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ABSTRACT

Smartphones are ubiquitous, but it is still unknown what physiological functions can be mon-
itored at clinical quality. In medicine their use is cited in many fields (cardiology, pulmology,
endocrinology, rheumatology, pediatrics as well as in the field of mental health).

The aim of this paper is to explain how the use of mobile application can help clients to improve
the index of their focus, concentration and motor skills. Our original developed application on
Android operating system, named “neurogame” is based on an open source platform to enable
assessment and therapeutic stimulation, focus and concentration with the ability to monitor the
progress of the results obtained in a larger number of participants (normal subjects as well as
patients with different disorders) over a period of time.

Whilst nowadays the predominant focus is on the pharmacological treatments, there is a rapidly
growing interest in research on alternative options that will offer help in many cases of disorder
management in terms of mobile application games.

In order to have some kind of “norms”, we evaluated a group of healthy population. Obtained
results will serve as a database for comparison the future results. This article displays the results
obtained as database.
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INTRODUCTION

Mobile phones are largely used today inthe  in current devices allows integration of numer-

form of smart devices supplying a wide range of
possibilities in terms of more than just a phone
for calls and messages. Even the lower classes
of these devices are characterized by hardware
performance which has not been even standard
in regular computer equipment ten years ago.
Reductionin the size of electronic components

ous sensor components. It is no coincidence that
modern smart devices start the application in both,
scientific and technical research related to differ-
ent fields such as medicine, biology, physics, etc.

The potential for use of modern mobile devic-
es for medical purposes is huge. In our recent pub-
lication [Pop-Jordanova et al., 2017] we evaluated
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the possibilities of mobile phone uses in different
fields of medicine using data published in Medline.

The best way to leverage the technical capa-
bilities that today’s smart devices offer is through
the combined concept of organization of its ap-
plicative usage with the methodological approach
of undertaking and interpretation of the derivative
data from its operations, i.e. from the information
that will be supplied to the device. The hardware
capabilities of modern smart devices are of great
importance. It is not only the powerful processor
that they possess, but also the size of the memory
space, quality and integration of sensor compo-
nents (light sensor, motion sensor, GPS receiver,
output audio interface, etc.).

The possibility offered by these components
can provide basic applicative usage for medicinal
purposes (assessment, treatment and monitoring
of activities and obtained results) of a large group
of respondents and increase efficiency in the sta-
tistical calculation of the data.

The development of the software solution
requires knowledge not only of the methodology
for the development of standard software solu-
tions for mobile applications, but also the use of
concepts for data extraction from the activity of
the hardware capabilities of the device by using
methods based in digital forensics. Using such
approach gives us emphasis on the relevance of
the data provided by the device and isolating the
unwanted possibilities of contamination around
the required data. It is of great importance for this
kind of research because today’s smart devices in
which the Android operating system is installed,
are largely open to the user and the same allow
installation of a large number of software applica-
tions and they could potentially make changes to
the data of interest [Loleski M. Forensic analysis
of Android operating systems, 2013].

On the other hand, using appropriate statis-
tical methods will ensure proper monitoring of the
respondents and the success of the applied method
for the treatment of different disorders such as
some neurological disorders, ADHD, autism or
OCD (obsessive compulsive disorder).

A plethora of innovative play therapy tech-
niques additional to the medical treatment have
been developed in recent years to implement the
therapeutic powers of play.

Additionally, biofeedback-modulated vid-
eo games are constructed to respond to different
physiological signals (skin conductance, hearth

rate, temperature, brain waves etc.) rewarding
specific healthy body signals by allowing to play
a video or mobile game [Pop-Jordanova N.; 2007].

The aim of this research was the development
of an original application for Android operating
system we named as “neurogame”, based on an
open source platform for assessment and therapeu-
tic stimulation, as well as monitoring of the results at
a larger number of respondents. Firstly, we gathered
data for a group of “healthy” subjects (people with-
out any physical or mental problems) aged between
6 and 60 years. This method of assessment provided
some form of database which will be used in the
future for comparison and monitoring the results
for patients with different health problems.

The application is now available to be in-
stalled on the client’s mobile device, with their pri-
or written consent, and based on their interaction
with the device on a daily basis. In other words,
this application would demonstrate the effect of
the applied method as an additional treatment of
the patient. The application enables a direct stim-
ulation of the patient in a so-called Biofeedback
working mode, through the use of multimedia
capabilities of the device and will provide sta-
tistical results related to the interaction of the re-
spondents/patients with the device within a time
range of the application treatment.

The application does not relate to the per-
sonal data of patients in any way and for safety rea-
sons Internet resources for potential data sharing
will not be used. The provision of the derivative
data from the application will take place in strictly
controlled conditions, on the grounds of the fact
that their relevance shall not be questioned. The
example of the application in a working mode is
shown on Fig.1.

-----

Data travels within secure
wired/wireless network

— 9%

Figure 1. General system organization

Future directions are statistical analysis of
the results of this application, and the use of this
device for patients manifesting problems with
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motor skills, concentration and social skills. The
analysis of obtained results will direct the doctor
to determine whether each resident should contin-
ue with such a therapy or move to the next level
for better performance.

SUBJECTS AND METHODOLOGY

As we explained previously, the first step
of this research was to obtain data for normal cli-
ents which will serve as a database for the further
evaluation. In this context, we evaluated a group
of 201 clients, different age, both genders and
different professions. All of them did not have
any health problem, neither physical nor mental.

The testing for all clients was performed in
the morning period (8-12 am.) with obtained prior
consent and explanation about the aim of the study.

The principle of the game we constructed
is presented on Fig. 2

LEFT THUMB

Performance Overview

Level: Easy
Number of tries: 0 (min. 2)

Number of hits: 0
Number of misses: 0
Hits percentage: 0%

C Retry Next Level

Figure 2. The “neurogame” screens

There are five levels of the game: very easy,
easy, normal, hard and very hard related to the
speed of the ball movement. The client should stop
the ball within the gray area at the center. Every
harder level means greater ball speed and less gray

area to place the ball. The results are related to
fine motor skills and reaction time depending on
the attention and concentration level of the client.

Obtained results are presented in tables and
graphs. Some statistical analysis (ANOVA, Stu-
dent t-test) is performed using Statistic package
version 8.

RESULTS FOR“NORMAL” CLIENTS

Total number of examinees was 201, 59%
(119) were males and 41%, (82) were females
(Table 1).

Table 1. Gender of the examined clients

Gender Number Percent
Male 119 59%
Female 82 40,80%
Total 201 100%

Number of examinees, grouped in the fol-
lowing samples: children in Elementary school;
students in Universities, Employed (nonprofes-
sional athletes, scientific workers) and others, are
displayed in Table 2.

Table 2. Groups of examinees

Occupation Number | Percentage
Elementary school | 119 59.20%
Employed 48 23.88%
Student 31 15.42%
Other 3 1.49%
Total 201 100.00%

Occuption overview

H Elementary school
o H Employed
M Student

H Other

Figure 3. Occupation overview
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In this research we were interested to com-
pare the results obtained for persons whoare ac-
tive in sport with other non-sportive ones. For
this reason we have selected athletes included
in different groups: From Elementary school 17
schoolers were Athletes. From Student group 16
students were Athletes. From Employed group
15 people were Athletes and 22 people were full

Level 2 95 44 60 335
(Normal)

Level 3 104 41 71 224
(Hard)

Level 4 126 57 99 138
(Very hard)

Table 6. Results for minimum tries, hits, misses and time

time Athletes. From group other, 2 people were Level Min | MinHits [ Min Min
Athletes description Tries Misses time
As a result, we have obtained a group of (VI;GVZL(S) ) 0 0 0 0
athletes which comprised 70 examinees, as dis- Lry 1 1y " 5 > 5
layed in the below Table 3. eve
play (Easy)
Table 3. Clarification of groups (II:Ievel 21) 14 0 9 0
orma
Groups of examinees Number Level 3 0 0 0 0
Athletes 70 (Hard)
Schoolers 107 Level 4 0 0 0 0
Scientists 24 (Very hard)
Total 201 Summarized graphs for reaction time in

Results obtained for different levels of the
game for all examinees are presented in Table 4.
Reaction time is measured in milliseconds.

Table 4. Results for tries, hits, misses and time
(in milliseconds)

Level Average | Average | Average | Average
description | Tries Hits Misses | time (ms)
Level 0 30,88 13,27 17,61 490,9
(Very easy)

Level 1 34,96 11,03 23,92 368
(Easy)

Level 2 37,94 10,03 27,9 284,67
(Normal)

Level 3 40,06 8,77 31,22 185,51
(Hard)

Level 4 39,47 5,37 34,09 98,91
(Very hard)

Table 5 shows maximum number of tries,
hits, misses and time for different level of the
game, while Table 6 presents minimum tries,
hits, misses and time for all examinees.

Table 5. Results for maximum tries, hits,
misses and time in different levels

Level Max Max Max Max
description | Tries Hits Misses | time
Level 0 81 53 59 584
(Very easy)

Level 1 83 57 83 459
(Easy)

the group of Schoolers is presented on Fig.4; for
athletes on Fig. 5 and for scientists on Fig. 6.

Same | hiexim

¥alun
an

R

Figure 4. Reaction time for schoolers

Figure 5. Reaction time for athletes
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Calculated Student t-test by variables be-
tween the groups of scholars and athletes for re-
action time is presented in Table 7.

Sy | hiresribn

Tt forIndependent Samples +4est na scholis i atbletes th o)

Mate: Varabls were teated as independent samples

Mean | Mean | tsalie [0 p VAN VildN StdDer |StdDev | Feslo | g
Goup 1 5. Graup 2 Giop ! Group2 Group | Group? Group 1| Growp 2 Viances |Vanances
th-Scholasve, {h Aletes | 3B703 TEJ0I6 170407 60 00 110 B ISR AROVEL L0GBBMD 075499

Enpminl Hawa Vake

Box & Whisker Pot
o th- Scholars vs. th Athletes
Figure 6. Reaction time for scientists w0
One-way ANOVA for reaction time in dif- .
ferent age in all examinees showed highly signif-
. . 330
icant value (Fig.7).
320
160 ‘ 310 o
140 300 % m:z«sie'ss
12 th- Scholars th Athletes
100 |9
Lo Calculated T-test by variables between the
5wl L) . I u ce .
< | roups of scholars and scientists for reaction
40 | 00 | { 0 [ g 0 i . . . .
o K i e O Lk time is displayed in Table 8.
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Additionally, the following Fig.8 shows
one-way ANOVA for reaction time and gender, -
which happened to be depicted as not significant.

s
O ki
[m
Gender; LS Means B T ot Sl
Currenteffect: F(1, 117)=.92653, p=33775 i s
Effective hypothesis decomposition
Vertical bars denote 0.95 confidence intervals

330 . . .

s Finally, calculated t-test for reaction time

0 between the group of scientists and athletes is

35 . .

0 given in Table 9.

35
o %0 . .
< Table 9. T-test for reaction time

i between scientists and athletes

3%

3%

325

o0 T-test far Independent Samples (t test btw scientists and athletes. sta)

s Note: Variables were treated as independent samples

o f Mean | Mean | tvalue (df| p | ValidN | ValidN |StdDev. |StdDev. | Fratio P
e Group 1 vs. Group 2 Group | | Group 2 Group 1 |Group 2 | Group 1 | Group 2 |Variances | Variances
* th Sciertists ve. th Athletes (3233200 3269216 0158006 74 0874882 25 AN 1217315 FROTE! 2EE0T8 (005054
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Figure 8. Time reaction in both gender
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DISCUSSION

As we mentioned before, the use of mo-
bile phones in medicine nowadays is enormous.
[Berrouiguet S. et al, 2016]. For example, mo-
bile phones, due to their audio processing capa-
bilities, have the potential to facilitate the diag-
nosis of heart disease through automated auscul-
tation [Dang S. et all; 2017]. Additionally, smart
phone-based electrocardiographic and cardiac
implantable electronic device monitoring was
used by Mittal S. (2017) and showed that this
technique allows the patient to assume a greater
stake in their own care.

Cheng Q. et all; (2017) has shown that
phone sensors can measure walking patterns of
people. They demonstrated that improved clas-
sification models can accurately measure pulmo-
nary function, with sole inputs being sensor data
from carried phones.

Peacock E. and Krousel-Wood M.(2017)
highlighted promising strategies to improve an-
tihypertensive medication adherence and blood
pressure control which include regimen simpli-
fication, reduction of out-of-pocket costs, use of
allied health professionals for intervention de-
livery, and self-monitoring of blood pressure by
technology-mediated interventions, especially
by use of mobile phones.

In a study of Richardson JE. et all. (2017),
the aim was to determine the role that smart
phones may play in supporting older adults with
chronic non-cancer pain in order to improve
pain management in this expanding population.

In a recent preliminary study of Tay 1. et all;
(2017) acceptable use of Calci-app to self-moni-
tor calcium consumption has been demonstrated.

Hung S. et all. (2016) published the results
of a smart phone application, iHOPE, used to

perform a daily ecological momentary assess-
ment of depression, anxiety, sleep and cognitive
performance. The study provides initial evidence
for the feasibility of smart phone-based ecolog-
ical momentary assessment in Chinese patients
with depression. Similarly, Radovic et al. (2016)
published data for the possible use of mobile ap-
plication in mental health.

Deficits in motor movement automaticity in
Parkinson’s disease, especially during multitask-
ing, are early and consistent hallmarks of cogni-
tive function decline, which increases fall risk and
reduces quality of life. The study of Chomiak T.
et all. (2017) tested the feasibility and potential
efficacy of a wearable sensor-enabled technologi-
cal platform designed for an in-home music-con-
tingent stepping-in-place (SIP) training program
to improve step automaticity during dual-tasking
(DT). Wearable device technology can be used to
enable musically-contingent SIP training to in-
crease motor automaticity for people with Parkin-
son’s disease. The training approach described in
the mentioned study can be implemented at home
to meet the growing demand for self-management
of symptoms by the patients.

Triantafyllidis AK. et all. (2016) proposed
a framework for designing sensor-based health
monitoring systems aiming to provide extensi-
ble and usable monitoring services in the scope
of pervasive patient care. Portable or wearable
sensing devices measure the patient’s physiolog-
ical parameters, a smart mobile device collects
and analyses the sensor data, a medical center
system receives notifications on the detected
health condition, and a health professional plat-
form is used by formal caregivers in order to re-
view the patient condition and configure moni-
toring schemes.

Recently, Haghi M. et all. (2017) has pub-
lished a scientific research on current commer-
cially available devices.

In this context, our original Android appli-
cation named “neurogame” has a similar aim: as-
sessment and training of reaction time for people
related to the level of concentration and atten-
tion. The first step of our research was to obtain
data for healthy people.

As we expected, the results obtained have
shown that healthy people similarly performed
all tasks. We have shown that reaction time is
strongly dependent on the age (ANOVA was
highly significant). It means that younger peo-



MOBILE APPLICATION “NEUROGAME” FOR ASSESSMENT THE ATTENTION, FOCCUS AND CONCENTRATION 61

ple are faster in reaction and more effective at all
levels of the game.

Reaction time is similar for both genders,
as well as for different occupations. The active
exercise in different sport do not influence the
reaction time, which is an astonishing finding.
(ANOVA and Student t-test were non-signifi-
cant). However, reaction time is directly influ-
enced by the attention and concentration as im-
portant psychological functions.

All obtained results will serve as a norma-
tive base in order to compate results, which will be
obtained in the future research for different neuro-
logical or mental disorders. We have just started
the evaluation for neurological disorders (post
ictus patients, Parkinsonian and epileptic ones).
Children with ADHD, OCD or autism will be also
evaluated. The same application will be used as an
additional non-medical tool for training.

CONCLUSION

Our model of the application is used for
testing the reaction time in healthy people. Re-
action time is related to the level of attention and
concentration as two very important psycholog-
ical functions.

We have shown that reaction time is
strongly dependent on the age; no significant dif-
ferences for both genders and types of profession
have been noticed.

Surprisingly, no sport activity has any in-
fluence onthe reaction time. In other words, sport-
ive activities do not influence the reaction time.

This study confirms the availability and
practical values of Android applications in test-
ing the attention and concentration measured by
the reaction time in people.
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Pe3ume
PA3BOJ HA MOBUWJIHA AIVIMKAIIAJA 3A ITPOLHUEHKA U TPETMAH

Mapmuo Jloaecku', Codpuja Jlonecka?, Haxa Ilon-Jopaanosa’

! MuHHCTEpCTBO 3a BHATpEIIHK paboTu Ha PemyOnnka Makemonuja
2 JIdJTabc, Cromje, Penrybnuka MakeaoHuja
3 MakeioHCKa aKaJieMHja Ha HAyKUTE U YMETHOCTUTE, PenyOnuka Makemonuja

[TametHuTe TETCPOHM CE MUPOKO PACTIPOCTPAHETH, HO CE YIITE € HETTO3HATO KON (PH3HOJIOMIKH QyHK-
IIMK MOYKAT Jia OuaT MOHUTOPUPAHH CO HUB, a Jla UMaaT KIMHUYKH KBAIUTET. Bo MeauiHaTa HUBHATa
yrnoTpeda € IMTUpaHa BO MHOTY ITOJIHba (KapIUOoJIoTrHja, MyJIMOJIOTH]ja, €HIOKPHHOJIOTHja, PEBMATOJIOI1ja,
neIMjaTpyrja, Kako ¥ BO MOJIETO HA MEHTAJTHOTO 3/paBje).

Ilenrta Ha OBOj TPy € 00jaCHYBamhE KAaKO KOPUCTEHETO Ha MOOMITHATA aIlJIMKAIIMja MOXKE Ja TIOMOTHE
BO [T00OPYBAKETO HAa MHIEKCOT Ha (POKYCOT Ha BHUMaHHETO, KOHIICHTPAIMjaTa i MOTOPHHUTE BEIITHHH Kaj
KOPUCHUKOT. HalltmoT opuruHalieH arjiMKaTiBeH CUCTEM Ha AHIPOUI, KOj TO HAPEKOBME ,,HEBpoUTpa“, e
0asupaH Ha ruiaropmara ,,0TBOpEH H3BOP*, 32 J]a OBO3MOKH MPOILICHKA M TEpaIeBTCKa CTUMYJaiuja, hoKy-
CHpame U KOHLIEHTPAIlKja CO MOXXHOCT 32 MOHUTOPHUpAhe Ha HAIIPEIOKOT Ha Pe3y/ITaTUTE Kaj rojieMa Ipyrna
KOPUCHHIY (HOPMAJTHU Cy0jeKTH, KaKO U TAIIMEHTH CO pa3HH PacTPOjCTBA) BO OJpe/icH BPEMEHCKH ITEPUOI.

Bo neHemHUOT ipefoMUHAaHTEH (POKYC Ha (PapMaKOIOIIKK TPETMaH, MOCTOU C¢ MOTOJIEM HHTEPEC BO
UCTPaKYBakETO HA AITEPHATHBHUTE MOYKHOCTH 332 MEHAIUPAh¢ HA MHOTY pACTPOjCTBA MPEKY alTHKAUH
Ha MOOMIIHUTE TeJeOHHN BO BHJ] HA UTpa.

3a 1a ©MamMe HEKaKBH HOPMHU, MCIIMTaBME Ipyla Ha 3[[paBa momyianuja. JJoOueHnrte pesyararu ke
CIIy’KaT Kako 0a3a Ha MOJaTolH 3a cropeada co WAHNUTE UCTPaKyBama. Bo OBOj Hamuc MpHUKa)kaHu ce
pe3ysTaTuTe 0] HOpMaTHBHATa 0a3a Ha IOJATOLIH.

Kayunu 360poBu: MOOMIIHA aluIMKallkja, HOpMaJIHA TOIYyJIalKja, TPUTeP-0ATrOBOP



