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ABSTRACT

The potential use of modern mobile devices for medical purposes is huge. Digital mental health tools 
have mostly tended to use psycho-educational strategies based on treatment orientations developed and 
validated outside digital health.
The aim of this study was to test the availability of our own original app named ”Neuro-game” for eval-
uation of reaction time in different neuropsychiatric patients. Reaction time is strongly related to the 
executive brain functions.
The examined sample comprised of 135 neuropsychiatric patients (with epilepsy, depres-sion, general 
anxiety, psychosis and ADHD) compared with matched 50 healthy persons.
We showed that the average reaction time in neuropsychiatric patients compared with healthy people is 
not notably different. However, we found significant differences in total hits, total misses and total tries 
in the performances of ill persons. 
The crucial differences in obtained scores are confirmed for age and gender issues.
The most important differences are found in the number of hits, misses and tries in the group of depressed, 
followed by psychotic and ADHD patients, while anxious ones showed pretty normal parameters.
All tested parameters are remarkably different for the epileptic group vs. healthy people.
The T-test for epileptic vs. healthy people showed noteworthy differences for total tries, to-tal misses, and 
total hits, but the average time reaction did not differ significantly.
In comparison with other psychometric assessments, this approach by using mobile phones seemed more 
practical, available anywhere (not only in medical settings), less time con-suming and quite interesting 
for all ages.
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ORIGINALLY ADAPTED MOBILE APPLICATION 
USED FOR NEUROPSYCHIATRIC PATIENTS

Digital technology has rapidly and dramat-
ically shifted humans’ interaction with the world 
and presents an enormous opportunity to develop, 
test, and widely disseminate effective health be-
havior change interventions. Smartphones have 
become integrated into most of the human lives. 

It is supposed that about 72 percent of Ameri-
cans and 43 percent of the global population own 
a smartphone. Our previous study showed that 
about 98% of the school population in our coun-
try own/use mobile phones. [1]  
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Many studies have shown that the over-
use of this tool can have a negative im-pact on 
posture, eyesight, and hearing, distract espe-
cially drivers and pedestri-ans leading to higher 
rates of car disasters. We showed, additionally, 
that some hypersensitive reaction due to mobile 
phones uses should not be neglected. [2, 3]  In 
similar studies researchers showed that exces-
sive or “maladaptive” use of phones may be 
leading to greater incidences of depression, anx-
iety and sleep problems in users. In a study of 
Zahra Babadi-Akashe et al. (2014) [4] there were 
pre-sented the negative effects of mobile phones 
uses in a population of students, leading to re-
al addiction. They pointed out that many mobile 
phone addicts are people with low self-esteem 
and poor social relationships.

However, modern mobile phones with 
some upgraded technical characteristics are cur-
rent-ly ready to be used as additional helpful 
tools in medicine, especially in the field of men-
tal health. [5] 

The aim of our study is to present results 
obtained of originally invented android appli-
ca-tion, which we named “neurogame”, in test-
ing patients with neuropsychiatric problems. [6, 
7] The system is constructed for the assessment 
of the reaction time related to the atten-tion and 
concentration in examinees. These psychologi-
cal functions are directly related to the normal 
functioning of the executive system in frontal 
brain regions.

SAMPLE AND METHOD

Our research consisted of two phases: in 
the first phase we applied “neurogame” in 201 
healthy people to obtain some kind of “data base” 
for parameters related to attention and concen-
tration. Results of this phase are published in [6, 
7]. In the second phas, the system was used in 
the assessment of patients with neuropsychiatric 
disorders such as: epilepsy, depression, general 
anxiety, psychosis and ADHD. The samples of 
evaluated patients com-prised of: (1) 35 sub-
jects with epilepsy, patients at the Neurological 
Clinic in Skopje, Medical Faculty. Mean age of 
examinees is 34.87 ± 16.23 years, both genders 
included. The diagno-sis is made following ICD 
10 criteria by a specialized neurologist. All ex-
aminees obtained regularly antiepileptic drugs 

(mono or multidrug included), and were free 
of seizures mini-mum for one year before this 
testing. (2) 100 patients with some psychiatric 
disorders, se-lected by chance at the Psychiat-
ric University Clinic in Skopje. The group with 
depression comprised of 35 patients, mean age 
31.38± 16.95 years; 15 patients with psychosis, 
mean age 22.16 ± 72 years; group of 20 patients 
with general anxiety, mean age 24.40 ± 15.79 
years and 30 patients with ADHD mean age 9.8 
± 3.5 years. Both genders were included. Diag-
nosis was made by a specialist psychiatrist using 
the criteria in DMS-IV. (3) The ob-tained results 
for patients were compared with matched for age 
healthy people (N=50), as control. 

Prior consent was obtained following the 
Helsinki declaration (2000).

	 As it was said previously, our original An-
droid application was used for testing reac-tion 
time, number of hits, misses and total tries follow-
ing five levels of the game (very easy, easy, nor-
mal, hard and very hard). Every level has duration 
of 40 sec., each next level being more difficult i.e. 
the ball moves faster. The client must press the 
start with the left thumb and as fast as he/she can 
to press the stop with the right thumb not allowing 
the ball to pass the median circle. 

	 Obtained results for all examinees are 
presented in tables and figures. The statistics of 
the parameter’s scores are calculated using Sta-
tistic package.

RESULTS

Table 1 shows the age of examinees pre-
sented in years, standard deviation and number 
of tested patients by group.

Table 1. Age and number of all examinees

Age in years Number Diagnosis

34.87 ± 16.23 35 epilepsy

31.38±16.95 35 depression

22.16±7.72 15 psychosis

24.40±15.79 20 anxiety

9.8±3.5 30 adhd

135 total

50±1.0                                 50 healthy



77ORIGINALLY ADAPTED MOBILE APPLICATION USED FOR NEUROPSYCHIATRIC PATIENTS

Fig. 1 shows mean reaction time in msec. 
for all examinees. It is clear that the higher scores 
are obtained by the healthy people, followed by 
the group with anxiety, epilepsy, and de-pres-
sion, while psychotic patients and children with 
ADHD showed the lowest scores. Still, no statis-
tical significance was obtained for mean reaction 
time (t h) results. 

Figure 1. Mean reaction time (in milliseconds)  
for all examinees

One-way ANOVA calculated for all pa-
rameters related to the age and gender showed 
statis-tical significance (p< 0.001) and are pre-
sented in Table 2 and 3.

Table 2. ANOVA for gender vs. parameter’s scores
tT= total tries; tH= total hits; tM=total misses; th=total 
time

 

Table 3. ANOVA for age vs parameter’s scores 
tT= total tries; tH= total hits; tM=total misses; th=total 
time
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Correlation between scores obtained by 
healthy vs. non-healthy examinees is presented 
in Table 4 and in a scatterplot matrix (Fig. 3).

It is obvious that significant negative cor-
relation is obtained for total hits (tH) and total 
time (tT), and negative but not significant for to-
tal misses (tM) and total time (th) scores.

Student t-test was calculated for obtained 
scores in all tested parameters between healthy 
vs non-healthy examinees (Table 5) and showed 
significance for tH, tT and tM, but not for th 
scores. The last is more visible in Fig. 1.

Fig. 3. Scatterplot matrix for scores obtained for healthy vs. non-healthy examinees

Correlations (scatterplot matrix of healthy vs. non-healthy)
t T (non-healthy) t H (non-healthy) t M (non-healthy) t h (non-healthy)

t T (healthy)

t H (healthy)

t M (healthy)

t h (healthy)

Table 4. Correlation between obtained scores for healthy vs non-healthy examinees

Table 5. Student t-Test between parameters in healthy vs non-healthy examinees
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DISCUSSION

Searching the most well-known databases 
related to health (PubMed, PsycINFO, Cochrane, 
Scopus, Embase and Web of Science) we can find 
emerging evidence that mobile phones can play 
an important role in health care delivery, especial-
ly in mental health. Generally, in many published 
articles devoted to mental health and smartphone, 
it was shown that text messaging was used in a 
wide range of mental health situations. Especial-
ly, messages are used for managing some prob-
lems such as substance abuse, schizophrenia, and 
affective disorders. In this context, four ways 
were identified in which text messages were used: 
re-minders, information, supportive messages, 
and self-monitoring procedures. Berrouiguet S. 
et al, (2016) [8] showed that text messaging was 
especially used in the management of chronic 
conditions, reactive conditions, and preventative 
strategies for healthy or at-risk in-dividuals.

	 Psychoinformatics, a relatively new field 
in medicine encompasses the cooperation be-
tween the disciplines of psychology/psychiatry 
and computer science in handling large data sets 
derived from heavily used devices, such as smart-
phones or online social network sites, in order to 
enlighten a large number of psychological traits, 
including personality and mood (Montag et al, 
2016). [9] Digital mental health tools have tend-
ed to use psychoeduca-tional strategies based on 
treatment orientations developed and validated 
outside of digital health.  

	 A pilot study of Mohr et al., (2017) [10] 
presents a coach-assisted version of a system 
named “IntelliCare” and evaluates its use and ef-
ficacy at reducing symptoms of depression and 
anxiety. Authors explained “IntelliCare” apps as 
very interactive, emphasizing the appli-cation of 
skills through in-app actions, which is different 
from other known app systems.

	 Our custom Android application is used 
for assessing attention, concentration and reac-
tion time in some neuropsychiatric patients: epi-
lepsy, depression, psychosis, general anxiety and 
ADHD. Reaction time is measured by positive 
total hits in the 40 second five levels games, us-
ing press on the screen of both thumbs of the pre-
ferred hand. All examined subjects have diagnosis 
made in a neuropsychiatric institution following 
ICD 10 and DMS 4 criteria. All subjects were in 
remission, but still taking medications. Epileptic 

patients were free of seizures in the period of one 
year before the testing.

	 It is known that attention and concentra-
tion are the main functions of the executive brain 
system. In this context, our Android application 
indirectly measures the function of the executive 
system in these patients. In our previous research-
es, this kind of evaluation we made by QEEG re-
cording, especially by analyses of the ERP’s com-
ponents in the EEG (Pop-Jordanova et al., 2008, 
2010; Markovska-Simoska et al., 2011, 2016, 
2017). [11-15] However, mobile phone applica-
tion seems more practical, it is less time consum-
ing, and it is portable and interesting for all exam-
inees.

In the future research, we will ameliorate 
the system including possibilities to record move-
ments, tremor and other characteristics of some 
neurological disorders. 

 
CONCLUSION

Reaction time together with other mea-
sured parameters in “neurogame” is strongly re-
lated to attention, concentration and depends on 
the executive function of the brain.

We showed that the average reaction time 
in a neuropsychiatric patient compared with 
healthy people is not significantly different. Still, 
remarkable differences in total hits, total misses 
and total tries are found in the group of patients 
compared to healthy people.

Significant differences in obtained scores 
are confirmed calculating ANOVA for age and 
gender issues.

The most important differences are found 
in the number of hits, misses and tries in the 
group of depressed, followed by psychotic and 
ADHD patients, while anxious ones showed 
pretty normal parameters.

All tested parameters are significantly dif-
ferent for the epileptic group vs. healthy people.

T-test for epileptic vs. healthy people 
showed notable differences for total tries, total 
miss-es, and total hits, but for average time reac-
tion did not differ significantly.

In comparison with other psychometric as-
sessment, this approach of using mobile phones 
seemed more practical, available in different 
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places (not only in medical settings), less time 
consuming and very interesting for all ages.

Further research in a similar direction is 
proposed. 
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Резиме

ОРИГИНАЛНО АДАПТИРАНА МОБИЛНА АПЛИКАЦИЈА  
КОРИСТЕНА КАЈ НЕВРОПСИХИЈАТРИСКИ БОЛНИ
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Потенцијалната употреба на модерните мобилни телефони во медицинската практика е многу 
широка. Овие дигитални алатки се користат главно во психоедукативните стратегии базирани на 
терапевтски ориентации, развиени и валидизирани надвор од дигиталното здравје. 

Целta на оваа студија е тестирање на погодноста на сопствената оригинална мобилна апликација, 
наречена “neurogame” за проценка на времето на реакција кај разни невропсихијатриски пациенти. 
Времето на реакција е директно зависно од егзекутивните мозочни функции.

Испитуваниот примерок содржи 135 невропсихијатриски пациенти (со епилепсија, депресија, 
психоза, анксиозност и АДХД), споредени со 50 здрави испитаници, како контролна група.

Покажавме дека средното време на реакција кај невропсихијатриските болни, споредено 
со здравите луѓе, не е значајно поразлично. Но, постојат значајни разлики во бројот на тотални 
погодоци, грешки и тоталните обиди при изведбата кај болните.

Потврдени се значајни разлики во резултатите зависно од полот и возраста на испитаниците.
Најголеми разлики се забележуваат во бројот на погодоците, грешките и обидите во групата 

депресивни, а следуваат психотичните и пациентите со АДХД, додека анксиозните покажаа речиси 
нормални параметри.

Сите тестирани параметри се значајно различни за епилептичните пациенти вс. здравите луѓе.
Т-тестот за епилептичните наспроти здравите луѓе покажа значајни разлики за тоталните 

обиди, грешки и погодоци, додека средното време на реакција не е значајно различно.
Во споредба со другите психометриски проценки, овој приод, во кој се користат мобилните 

телефони, ни се чини попрактичен, пригоден за примена каде било (не само во медицински установи), 
со помало потребно време, а интересен за сите возрасти.

Клучни зборови: мобилни телефони, невропсихијатриски болни, реакционо време, егзеку-
тивни функции




