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DEVELOPMENT OF MOBILE COGNITIVE TEST SOFTWARE
APPLICATIONON SITUATIONAL AWARENESS

SUMMARY

Neuropsychological assesment tests have an important role in determining the
cognitive changes that occur in early stages of dementia. Dementia is characterized
by memory impairment, progressive decline in daily activities, a variety of
psychiatric symptoms and behavioral problems. The most crucial risk for dementia is
the age. By aging, people may have significant changes in intelligence,
concentration, spatial and visual perception, attention and language skills.

The cognitive tests used in the world are generally applied by paper-and-pencil and
rarely used on personal computers (PC). The tests on PCs typically have an
unfriendly interface which does not take people’s capabilities and their ages into
consideration.

Our aim is to develop a Turkish neuropsychological test software application called
Mobile Cognitive Screening (MBT) Test which can help the diagnosis of dementia.
MBT is important for being the first Android based mobile neuropsychological test
software applicationrunning on tablet computers. It is composed of 33 tests in 14
different types chosen from the paper-and-pencil tests by the specialists. Tests that
are compatible for the tablet computers having Android operating system has been
developed with Android Developer Tool for Java (Java-ADT).

The tests in thedevelopedmobile applicationare namedtrail making test, clock
drawing test, attention test, visuospatial test, shape similarity test, shape matching
test, arithmetics test, proverb test, naming test, numbers test, colorful shapes test,
market test, date test and story recall test. During the design of the tests, we are
inspired by Montreal Cognitive Assessment (MoCA) and Automated
Neurophysiological Assessment Metrics (ANAM4™) tests.

The tests have been applied to dementia patients and healthy control group.Also,
MoCA scale was applied to both groups for the correlation studies and the
comparison of the first diagnostic accuracy.

In order to analyse the data, Statistical Package for the Social Sciences (SPSS) has
been wused. It has been proved that the applicationis able todistinguish
betweendementia patients andhealthy control groupand it has a significant correlation
with MoCA.
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DURUMSAL FARKINDALIGI BELIRLEYEN MOBIL BiLiSSEL TEST
YAZILIM UYGULAMASININ GELISTIRILESI

OZET

Noropsikolojik testler demansin ilk evrelerinde meydana gelecek bilissel degisimleri
belirlemede onemli isleve sahiptir. Demans; hafizada bozukluk, giinliik yasam
aktivitelerinde ilerleyici gerileme, c¢esitli psikiyatrik belirtiler ve davranis
bozukluklariyla karakterize edilir. Yaslilik demansin en 6nemli risk faktorlerinden
biridir. Yaslilik dénemine giren bireylerde zeka, konsantrasyon, dikkat, konusma
becerisi, gorsel ve uzaysal algilama fonksiyonlarindabnemli degisiklikler
g6zlenmektedir.

Diinyada kullanilan néropsikolojik testler genellikle kagit-kalem kullanilarak,
nadirende kisisel bilgisayarlar (PC) ile uygulanmaktadir. PC’ler ile uygulanan testler
kisilerin yeteneklerini ve yaslarin1 goz 6niinde bulundurmayan arayiizlere sahiptir.

Amacimiz, demans tanisinda kullanilmak {izere tablet bilgisayarlar {izerinde
calisacak Mobil Biligsel Tarama (MBT) isimli Turkge néropsikolojik test yazilim
uygulamasmin gelistirilmesi ve hedef hasta gruplarinda uygulanabilir olup
olmadiginin degerlendirilmesidir. MBT tablet bilgisayarlarda kullanima uygun ilk
Turkce mobil noropsikolojik test yazilim uygulamasi olmasi agisindan ¢ok
6nemlidir. Uygulama;bilissel noroloji ve ndropsikoloji alanlarinda uzman kisiler ile
birlikte, kagit-kalem testlerinden hangilerinin tablet formuna uyarlanabilecegi
tartisilarak, 14 farkli 33 testten olugsmaktadir. Testler Android isletim sistemli tablet
bilgisayarlar icin Java Android Developer Tool (Java-ADT) kullanilarak
gelistirilmistir.

Hazirlanan mobil uygulama; iz siirme testi, saat ¢izme testi, dikkat testi, gorsel test,
sekil benzerligi testi, sekil eslestirme testi, 4 islem testi, atasozl testi, adlandirma
testi, sayilar testi, renkli sekiller testi, market diizenleme testi, tarih testi ve oyKki
testinden  olusmaktadir.  Katilimcinin ~ her  bir  testte  farkli  biligsel
yetenekleridegerlendirilmeye ¢alisiimistir.

Iz siirme testinde; katilimcinin dikkati siirdiirme ve set degistirerek bir isi tamamlama
becerisi 6lculmektedir.

Saat ¢izme testinde; katilimcinin planlama, soyutlama ve gorsel siirecler gibi birgok
biligsel fonksiyonu degerlendirilmektedir.

Dikkat testinde; katilimcinin siirdiiriilebilir dikkat performansi degerlendirilmektedir.

Gorsel testte; katilimcinin  gorsel konfigiirasyonu ve frontal fonksiyonlar
degerlendirilmektedir.

Sekil benzerligi testinde; katilmcinin gorsel ve uzaysal isleme yetenegi
degerlendirilmektedir.
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Sekil eslestirme testinde; katilimcinin gorsel ve uzaysal isleme yeteneginin yani sira
ogrenme ve bellekgibi bilissel yetenekleri degerlendirilmektedir.

Aritmetik testinde; katilimcinin basit hesaplama, hafiza ve konsantrasyon yetenekleri
degerlendirilmektedir.

Atasozii testinde; katilimcinin anlamsal iligkilendirme ve soyutlama gibi bilissel
yetenekleri degerlendirilmektedir.

Adlandirma testinde; katilimcinin adlandirma becerisi degerlendirilmektedir.

Sayilar testinde; katilimcinin dikkat ve hesaplama gibi biligsel yetenekleri
degerlendirilmektedir.

Renkli sekilller testinde; katilimcinin dil, algi ve verilen bir yonergeyi anlama
becerileri degerlendirilmektedir.

Market testinde; katilimcmin kategorize etme ve mantiksal illigkilendirme
yetenekleri degerlendirilmiktedir.

Tarih testinde; katilimcinin zaman yonelim fonksiyonlar: degerlendirilmektedir.

Oykii testinde ise; katilimeinin isitsel ve gdrsel algilarinin yani sira bellek fonksiyonu
da degerlendirilmektedir.

Uygulama igerisindeki bu 14 test degerlendirdigi biligsel yeteneklere gore de 8 gruba
ayrilmig ve alt analizlere gecilmistir. Bu alt gruplar; yonetici islevler, gorsel, dil,
hafiza, dikkat, soyutlama, yonelim ve aritmetiktir.

Testlerin hazirlanmas1 asamasinda Montreal Bilissel Degerlendirme Olgegi (MoCA)
ve Otomatik Noropsikolojik Degerlendirme Olcegi (ANAM4™)  testlerinden
faydalanilmistir.

Gelistirilen testler demans hastalar1 ve saglikli kontrol grubu olmak iizere 23 kisiye
uygulanmustir. {1k tanisal dogrulugu kiyaslama ve korelasyon c¢alismalar1 i¢in MoCA
Olcegi de uygulanmistir. MoCA, kagit kalem ile uygulanan, gegerlik giivenirlik
calismalar1 yapilmig biligsel bozuklugun ilk evrelerini degerlendirmek iizere
gelistirilmis bir tarama 6lcegidir.

Alman Olgumlerin Statistical Package for the Social Sciences (SPSS) ile analizi
neticesinde MBT testininin yonetici islevler, gorsel, hafiza, dikkat, yonelim alt test
gruplarinda hasta ve kontrol gruplart i¢in ayirt edici olabilirken; dil, soyutlama ve
aritmetik alt gruplarinda anlamli bir korelasyon saglayamamistir. MOCA testi ise;
gorsel alt grup disinda diger biitiin gruplarda ayirt edici olabilmistir. Yine de, sonug
olarak MBT testinin demans ve kontrol grubunu ayirt edebildigi, MoCA testi ile
anlaml1 bir ilinti olusturdugu belirlenmistir.

Bataryanin hazirlanmasi sirasinda yasanan problemler ve birgok giincelleme sonunda
uygulamamizin MBTv1.3 versiyonu kullanilmaktadir. Testin sonunda biitiin bilgiler
elektronik olarak saklanmakta ve uzman kisiye bir fikir vermek amaci ile
katilimcinin puanlar ile ortalama kontrol grubu degerleri radar grafik olarak MBT alt
gruplara gore gosterilmektedir.

Gelecek c¢alismalarimizda da, amacimiz bataryamizin ingilizce versiyonunu
olusturulmak ve ayirt edici olamayan dil, soyutlama ve aritmetik MBT alt test
gruplarinin  gelistirilerek mobil uygulamamizin daha anlamli bir korelasyon
olusturmasini saglamaktir. Ayrict olgu grubumuzu artirarak testimizin gegerlik ve
giivenirlik ¢alismalar1 da yapilmaya ¢alisilacaktir.
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Boylece MBT’nin, uzmanlar tarafindan bilimsel ve akademik arastirmalar i¢in de
kullanilabilmesi saglanmis olacaktir.
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1. INTRODUCTION

The diagnosis and the treatment of the diseases are becoming more efficientdue to
the improvements of technology in medical field. As a result of these improvements,
the life expectancy is getting longer and the incidence of the diseases correlated by
older age is getting higher. One of the most important health problems in older age is
dementia [1]. Dementia is characterized by memory impairment, progressive decline
in daily activities, a variety of psychiatric symptoms and behavioral problems [2]. In
2010 there were 35,6 million people with dementia in the world and each year 7,7
million people is added to this number[3]. Since the old age is the most crucial risk
for dementia, people may have significant changes in intelligence, concentration,
spatial and visual perception, attention and language skills by aging. The
neuropsychological tests have an important role in determining these cognitive
changes occurring in early stages of dementia [3, 4]. The most commonly used
international tests for dementia assessment are Mini-Mental State Examination
(MMSE), word learning test for verbal learning, story recall test, ADAS-cog with the
subgroups, semantic fluency test, Boston naming test, digit span test for attention and
trail making tests [5]. These cognitive tests used in the world are generally applied by
paper-and-pencil and rarely on personal computers (PC).

1.1 Purpose of Thesis

Our aim in this study is; i. improving the cognitive tests for helping the diagnosis of
people with suspected dementia, ii. establishing the software to enable these
cognitive tests applicable on tablet computers by using the technological facilities,
iii. applying the software to the groups having a normal cognitive level and groups
diagnosed with dementia, iv. evaluating the correlation between the software and a
commonly used test called Montreal Cognitive Assesment (MoCA) which is applied
by paper-and-pencil, v. determining the utilization of the software for the future by
statistically analyzing the the results.



1.2 Background

1.2.1 Computer-Based Neuropsychological Tests

There are many neuropsychological tests used by clinicians for the diagnosis of
dementia worldwide, and computer-based tests started to be evolved in recent years.

These tests are listed in table 1.1.

Table 1.1 : Computer-basedcognitive state assessment tests [6].

Test Evaluated Domains

ANAM Memory, attention, psychomotor speed,
language reaction time(RT)

Computer-Administered Memory, language, executive function
Neuropsychological Screen for Mild
Cognitive Impairment (CANS-MCI)

Cambridge Neuropsychological Test Working memory, attention, visuospatial

Automated Battery-CANTAB memory

CNS Vital Signs-CNVS Memory, psychomotor speed, processing
speed, cognitive flexibility, sustained
attention

Computerized Neuropsychological Language, information-processing, motor

Test Battery-CNTB speed, attention, spatial, memory

CogState-CGS Working memory, executive function,

attention, RT

Cognitive Stability Index-CSlI Memory, attention, response speed,
processing speed

Mild Cognitive Impairment Screen- Memory, executive function, language

MCIS

MicroCog Memory, attention, RT, spatial ability,

reasoning/calculation,

Mindstreams Memory, executive fx, visuospatial,
verbal fluency, attention, motor skills,
information processing

During the preparation of this unique neuropsychological test software application
MBT which is compatible for 10.1-inch Android-based tablet computers, we are
inspired by the existing tests that are being used in the international area. In order to



validate MBT, the results of MoCAand MBT are compared for the same group of
people.

1.2.2 Montreal Cognitive Assesment

Montreal Cognitive Assesment (MoCA) is a screening test which is developed for
the evaluation of cognitive impairment’s first stage. The abilities that are evaluated
with this test are memory, visual-spatial processes, attention, concentration,
abstraction, orientation and language functions. Duration of the test is about 10
minutes and the total score is 30 points. If the participant takes minimum 21 points,

s/he is considered to be in the normal group [7].

MoCA test has been chosen for the correlation studies in this thesis because its
validity and reliability studies has been done and this test is used very often for the

diagnosis of the dementia.






2. METHODOLOGY

2.1 Tests and Interfaces

MBT is important for being the first Android based mobile neuropsychological test
software application running on tablet computers. It is composed of 33 tests in 14
different types. Some of these tests are taken from paper-and-pencil test and adapted
for tablet computer interface. Some tests are originally designed by neurologist

specifically for tablet computer.

Tests are developed by using Java Android Developer (ADT) for tablet computers
running on Android operating system. In this pilot work, each test counts as 1 point
and the total score is 33 points [8], but the exact scoring may be redefined after the
correlation studies with paper-and-pencil tests the sub-analysis on the weight factor

of each tests have been done.
Tests in the application are described in detail below:

Start-up screen: There are many demographic factors that may affect the cognitive
processes of patients. As in all clinical studies, the identification information of the
patients are saved. Particularly, factors such as age and education level affect the
cognitive performance in each test and this may be challenging for elder patients who
areless familiar with tablet devices. On the other hand, these tests can be very simple
for patients who have a high level of education which give rise to ceiling effect [9].
In our application, there are questions about detailed demographic information at the
start-up screen of the application in order to keep the factors that may impair the test
results. Demographic data entry screen is shown in figure 2.1. Also, the questions

asked in the Start-up Screen are listed in the table 2.1.



i @ MBT Test

Protocol Id

Name/Surname:

Marital Status:

Birth Date:

Married

Male
Gender

Female

Bachelor Widow

Number of children

Birth place (village, town, city):

Place the most lived:
Handedness: Left
Period of study:

Occupation:

Current working status:

Mather's education level
Native language:

Tel

Period of habitation

Health status(illnesses)

Drugs used:

Village [ Town City

Right Right and Left
Last completed school:
Most studied occupation:
Waorking Retired
Father's education level:

If native language is not English, English learned year:

Address:

Where the data were collected(City and Institution):

Name/Surname of the person who applied the test:

START

Figure 2.1 : Start-up screen.

Table2.1 : Questions asked in the Start-up Screen
Name/Surname Gender Marital status
Birth date Number of children Birth place
Place the most lived Handedness Period of study
Last completed school Occupation Most studied occupation

Current working status

Mother’s education level

Father’s education level

Native language

If native language is not

Telephone number

English, English learned

year
Period of habitation Address Health status
Drugs used Where the data were Name/Surname of the
collected person who applied the

test

Trail making test: There are numbers from 1 to 5 and letters from A to E. It is
expected from the participant tocombine the numbers and letters clicking initially the
number then the letter. The instruction for the participant to apply the test is as
follows: “Try to combine the numbers and the letters sequentially from the beginning
to the end clicking primarily the number button then the letter button(Ex: 1>A->2).”
With this test, sustaining attention and especially the ability of completing a task by

changing the set is evaluated. Such tests are very sensitive to early impairment




inforebrain functionality. If the test is completed correctly, the participant gets 1
point. Trail making test interface on the tablet computer screen is shown in figure
2.2.

‘,ﬁ MET Test

Restart Next Restart Next

Please, try to combine the numbers and the letters sequentially . "
from the beginning to the end clicking primarily the number Please, try to combine the numbers and the letters sequentially

button then the letter button (Ex: 1->A->2). from the beginning to the end clicking primarily the number

button then the letter button (Ex: 1->A->2).

Figure 2.2 : Trail making test. Figure 2.3 : Trail making test2.

Clock drawing test: On the screen, a circle for the clock and hour and minute hands
are seen. There are also sorted numbers from 1 to 12. It is expected from the
participant to drag the numbers into the circle according to the layout of the real
clock’s numbers and rotate the hour and minute hands in order to set the time as
11:10. The instruction for the participant to apply the test is as follows: “Try to drag
all numbers into the circle according to the clock layout and rotate the hour and
minute hands setting the time as 11:10.” Clock drawing is an easy and special test
that provides to evaluate many cognitive functions together. Briefly, this test is
reviewed as a basic frontal process test which includes planning, abstraction and
visual processes. If the test is completed correctly, the participant gets 1 point. In

figure 2.4 clock drawing test interface on the tablet computer screen is shown.

Attention test: On the tablet computer screen, 30 letters which include 9 “A”s are
displayed continuously every 2 seconds in 1 minute. It is expected from the
participant to click the button named “CLICK” when s/he sees the letter “A”. The
instruction for the participant is: “Shortly after, different letters will be displayed on
the screen. When you see the letter “‘A’, click the button named ‘CLICK”.” After this



instruction, there is also one more message box which is texted as “Click the button
only when you see the letter ‘A’ ” to draw the participant’s attention more. With this
test, continuous attention performance of the participant is evaluated. If the test is
completed without any fault or only with a single miss, the participant gets 1 point.

In figure 2.6 attention test interface on the tablet computer screen is shown.

§ 9 e est § 8 o e
e L ¥ MeT Test

Next

Please, try to drag all numbers into the circle according to the clock]
layout and rotate the hour and minute hands setting the time as

11:10.

®10:.022

Figure 2.4 : Clock drawing test.

Next

Please, try to drag all numbers into the circle according to the clock
layout and rotate the hour and minute hands setting the time as
11:10

Figure 2.5 : Clock drawing test2.
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Figure 2.6 : Attention test.



Visual test: There is a manikin on the screen and a ball under one of the hands of the
manikin. It is expected from the participant to find the position of the ball. If the ball
is under the right hand of the manikin, the participant is expected to click the
“RIGHT” button, if under the left hand “LEFT” button should be clicked. There are
4 different positions of the manikin in each 4 test and the instruction for the
participant to apply each test is as follows: “Clickone of the buttons assigned ‘LEFT’
or ‘RIGHT considering the position of the object under the hand of manikin.” This
test evaluates the visual configuration and frontal functions. Each test is 1 point and
if the participant give correct answers to all 4 tests, s/he takes 4 points. Visual test
interfaces on the tablet computer screen are shown in figures2.7 - 2.10.

Shape similarity test: There are 2 shapes of 4x4 grids on the screen. It is expected
from the participant to specify these 2 objects according to their similarity. The
instruction for the participant is: “If these 2 objects seen on the screen are similar
click the button named ‘SAME’, if not similar click the button named
‘DIFFERENT’.” Participant should complete these 2 different shape similarity tests.
With this test, visual-spatial processing ability is evaluated. Each test is 1 point and if
the participant answers both correctly, s/he takes 2 points. In figure 2.11 and figure
2.12 shape similarity test interfaces on the tablet computer screen are shown.

&

Right Left Right Left

Please, click one of the buttons assigned 'Left’ or ‘Right’ Please, click one of the buttons assigned 'Left’ or ‘Right’

considering the paosition of the object under the hand of manikin. considering the position of the object under the hand of manikin.

©10:04 2 | > o o 82~ 910043
Figure 2.7 : Visual test 1. Figure 2.8 : Visual test 2.




ﬁ MET Test ' ﬁ MBT Test

Right Left Right Left

Please, click one of the buttons assigned 'Left' or ‘Right’ Please, click one of the buttons assigned 'Left' or ‘Right’
considering the position of the object under the hand of manikin. considering the position of the object under the hand of manikin.
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Figure 2.9 : Visual test 3. Figure 2.10 : Visual test 4.

‘3 MET Test ﬁ MET Test

Same Different Same Different

If these two objects seen on the screen are similar, please click the If these two objects seen on the screen are similar, please click the
button named ‘Same', if not similar click the button named button named ‘Same’, if not similar click the button named

‘Different’ ‘Different’

> o 5 &~ o004 > o 5 @~ o003
Figure 2.11 : Shape similarity test 1. Figure 2.12 : Shape similarity test 2.

Shape matching test: There is a shape of 4x4 grid on the screen. It is expected from
the participant to be able to choose which of the 2 shapes seen on the screen is
exactly the same with the shape s/he sees on the previous screen. The instruction for

the test is: “Please look at the shape on the screen carefully. After you
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totallyunderstand the shape, click the “‘OK” button for skipping to the other screen
having 2 different images, then touch the image which is exactly the same with the

previous one.”Participant should complete both of the shape matching tests.

This test evaluates the visual-spatial processing, learning and memory abilities. Each
test is 1 point and if the participant gives correct answers to these 2tests, s/he takes 2
points. In figures2.13, figure 2.14, figure 2.15 and figure 2.16 shape matching test

interfaces on the tablet computer screen are shown.

'e MBET Test

'ﬁ MET Test

Look at the shape on the . L
screen carefully. Touch the image which is exactly the same

with the previous one.

>

Please look at the shape on the screen carefully. After you totally
understand the shape, click ‘0K’ button for skipping to the other
screen having 2 different im en touch the image which is

lexactly the same with the previous one.

Figure 2.13 : Shape matching test 1a. Figure 2.14 : Shape matching test 1b.

Arithmetic test: There are 4 different tests including summation, subtraction,
multiplication and division arithmetic operations. In each test, it is expected from the
participant to calculate the result and click the button assigned with the result
number. The instruction for the participant to apply each test is as follows: “Answer
the mathematical operation clicking the button assigned with the number showing the
result.” With these tests; basic calculation, concentration and memory processing
abilities are evaluated. Each test is 1 point and if the participant gives correct answers
to these 4 tests, s/he takes 4 points. In figure 2.17, figure 2.18, figure 2.19 and figure
2.20 arithmetic test interfaces on the tablet computer screen are shown.
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Look at the shape on the
screen carefully.

L

Next

Please look at the shape on the screen carefully. After you totally
understand the shape, click the 'OK' button for skipping to the other
screen having 2 different images, then touch the image which is

lexactly the same with the previous one.
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Figure 2.15 : Shape matching test 2a.
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Next

Please, answer the mathematical operation clicking the button
assigned with the result number.
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Figure 2.17 : Arithmetic test 1.
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Touch the image which is exactly the same
with the previous one.

Figure 2.16 : Shape matching test 2b.
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Next

Please, answer the mathematical operation clicking the button
assigned with the result number.
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Figure 2.18 : Arithmetic test 2.
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Next Next

Please, answer the mathematical operation clicking the button Please, answer the mathematical operation clicking the button
assigned with the result number assigned with the result number

Figure 2.19 : Arithmetic test 3. Figure 2.20 : Arithmetic test 4.

‘} MET Test 4} MET Test

Iron that works does not rust. Drop by drop the lake is formed.

Next Next

he picture showing the exact meaning of the

k on the picture Please, choose the picture showing the exact meaning of the

proverb and click on the picture
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Figure 2.21 : Proverb test 1. Figure 2.22 : Proverb test 2.
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Grapes will darken by looking at each other.

Next

Please, choose the picture showing the exact meaning of the
proverb ck on the picture

Figure 2.23 : Proverb test 3.

Proverb test: There are 3 different Turkish provebs on 3 different screens in the
pilot application. In each test, there are 3 pictures showing the abstract, concrete and
irrelevant meanings of the given proverb. It is expected from the participant to
choose the picture with the abstract meaning. The instruction for the participant to
apply each test is as follows: “Choose the picture showing the exact meaning of the
proverb and click on the picture.” With these tests, semantic association in abstract
notions is evaluated. Each test is 1 point and if the participant gives correct answers
to these 3 tests, s/he takes 3 points. In figure 2.21, figure 2.22 and figure 2.23

proverb test interfaces on the tablet computer screen are shown.

Naming test: There are 6 tests in which 6 different pictures of some objects or
animals are shown on the tablet computer screen. It is expected from the participant
to write the name of the object or the animal correctly by using the letters shown on
the screen. The instruction for the participant to apply each test is as follows: “Write
the name of the object or the animal by clicking the appropriate letter buttons.” These
tests evaluate the naming ability of the participant. Each test is 1 point and if the
participant gives correct answers to these 6 tests, s/he takes 6 points. In figures2.24 —

2.29naming test interfaces on the tablet computer screen are shown.
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Next Next

Please, write the name of the object or the animal by clicking the Please, write the name of the object or the animal by clicking the
apropriate letter buttons. apropriate letter buttons

®10:07 & > o 5 &~ ol
Figure 2.24 : Naming test 1. Figure 2.25 : Naming test 2.

‘,a MET Test
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Next Next

Please, write the name of the object or the animal by clicking the Please, write the name of the object or the animal by clicking the
apropriate letter buttons. apropriate letter buttons.

| > o 5 &2~ 910243 | > o & &2~ 910253]
Figure 2.26 : Naming test 3. Figure 2.27 : Naming test 4.
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Next Next

Please, write the name of the object or the animal by clicking the Please, write the name of the object or the animal by clicking the
apropriate letter buttons. apropriate letter buttons

> o 5 &~ ol > o 5 &~ si0s:
Figure 2.28 : Naming test 5. Figure 2.29 : Naming test 6.

OR13173 850148 3

18 2 6 19 4 11 15
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20 17

Next

Please fill in the empty spaces by clicking the appropriate
numbers by substracting 3 from the numbers starting with

number 20.

| > o 5 &~ 010253]
Figure 2.30 : Numbers test.

Numbers test: There is a sequence on the tablet computer screen consisting of
numbers starting from 20. It is expected from the participant to continuously subtract
3 from each number starting with 20 and fill in the empty spaces by clicking the
appropriate numbers shown on the screen. The instruction for the participant to apply

the test is as follows: “Please fill in the empty spaces by clicking the appropriate
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numbers by subtracting 3 from the numbers starting with number 20.” This test
evaluates the participant’s attention and calculation functions. If the test is completed
correctly, the participant gets 1 point. Numbers test interface on the tablet computer

screen is shown in figure 2.30.

Colorful shapes test: On the tablet computer screen there are objects with different
sizes, different colors and different shapes in 3 different colorful shapes tests. It is
expected from the participant to choose the right object which is defined audially and
nominally. The instruction for the participant to apply the test is as follows: “Please
drag the defined object to the basket.” This test evaluates the participant’s language
ability, the ability for understanding the instruction and the perception ability. Each
test is 1 point and if the participant gives correct answers to these 3 tests, s/he takes 3
points. In figure 2.31, figure 2.33 and figure 2.35 the interface of the colorful shapes

test on the tablet computer screen are shown.

Market test: On the tablet computer screen, there are greengrocer and charcuterie
products. It is expected from the participant to place the products to the appropriate
section. The instruction for the participant to apply the test is as follows: “Please
place the products on the screen correctly either to the greengrocer section or the
charcuterie section. Click the product button first, and then click the empty space on
the appropriate section which you would like to place the product. If you would like
to remove one of the products, you need to click the space in which the product is
placed.” This test evaluates the participant’s categorization and semantic association
abilities. If the test is completed correctly, the participant gets 1 point. The interface

of the market test on the tablet computer screen is shown in figure 2.37.
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Next

Please draqg the defined object to the basket.
Please drag the defined object to the basket.

Figure 2.31 : Colorful shapes test 1. Figure 2.32 : Colorful shapes test 1a.

Next Next

Please drag the defined object to the basket

Figure 2.33 : Colorful shapes test 2. Figure 2.34 : Colorful shapes test 2a.
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Next

Please draqg the defined object to the basket.

Next

Please drag the defined object to the basket.

Figure 2.35 : Colorful shapes test 3.

Greengrocer Charcuterie

Next

Please place the products on the screen correctly either to the

ion or the charcuterie section. Click the product button
ck the empty space on the appropriate section which

e of the

first, and the

you would like to place the product. If you would like to remoy
products, you need to click the space in which the product is placed

Figure 2.37:Market test.
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Figure 2.36 : Colorful shapes test 3a.

bl MBT Test

Please place the products on the screen correctly either to the
greengrocer section or the charcuterie section. Click the product button
first, and then click the empty space on the appropriate section which
you would like to place the product. If you would like to remove one of the
products, you need to click the space in which the product is placed.

Figure 2.38 : Market test2.



Date test: In this test, it is expected from the participant to assign the date of the day
on which the test is applied as day, month and year. The instruction for the
participant to apply the test is as follows: “Assign today’s date by choosing the
correct day, month and year.” This test evaluates the participant’s time orientation
function. If the test is completed correctly, the participant gets 1 point. The interface
of the market test on the tablet computer screen is shown in figure 2.39.

Story recall test: In this test, a story is seen on the tablet computer screen. The story
shown on the screen is also read audially at the same time. After the participant
listens to the story, 3 different multiple choice questions come out on next 3 screens.
It is expected from the participant to choose the correct answers. The instruction for
the participant to apply the test is as follows: “Please listen to the story shown on the
screen carefully and answer the questions correctly which will be shown on the next
screens.” Story recall test evaluates the participant’s perception of audial and visual
language and memory functions. Each question is 1 point and if the participant gives
correct answers to these 3 questions, s/he takes 3 points. In figure 2.40 the interface
of the story is shown and the interface of the questions are shown in figure 2.41,
figure 2.42 and figure 2.43.

Day Month Year
1 1 2000
Next

Please, assign today's date by choasing the correct day, menth and|
year

(> o 5 &~ 0102%:
Figure 2.39 : Date test.
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Mehmet would go to the Municipality
Cinema with his uncle's son on
saturday. While getting into the
minibus, they noticed that they had
forgotten the wallet at home and they
went back. Altough they bought ticket
hastily running into the cinema, they
missed the first 10 minutes of the film.

Please listen to the story shown on the screen carefully and
answer the questions correctly which will be shown on the next
screens

®10:27 =

Figure 2.40 : Story recall test.
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2) Why were the protagonists of the event late
to the cinema?

Because they forgot the key at home
Because they lost the key

Because they forgot the wallet at home
Because they lost the wallet

Next
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Figure 2.42 : Story recall test 2.
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event go?
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Republic Cinema
Center Cinema

Next
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Figure 2.41 : Story recall test 1.
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Next
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Figure 2.43 : Story recall test 3.



2.2 Design and Implementation of MBTv1.3

Software is developed by using the Eclipse editor in Java language on a device that
has Windows 8 OS with Intel(R) Core(TM) i5-3210M CPU @ 2.50GHz processor
and 8.00 GB RAM. Application consists of 38 activities.The first activity is the
screen that the demographic information is received and the last activity is the screen
which displays the graphical result of the participant. Other 36 activities are the

screens that the tests are applied.

All Android software consist of Activities. Activities control which data will appear

on the screen on what time and how to answer user input or interactions [10].

Transition between activities is provided by intents.Intents combine the independent
components of an application forming one system and provide the connection of
these components with the Android platform [10].For example, the
activity_main.xml file being the first activity belonging to the screen where the
persons’ demographic information is obtained is set in onCreate method of the
MainActivity.java file using the setContentView function. The activityl.xml file
belonging to the first test which is the next screen is also set in onCreate method of
the Testl.java file. At this point, the transition from activitiy_main to activityl is

established in the java code as follows:
First of all, an intent variable should be defined in MainActivity.java file.

EX:Intent intent = new
Intent(getApplicationContext(),Testl.class);Then,

startActivity(intent) ;command should be called where it is needed.

Moreover, the components of the application are described by manifest. The manifest
presents essential information about the application to the Android system. Every
application must have an AndroidManifest.xml file in its root directory [11].
AndroidManifest.xml in our application is shown in Appendix C. The class diagram

of the application is available in this link (http://web.itu.edu.tr/gzorluoglu/filessMBT_cd.jpg)
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Figure 2.44 : Android example sketch.
2.3 Output of MBTv1.3

At the end of the test,all demographic information about the participant, the total
score and detailed information about the wrong answersinthe tests are written to a
text file. Besides, participant’s full name and scores of each test are saved in an
XMLfile. All participants’ information is in one XML file and it is easy to check all
participants’ scores promptly with their corresponding protocol ID number. In
addition to this, it is possible to share all the results onlineeasilyby using the XML
file if needed. The results are also shown by radar chart to detect the difference
between the patient’s scores and the average value in each test. The labels in the
radar chart are the subgroups of the tests which are expressed in the result section of
the thesis. These subgroups are visual, language, memory, attention, abstraction,
orientation, arithmetic and executive functions abilities. One of the participants’

output files and the radar chart of results are shown below:
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Table2.2 : Ouput text file of one of the participants.

Protocol 1d: 0001

Name/Surname: John Stendhal

Gender: Male Marital Status: Married

Birth Date: 13.07.1946 Number of children: 3
Birth Place: city

Place the most lived: City

Handedness: Right

Period of study: 11 Last completed school: high school

Occupation: artisan Most studied occupation: artisan

Current working status: retired

Mother's education level: 5 Father's education level: 8

Native language: English If native language is not English, English learned year: -

Tel: 05327240011

Address: Uskudar

Period of habitation: 23

Health status(illnesses): good

Drugs used: none

Where the data were collected(City and Institution): Istanbul
Name/Surname of the person who applied the test: Gokhan Zorluoglu

* Clock Drawing Test is unsuccessful. The placement of the numbers and the position of the hour and
minute hand is wrong

* Attention Test is unsuccessful. While ‘A" was clicked 6 times, different letters were clicked 3 times.

* Visual Test 3 is unsuccessful. Left-Right confusion

* Proverb Test 1 is unsuccessful. The picture which has a concrete meaning was clicked.

* Story Recall Test 2 is unsuccessful. The answer called ““Because they forgot the key at home™ is
given

Score: 28

*The information above is representative

Table 2.3 :Ouput XML file of one of the participants.

<?xml version="1.0" encoding="UTF-8"?>
<records>
<participant id="0001">
<name>Mehmet Nadir</name>
<trailmaking>1/1</trailmaking>
<clockdrawing>0/2</clockdrawing>
<attention>0/1</attention>
<visual>3/4</visual>
<shapesimilarity>2/2</shapesimilarity>
<shapematching>2/2</shapematching>
<arithmetic>4/4</arithmetic>
<proverb>2/3</proverb>
<naming>6/6</naming>
<numbers>1/1</numbers>
<colorfulshapes>3/3</colorfulshapes>
<market>1/1</market>
<date>1/1</date>
<storyrecall>2/3</storyrecall>
<totalscore>28/34</totalscore>
</participant>
</records>
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Figure 2.45 : Radar chart representation of one of the participants’scores accordiong
to the subgroups of MBT.

2.4 Design Challenges

The tests in the application are designed for an old participant’s friendly usage and
with our continuous upgrading pilot works, our basic aim is to develop the software
application in which it can be applied in the best comfortable way. In order for the
participants to understand the test easily, we have paid attention to give the
instructions with a basic language written in big fonts. The instructions given in the
beginning of the tests are also integrated into the test screen in case the participant

has a need to read the instruction again.

It is thought that it would be hard for the participant to use the touch keyboard;
therefore, instead of using textboxes, letter and number images which have
ClickEvent functions are added into the tests for answering the questions.
Additionally, the text of buttons used in the tests are chosen from the words which

are not confusing and long.
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Also, in case the participant clicksthe “NEXT” button more than one time by
mistake, we have made the button visible in the next screen after 1 second has

passed. The problems and the changes in each test are given below:

In the trail making test, at first we used DragEvent listener to connect the letter and
the number buttons but it was hard for the participant to perform the drag action.
Thus, instead of using DragEvent, we switched the listener into the ClickEvent. In
the test there is a reset button to restart the current test. The text of the button was
“CLEAR?”, but the participant could not understand the function of the button. That’s
why, we rewrite the text of the button as “RESTART”. Moreover, the thickness of
the line between nodes is increased and the color of the line is switched from green
to blue for the participant having no problem in connecting the letter and the number

buttons.

In the attention test, participants had a hard time to understand that they should click
the button when they only see the letter “A”. Thus, we added one more instruction
explaining that the button should be clicked only when the letter “A” appears. In
addition to this, the number of the letter “A”s was increased to keep the participant’s
attention longer. The button was also made invisible as soon as it is clicked, in case
the participant makes more than 1 click by mistake. The partipant used to get 1 point
when s/he detects all “A”s at first, but in this way there was no difference between
the participants who have 1 mismatch and the ones who were able to detect all “A’s.
That’s why, we also decided to give 1 point to the ones having only 1 mismatch or 1
skip.

In the clock drawing test, the properareas of each number on the clock circle were
expanded for the participant in order to place the numbers in a wide area easily. The
hour and minute hands were rotated by the seekbar at first, but this action was
decided to be made with TouchEvent listener of the hour and minute hand images in
order to make it easier.

In the arithmetic test, instead of using “*” sign, it was decided to use “x” sign for the

multiplication operation to make it morecomprehensible.

In the numbers test, the numbers are dragged into the empty spaces to complete the
test but the DragEvent was not useful for the participant. That’s why, the listener of

the number images were switched from the DragEvent into the ClickEvent.
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In the market test, there was a greengrocer section and a charcuterie section and these
sections did not include any divided parts in them; thus, it was hard for the
participants to understand where s/he should place the products. Therefore, each
section was separated into 9 equal spaces in order for the participant to be sure of
where s/he should make the replacement. The image of the products’ listeners are
also changed as ClickEvent instead of using the DragEvent due to the fact that the

participant has difficulty in the dragging action.

In the date test; day, month and year sections were designed as a ListView at first,
but the participant could not easily use the ListView to assign the date. That’s why,
NumberPicker was used forassigning the date since the usage of NumberPicker is
more comfortable. In addition to this, the font size of the numbers are increased so

that it was easier for the participant to see.

In the story recall test, the duration between the story screen and the questions’

screen was increased because the time was not long enough formemorizing the story.

After we had taken the problems we had during the duration of the trial
measurements of the mobile cognitive test software application and clinicians’
demands into consideration, our application was upgraded and MBTv1.3version is

being used now.
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3. RESULTS AND DISCUSSION

In this section, the results of the statistical analysis obtained by the application of
MBT and MoCA are reported. Statistical Package for the Social Sciences (SPSS) is
used for this statistical analysis. The limitations of the study are also expressed in this

section.

3.1 Experimental Results

One control group consisting of 9 healthy people and 14 patients being diagnosed as
dementia are included in this study. Instituitonal Ethical approval was taken for this
study (see appendix), and a consent form was signed by each participant. The
average age of the patients whose ages are between 73 and 89 is 81.78+4.77, the
average age of the control group having the age range between 63 and 95 is
72.55+9.95. While 78.57% of dementia patients are female, 22.43% of the patients
are male and 78.78% of control group are female, 22.22% of this group are male.
The average year of educationof patients who are graduated from secondary school,
high school or university is 13.71+4.14; the average year of education of control
group who are graduated from primary school, secondary school or university is

13.66£5.07. The demographic information of groups is given in table 3.1.

Table 3.1 : Demographic characteristics of dementia and control groups.

) Gender (%)
Group Age Years of Education
Female Male
Control 81.78x4.77 13.66+5.07 78.57 22.43
Dementia 7255+9.95 13.71+4.14 78.78 22.22

Initially, the correlation between the education level and MBT score in the group of
dementia patients has been considered, but it has been seen that this correlation is not

statistically meaningful.

As a result of the analysis, the average score of MBT in dementia group is
19.92+4.41, in the control group it is 26.88+3.48.
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Besides, the average score of MoCA in the dementia group is calculated as
13.5745.61, in the control group it is 24.55£3.08. The difference between the scores
of dementia and the control group in both MBT and MoCA tests is statistically
meaningful (p<0.01). The distribution of MBT and MoCA scores in the dementia
and control group is shown in table 3.2.

Table 3.2 : Distribution of MBT and MoCA scores in the dementia and control

groups.

Test Group N Score p*
Dementia 14 19.92+4.41

MBT p<0.01
Control 9 26.88+3.48
Dementia 14 13.57+5.61

MoCA p<0.01
Control 9 24.55+3.08

* P value is associated with a test statistic. In practice, statistical significance levels which
are frequently used are 5% (0.05), 1% (0.01) and 0.1% (0.001). The smaller the p-value,
larger the significance.

Therefore, the average scores of MBT in all cases is 22.65+5.28, the average of the
MoCA scores is 17.86+7.21. The correlation between the scores of MBT and MoCA
is meaningful (p<0.01). Distribution of MBT and MoCA scores in all cases is shown
in table 3.3.

Table 3.3 : Distribution of MBT and MoCA scores in all cases.

Test [\ Score
MoCA 23 22.65+5.28
MBT 23 17.86+7.21

The tests in MBT and MoCA are divided into 8 groups which are executive
functions, visual, language, memory, attention, abstraction, orientation and
arithmetic; afterwards sub-analysis is performed. Subgroups of MBT and MoCA are
shown in figure 4.4. Although there is a meaningful difference (p<0.05) between the
scores of patients and healthy cases in the executive functions, visual, memory,
attention and orientation subgroups of MBT, the difference in the language,

abstraction and arithmetic subgroups is not meaningful.
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Eventhough in the subgroups of MoCA which are executive functions, language,
memory, attention, abstraction and orientation the difference between the scores of
patient and healthy cases is meaningful (p<0.05), in visual subgroup a meaningful
difference is not determined between the scores of patients and healthy cases.
Distribution of MBT and MoCA subgroups’ scores in the dementia and control

groups is given below:

Table 3.4 : Subgroups of MBT and MoCA.

Group

Executive Functions

MBT Tests

Trail Making
Clock Drawing
Market

MoCA Tests

Trail Making
Draw Clock
Fluency

Visual

Visual 1
Visual 2
Visual 3
Visual 4
Shape Similarity 1
Shape Similarity 2
Shape Matching 1
Shape Matching2

Copy Cube

Language

Naming 1
Naming 2
Naming 3
Naming 4
Naming 5
Naming 6
Colorful Shapes 1
Colorful Shapes 2
Colorful Shapes 3

Naming
Repeat

Memory

Story Recall 1
Story Recall 2
Story Recall 3

Memory

Attention

Attention
Numbers

List of Digits
List of Letters
Serial 7 Substraction
Starting at 100

Abstraction

Proverb 1
Proverb 2
Proverb 3

Abstraction

Orientation

Date

Orientation

Arithmetic

Summation
Substraction
Multiplication
Division
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Table 3.5 : Distribution of MBT and MoCA subgroups’ scores in the dementia and
control groups.

Test Group [\ Score p

Dementia 14 1.07+0.91

MBT-Executive p<0.05
Control 9 2.11+0.60
Dementia 14 5.35+1.27

MBT-Visual p<0.05
Control 9 6.66+1.11
Dementia 14 7.21+1.62

MBT- Language p>0.05
Control 9 8.00+1.32
Dementia 14 1.14+1.09

MBT- Memory p<0.05
Control 9 2.11+0.92
Dementia 14 0.64+0.74

MBT- Attention p<0.05
Control 9 1.44+0.72
Dementia 14 0.85+0.77

MBT- Abstraction p>0.05
Control 9 1.66+1.22
Dementia 14 0.21+0.42

MBT- Orientation p<0.05
Control 9 0.66+0.50
Dementia 14 3.21+0.89

MBT- Arithmetic p>0.05
Control 9 3.55+1.01
Dementia 14 2.92+1.63

MoCA- Executive p<0.05
Control 9 4.44+0.72
) Dementia 14 0.42+0.51

MoCA- Visual p>0.05
Control 9 0.77+0.44
Dementia 14 2.50£1.09

MoCA- Language p<0.05
Control 9 3.88+1.26
Dementia 14 0.28+0.82

MoCA- Memory p<0.05
Control 9 2.11+0.92
_ Dementia 14 3.64+1.73

MoCA- Attention p<0.05
Control 9 5.44+1.01
_ Dementia 14 0.85+0.86

MoCA- Abstraction p<0.05
Control 9 1.55+0.52
_ ) Dementia 14 3.07 £1.97

MoCA- Orientation p<0.05
Control 9 5.77+0.66
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According to the subgroups of MBT results, the radar chart representation of the

average scores belonging to the dementia and control groups are shown below:

FINISH

Figure 3.1 : Radar chart representation of the average scores of dementia and control
groups.

3.2 Evaluation of the Results

During the experiments, participants applied not only MBT Test, but also MoCA
Test which is applied by paper-and-pencil and it is aimed to determine the relevance
between the designed tests with MoCA. First of all, it is examined whether there is a
relationship between the age and the scores or not. The results of MBT show that, the
younger participants get higher points than the elders. Additionly, there is no
correlation between the education and the MBT score. It is thought that the reason
why a meaningful correlation does not exist is becausealmost all participants are

bachelor and they have adequate literacy to apply the tests.
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There is a meaningful difference between the scores of the control and the patient
groups in both MBT and MoCA Tests. Therefore, MBT Test can distinguish control
and dementia groups from each other like MoCA test. According to the scores in all
the cases, it is seen that there is a positive correlation between these scores. As a
result of the analysis, if the participant gets high points in MoCA test, s/he alsogets
high points in MBT test and if the participant gets low points in MoCA Test, s/healso
gets low points in MBT test.

According to the subgroups of MBT and MoCA shown in table 4.5, executive
functions, visual, memory, attention and orientation subgroups can distinguish
control and dementia groups from each other; however, language, abstraction and
arithmetic subgroups are not distinctive in MBT Test. Among 6 naming tests which
are in the language subgroup, participants generally have difficulty in naming zebra,
the other 5 tests are almost done correctly. In the proverb tests which are in
abstraction subgroup, even healthy participants give incorrect answers clicking the
pictures which have the concrete meaning instead of the ones having the abstract
meaning. In the arithmetic subgroup, the mathematical operations are very easy. The
reason why these 3 subgroups are not distunguishing is because the number of the
participants is not enough and the tests are very easy. That’s why, the tests in these

subgroups need to be updated.

In MoCA test, the visual subgroup does not distinguish the control and dementia
groups from each other,and the reason is supposed to be that there is a limited

number of participants.

One of the limitations of our study is the number of cases’ being not enough. The
study is not challenged with a greater number of cases for now, since the application
is going to be updated after the results of the first analysis. The other limitations of

the study are the challenges experienced during the application of the tests.
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4. CONCLUSION AND FUTURE WORKS

In this study, it is aimed to develop a Turkish neuropsychological mobile cognitive
test which can be applied on tablet computers to assist the diagnosis of dementia.
This Android application consists of 14 different tests and it has an output including
the detailed information of the test results and radar chart representation of the
participant’s scores. According to the experimental results, there is no correlation
between the education level and MBT test score. However, MBT assists to
distinguish between the healthy and dementia participants and has a meaningful
correlation with MoCA test. In spite of the fact that executive functions, visual,
memory, attention and orientation subgroups of MBT can distinguish between
control and dementia groups, language, abstraction and arithmetic subgroups are not
distinctive. In this pilot work, the number of the participants is not enough in order to
get significant results. For further analysis, these subgroups will be developed in
order to make the tests more distinctive. English version of the application will also

be developed for the future works.
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APPENDIX A

iISTANBUL TEKNIK UNIVERSITESI-INSAN ARASTIRMALARI ETiK KURULU
(iTU-INAREK)

5 Mart 2013
Reference No: -9/ Q913

istanbul Teknik Universitesi Elektrik- Elektronik Fakultesi Bilgisayar Miihendisligi Bolimi dgretim tyelerinden
Sayin Dog. Dr. Mustafa Kamasak ve Denizcilik Fakiiltesi Deniz Ulastirma ve Isletme Miihendisligi Bolumi 6gretim
tiyelerinden Dog¢ Dr. Leyla Tavacioglu yiriitiiciliginde ve de Gokhan Zorluodlu'nun arastirmaci olarak yer aldigi
“Alzheimer Hastaliginin Ayirt Edici Tamisinda Kullanilmak Uzere Tablet Bilgisayar Igin Gelistirilmis Biligsel Yeterlilik
Degerlendirme Yaziimi” adli projesi degerlendirilmis ve proje etik agisindan uygun bulunmustur.

/ v / ~ 7§
(A [0 v~ /(j ‘
Prof. Ash Tolun Prof. Turgut Ulutin
Bogazici Universitesi istanbul Universitesi Cerrahpasa Tip Fakiiltesi
Molekiler Biyoloji ve Genetik Bélimi Tibbi Biyolojik Bilimler balimi

L. L

Prof. Levent Trabzon rof. Beraat Ozgelik

istanbul Teknik Universitesi istanbul Teknik Universitesi

Makina Mihendisligi Bolimi Gida Miahendislig Bolimi

Dog. Dr. Zehra Cataltepe Dog. Dr. Eda Tahir Turanh

istanbul Teknik Universitesi istanbul Teknik Universitesi

Bilgisayar Mihendisligi Bolim Molekiiler Biyoloji ve Genetik B&lumi
¥rd. Dog. Dr. Ash Kumbasar Pervin Erol, Avukat

istanbul Teknik Universitesi istanbul Teknik Universitesi
Molekdiler Biyoloji ve Genetik Bélimu Hukuk Biirosu

e
Prof. Arzu %M, Baskan
istanbul Teknik Universitesi
Molekiler Biyoloji ve Genetik Bolumii
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APPENDIX B

NAME :
MONTREAL COGNITIVE ASSESSMENT (MOCA) Educat;on : Date 0?;2*
ex: H

Version 7.1 Original Version

VISUOSPATIAL / EXECUTIVE Copy Draw CLOCK (Ten past eleven) POINTS
cube (3 points )
End o N,
Begin
[] [] [] [] [ 1 ]_/5
Contour Numbers Hands
_/3
LSRN . st of words, subject must FACE | VELVET | CHURCH | Dalsy | RED
repeat them. Do 2 trials, even if 1st trial is successful. 1st trial No
Do a recall after 5 minutes. points
2nd trial
ATTENTION Read list of digits (1 digit/ sec.). Subject has to repeat them in the forward order [ 121854
Subject has to repeat them in the backward order [ ] 742 /2
Read list of letters, The subject must tap with his hand at each letter A, No pointsif 2 2 errars
[ ] FBACMNAAJKLBAFAKDEAAAJAMOFAAB |—/1
Serial 7 subtraction starting at 100 [ 193 []86 [ 179 [ 172 [ 165
4 or 5 corect subtractions: 3 pts, 2 or 3 correct: 2 pts, 1 correct: 1 pt, 0 correct: 0 pt _/3
LANGUAGE Repeat : | only know that John is the one to help today. [ ]
The cat always hid under the couch when dogs were in the room. [ ] _/2
Fluency / Name maximum number of words in one minute that begin with the letter F [ 1] (N 211 words) _ N
LU E ol B similarity between e.g. banana - orange = fruit [ ] train-bicycle [ ] watch-ruler _ /2
DELAYED RECALL Has to recall words FACE VELVET CHURCH | DAISY RED Points for /5
UNCUED -
WITH NO CUE [] [] [1 [] [] recall only
o Category cue
Optlonal Multiple choice cue
DR ATIO [ ] Date [ ] Menth [ 1 Year [ ]Day [ ]Place [ ]city /6
® Z.Nasreddine MD www.mocatest.org Normal 226/ 30| TOTAL /30
Administered by: Add 1 pointif £12yredu J
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APPENDIX C

<?xmlversion="1.0"encoding=""utf-8"7>
<manifestxmlns:android="http://schemas.android.com/apk/res/android"
package=""com.example.copet"

android:versionCode=""1"

android:versionName="1.0">

<uses-sdk

android:minSdkVersion="8"

android:targetSdkVersion=""17"/>

<uses-
permissionandroid:name="android.permission.WRITE_EXTERNAL_STORAGE"/>

<application

android:al lowBackup=""true"
android:icon="@drawable/logo_mbt"
android: label="@string/app_name"
android:theme="@style/AppTheme">

<activity

android:name="com.example.copet._MainActivity"
android: label="@string/app_name"

android:screenOrientation="portrait">

<intent-filter>

<actionandroid:name="android. intent._action.MAIN"/>

<categoryandroid:name="android. intent.category.LAUNCHER" />
</intent-filter>

</activity>

<activityandroid:name="Testl"android: label="@string/app_nhame"android
:screenOrientation=""portrait''></activity>
<activityandroid:name="Test2"android: label="@string/app_nhame"android
:screenOrientation="portrait’></activity>

<activityandroid:name="Test3"android: label="@string/app_name"android
:screenOrientation=""portrait'></activity>

<activityandroid:name="Test4"android: label="@string/app_nhame"android
:screenOrientation="portrait'></activity>

<activityandroid:name="Test4aandroid: label="@string/app_nameandroi
d:screenOrientation=""portrait'></activity>

<activityandroid:name="Test4b"android: label="@string/app_name'androi
d:screenOrientation="portrait''></activity>

<activityandroid:name="Test4c"android: label="@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test5"android: label="@string/app_name"android
:screenOrientation=""portrait'></activity>

<activityandroid:name="Testb5a"android: label="@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test6"android: label="@string/app_name"android
:screenOrientation=""portrait'></activity>
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<activityandroid:name="Test6a"android: label=""@string/app_name'androi
d:screenOrientation=""portrait'></activity>

<activityandroid:name="Test6b"android: label=""@string/app_name'androi
d:screenOrientation=""portrait'></activity>

<activityandroid:name="Test6c"android: label="@string/app_name'androi
d:screenOrientation=""portrait'></activity>

<activityandroid:name="Test7"android: label="0@string/app_name"android
:screenOrientation="portrait'></activity>

<activityandroid:name="Test7a"android: label="@string/app_nameandroi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test7b"android: label="@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test7c"android: label="@string/app_name'androi
d:screenOrientation=""portrait’></activity>

<activityandroid:name="Test8"android: label="@string/app_nhame"android
:screenOrientation=""portrait'></activity>

<activityandroid:name="Test8a"android: label=""@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test8b"android: label=""@string/app_name'androi
d:screenOrientation=""portrait'></activity>

<activityandroid:name="Test9"android: label="@string/app_nhame"android
:screenOrientation=""portrait'></activity>

<activityandroid:name="Test9a"android: label="@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test9b"android: label="@string/app_nameandroi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test9c"android: label="@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test9d"android: label="@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Test9e"android: label=""@string/app_name'androi
d:screenOrientation=""portrait’></activity>

<activityandroid:name="Testl0"android: label="@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Testll"android: label="@string/app_name'androi
d:screenOrientation="portrait'></activity>

<activityandroid:name="Testlla"android: label="@string/app_name"andro
id:screenOrientation=""portrait'></activity>

<activityandroid:name="Testllb"android: label="@string/app_name"andro
id:screenOrientation=""portrait''></activity>
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<activityandroid:name="Testl2"android: label="@string/app_name'androi
d:screenOrientation=""portrait'></activity>

<activityandroid:name="Testl3"android: label=""@string/app_name'androi
d:screenOrientation=""portrait''></activity>

<activityandroid:name="Testl4"android: label=""@string/app_name'androi
d:screenOrientation=""portrait'></activity>

<activityandroid:name="Testl4a"android: label="@string/app_name"andro
id:screenOrientation=""portrait'></activity>

<activityandroid:name="Testl4b"android: label="@string/app_name"andro
id:screenOrientation="portrait'></activity>

<activityandroid:name="Testl4c"android: label="@string/app_name'andro
id:screenOrientation=""portrait'></activity>

<activityandroid:name="Graphical_result"android: label="@string
/app_name*android:screenOrientation="portrait’></activity>
</application>

</manifest>
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