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1. INTRODUCTION

Abstract: In this article the experiment on the use of neuro-
technologies among project team members was described and
conducted using brain-computer interface with functional bi-
ofeedback technology. The results of the experiment showed
that it was extremely difficult for young people to regulate
psycho-emotional state and the technology of neurofeedback
can be regarded as “physiological mirror” which helps to train
the physiological and mental states by tracking their brain ac-
tivity in a real time mode. It was found out as well that the
teamwork contributes to increased involvement, self-confi-
dence, concentration and relaxation of the participant, if nec-
essary. In conclusion some recommendations for project
managers were given. The results of the practical part can be
useful for further study of brain activity, receptivity to infor-
mation, various psycho-emotional states of employees of or-
ganizations, as well as for the practical application of neu-
rofeedback technologies in the activities of companies and
project teams.

Keywords: Brain; Neuro Project Management; Project team
members; Neurofeedback; Neurotechnologies; Electrical sig-
nals; Brain computer interface; Psycho-emotional state.

companies it is not enough for a manager to use
classical management functions. The activity

In the modern world, most discoveries are
made at the junction of various sciences.
Neuroscience, as a complex of sciences
combining  psychophysiology, behavioral
physiology and genetics, is now widely studied
by scientists from different countries. The
development of neuroscience permeates and
covers many scientific areas including
medicine, engineering and most of social
sciences, creating opportunities for research.

and new scientific  branches.  Such
interdisciplinary areas as neuroeconomics,
neuromanagement, neuromarketing, neuro

project management and others are rapidly
developing today.

Management is closely related to the basic
economic sciences, as well as to such general
sciences as psychology, sociology. In modern

of a manager is increasingly related to
emotional intelligence, behavioral psychology,
knowledge management and the development
of cognitive abilities. Competent management
of an organization or project requires
systematic management of processes through
which  knowledge from the external
environment is identified, accumulated,
distributed and applied in the organization to
improve its performance. The cognitive
abilities of the head and the specialists of the
organization become the key to the
development of the organization, not survival.

2. RELATED WORKS

Many authors in their scientific works de-
scribed the technologies of the fourth industrial
revolution. Such technologies of digitalization
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and robotization of production permeate all
spheres of human activity: work, everyday life,
leisure. They help a modern person in making
decisions, but not making decisions for him
(Fernandez et al., 2021; Hassoun et al., 2023;
Love et al., 2022). At the same time, scientific
works describing the technologies of the fifth
industrial revolution are already appearing.
They focus on the creation of cyber-physical
systems and bio-technologies that stand at the
intersection of such sciences as medicine, ge-
netic engineering, psychophysiology, neuro-
science, engineering (Gumbo et al., 2023;
Muddassir, 2020; Noble et al., 2022). The cre-
ation and implementation of such systems is
supposed to be in all spheres of activity with
the possibility of decision-making without hu-
man participation (Nayeri et al., 2023).

Project management has also been investigated
by many authors for the possibility of using
neurotechnologies (Khalimon et al., 2020;
Khalimon, 2020; Kemp, & Baker, 2022; Neuro
Project Management, 2020; Vargas, 2015).

It should be noted that it is incorrect to consider
neurotechnologies as technologies aimed only
at using neural networks when analyzing a
large amount of data and helping the project
manager make decisions (Mossalam, & Arafa,
2017; Vargas, 2015). Neuro project manage-
ment, as a scientific approach, reveals the spe-
cific patterns of the formation of project think-
ing, as well as the features of neural processes
in the professional activities of project manag-
ers (Khalimon et al., 2020; Khalimon, 2020;
Kemp, & Baker, 2022). And it is already pos-
sible to explore the possibilities of using neural
networks in the field of project management
(Neuro Project Management, 2020).

It was noted by the authors that it is impossible
to use neural networks at the level of tactical
management in the company (Tronto et al.,
2008; Wang, & Bu, 2023) or at the project
level. This is due to the fact that a small limited
time horizon does not allow to accumulate a
large amount of data (Vargas, 2015).

At the same time, at the level of program and
portfolio management, where the planning
horizon can be 10-15 years (Barro et al., 2022;
Geraldi et al., 2022), or when working with
megaprojects, such a need arises and a neural

network can help in data analysis and pro-
cessing (Cottafava et al., 2023; Jiang et al.,
2023).

Exploring the question of the impact of project
activity on human thinking, on the brain, on the
course of decision-making, it will be important
to note that project activity is characterized by
a number of factors (Liedtka, & Locatelli,
2023; Mortati et al., 2023):

e team interaction;

¢ the ability to communicate with exter-

nal participants and within the team;

e the ability to solve problems;

o the desire to achieve the goals;

e analytical mindset and systemic think-

ing.

These factors form the phenomenon of project
thinking (Gawarikar, 2023; Knai et al., 2023;
Kiyakbay et al., 2023; Muller et al., 2015;
Sisamud et al., 2023), which is different from
technical or executive thinking.

Separately, it is necessary to note the rapid de-
velopment of such a direction as neuromarket-
ing (Bhardwaj et al., 2023; Ouzir et al., 2024).
It is known that marketing is one of the most
important components of project management
(Obradovi¢ et al., 2016), since marketing re-
search permeates the work on the project from
the beginning to the end (Lehtimaki et al.,
2009)--Neuromarketing is now actively used in
marketing projects for planning advertising
campaigns, brand creation, and city develop-
ment strategies (Schauerte et al., 2023;
Toukola et al., 2023).

In this regard, it is considered important to con-
duct more research in order to better under-
stand:

o the brain technology of specialists en-
gaged in project activities working in a
team;

e what are effective ways to activate
their brain activity and involve them in
work;

e what techniques can a project manager
use to increase the effectiveness of the
team and their activities.
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3. METHOD AND MATERIAL
3.1 Neurofeedback technology

Neurofeedback is a kind of biofeedback tech-
nique that helps individuals consciously regu-
late their brain activity. During neurofeedback
sessions, predominantly electroencephalog-
raphy (EEG) data is recorded, and then the
components of EEG signal are presented to
participants through an online feedback loop
using audio, video, or both. Through neu-
rofeedback training, individuals learn to recog-
nize and modify their automatic responses.
Like any habit, establishing a new pattern re-
quires repeated practice over time.

The human brain operates with electrical sig-
nals (Steinhardt et al., 2020). It constantly gen-
erates electrical impulses, which are called
brain waves (or brain rhythms, brain waves,
brain activity). Various patterns of the electri-
cal activity of the brain can be identified by
their amplitudes and frequencies. Frequency
describes the speed at which these waves oscil-
late, measured in hertz (Hz), or cycles per sec-
ond, while amplitude indicates the strength of
these waves, measured in microvolts (V).
Different frequency components are classified
into delta (below 4 Hz), theta (4-8 Hz), alpha
(8-13 Hz), beta (13-30 Hz), and gamma (30-
100 Hz), each associated with a specific physi-
ological function (Hossain et al., 2023;
Yousefi, & Kolivand, 2023).

EEG sensors placed on the scalp to detect brain
waves, which are then converted into video
games or moving images, allowing the brain to
'track’ its activity. The training focuses on ad-
justing the amplitude of specific frequency
bands at designated scalp locations to higher or
lower levels. Additionally, the frequency bands
and training directions (increasing or decreas-
ing amplitudes) may vary depending on the
training objectives. As the game progresses,
sounds increase, and images move, the brain
adjusts its wave patterns for improved func-
tioning.

The neurofeedback technique is suitable in
treatment and mental state training of both
adults and the elderly, as well as with school-
age children (Betts, & Froehlich-Grobe, 2017).
This innovative technology can help adults im-
prove their concentration, reduce stress levels,
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and improve work efficiency. It can be used to
develop self-regulation skills, improve cogni-
tive function, and enhance overall well-being.
It functions as a feedback system that delivers
real-time updates on brain wave pattern
changes, enabling targeted adjustments to opti-
mize brain function.

3.2 Experimental procedure

The described study is a part of a larger exper-
iment. In the experiment, the brain computer
interface (BCI) NeuroPlay-6C (Neuro Assis-
tive Technology Ltd) was used as a neurofeed-
back device for mastering the relaxation and
concentration of attention skills.

NeuroPlay-6C consists of 6 surface dry, active,
replaceable, coated with Ag/AgCI electrodes,
placed in standard recording channels in the
frontal, temporal, and occipital lobes. In our
cases the monopolar montage is used in the
neurofeedback training: the active electrode is
placed on the skull and the recorded signal by
the active electrode is compared to the second
electrode entitled as the reference electrode.
The activity of the active electrode minus the
activity of the reference electrode represents
the brain activity at the active electrode.

In our experiment the frequency/ power neu-
rofeedback trainings were used. There are sev-
eral neurofeedback treatments protocols i.e. al-
pha, beta, alpha/theta, delta, gamma, and theta
(Marzbani et al., 2016).

We applied alpha and beta protocols. The alpha
wave of the brain is usually associated with
alert relaxation (Evans, & Abarbanel, 2000).
The alpha condition reflects the brain's creative
functions, which are utilized during relaxation
(easing muscle tension) and ultimately facili-
tate sleep. These waves appear and spread
quickly across the skin. Research indicates that
alpha waves intensify during meditation. The
typical frequency range for alpha therapy lies
between 7-10 Hz, which is beneficial for med-
itation, sleep, and alleviating stress and anxi-
ety. Additionally, a frequency of 10 Hz pro-
motes deep muscle relaxation, pain relief,
regulates breathing, and lowers heart rate
(Dempster, 2012; Vernon, 2005).
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Beta activity serves as a strong indicator of
cognitive performance. Beta training is em-
ployed to enhance concentration and attention
(simulating increased beta at 12-14 Hz), im-
prove reading skills (simulating 7-9 Hz), and
foster positive academic outcomes. It also
boosts computational abilities and cognitive
processing (simulating 14-22 Hz and 12-15
Hz).

As an example, the Figures 2-3 show the re-
sults of measuring the indicators of one of the
participants.

The BCI interacts with several ready-made
neural games used for team building. The BCI
starts the video and the higher the selected in-
dicator (concentration or relaxation), the faster
and better the image is reproduced. At the be-
ginning a brief introduction to neurofeedback
technology, experimental procedure and short
practice trials were provided to each subject.
This experiment lasted 20 minutes.

The procedure includes several stages:

Stage 0 “Beginning”: at the zero stage, experi-
mental tasks are prepared, equipment is se-
lected and tested, the initial state of the group
of subjects and their characteristics (number,
age, gender, general physical, emotional state,
readiness for the experiment) is recorded. Par-
ticipants are explained the general tasks and the
course of the experiment.

Stage 1 “Work at the level of introspection™: it
is necessary to conduct in-depth research and
cognition by the participants of the experiment
of acts of their own activity in the process of
team interaction within the framework of solv-
ing project issues. There is a fixation of indi-
vidual thoughts, images, feelings, experiences
by each participant separately. Then the pre-
senter collects and summarizes the data.

Stage 2 “Formation of an experimental task”.
Tasks involve several stages:
1. providing information to participants in
the form of pictures and audio accompa-
niment, analysis and evaluation of the

perception of the same information by
different participants.

2. interactive teamwork with NeuroPlay-
6C for learning meditation and concen-
tration methods by using ready-made
neural games.

3. competition of teams in achieving the
best group result in meditation and con-
centration.

4. Stage 3 “Experiment stage”. Participants
used BCI for neurofeedback. They were
given the list of task to perform and tim-
ing for each subject in a team. The ob-
tained results depending on the partici-
pant's brain activity, stress level, and the
ability to concentrate or relax were rec-
orded.

5. Stage 4 “Evaluation of the result”: anal-
ysis of the results obtained according to
the following criteria.

6. Stage 5 “Adding the results to the num-
ber of factors”: if the data collected are
relevant for further analysis, then as a re-
sult, the answers to the 10 questions
posed above can be achieved.

3.3 Participants

Thirty-four Master's degree students of the
State University of Management (Moscow,
Russian Federation) aged 22-25 participated in
the study. Participants gave an informed con-
sent to take part in the study. The study was
approved by the Ethics Commission of Psycho-
logical Institute of Russian Academy of Edu-
cation, 2023/02-3.

3.4 Heuristic modeling

The essence of the method is that a model of an
object or process is created based on a
hypothesis about its structure and functions
(Zou et al., 2023). At the same time, the data
available in the scientific literature are used
and, based on a qualitative hypothesis, the
missing ones are added by checking the
assumptions.

In our case, the algorithm for using heuristic
modeling looks like this (Fig.1).

21




E. Khalimon, M. Sitnikova, I. Brikoshina

l '

Obtaining and Replacing or
recording the results changing the task.

of the experiment

—) i
Work at the level of
introspection

the results
obtained

J l Yes

Evaluation of

Assessment of

Formation of an Adding the results the readiness
experimental task into the number of of the factor
factors tree
|
J Undefined
Transition to the Changing the
experiment level assessment basis.
Division of the task.

o

Figure 1: Heuristic modeling scheme

The process of using heuristic modeling is a
single continuous process that has a beginning
and an end, but contains cyclic processes. In
our case, cycles are implemented by going to
the beginning of the entire process with a revi-
sion of the original task (circle number 1).
Also, in the scheme of heuristic modeling there
are variables of transitions through a stage or
stages.

The formation of the task for the experiment
involves getting answers to the following ques-
tions:

Task 1 involves getting answers to questions:

1) Do different participants react to audio
and video information in the same way
or in different ways?

2) Can participants control their stress
and mood levels?

3) How long is the participant's brain un-
der stress and at rest during team inter-
action when engaged in project activi-
ties?

Task 2 involves getting answers to questions:
4) Can participants manage their concen-
tration and relax, if necessary, while
being in a team?

22

5) Do the techniques used by the partici-
pants to control the state of concentra-
tion and relaxation work the same for
different participants or not?

6) Which subjects do better: concentra-
tion or relaxation?

Task 3 involves getting answers to questions:

7) Can team support help to increase the
effectiveness of exercises on Neuro-
Play 6-C?

8) What techniques are used by team
members to create the conditions nec-
essary to increase the effectiveness of
exercises on NeuroPlay 6-C for the
subject?

9) How does the performance of team
tasks affect the psycho-emotional state
of team members?

10) What conclusions do the participants
draw based on the results of the tasks?

4. RESULTS

EEG data was processed and analyzed with a
special software NeuroplayPro (Neuroassistive
Technology Ltd). The frequency bands were
analyzed in the experiment. As we applied al-
pha and beta protocols during neurofeedback
trainings, we calculated the amplitudes of a
certain frequency band on a defined location on
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the scalp during each neural games in every
subject of the team.

Figure 2 shows the level of alpha-rhythm of
one of the participants during neurofeedback
trainings. As it can be seen from the graph:

— the largest amplitude of the a-rhythm is
observed in a state of calm wakefulness
from the 2nd to the 5th minute with open
eyes and deep breathing;

— the smallest amplitude — with mental ac-
tivity (from the 6th to the 8th minute)
and with closed eyes (from the Oth to the
2nd minute).

Based on this, it can be concluded that the al-
pha-rhythm of the neural activity of the brain

under cognitive load and with the closed eyes
of the subject is similar. (It should also be noted
that the jump at 01.30 and 06.20 was recorded
due to the movement of the subject’s and the
loss of the signal from the sensors.)

Figure 3 shows the amplitude of the betta
waves are high when new unexpected stimuli
are presented (from the 2nd to the 3rd minute
the eyes were open), as well as with mental
stress (from the 6th to the 7th minute there was
a cognitive load). When performing the task
"deep breathing" and with eyes closed, the am-
plitude of the waves is not high.

The obtained values for the rhythms of the neu-
rons of the participants' brains can be summa-
rized and presented in the form of Table 1.

Table 1: Changes in brain rhythms when performing tasks

It can be seen from the table that reliable data
suitable for analysis can be obtained when us-
ing the equipment. There was also a correlation
between high activity of neurons when per-
forming a cognitive task and when opening the

Table 2: The results of the second experiment

06.00-

minutes | 00.00- | 02.00- | 04.00-
rhythms 02.00 | 04.00 | 06.00 | 08.00
o-thythm () 1 1
p-rhythm (1) | | !

Comments

In order to be able to compare the data
obtained for this rhythm, it is necessary to
take into account that in a state of calm-
ness of a person, the amplitude for this
rhythm is the greatest.

eyes of the participants, which can be used and
studied more deeply in subsequent studies.

The following results were obtained during the
second experiment (Table 2):

Research question Answer Comments
Task 1
When pictures and sounds depicting nature and ani-
mals appeared, causing a sense of harmony, tranquil-
ity, and enjoyment, the participants recorded a de-
1) Do different par-  97% of partici- crease in stress levels. When pictures and sounds
ticipants react to pants had the  with aggressive animals, factories, garbage, aggres-
audio and video in-  same reaction  sion appeared, the participants had a feeling of anxi-
formation in the to audio and ety and stress.
same way or in dif- video infor- Small deviations of 3% were associated with per-
ferent ways? mation sonal memories of the subjects, distorting the result:

the mountains in one participant caused a feeling of
anxiety due to his experience of hiking in the moun-

tains.
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2) Can participants

When a sharp sound and an aggressive image caused
by stress appeared, it was difficult for the
participants to lower their excitement and calm
down. Also, being in a state of calm, it was difficult

control their stress No, they can- for the participants to ma!ntain this state during the
and mood levels? not . experiment.
The annoying factors were: the whispering of class-
mates, footsteps in the corridor, sounds from the
street, the internal state of each subject associated
with an unusual state of the experiment for them.
igrglg\garlw?'zg I;rgi]r? After collecting statisti-cs from the grap_hs based on
the results of the exercises performed, it turned out
under stress and at 65% of the

rest during team in-
teraction when en-
gaged in project ac-
tivities?

time the brain
is under stress

that the participants managed to keep their relaxed
state only during 35% of the time. The rest of the
time - 65% - the brain was in a state of stress and the
participants tried to get out of this state.

Task 2

4) Can participants
manage their con-
centration and re-
lax, if necessary,
while being in a
team?

No, they can-
not

Being in a team and performing exercises using the
NeuroPlay-6C, the participants could not success-
fully perform the exercises. The average result of

completing relaxation and concentration tasks in the
allotted time per team: 67,5% (where 100% is the

maximum result).

5) Do the tech-
niques used by the
participants to con-
trol the state of con-
centration and re-
laxation work the
same for different
participants or not?

The same tech-
niques used by
the participants
to control the
state of concen-
tration and re-
laxation work
in the different
way.
To get the same
results partici-
pants used dif-

When performing a relaxation and concentration
task, one team member tried several ways, testing
hypotheses about what exactly would make his neu-
rons relax or tense up. Having found suitable meth-
ods, the second team member tried to apply them on
himself, but they did not give the desired result,
while he managed to find other ways. The same
thing happened with the third member of the team.
As a result, it turned out that in order to achieve
maximum concentration or relaxation, each team
member needed individual ways (for example, for
concentration, someone needed to remember the al-
phabet of a foreign language, someone - a score
from 60 to 1, another participant - to remember
tongue twisters. Conversely, for relaxation, it was

ferent tech- X )
niques. enough_ for someone to just c!ose his eyes, for some-
one - silence and immersion in memories, for some-
one - it was enough to turn on calm music in head-
phones).
6) Which subjects 97% of partici- A number of exercises offered to the participants

do better:
tration or
tion?

concen-
relaxa-

pants did con-
centration tasks
better than re-
laxation tasks.

were aimed at training the state of relaxation and
concentration. After collecting statistics and analyz-
ing the results, it turned out that the team members
coped better with performing concentration exercises
than relaxation: 80% vs. 55%.

Task 3

7) Does team sup-
port help to increase
the effectiveness of

Yes, it does.

Tasks performed by participants individually (with-
out team support) showed lower results than tasks
performed in a team.
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exercises on Neuro-
Play-6C?

8) What techniques
are used by team
members to create

. Physical con-
the conditions nec- ysica
. tact, advice, en-
essary to increase couragement
the effectiveness of ag '
silence

exercises on Neuro-
Play-6C for the sub-
ject?

Creating the conditions necessary for the participant

to get the necessary reaction.

It causes emo-
tions such as
joy, interest

9) How does the
performance of
team tasks affect the

psycho-emotional n?gr?t '2;’3'3\;;_

state of team mem- N

bers? tion with the
' result.

According to the results of the survey, the psycho-
emotional state in the team is radically different
from completing tasks individually. When perform-
ing tasks individually, the participant experienced

fear, a sense of despair, weakness.

10) What conclu-
sions do the partici-
pants draw based on
the results of the
tasks?

1. Itis necessary to try and train the performance of those techniques
that help each person to concentrate or relax.
2. Team members feel protected, feel a comfort zone, support, addi-
tional strength to complete tasks.
3. The presence of other participants does not interfere with concentra-

tion and relaxation.

Analyzing the results presented in Table 2, it
can be concluded that:

— modern young people are in a state of
stress and emotional strain more than in
a state of calm and relaxation. It is ex-
tremely difficult for them to regulate
psycho-emotional states, purposefully
switching from a state of relaxation to a
state of concentration and vice versa.

— inorder to manage the psycho-emotional
state it is necessary to find those tech-
niques that are effective for each person
and regularly engage in neurofeedback
to train the brain activity. Neurofeed-
back can be regarded as “physiological
mirror” which helps to detect the effec-
tiveness of the strategies applied.

— the teamwork contributes to increased
involvement, self-confidence, concen-
tration and relaxation (!) of the partici-
pant, if necessary.

5. CONCLUSIONS

In this study, two experiments on the use of
neurotechnologies among project team mem-
bers were described.

The purpose of the first experiment was to ap-
ply BCI for neurofeedback and analyze the
rhythms of the participants' brains. It was

found that the data received was reliable and
suitable for further analysis.

The second experiment was based on heuristic
modeling and was carried out using equipment
and technology of functional biofeedback. It
was aimed at diagnosing the level of stress and
calmness among the participants, assessing the
possibility of reducing stress levels, increasing
concentration and relaxation. The results of the
experiment were described in detail above.

At the end of the research, some recommenda-
tions could be given for project managers. In
order to increase the efficiency of team work
on a separate project and to increase the effi-
ciency of team and community management, it
iS necessary:

— to reduce the feeling of stress, loneliness
and oppression among team members, to
identify those factors and root causes
that cause such a feeling;

— provide space and conditions for team-
work, increase team spirit and encourage
the involvement of each participant in
teamwork;

— conduct neurofeedback trainings, that al-
low project team members to regulate
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their psycho-emotional states of concen-
tration and relaxation while performing
their duties, and not experience a feeling
of emotional, psychological burnout and
exhaustion.

6. DISCUSSION OF THE OBTAINED
RESULTS AND FUTURE WORK

The results of the theoretical study can be use-
ful for further scaling up the practice of apply-
ing neurotechnologies in the field of Manage-
ment, Project Management, Human Resource
Management.

The results of the practical research can be use-
ful for further study of brain activity, receptiv-
ity to information, various psycho-emotional
states of employees of organizations, as well as
for the practical application of neurofeedback
technologies in the activities of managers of
companies and project teams.

During the experiments, two phenomena were
discovered that require further in-depth re-
search:

1) There was also found a possible correla-
tion between high activity of neurons
when performing a cognitive task and
when opening the eyes of the partici-
pants', which can be used and studied
more deeply in subsequent studies. It has
been hypothesized that the amount of in-
formation received by a person when
opening his eyes (shapes of objects, dis-
tance, condition of objects, colors,
shapes) exerts a cognitive load on the
brain that is comparable or exceeds the
load of the brain when performing a
complex mental task.

2) The participant with speech problems
and the participant who did not speak the
language of teaching at the university
performed the best in concentration and
relaxation exercises. A hypothesis that
needs to be tested has been put forward
that people who do not possess high so-
cial and communication skills develop
the ability of rapid concentration and re-
laxation during their lifetime. They don't
need the support and assistance of a
team. At the same time, people with
highly developed social and communi-
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cation skills do not do well with concen-
tration and relaxation exercises. The
help of other team members helps them
to cope with tasks and train their brains.

The results of the research conducted in this ar-
ticle do not solve the questions posed, but bring
researchers closer to solving them, raise new
questions, draw attention to the study of the is-
sue of Neuro Project Management from the
point of view of neural activity of the brain, ra-
ther than machine learning and neural net-
works, and contribute to the development of
Neuro Project Management as a science direc-
tion.

REFERENCES

Barro, D., Consigli, G., & Varun, V. (2022). A
stochastic  programming model for
dynamic portfolio management with
financial derivatives. Journal of Banking
& Finance, Vol. 140, 106445.

Betts, A. C., & Froehlich-Grobe, K. (2017).
Accessible weight loss: Adapting a
lifestyle intervention for adults with
impaired mobility. Disability and Health
Journal, Vol. 10, Iss. 1, pp. 139-144.

Bhardwaj, S., Rana, G. A., Behl, A., & de
Caceres, S. J. G. (2023). Exploring the
boundaries of Neuromarketing through
systematic investigation, Journal of
Business Research, Vol. 154, 113371.

Cottafava, D., Corazza, L., & Torchia, D.
(2023). Geo-spatial accounting for the
socio-economic impacts of megaprojects:

Towards operationalization of
Megaproject  Social ~ Responsibility.
Environmental  Impact  Assessment

Review, Vol. 103, 107288.

Dempster, T. (2012). An investigation into the
optimum training paradigm for alpha
electroencephalographic biofeedback
(PhD Thesis). U.K.: Canterbury Christ
Church University.

Evans, J., & Abarbanel, A. (2000).
Introduction to Quantitative EEG and
Neurofeedback. Journal of Head Trauma
Rehabilitation. 15. 10.1097/00001199-
200010000-00010.

Fernandez, J. L., Ibafez, J. C., Diaz de la Cruz,
C., & Gil, B. V. (2021). How can ‘orare
et laborare’ guide the person-technology
relationship during the Fourth Industrial




European Project Management Journal, Volume 15, Issue 1, May 2025

Revolution?, Technology in Society, Vol.
67, 101803.

Gawarikar, V. (2023). Integration of critical
thinking processes into project thinking
and making.
10.13140/RG.2.2.25650.99523.

Geraldi, J., Teerikangas, S., & Birollo, G.
(2022). Project, program and portfolio
management as modes of organizing:
Theorising at the intersection between
mergers and acquisitions and project
studies. International Journal of Project
Management, Vol. 40, Iss. 4, pp. 439-
453.

Gumbo, S., Twinomurinzi, H., Bwalya, K., &
Wamba, S. F. (2023). Skills provisioning
for the Fourth Industrial Revolution: A

Bibliometric Analysis. Procedia
Computer Science, Vol. 219, pp. 924-
932.

Hassoun, A., Garcia-Garcia, G., Trollman, H.,
Jagtap, S., Parra-Lopez, C., et al. (2023).
Birth of dairy 4.0: Opportunities and
challenges in adoption of fourth industrial
revolution technologies in the production
of milk and its derivatives. Current
Research in Food Science, Vol. 7,
100535.

Hossain, A., Islam, M. T., Hoque, A., Rahim,
S. K. A., Alshammari, A. S., Chowdhury,
M. E. H.,, & Soliman, M. S. (2023).
Sensor-based microwave brain imaging
system (SMBIS): An experimental six-
layered tissue based human head
phantom model for brain tumor diagnosis
using electromagnetic signals.
Engineering Science and Technology, an
International Journal, Vol. 45, 101491.

Jiang, K., Le, Y., Zheng, X., Zhang, X., &
Ouyang, L. (2023). Toward a systematic
understanding of megaproject
improvisation. International Journal of
Project Management, Vol. 41, Iss. 7,
102529.

Kemp, K. M., & Baker, D. P. (2022). The
Development of Intelligence: Education
and Neuroscience. Editor(s): Sergio Della
Sala, Encyclopedia of Behavioral
Neuroscience, 2nd edition (Second
Edition), Elsevier, pp. 339-345.

Khalimon, E. A. (2020). Basic scientific
principles of neuro project management //
Hetipo IIPOKEKT MEHE[KMEHT!

Martepuanbl MeXAyHapOIHON Hay4dHO-
MpakTHdeckoi KoHbepeHmr, MocKkBa,
11-13 mapra 2020 rona. Pp. 205-208.

Khalimon, E., Brikoshina, I., Apenko, S. [et
al.]. (2020). Neuro project management.
74 p.

Kiyakbay, N., Argynbayev, Y., & Adilbayeva,
R. (2023). Developing Thinking Skills
through Project-based Learning. lasayi
yniversitetinin habarshysy. 128. Pp. 395-
407.

Knai, C., Savona, N., Finegood, D., Aguiar, A.,
Blanchard, L., Conway-Moore, K., et al.
(2023). Learning from the CO-CREATE
project: A protocol for systems thinking
across research (STAR). Obesity
Reviews. 24.

Lehtimaki, T., Simula, H., & Salo, J. (2009).
Applying knowledge management to
project marketing in a demanding
technology transfer project: Convincing
the industrial customer over the
knowledge gap. Industrial Marketing
Management, Vol. 38, Iss. 2, pp. 228-
236.

Liedtka, J., & Locatelli, G. (2023). Humanising
complex projects through design thinking
and its effects. International Journal of
Project Management, Vol. 41, Iss. 4,
102483.

Love, O. D., Nnamdi, I. N., Clinton, O. A., &
Omoseni, O. A. (2022). Integrating fourth
industrial revolution (4IR) technologies
into the water, energy & food nexus for
sustainable security: A bibliometric
analysis. Journal of Cleaner Production,
Vol. 363, 132522.

Marzbani, H., Marateb, H. R., & Mansourian,
M. (2016). Neurofeedback: a
comprehensive review on system design,
methodology and clinical applications.
Basic and Clinical Neuroscience, 7(2),
143-158. 10.15412/J.BCN.03070208.

Mortati, M., Magistretti, S., Cautela, C., &
Dell’Era, C. (2023). Data in design: How
big data and thick data inform design
thinking projects. Technovation, Vol.
122, 102688.

Mossalam, A., & Arafa, M. (2017). Using
artificial neural networks (ANN) in
projects monitoring dashboards’
formulation. HBRC Journal. 14.

27




E. Khalimon, M. Sitnikova, I. Brikoshina

Muddassir, M. (2020). Heart Failure With
Preserved Ejection Fraction, the Fifth
Industrial Revolution and Humanity.
JACC: Heart Failure, Vol. 8, Iss. 2, pp.
155-156.

Mdller, R., Pemsel, S., & Shao, J. (2015).
Organizational enablers for project
governance and governmentality in
project-based organizations.
International  Journal of  Project
Management, Vol. 33, Iss. 4, pp. 839-
851.

Nayeri, S., Sazvar, Z., & Heydari, J. (2023).
Designing an loT-enabled supply chain
network considering the perspective of
the  Fifth  Industrial  Revolution:
Application in the medical devices
industry. Engineering Applications of
Artificial Intelligence, Vol. 122, 106113.

Neuro  Project  Management.  (2020).
Proceedings of the International
Scientific and Practical conference,

Moscow, March 11-13, 2020. 230 p.

Noble, S. M., Mende, M., Grewal, D., &
Parasuraman, A. (2022). The Fifth
Industrial Revolution: How Harmonious
Human-Machine Collaboration is
Triggering a Retail and Service
Revolution. Journal of Retailing, VVol. 98,
Iss. 2, pp. 199-208.

Obradovi¢, V., Cicvari¢ Kosti¢, S., & Mitrovi¢,
Z. (2016). Rethinking Project
Management — Did We Miss Marketing
Management? Procedia - Social and
Behavioral Sciences, Vol. 226, pp. 390-
397.

Ouzir, M., Lamrani, H. C., Bradley, R. L., & El
Moudden, I. (2024). Neuromarketing and
decision-making:  Classification  of
consumer preferences based on changes
analysis in the EEG signal of brain
regions. Biomedical Signal Processing
and Control, Vol. 87, Part B, 105469.

Schauerte, N., Becker, M., Imschloss, M.,
Wichmann, J. R. K., & Reinartz, W. J.
(2023). The managerial relevance of
marketing science:  Properties and
genesis. International  Journal  of
Research in Marketing (in press).

Sisamud, K., Chatwattana, P., &

28

Piriyasurawong, P. (2023). The Project-
based Learning using Design Thinking
Model via Metaverse to Enhance
Buddhism Innovators. Higher Education
Studies. 13. 10.

Steinhardt, C. R., Sacré, P., Sheehan, T. C.,
Wittig, J. H., Inati, S. K., Sarma, S., &
Zaghloul, K. A. (2020). Characterizing
and predicting cortical evoked responses
to direct electrical stimulation of the
human brain. Brain Stimulation, Vol. 13,
Iss. 5, pp. 1218-1225.

Toukola, S., Stadhle, M., & Mahlamaki, T.
(2023).  Renaissance  of  project
marketing: Avenues for the utilisation of
digital tools. Project Leadership and
Society, Vol. 4, 100091.

Tronto, I. F. B., daSilva, J. D. S., & Sant’ Anna,
N. (2008). An investigation of artificial
neural networks based prediction systems
in software project management. Journal
of Systems and Software, Vol. 81, Iss. 3,
pp. 356-367.

Vargas, R. V. (2015). Applying neural
networks and analogous estimating to
determine the project budget. Paper
presented at PMI® Global Congress 2015
- North America, Orlando, FL. Newtown
Square, PA: Project Management Insti-
tute.

Vernon, D. J. (2005). Can neurofeedback
training enhance performance? An
evaluation of the evidence with
implications for future research. Applied
Psychophysiol Biofeedback, 30(4), 347-
364. doi: 10.1007/s10484-005-8421-4.

Wang, P., & Bu, H. (2023). Enterprise
hierarchical management based on neural
network model. Optik, Vol. 272, 170326.

Yousefi, F., & Kolivand, H. (2023). A robust
brain pattern for brain-based
authentication methods using deep
breath. Computers & Security, Vol. 135,
103520.

Zou, Y., Sun, H., Fang, C., Liu, J., & Zhang,
Zh. (2023). Deep learning framework
testing via hierarchical and heuristic
model generation. Journal of Systems and
Software, Vol. 201, 111681.




European Project Management Journal, Volume 15, Issue 1, May 2025

APPENDIX

[l HeurcPlayPro 196

% Yerpoiictoo
v

B e
@ HacTpaiiki
@ o

8 NeuraPlayPro 196

5 vericrso
oy v

B o
By Hacrpoiien

. 0 nporpamise

JKCNOPT

238

S| ) gl
&858

Figure 2: Alpha-rhythm of one of the participants
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Figure 3: Beta-rhythm of one of the participants
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