prob-
ability distribution shifts along the time axis 
to the left – depicted by the “Collab” line in  
Fig. 6. With the selected distribution parame-
ters, the time value will be as follows:   7.8, 
and   1.8, and, consequently, the time to solve 
the problem can be reduced by an amount equal 
to 6, i.e., the average time to solve the problem 
is reduced by more than half (t = 10). 

Fig. 6. Solving the problem as a result of collaboration.
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Note that the creative specialist who “gen-
erates” ideas participates in solving the prob-
lem less time than the analyst (in the above 
case, more than four times). This suggests that 
for the effective use of collaboration in crea-
tive activity, it is advisable to use one “genera-
tor” of ideas to work with several analysts. The 
practice of managerial activity, in which the 
role of a creative specialist is often played by 
the head of the department, confirms this – 
employees, of whom there are always several, 
bring the ideas expressed by one manager to a 
complete form.

Thus, the technologies of collective intelli-
gence, in addition to the technical competen-
cies of group activity, should take into account 
the ability to be an analyst or a “generator” of 
ideas, and such abilities can change places in 
a person depending on the field of knowledge. 
A person engaged in intellectual activity alone 
is forced to play both roles, often postponing 
research in order to look at it from the other 
side later. It is not difficult to understand that 
such an approach will always lose out to team-
work, if, of course, the abilities and competen-
cies of a person are taken into account when 
collaborating. When organizing scientific or 
research activities, it is very important to take 
into account how the participant solves prob-
lems – as a “generator” of ideas, or as an ana-
lyst, in order to integrate it more effectively into 
teamwork.

It can be shown (using a similar probabilistic 
approach) that synergy is manifested not only at 
the initial stage of solving the problem, but also 
at its completion. For example, when prepar-
ing research reports, different research partici-
pants often read the same text, reviewing and 
making their corrections. This is not because 
the competence of the author writing the text 
is less than the competence of the reviewers – 
a look from the outside allows you to better see 
the shortcomings. In addition, the labor costs 
for the examination, as a rule, are an order of 
magnitude less than the labor costs for prepar-

ing the initial document, which allows you to 
attract several people with different competen-
cies and experience to work at once. The divi-
sion of group work participants into those who 
create a document and those who review it is 
the basis of the method of evolutionary coor-
dination [32] and can be used in the activities 
of various organizations requiring intellectual 
work, including the search for solutions [33].

5. Accounting for competencies  
and collaboration  

in business processes

The technologies described above make it 
possible to solve the problem of business pro-
cesses in which creative intellectual activity 
plays the main role. It is necessary, on the one 
hand, to consider the competencies of the par-
ticipants in the process, and on the other hand, 
to organize joint work on solving problems. In 
fact, we are talking about mapping the model 
(classifier) of competencies and group activity 
options into the stages of the business process. 
Figure 7 shows an example of such mapping. 
Collective intelligence technologies are a link 
between information systems that automate the 
organization’s business processes and employ-
ees of the organization who not only have cer-
tain competencies, but also solve group tasks. 

In normal activities, when a small number of 
standard competencies are needed to partici-
pate in a business process, an employee of the 
organization is selected in such a way that his 
competencies correspond to the business pro-
cess, possibly after appropriate training. When 
it comes to intellectual activity, the number 
of necessary competencies increases signifi-
cantly, and they relate not only to the profes-
sional field, but also to organizational, creative 
abilities, which are not easy (and in some cases 
impossible) to teach. At the same time, group 
work becomes an important element, and it 
cannot be ignored in the management of busi-
ness processes.
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A person’s competencies must necessar-
ily be evaluated in the process of real activity, 
and the assessment should not serve to punish 
or reward employees, but to more accurately 
distribute them in creative work and for train-
ing. As business processes are implemented, 
the quality of information about employee 
competencies also increases. The relationship 
between competencies and business processes, 
in fact, is the relationship between implicit 
and explicit knowledge in the organization. It 
is in this connection that we should talk about 
effective knowledge management. The task 
of collective intelligence technologies is pre-
cisely to maximize the use of human intellec-
tual capital when working with explicit knowl-
edge or with the organizational capital of the 
company.

Collective intelligence technologies are find-
ing more and more applications in various fields 
today. For example, the paper [34] explores the 
possibility of using collective intelligence tech-
nologies in online MOOC communities. The 
authors have shown that in educational com-

munities, as they develop, the role of facilita-
tors (undergraduates, teachers) decreases and 
the role of interaction with peers increases. The 
work [35] is devoted to the study of the possi-
bility of using collective intelligence technol-
ogies in predictive analysis. Many studies are 
devoted to the possibilities of collective intel-
ligence technologies in the organization of sci-
entific [36] and expert [37] activities.

The role of competencies and the need to 
develop technologies for managing them in 
the new economy is not yet sufficiently under-
stood. This is partly because there is no theo-
retical basis for human intellectual activity 
management technologies. At business forums 
today, the need for human capital development 
is increasingly being discussed since innova-
tion is becoming one of the main activities of 
the company, but so far scientific research con-
cerns the subject as a whole, and not specific 
technologies. 

Deming [38, p. 87], who promoted idea of 
cooperation for the effective organization of 
corporate work, cited the orchestra as a refer-

Fig. 7. Mapping of the competence model to the business process, considering group activities.
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ence example: “Musicians do not play solo, 
but listen attentively to each other. They gather 
to support each other… Thus, each of the 140 
musicians of the Royal Philharmonic Society 
in London supports the other 139 colleagues. 
The sound of the orchestra is evaluated by lis-
teners; in this case, the role is played not by 
the fame of the performers, but by what they 
get as a result”. Unlike musicians listening to 
the sound of colleagues, the integration of pro-
fessionals in the field of intellectual activity 
is facilitated by electronic communications, 
which allows us to talk about the creation of a 
single network mind.

Conclusion

Thus, it can be said that it is the technologies 
of collective intelligence, based on a compe-
tence-based approach and taking into account 
the synergy from group work that will make it 
possible to manage business processes in con-
ditions of creative activity, which is increasingly 
in demand by organizations. South Korean 
schools have been teaching children for a long 
time, seating them around round tables. This 
is done intentionally to teach schoolchildren 

to group work from childhood. As compa-
nies’ activities become more and more crea-
tive, it is group work, considering the specific 
competencies and organizational character-
istics of employees that will be able to reduce 
the uncertainty in completing tasks. Business 
process management based on collective intel-
ligence technologies will require the introduc-
tion of a competence-based approach, and the 
measurement of competencies will need to be 
carried out continuously within the frame-
work of feedback. The measurement of com-
petencies will allow you to adjust the business 
process management system to changing con-
ditions, change or retrain employees. Organ-
izations that will be the first to establish such 
business process management systems will gain 
competitive advantages in the field of innova-
tive development. 
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