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ABSTRACT

This thesis proposes the interaction behavior analysis of virtual reality
application that is analyzed by machine learning. The machine learing is a technique
that analyze data used for data prediction or classification. The virtual reality
application that is used in this research is implemented for brain training in visual short-
term memory and visuospatial skill fields. The activities in virtual reality application are
pick and place item activity. During using virtual reality application, interaction behavior
information is kept by application. This information will be analyzed by value
prediction via machine learning technique as follows: average prediction, linear
regression prediction, and support vector regression (linear kernel) prediction. The
average prediction is used as a reference point, in order to decide which interaction
behavior from using application has or has not effect with brain abilities. In the part of
regression, it helps to explain correlation between features (interaction behavior
information) and 2 assessments (visual short-term memory and visuospatial skill
assessments). The regression predicts how the assessments score affected by each
interaction behavior. The result from comparing average prediction and regression
prediction (linear regression and support vector regression) showed interaction
behavior from using application and background of participant has effect with
visuospatial skill. The interaction behavior analysis of virtual reality application can

help to design application for better brain training efficiently.
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ALLIED HEALTH

UPPORT SERVICES

In this exercise you should complete the following three tasks:

1. You should do the following tasks:

1. Collect an envelope from hospital front reception

. Buy a small bag of lollies

2
3. Check today's date on the Rehab Unitboard ...
4

. Say hello to the person sitting on the Rehab Unit Reception desk

5. Buy a small bottle of water

6. Walk out of the main hospital entrance, count the seats to the left and walk back inside

You should obtain the following information and write it down
What is the reference number for a Mars Bar in the vending machine? ...........c.cccecoveuee
What are the opening hours of the Mary Rose Cafe on a Wednesday?
What is the cost of an egg and lettuce sandwich?

T

3. You must meet me at the water fountain where we first began, after 20 minutes
and tell me the time.

A o 1 a 5 o
g‘tlvl 2.2 Mg eRANITUTDIMUUNAGDU Multiple Errands Test atuunly [5]

ALLIED'HEALTH

S PP ORT SERNLGCES

Multiple Errands Test-Revised (MET-R) : Scoring

Met-R Scoring item Definition

Total time to complete Total time elapsed from start to when the participant tells the examiner he or she is finish

Total number of locations visited Total number of locations visited, regardless of whether the locations are related 1o a task

Total number of tasks completed Number of the 17 tasks assigned that we finished

Total number of passes Number of times the participant visited any location relevant to the test tasks

Total number of rule breaks Number of instructions violated {e.g. if a participant undertook three nonrequisite lexical
Interactions with the examiner, the calculation would inelude these three instances).

Observation sheet

Scoring item Normal/idea | Observe
I d

Total Time (minutes) 20

Total number of <B

locations .

Total number of tasks 12

completed
Total number of passes | < 6
(relevant locations)

Total number of rule 0
breaks
Performance efficiency [ < 2
(total number of task -
completed/ number of
locations visited)

References/Source articles

Alderman, N., Burgess, P.W.. Knight, C. & Henman, C. [2003} Ecological validity of a simplified version of the multiple errands shopping test.
Journal of the International Neuropsychological Society, 9,

Knight, C., Alderman, N., & Burgess P.W. (2002): Develupn;ntufasnmplnfed version of the multiple errands test for use in hospital settings,
Journal, 12:3, 231-255

Morrison, M. T., Giles, G. M., Ryan J. D., Baum, C. M., Dromerick, A. W., Polatajko, H. J., & Edwards, D. F. (2013).Multiple Errands Test—
Revised (MET-R): A performance-based measure of executive function in people with mild cerebrovascular accident. American Journal of
Occupational Therapy, 67, 460~468. hitp://dx.dol.org/10.5014/ajot. 2013007880
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annesLUUNMIATUAYLYBIINWEsAT ¢ Wumiuuanuuiugvesuudiaos Feldizuns

gsueannsaiilendudady £ Tuguwuudaseluil
flx)= w,x)+bTIweX, beER (3.4)

(. ) e mananTeanaarsniely X nsiluszunuluaunisdiefununeninuinniy

= o g w1 = < = A Y U ov YA ] 5 DR
weeuagyilien w Svuiaian manianasSudseduls Ae n1sand1uesy (norm) v
= ¢ & 9 3 o | 2 =% = e
ngn uasuilunisinvuinveaninines endiegs [wll?= (ww) Feanusaldeulamily

sUsuuymnsifindse@nEnn (convex optimization problem) lanssialudl

1
minimize Ellwll2
(3.5)
yl.—(w,xl»)—b <g

nelgideule
(wx)t+y <e

YY)

auAgIuvesaun sy Ao Hladdu s Feilidrluenuidueiessanuangsusi
Fravian (5y,) fusanuwiugn & wionanlddnandaguuuudamnsiissandam
annsndanguld TnganunsofivgeouiuaRanainuisediintuld ad1endeiu soft
margin flardunisgayide Fagnusuldiunisatuayuvosininesdmiuiaiosing (Support
Vector Machine) lng Cortes wag Vapnik lngilsiauusnegaundae (slack variable) &, & Ex
Ju

Usy

'
=

ofigniouazaindinaviiuie dusudanisiudedfandululalivesdymnisuiu
avsanluaunistnesu Fadinmsldsuiuuvetaunisiiseylilae Vapnik iudwsioluil

n
1 *
minimize 5 ||W||2+CZ(5I-+€ZI' )
=1

¥ Awax)b <+, (3.6)
AeldSeuly { (wx)+b- v, Se+é
E,E>0

'
a v o v !

Arral >0 Wudifmunandnszrnineaudussunvuesilendu fuasvunni

9

[

Westuulugnin e Nazeouiuld F9dannaosdun1sinn1sNTenan ¢ insensitive loss

function |¢], @e0FU18AIN

0| <e
|&]- & Tunsdidu 4

1. = { (37)
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U 4.1 gunsaiasildfsue Oculus Rift [15]

gunsalanilafsue Oculus Rift WugUnsaliiliuanmanimvesanmuandonsiasa
defouannaeufiamesdruyana Inslaududazinaimiuaziden 1080x1200 finlwa G313
wansranineenuiludnuugarndi nmisanslulauduiasdrsagBosantudndes
s 3 §h iflomsmusiasdnsuosnwdinaneaty auesazinmansniu mniuudana
ponuiduniwieafidffeusuuasdn uenanisgunsalannsnmuldly 6 unudass fe

el X, Y, Z, Row, Pitch waz Yaw laglusnideiildgunsalasuldfiswe Oculus Rift dmsu

LEAASNNVBIANINLINADULANLEL DU

5U#l 4.2 gunsaimuAn Oculus Touch [16]

guUnsalauAl Oculus Touch ugunsaiildiielunisaruaudniuldlunisidney
fuszuudaedlulaniatiouss Sssgunsniaed 2 Tu dmsuldsuilodouasiionn Taedh
gunsniaxdl joystick, wazdunauitelilunismuausyuy gunsalanansovauldly 6 unudasy
Wueafugunsaiauldfsus Oculus Rift Bntadsanusamsiaduviimanisldi Weding
fogunsaimunau Oculus Touch dmsummiddeiidaunsalmuey Oculus Touch dwsuns

ArvAuszuUlantalauasalaenisnaldy N1snBuLayI19dIves Fedlgunsalaziveudiu
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4.2 MIwATInginssun1sltnuLeUndnduiuinusveaues

AN badeyaiinnisldau teyarzgniruneielny ielddmiunisasiai
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wena lagasedniuigiugiulagininuigaindanainuvednsissusiaiesdng e

dnnldineinasde Jadnvasveslayaasianvaugmuninauadeluil

Item 13 Mar 7, 2818, 18:34:88 AM
Item 66 Mar 7, 2818, 18:34:88 AM
Item 42 Mar 7, 2818, 18:34:886 AM
LivingRoomLevel Mar 7, 2818, 18:34:81 AM
OpenBag Mar 7, 20818, 16:35:82 AM
GrabItem Phone C Mar 7, 2018, 18:35:28 AM

CloseBag Mar 7, 2818, 18:35:28 AM

ReleaseButton Item Phone C Mar 7, 2818, 18:35:25 AM
OpenBag Mar 7, 20818, 18:35:29 AM

GrabItem Phone C Mar 7, 2018, 18:35:32 AM

CloseBag Mar 7, 2818, 18:35:32 AM

ReleaseButton Item Phone C Mar 7, 2818, 18:35:34 AM
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track “"choose item" stage from user
keep list of chosen item
loop
if "room™ stage :
keep type of room in list and room time in list
else if "release grab button before placing item” :
keep mistake
else if "placing” stage :
if “"confirm placing item”
keep order of placing item
keep number of item in each room
else if "cancel placing item" stage :
keep mistake
find position of first item form list of chesen item and placing item (feature 1)
find position of final item frem list of chesen item and placing item (feature 2)
find most number of cne room excluding living room from type of room list (feature 3)
find number of living room from type of room list (feature 4)
find max item in one room from type of room list (feature 5)
find number of room from type of room list (feature 6)
count all mistake (feature 7)
count room from type of room list (feature 8)
find max time in one room (feature 9)
track "start assessment”™ stage
keep start time
track "finish assessment™ stage
keep finish time
calculate assessment time from start time and finish time (feature 18)

d U 2
JUN 4.19 pseudo code I0INENAAMANYLUY
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4.2.1 myvhuenalagAnaie
dmiunuunaseaaieazinugyadeyanaaeumeniadevasyatayanidlung
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aou FeAadelilaldnudnuuen 12 Aadnwuy Agldiiisananziuuainuuulssiliung
Wil Tnswuudnaesazgnadeeenidu 2 wuu wuuiivisazdunisviunedeyavediuy

Usziliunaniuauinninsssrdulazuuuitaesfiaesaziunisiiuiedeyaresuuy

YK

Useiliunan1unsSuiniediduiug lneg pseudo code voen1situnedeyalagAnadegn

wamsluguil 4.20

load visual model dataset

load visuospatial model dataset

modell - split visual model dataset by Leave-one-out cross-validation
model2 = split visuospatial model dataset by Leave-one-out cross-validation

loop train_index , test index in modell
predict_wvisu el = mean of assessment_visual in train_index
keep predict al model in list of predictive value
keep actual_visual_model from test_index in list of actual value

loop train_index , test_index in model2
predict wvisuospatial model = mean of assessment visuospatial in train_index
keep predict visuospatial model in list of predictive value
keep actual visuospatial_model from test index in list of actual value

find Root Mean Square Error of wisual model from predict_visual model list and actwal_visual model list
find Root Mean Square Error of visuospatial model from predict visuospatial model list and actual visuospatial model list

A o ! i
3UN 4.20 pseudo code VaINSYIIUIBARGY

4.2.2 prsvinngteyameisn1sinszinsoanssidadu

nisesgdinannnesiBaduaginuetoyslasldandnunsts 12 andnuue ada
LUUEa84 2 WUV tuLfgIfunIiueALade Ao uuudassdmiunuuUsiunaiy
ANUININTE sgul,t,ammm‘]’ﬂaaaﬁfm%’uu:umJ'ﬁsLﬁumaé’mﬂ’ﬁ%’uimwﬁaé’uﬁué dmiuns
Anszvinisnanesidaduarldynridenin sckitleam Juduyaddafrtunisioud
\3eadnslunwlnneu (python) [18] dwfudeunisadrsuuudrasaiiieiunsdeya

Ilusewidayalmduln® (normalization) Ingld Z-score Fsflaunisismoludl

Zi= — (4.1)

1o z; fie Z-score usiavAaIdNYAIYATOYAT i
u fo AadsveuAayALdN Y

x; Ao Avosndoya |

o fio dnudeauuinnsgu

pseudo code ¥aIMITweYeyalngN1TIATIEINTAnRReLTLdugNuandlusURN 4.21
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load visual model dataset

load visuospatial_model dataset

modell = split visual_model dataset by Leave-one-out cross-validation
model? = split visuospatial model dataset by Leave-one-out cross-validation

loop train_index , test_index in modell
normalize train_index by Z-score
normalize test_index by Z-score
fit linear regression model by train_index
predict visual model = predict test index by linear regression model
keep predict_visual model in list of predictive value
keep actual visual model from test_index in list of actual value

loop train_index , test_index in model2
normalize train_index by Z-score
normalize test_index by Z-score
fit linear regression model by train_index
predict_visuospatial model = predict test_index by linear regression model
keep predict visuospatial model in list of predictive value
keep actual visuospatial model from test index in list of actual value

find Root Mean Square Error of visual_model from predict_visual_model list and actual visual_model list
find Root Mean Square Error of visuospatial model from predict visuospatial medel list and actual_visuospatial_model list

A o ¥ a (3 a v
E'LJ‘VI 4.21 pseudo code ‘U@Qﬂ'ﬁVﬂu']EJ"UBSJUaIﬂEJﬂ']‘J’JLﬂi?%ﬁﬂ?ﬁﬂﬂﬂ'ﬁ]&"ﬁﬂmu
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load visual_model dataset

load visuospatial model dataset

modell = split visual model dataset by Leave-one-out cross-validation
model2 = split visuospatial model dataset by Leave-one-out cross-validation

loop train_index , test_index in modell
normalize train_index by Z-score
normalize test_index by Z-score
loop power of 18 in range (-6,4)
set C parameter, linear kernel of Support Vector Regression
fit linear Support Vector Regression model by train_index
predict_visual model = predict test_index by linear regression model
keep predict_visual_model in list of predictive value
keep actual_visual model from test_index in list of actual value
find Mean Square Error for each C parameter from predict visual model list and actual visual model list
find the lowest Mean Square Error in visual_model

loop train_index , test_index in model2
normalize train_index by Z-score
normalize test_index by Z-score
loop power of 18 in range (-6,4)
set C parameter, linear kernel of Support Vector Regression
fit linear Support Vector Regression model by train_index
predict_visuospatial model = predict test index by linear regression model
keep predict_visuospatial _model in list of predictive value
keep actual_visuospatial model from test_index in list of actual value
find Mean Square Error for each C parameter from predict visuospatial model list and actual visuocspatial model list
find the lowest Mean Sgquare Error in visuospatial model

find Root Mean Square Error of visual model from the lowest Mean Square Error in visual model
find Root Mean Square Error of visuospatial_model from the lowest Mean Square Error in visuospatial model

JUT 4.22 pseudo code 184N159 U8 TBYALALNITIATIENNITANDDLLTLAULUUNIT
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Abstract—Normal adult becomes memory decline when in-
creasing age. Memory decline can change from normal aging to
mild cognitive impairment (MCI) and then Alzheimer’s disease
dementia. In order to reduce the risk of dementia, the cognitive
training or brain training is needed. Cognitive training can
stimulate the ability of normal person’s memory for keeping
ability of memory prompt when increasing age. Virtual Reality
(VR) technology can be used to establish VR application for
cognitive training. This paper proposes VR application for
cognitive training that uses a head-mounted display for a full
immersive device with VR controllers. This VR application is
designed for training in visual y and vi patial under
the psychiatrist’s guidance. There were 45 participants in this
experiment. All participants were tested memory ability of
remember things and places from first practicing and evaluated
satisfaction after using our VR application from satisfactory
form. This experiment can help to determine the difficulty level
in the next training and suitability of activity. The time duration
of recall memory related to difficulty level in VR application
(correlation coefficient, p = 0.379, 0.010). Furthermore, the
satisfied evaluation of participants using VR application was
“satisfied” and “very satisfied” in each difficulty level in VR
application that Cronbach’s alpha = 0.743.

Index Terms—Virtual Reality, cognitive training, memory
training, head mounted display, Oculus VR

I. INTRODUCTION

Research about the risk of changing from normal aging
to mild cognitive impairment (MCI) and Alzheimer’s disease
(AD) or AD dementia is shown in [1]. The sequence of
changing started from normal aging, then MCI and finally AD.
The main health problems when increasing age is reducing of
memory ability, visuospatial and other cognitive functions [2].

Virtual reality (VR) technology uses a computer to simulate
virtual environment. The user can respond to the simulated
VR environment in order to increase experience in daily life
and ecological validity. VR has been used in various fields
e.g., training, rehabilitation, and gaming. In addition, VR can
support users who have walking problem to do comfortable
training or rehabilitation. For example, users can control the
VR devices instead of self-walking in the real world, then
they are safety from real world environment [3], [4]. VR
environment can be displayed in the form of partial immersion
and full immersion. The degree of immersion result was
compared between partial immersion and full immersion in
medical results for efficient learning in VR environments.
Fully immersed VR environment was displayed by using
head-mounted display (HMD), on the other hand, partially
immersed VR environment was displayed by using general

978-1-5386-0882-1/17/$31.00 ©2017 IEEE

screens (e.g. computer monitors, smartphone or tablet screen).
Both partial immersion and full immersion could expand
learning performance by using VR training, but full immer-
sion could improve learning performance better than partial
immersion [5].

One important method to improve cognitive effectiveness
is memory training. From research [6], memory training was
used to change cognitive effectiveness by learning various
methods that help in remembering. The cognitive effectiveness
compared memory results between before and after memory
training. After retested the effectiveness, the results showed
memory- training could improve cognitive effectiveness when
older adults faced with cognitive deterioration. Moreover, VR
cognitive training is one method that can improve cognitive
effectiveness. VR cognitive training can implement for an
application that runs on various operating systems (OS) such
as Windows, iPhone Operating System (i0S) and Android.
For example, VR has been used for cognitive training in 1)
Virtual supermarket (VSM) that was an application ran on
Android OS to train cognitive functions in older adults (e.g.,
executive function, navigation, planning, and memory) in order
to improve their cognitive functions. VSM was designed an
activity about shopping in the virtual supermarket that is the
same activity in daily life [7]; 2) VR for memory training
that was implemented with auditory and VR experience for
treating memory impairment. This VR environment was cre-
ated similar to the place and the environment within the real
world (e.g., home and green park). This VR memory training
was tested memory ability of participants to recognize the
paths and orientation [8]; and 3) VR for cognitive training
that was implemented about home and shop environments. The
participants were requested to recognize the position of objects
and the list of words to pick up correct items and then took
action about activities of daily living (ADL) [9].

Therefore, our research has 3 purposes: Firstly, develops VR
application for cognitive training, reduce stress and increase
enjoyment during the training. The VR application displays
virtual environment via HMD (Oculus Rift) and controls
by Oculus Touch; Secondly, investigates memory ability of
students for the first training from experimental results; And
thirdly, evaluate the satisfaction of participants after using this
application.



II. METHODS
A. Participants

All participants were the volunteers from bachelor degree
students in the department of computer engineering, King
Mongkut’s Institute of Technology Ladkrabang.

TABLE I. CHARACTERISTICS OF PARTICIPANT

Characteristics
Participant Gender Mean Age | Mean Education
Man [ Woman (SE®) in years (SE)
Students 29 | 16 20.96 (0.14) 18.40 (0.14)

“SE: standard error

Characteristics of participants were shown in Table 1. The
volunteer students were 45 persons (29 men and 16 women).
Mean age of particapants was 20.96 years in a range from 18
to 22 years. Mean education of students was 18.40 years in
a range from 16 to 19 years of formal education. For men’s
group, mean age was 20.83 (SE = 0.19) and mean education
was 18.31 years (SE = 0.20). For women’s group, mean age
was 21.19 (SE = 0.19) and mean education was 18.56 years
(SE = 0.13). Gender was no statistically significant differences
in age (t-test, t = 1.253, p = 0.217) and education (t-test, t =
1.065, p = 0.293). Participants were divided into 3 groups
according to difficulty levels in VR application (easy, normal
and hard level).

TABLE II. CHARACTERISTICS OF PARTICIPANT IN EACH LEVEL

Characteristics
Level Gender Mean Age Mean Education
Man Woman (SE*) in years (SE)
Easy 10 J 20.73 (0.35) 18.07 (0.34)
Normal 10 5! 21.07 (0.18) 18.60 (0.13)
Hard 9 6 21.07 (0.15) 18.53 (0.17)

“SE: standard error

Characteristics of 15 participants in each level were shown
in Table II. Mean age of easy group was 20.73 years in a
range from 18 to 22 years. Mean education was 18.07 years
in a range from 16 to 19 years. Mean age of normal group was
21.07 years in a range from 20 to 22 years. Mean education
was 18.60 years in a range from 18 to 19 years. Mean age of
hard group was 21.07 years in a range from 20 to 22 years.
Mean education was 18.53 years in a range from 17 to 19
years.

B. Virtual Reality Application

The VR cognitive training application can improve content
from VR application for cognitive training and assessment [7].
Therefore, we created this VR application along with the sug-
gestions from psychiatry department, Ramathibodi Hospital.
Our VR application program was full immersion by using
HMD. This Application ran on Windows 7 or newer Operating
System in the personal computer (PC) that required high
specification computer: HMD recommends NVIDIA GTX
1060 Graphics Card, equivalent or greater Intel i5-4590 central
processing unit (CPU) and more than 8 Gigabyte (Random
Access Memory: RAM) memory.
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Fig. 1. Virtual Reality environment that developed in our application.

The application was designed to simulate picking up and
placing item, similar in daily life at home. The experimental
area had 5 rooms: living room, bedroom, bathroom, kitchen
and laundry room, are shown in figure 1. These rooms were
similarly designed for the common condominium. Each room
had different types of furniture that limited to be placed on
only I or 2 items. At the beginning of the experiment, users
will choose the difficulty level of training from easy level
(5 items), normal level (7 items) and hard level (10 items)
that the number of items in easy level will be appropriate
for older adult or person who has problem about memory
(memory ability less than 5). However, at the first training with
the bachelor students, we adjusted number of items to 7,10
and 13 items (easy, normal and hard level) for suitability that
considered from memory ability of normal persons is about 7
items [10]. Next, VR application will random 15 items from
77 items. The users will choose items that they are interested
as the amount indicated by their chosen level. Then users will
pick up items from their bag and place on the furniture that
they are satisfied. This part is very important because users
must recognize things and locations of things (furnitures).
After that, our application has 2 assessments for recalling
memory. The first assessment, users recalled memory about
their choosing items depends on chosen level, from overall 15
items. The second assessment, users recalled memory about
choosing furniture from the choices that match with their
placed item. For example, if they picked up a mobile phone
and placed on the top of the washing machine, when a mobile
phone is shown - they have to choose washing machine. Time
duration during users evaluate both assessments also recorded.
Finally, our application displays total corrected answer after
the user finished both assessments.

The purposes of our application are 1) to train visual
memory (recognition and recall) and 2) to train visuospatial
that related to memory improvement [8]. This application has
different levels of training, random things to avoid learning
effects and using HMD for fully immersed VR environment.

C. Training the Virtual Reality Application

All participants were trained by our staff about how to
control VR application before starting the experiment.
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Fig. 2. Virtual Reality devices and setup area.

Figure 2 shows VR application that consists of 2 controller
devices : Oculus Rift (HMD) and Oculus Touch (controller).
Oculus Rift displays full immersion VR environment and Ocu-
lus Touch controls virtual hand in VR application. Pariticipants
were set to sit on the swivel chair to avoid injury and feel
comfortable during training. Before starting the experiment,
participants can ask about using information on VR appli-
cation. In this research, group of participants were tested in
easy, normal and hard level for testing memory ability and
satisfaction.

D. Assessments

In order to investigate memory ability of participants, we
assessed the recognition and recall number of corrected items
and corrected places from VR application. The first assessment
was recognition and recall things (visual memory). The second
assessment was recognition and recall locations that placed on
things by the pariticipants (visual memory with visuospatial) .
And then record time duration during recall memory for both
assessments.

The satisfaction of using this VR application was assessed
with a satisfied evaluation form. The questionnaire was eval-
uated the satisfactions about the interesting in the VR envi-
ronment, and comfortable during use or control VR devices.
Moreover, their opinion that VR activity can stimulate their
memory or stimulus their memory in daily life, are evaluated.
The satisfied questionnaire used a 5-point Likert scale, ranging
from 1 (Very dissatisfied) to 5 (Very satisfied).

E. Data analysis

From the raw data in VR application, we extracted each
variable, average accuracy score from recall things, average
accuracy score from recall places, and the average time from
recall. After that, we analyzed gender differences about accu-
racy score and time by using student’s t-tests for independent
samples. For the relation analysis, correlations of variables was
calculated by Pearson product-moment correlation coefficient
(PPMCQ). In part of the satisfied evaluation, we extracted each
field of the average score, then analyzed and evaluated in terms
of reliability. The reliability was examined with Cronbach’s
alpha. Statistical Package for the Social Sciences 22 (SPSS.
22) is used.
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I11. EXPERIMENTAL RESULTS

A. Memory ability of participants in application

Figure 3 shows the experimental results that are obtained
from 3 participant groups (45 persons). Duration of two
assessments had average time in easy level = 1:07 minutes
(SE = 0:05), normal level = 1:26 minutes (SE = 0:06) and
hard level = 1:32 (SE = 0:09). Accuracy score in the corrected
recalling things had average score in easy level = 6.93 (SE =
0.07), normal level = 9.80 (SE = 0.10) and hard level = 13
(SE = 0). Accuracy score in recalling places had average score
in easy level = 6.93 (SE = 0.07), normal level = 9.67 (SE =
0.16) and hard level = 12.53 (SE = 0.40).
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Fig. 3. The assessment of Duration, Recall things and Recall places of
participants in easy, normal and hard level. (a) Spread of time duration
between minimum time and maximum time. (b) Spread of correct score in the
recalling assessments between minimum score and maximum score. “Things”
and “Places” indicate corrected score in the recalling assessments.

TABLE T1II. DIFFERENCE OF ASSESSMENTS IN GENDER FOR EACH
LEVEL

Level " Independent Sall}plgs. Test
I Significance
Easy Assessment things 0.694 0.500
Assessment places 0.694 0.500
Duration -0.657 0.523
Normal Assessment things 0.000 1.000
Assessment places 0.577 0.574
Duration -0.744 0.470
Hard Assessment things - -
Assessment places -1.094 0.294
Duration -1.132 0.278




Gender was found no statistically significant differences in
assessment things and places, and duration of recall memory at
all level. And all participants of hard level could do full scores
in assessment things that had no distribution of information,
so there is not information of assessment things in hard level.

TABLE IV. CORRELATIONS BETWEEN CHARACTERISTICS OF PARTICI-
PANT AND ASSESSMENTS IN APPLICATION FOR EACH LEVEL
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((Maximum value — Minimum value) / number of classes).
Almost all satisfactions answers were satisfied (3.41-4.20) and
some satisfactions answers were very satisfied (4.21-5.00). The
reliability was examined with Cronbach’s alpha that equals
0.743, so the satisfaction evaluation form was reliable from
the acceptable indices of internal consistency (> 0.7).

Assessinents ot (asy) BT : £irs 1
Assessment Assessment : e — = = — |
Level Char.* % Duration Metnory sl Fasy) TTERET Erx1) T geary 1
Ihlllg.Y p](‘ces Daily life (Fasy) o T ECT7 T PITTS ]
PCCP[ Sig.c| PCC] Sig. | PCC.] Sig. SN == — 0 e ]
Easy Age -0.055 | 0.845 | 0.359 | 0.188 | 0.067 | 0.813 . — —_— —
Edu® | -0.193 | 0.490 | 0.428 | 0.111 | 0.188 | 0.503 Memory s (o) TN = T punc |
Normal | Age 0.049 | 0.862 | -0.110| 0.697 | -0.118| 0.676 Deiy e (Noemal) En T 1333 o]
Edu. 0.272 | 0.326 | 0.000 | 1.000 | -0.167| 0.553 I ) — L — 1
Hard Age - - 0.501 | 0.057 | -0.361| 0.186 . — 5 — i
Edu. = = 0.197 | 0.483 | 0.118 | 0.676 i s = !
*Char., Characteristics S - ] y s ! % ALt " S
PPCC., Pearson correlation coefficient Peron (%)
“Sig., Significance Olews (1) Dlews 2) Crsodere (3 Divcre (§) Denos (5

4Ed., Education

Table IV shows correlations between characteristics and
assessment, Pearson product-moment correlation analysis was
found no correlation between all characteristics and all assess-
ments at every level. And we did not found information of
assessment things in hard level because it had no distribution
of information.

TABLE V. CORRELATIONS BETWEEN PROPERTY AND ASSESSMENTS IN
APPLICATION

Assessments
Assessment Assessment 4
Propgrty things places prgfiop
PCC2]'Sig.P | PCC. | Sig. | POC.][ Sig.
Level 0.122 | 0.426 | -0.137 | 0370 0379 | 0.010

“PCC., Pearson correlation coefficient
PSig., Significance

Table V shows correlations between properties and assess-
ment, We found positive relation between levels of difficulty
and duration during recall memory (Correlation is significant
at the 0.05 level).

B. Satisfactions of application from participants

Figure 4 is shown the satisfaction results from all partici-
pants after using our VR application in each level. Satisfaction
about interesting in VR environment of easy level had average
score 4.33 from 5 (SE = 0.16), normal level 4.33 (SE = 0.16)
and hard level 4.67 (SE = 0.13). Satisfaction about comfortable
when using VR devices of easy level had average score 4.33
from 5 (SE = 0.19), normal level 4.07 (SE = 0.12), and hard
level 4.27 (SE = 0.15). Satisfaction about this activity can
stimulate memory of easy level had average score 4.20 from
5 (SE = 0.17), normal level 4.27 (SE = 0.18) and hard level
4.27 (SE = 0.15). Satisfaction about this activity can apply
memory stimulus in daily life of easy level had average score
4.00 from 5 (SE = 0.20), normal level 3.67 (SE = 0.16) and
hard level 4.00 (SE = 0.22). When defined mean interval 0.80

Fig. 4. Satisfactory of participants. “Interest” indicates satisfaction about
interesting in Virtual Reality environments. “Comfort” indicates satisfaction
about comfortable during use Virtual Reality devices. “Memory stimulus™
indicates satisfaction about this activity can stimulate memory. “Daily life”
indicates satisfaction about this activity can apply memory stimulus in daily
life. “Person” on x-axis indicates the percentage of participants.

We questioned participants about their experienced in VR
environment. Twienty five persons had experienced in VR
environment but 20 persons had no experienced.

Easy QA 33381k 66.67

Normal 6671 80.00 [1333 ]
bt 72666 i B
0% 20% 40% 60% 80% 100%

OToo easy O Quite easy OAppropriate O Quite difficult O Too difficult

Fig. 5. Opinion of activity in this application.

Figure 5 shows the opinion about appropriate use of ap-
plication from each level. At easy level, participants thought
application quite easy S5 persons (33.33%) and appropriate
10 persons (66.67%). At normal level, participants thought
application quite easy 1 person (6.67%), appropriate 12 per-
sons (80%) and quite difficult 2 persons (13.33%). At hard
level, participants thought quite easy 4 persons (26.66%),
appropriate 10 persons (66.67%) and quite difficult I person
(6.67%).

Effect 3111 | 28.89

3778 |

0% 10% 20%. 30% 40% 50% 60% 70% 80% 90%

ONoeffeet OMild effect OModerate effect BMuch effect B Severe effect

Fig. 6. The effects of using HMD (Oculus Rift).



Figure 6 is shown the effect after using HMD. Seventeen
persons (37.78%) had no sickness effect, fourteen persons
(31.11%) had mild effect, thirteen persons (28.89%) had mod-
erate effect and only one person (2.22%) had much sickness
effect.

IV. DISCUSSION

There are many VR applications for cognitive training
that were developed in different versions. In addition, VR
technology has rapidly evolved, especially VR devices. Con-
sequently, we propose VR applications for fully immersed
VR environment via HMD (Oculus Rift and Touch). Our VR
application had first tested cognitive training by the bachelor
students, then evaluate the results in memory ability from first
tranining and evaluate user satisfaction.

The experimental results showed memory scores were not
affected from all characteristics of participants, it might be
because all characteristics of participants were very close.
But, duration of recall memory was affected from degree of
difficulty level. Increase of items then increase in time for
recall memory. We found abnormality in hard level. In spite of
choosing 13 from 15 items, all participants could do full score
in assessment things. When compare the number of selectable
items and number of overall items that the wrong answers
are only 2 items, so the hard level was easy in assessment
things and participants would focus attention in memory at
assessment places more than assessment things. And we found
that the assessment places are affected by placing item related
to its place, for example, knife should place on furniture in
the kitchen or soap should place in the bathroom. Therefore,
almost all participants placed items related to its place to help
them remember.

To evaluate satisfaction, VR application was assessed both
“satisfied” and “very satisfied” from all participants. Regarding
to user feeling about VR application from participants, the
suggestions are some models of items were not clear (contours
and texture) and too small, but they liked virtual reality of
place and activity. They thought virtual reality (VR environ-
ment collaborates HMD) could help them to increase ability
of recognition. The most participants thought the activity of
VR application was appropriate. However, the participants had
some motion sickness. The effect from using the application
via HMD may induce motion sickness [11].

V. CONCLUSION

In this paper, we propose a VR application for cognitive
training in visual memory and visuospatial field by using
HMD. Our VR application has tested the satisfaction of usage
and design, and the limit of memory ability by volunteer
students. the results showed, participants were in satisfied
and very satisfied level for our VR application. The limit of
memory ability for recognition and recall should start from
10 items, but should consider from first practicing. For hard
level must increase overall items in order to be suitable for
practicing. This VR application was verified by psychiatrist,
psychologist and occupational therapist that this application

7

can be used for a cognitive training. HMD is necessary for full
immersion in order to practice visuospatial field that should
be taken care for side effect during practicing. In addition,
this VR application can increase safety practice from the real
world environment for participants and make joyfulness during
training.

In future work, VR application should compare the ef-
fectiveness of visual memory and visuospatial between full
immersion and partial immersion that testing in a long period,
in order to see changing results from practicing.
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Abstract—Nowadays, older adults face health problems. The
main problem is decreasing our brain skills. Memory,
visuospatial skill, and cognitive functions are considered to be
essence of the brain skills. These capabilities can performance
by applying cognitive training or brain training. Currently,
virtual reality (VR) technology is applied to cognitive training
application. The results of training can be analyzed after
several weeks, but it is a lack of interaction behavior analysis
of older adults with VR application. The behavior analysis
helps to design efficient program training, in other words, we
can utilize better VR application with older adults who do not
familiar with current technology. Moreover, we can
understand behavior of older adult via VR application for
their brain ability. VR application can be designed and kept
log files for interaction behavior analysis. The algorithm for
preliminary analysis is machine learning. Machine learning

can predict score that measures brain's ability from the dataset.

We adopted 2 models in this research. The first model is to
predict the scores of visual short-term memory, called VSTM-
model. The second model is to predict the scores of visuospatial
skill, called VS-model. We performed baseline regression and
support vector regression algorithm for score prediction of
behavior. Root mean squared error is selected to measure
performance of the algorithm; root mean squared error of
baseline regression equal to 0.3012 in VSTM-model and 1.2427
in VS-model, and root mean squared error of support vector
regression equal to 0.2876 in VSTM-model and 1.0536 in VS-
model.

Keywords-human computer interaction; cognitive training;
machine learning; virtual reality application; behavior analysis

I.  INTRODUCTION

Generally, older adults develop health problems. The
main health problem is decreasing of the brain's ability that
can change normal to dementia in older adults. The first
changing state start from normal age changing. The second
state 1s mild cognitive impairment (MCI) and then
Alzheimer’s disease (AD). AD is a deadly disease that
affects the daily life and may lead to death, because patient
will forget their names, places or daily routines [1] (e.g. have
breakfast or take a medicine). The above problem will affect
memory, visuospatial skill and other cognitive functions [2].
One of the main methods is cognitive training (memory
training or brain training) for improving cognitive
effectiveness of the brain [3]. This method can prevent

978-1-5386-6349-3/18/$31.00 ©2018 IELL

declining of the brain's ability and AD. Therelore, cognitive
training is used for brain training in older adults. In addition,
the current VR technology is applied with cognitive training.

VR technology is the environment simulation technology
and VR can simulate cverything that does not exist in the
real world. It 1s widely used in the game industry, including
training and rehabilitation [4]-[5]. Environment simulation of
VR helps to reduce space from using real world space. For
example, if we would like to train memory for recognition
and recall items in the supermarket from memo list, or train
recognition path of traveling from home to the park, we will
simulate supermarket, home, park and the other places in VR.
VR helps for safety from the real world environment (e.g.
barrier or accident). In addition, VR can be used by people,
who have physical problems such as walking. VR is
developed in the application for cognitive training in older
adults for both partial immersion (computer screen, tablet
and smartphone) and full immersion (head-mounted display:
HMD) [6]-[8]. Our previous rescarch developed full
immersion VR application that used Oculus Rift (HMD) and
Oculus Touch [9]. In medical analysis, we can sec results of
improving cognitive effectiveness after several weeks of
training and analyze results from the score of
neuropsychological test (this test is used for measuring brain
function) including progress analysis for score evaluation of
VR application. Unfortunately, we do not know the main
factor that effects on evaluation score from using the VR
application. Therefore, the behavior analysis by machine
learning in older adults is considered.

Machine learning is an algorithm that accurately predicts
the result of observation of previous data [10]. For example,
suppose that we would like to divide types of vehicle from
an image that may be a motoreyele, car or truck. TFirstly,
gathering sample images of vehicles (motorcycle, car and
truck). Next, representing the sample images as [eature
vectors while each of those samples was defined by vehicle
type as a label. Finally, the feature vectors with their labels
were treated as ingredients of the classifier generation
process. To complete the process, we need to choose a
machine learning algorithm which is compatible to the
dataset. However, the goal ol machine learning is (o create
rules for predictions, which can deal with unseen sample
accurately.

Therefore, our rescarch analyze behavior of cognitive
functions that arc visual short-term memory and visuospatial
skill fields in older adult via interaction with VR application
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combined with machine learning in order to design effective
program training for cognitive training.

II.  METHODS

A.  Participants

The target group was elder adult in retirement age. All
participants age 55 and over were volunteers from Bang Sao
Thong District of Samut Prakan Province in Central
Thailand. The experiments were under the supervision of
Srivaree Healthcare Center and Wat Si Wari Noi Health
Promoting Hospital of Srisajorakhaeyai District. Participants
had neither health problems (injury or control problems) with
hand, wrist and fingers, nor being blind and deaf.

TABLE L CHARACTERISTICS OF PARTICIPANTS
Characteristics
Gender Mean Age Mean Education
Man | Woman (SE") in years (SE)
5 17 | 64230142) | 11770127 |

a. SE: standard exror

Table I shows characteristics of twenty-two participants

(5 men and 17 women). Mean age of participants was 64.23

years in a range from 55 to 78 years. Mean of formal
education was 11.77 years in a range from 0 to 19 years.

B.  Virtual Reality Application

The VR application of this research was developed from
our previous immersive VR application [9]. Our VR
application is used to train visual short-term memory and
visuospatial skill. The activities in VR application were
picked up and placed item on furniture in rooms. Normally,
capacity of short-term memory estimate 7 items that depends
on encouragement of mnemonic processes, but the average
of recalled items precisely in young adults is 3-5 items.
Therefore, we chose 5 items that were maximum capacity
from average of young adults because capacity of short-term
memory will be decline with aging [11]. Therefore, older
adults may recall less than 5 items. Firstly, the participants
were asked to start the VR application by pressing the start
button. Next, the VR application random 15 items that
participants can choose 5 items, which they are interested in
placing the items in various rooms. There are 5 rooms in our
VR application: bathroom, kitchen, laundry room, living
room and bedroom. The participants were acknowledged the
room information from researchers, but they did not know
room layout as is shown in figure 1. Participants have to
place all 5 items on furniture n a room provided, maximum
3-5 items per room. The list of item will be randomly shown
in bag widget. Finally, the participants respond 2
assessments. The first one is a visual short-term memory
assessment, which is recalling items. The participant chose
(5 items in the beginning) to get one point per one correct
item. The second assessment is a visuospatial skill, which is
recalling place (the furniture that was placed an item on).
The participant got one point when they answer one correct
place. These activities —increase an interactive ability
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between participants and VR application. Moreover, when
participants pressed buttons to interact with VR interface,
log files were saved by the system in order to further analysis.

- : | ‘” -

Figure 1.

Layout of 5 rooms in the experiment.

C. Extract Features

Log files were extracted to several features that related to
the factors in predicted evaluation. All features were
combined between background information of the
participants and their interaction behavior in VR applications.
Twelve considerable features were (1) what order that the
first chosen item from shelf was placed on furniture, (2) what
order that the last chosen item from shelf was placed on
furniture, (3) the maximum of visiting one room (excluded
living room), (4) number of visiting living room, (5) the
maximum placing items in one room,
(6) number of rooms that were visited, (7) number of
mistakes of placing an item (release grab button before
placing item or cancel placing item), (8) total number of
entering rooms, (9) the maximum time that participants spent
in one room, (10) total duration of time that participant spent
to answer two assessments, (11) age of each participant and
(12) years of formal education of each participant. These
twelve features were set to be input, and scores of two
assessments were set to be output of the training.

D. Machine Learning Predictor

Baseline regression predictor is a significant reference
point which would be used to compare with the other
techniques. Baseline regression helps to assess how
better/worse when compare with the other techniques.
Regarding basic predictor of learning techniques is an
average in regression [12], so the average was set to the
baseline.

Support Vector Regression (SVR) is also used in this
research. SVR is a principle that similar to Support Vector
Machine (SVM) for classification. SVM maintain the main
features to explain algorithm form [13]. The linear kernel
was used in this research. We used SVR Algorithm from
scikit-learn machine learning in Python [14]. For tuning
parameter, we tuned C parameter for optimum performance.
The boundary of C parameter for tuning was 10° to 10*
(10°, 107, 107, .., 10°, 10°, 10"). The dataset was
normalized by Z-score from an equation:
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Where x is the mean of each attribute, x; is the value of
dataset and o is the standard deviation.

Leave-one-out cross-validation (LOOCV) was used for
this research because we had small group of data. LOOCV is
principle of generalization performance that train model on
n — 1 (n: number of samples) samples of data and test one
sample. LOOCV will change sample when training and test
until it predicts all samples. The round of LOOCV depends
on number of samples.

E. Participant Training with Virtual Reality Application

The participants were obtained objectives of VR
application from researchers. If they agreed consent, the
experiment will be continued. After that, researchers
introduced Oculus Rift (HMD) and Oculus Touch, including
how to control them. Then the 'no sickness from using HMD'
participants were screened in order to avoid motion sickness
from HMD that can conduct motion sickness [15]. Moreover,
participants were trained tutorials in VR application that had
contents 1) how to control Oculus Rift and Touch. 2) How to
pick up an item from the bag and how to place an item on
furniture. 3) How to enter the other room.

Figure 2. Equipment setup and seat allocated for participant.

Figure 2 shows setup of VR devices and personal
computer. participant was sat on the swivel chair.

F. Data Analysis

According to average-baseline predictor and SVR
predictor, we can find the Root Mean Squared Error (RMSE)
between actual value and predictive value of 2 models
(VSTM-model and VS-model). The VSTM-model is a
model that predicts score of visual short-term memory
assessment and VS-model is a model that predict the score of
the visuospatial skill assessment. The algorithm was
evaluated performance by RMSE. The equation of RMSE is

N, O
RMSE = |— =)
33,5

)
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Where # is the number of samples, y; is the true value and
¥;is the predictive value of the sample.

Then, we compared baseline predictor and SVR predictor
algorithm by RMSE. For SVR predictor, the weight of each
feature will affect with prediction. Weight of each feature
helps to analyze feature that had an effect on recalling visual
short-term memory and visuospatial skill of the participant.

III.  EXPERIMENTAL RESULTS

A.  Baseline Predictor Algorithm

Figure 3 shows the prediction of baseline predictor
algorithms for visual short-term memory assessment and
visuospatial skill assessment. VSTM-model of baseline
predictor had RMSE equal to 0.3012. VS-model of baseline
predictor had RMSE equal to 1.2427.
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Figure 3. Baseline prediction. (a) Prediction of visual short-term memory
assessment about recalling items. (b) Prediction of visuospatial skill
assessment about recalling place that was placed items. “Sample™ on X-
axis represented each participant in the experiment.

B. - Support Vector Regression Predictor Algorithm

Figure 4 shows the prediction of SVR algorithm in both
visual short-term memory assessment and visuospatial skill
assessment. VSTM-model of SVR had RMSE equal to
0.2876. And VS-model of SVR had RMSE equal to 1.0536.
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Figure 4. Prediction of SVR Algorithm. (a) Prediction of visual short-
term memory about recalling items. (b) Prediction of
visuospatial skill assessment about recalling place that was placed items.
“Sample” on X-axis represented each participant in the experiment.
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Figure 5. Weight of each feature. (a) Weight of VSTM-model from SVR
predictor. (b) Weight of VS-model from SVR predictor.

Figure 5 shows the weight of each feature that was
created from linear SVR.

IV. DISCUSSION AND CONCLUSIONS

The cognitive training were kept log files in 12 features
that combined between background of each participant and
their interaction behavior in VR applications. Machine
learning was used to find the relationship between chosen
features and participant's ability (visual short term memory
and visuospatial skill). These features related with
participant's behavior. Baseline predictor was created in
order to predict the results by using mean of the other
samples but it was not used input from any chosen features.
SVR predictor was created for results prediction from input
of every feature. Consequently, when RMSE of 2 models are
compared, it will be able to explain that all chosen features
impact on visual short-term memory and visuospatial skill or
not. According to the experimental results, the RMSE of
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SVR model is less than RMSE of baseline in both 2 models.
It means that the selected features from participants ability
that related with their interaction behavior via VR
application affects with visual short-term memory and
visuospatial skill.

VSTM-model of SVR related to short-term memory. the
weights more than absolute value of 1.00E-04 will be
considered because these features were significantly affected
by the prediction. The third feature considered the room that
was the most frequently visited by the participants. The
participants increase their interest in memorization of items
in room that they often visited, so they can increase better
visual short-term memory. The sixth feature is the changing
of variety of room types. The different environment of each
room may increase mistake during recognition, so the visual
short-term memory score decreased. The seventh feature is
the number of mistakes of placing items. The design of
picked up items for this VR application may not appropriate
for this participant group because the system was designed
for the purpose of realistic controlling by holding the button
that was simulated to carrying. Moreover, participants were
not familiar with device controllers, so this mistake resulted
bad score effect because participants must reopen bag every
time after mistake happened and they would try to pick up an
item in the bag again that decrease their interest in the other
items. The tenth feature is the highest weight when
compared with the other features. This feature is time that
spend to answer two assessments in VR application. The
participants did not focus on the item details, even though
some items have the same shape but different texture. So,
participants were not feel confident during answering the
assessment that was affected on incorrect recall and also
increasing time of answering the assessment.

Regarding VS-model of SVR related to visuospatial skill,
the weights more than absolute value of 0.1 were considered.
Therefore, the first feature is order of placing the first chosen
item. The first chosen item from shelf is the first list of
recognition. It is the best performance of recognition from
the beginning of list and then gradually decline by the order
of items [16]. This order of recognition helps to encourage
visuospatial skill. The seventh feature is number of mistake
of picking up items. Before placing items, participants must
keep pressing button for holding virtual object. If they
release the button before cursor reaches the goal (furniture),
an item will be return to the bag and they will not success in
placing the item. After that, they must pick up and place an
item again that help them to memorize item with the place.
This action affects with their visuospatial skill which links
place with item together. Although this interaction
encourages visuospatial skill, it is not suitable in terms of
usability with older adults. The tenth feature (assessment
time) is the highest weight. Participants focused on
recognition of room more than furniture. It means they pay
attention in visuospatial skill in all rooms instead of focusing
on place and item. The participants would not assure of
furniture that was placed items. Consequently, if participants
spent longer time, they may get score dropped. The twelfth
feature is years of formal education. It affects with a
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performance of visuospatial skill [17]. As the results shown,
the longer years of formal education impact on the better
visuospatial skill.

In this paper, we presented interaction behavior of older
adults with immersive VR application for cognitive training.
We analyzed behavior from log file of VR application and
used prediction of machine learning. We used an average
values as the baseline and compared with SVR regression.
SVR regression provided better results than the baseline, so
interaction behavior had an effect on visual short-term
memory and visuospatial skill, including background of
participants.

In future works, the authors suggest that the design
training via VR application from preliminary interaction
behavior analysis gives better performance of training visual
short-term memory and visuospatial skill. Besides, the
interaction behavior analysis every time after training can
detect participant behavior that may change in each time and
might effect on visual short-term memory performance and
visuospatial skill for long-term training.
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7 4.9000 | 4.9000 | 4.9001 | 4.9001 | 4.8985 | 4.9169 | 4.7445 | 4.7260 | 4.7262 | 4.7256 | 4.7228

8 4.9000 | 4.9000 | 4.8998 | 4.8985 | 4.8834 | 4.7578 | 4.7237 | 4.6737 | 4.6743 | 4.6741 | 4.6746

9 4.9000 | 4.9001 | 4.8999 | 4.9007 | 4.9043 | 4.9502 | 4.9423 | 5.0020 | 5.0091 | 5.0021 | 5.0114

10 4.9000 | 4.9001 | 4.9004 | 4.9009 | 4.9116 | 5.0136 | 5.0194 | 5.0878 | 5.0882 | 5.0878 | 5.0897

11 4.9000 | 4.9000 | 4.9002 | 4.9009 | 4.9079 | 4.9722 | 5.0247 | 5.0750 | 5.0752 | 5.0745 | 5.0726

12 4.9000 | 4.9000 | 4.9002 | 4.9010 | 4.9111 | 5.0290 | 5.0515 | 5.0272 | 5.0380 | 5.0296 | 5.0557

13 4.9000 | 4.8999 | 4.9001 | 4.9016 | 4.9145 | 5.0390 | 4.9971 | 5.1313 | 5.1672 | 5.1720 | 5.1505

14 4.9000 | 4.9001 | 4.9000 | 4.9002 | 4.9031 | 4.9088 | 4.8764 | 5.0934 | 5.0942 | 5.0936 | 5.0946

15 4.9000 | 4.9000 | 4.9001 | 4.9014 | 4.9177 | 5.0793 | 5.2863 | 5.4455 | 5.4446 | 5.4438 | 5.4354
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wuudnaes nquieeaiiviung A1 C

10° 10° 10" 10° 10° 10" 10° 10! 107 10° 10*

ALY 16 4.9000 | 4.9000 | 4.9002 | 4.9013 [ 4.9178 | 5.0695 | 5.0906 | 5.0781 | 5.0842 | 5.0776 | 5.0761
17 4.9000 | 4.9000 | 4.9002 | 4.9010 | 4.9131 | 5.0178 | 5.0012 | 5.0387 | 5.0367 | 5.0388 | 5.0374

18 4.9000 | 4.9000 | 4.9002 | 4.9014 | 4.9170 | 5.0380 | 5.0741 | 5.0867 | 5.0864 | 5.0867 | 5.0808

19 4.9000 {4.9000 | 4.9002 | 4.9007 | 4.9093 | 4.9981 | 4.9688 | 4.9701 | 4.9704 | 4.9702 | 4.9728

20 4.9000 | 4.8999 | 4.9000 | 4.9004 | 4.9039 | 4.9300 | 5.0407 | 5.0034 | 5.0040 | 5.0019 | 4.9957

21 4.9000 | 4.9000 | 4.9002 | 4.9011 | 4.9109 | 5.0047 | 4.9944 | 5.0492 | 5.0469 | 5.0489 | 5.0486

22 4.9000 | 4.9000 | 4.9001 | 4.9020 | 4.9205 | 5.0478 | 5.0147 | 5.0924 | 5.0925 | 5.0931 | 5.1042

23 4.9000 | 4.8999 | 4.9002 | 4.9010 | 4.9063 | 4.9583 | 4.9678 | 5.0222 | 5.0252 | 5.0213 | 5.0148

24 4.9000 | 4.9000 | 4.9001 | 4.9007 | 4.9111 | 5.0127 | 5.1060 | 5.0429 | 5.0433 | 5.0432 | 5.0499

25 4.9000 | 4.9000 | 4.9001 | 4.9010 | 4.9104 | 4.9845 | 4.9776 | 5.0473 | 5.0478 | 5.0477 | 5.0481

26 4.9000 | 4.9000 | 4.9001 | 4.9005 | 4.9061 | 4.9796 | 4.9767 | 4.9364 | 4.9369 | 4.9363 | 4.9352

27 4.9000 | 4.9002 | 4.8998 | 4.9016 | 4.9176 | 5.0717 | 4.8290 | 4.7871 | 4.7887 | 4.7604 | 4.7686

28 4.9000 | 4.8999 | 4.9004 | 4.9023 | 4.9231 | 5.1199 | 5.0707 | 4.8866 | 4.8891 | 4.8864 | 4.8922

29 4.9000 | 4.8999 | 4.8993 | 4.8976 | 4.8840 | 4.7763 | 4.7587 | 4.7992 | 4.7995 | 4.7991 | 4.7969

30 4.9000 | 4.8999 | 4.9001 | 4.9016 | 4.9184 | 5.0633 | 5.1681 | 5.1254 | 5.1250 | 5.1248 | 5.1182

31 4.9000 | 4.9001 | 4.9001 | 4.9014 | 4.9147 | 5.0237 | 5.1529 | 5.1086 | 5.1119 | 5.1113 | 5.1145
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wuudnaes nquieeaiiviung A1 C

10° 10° 10" 10° 10° 10" 10° 10! 107 10° 10*

ALY 32 4.9000 | 4.9001 | 4.9000 | 4.8989 | 4.8919 | 4.8286 | 4.9113 | 5.1087 | 5.1084 | 5.1083 | 5.1014
NsSuIMadRduius 1 4.1000 | 4.1000 | 4.1021 | 4.1209 | 4.3296 | 4.4241 | 4.4623 | 4.4899 | 4.4903 | 4.4918 | 4.4831
2 4.0999 | 4.0994 | 4.0944 | 4.0443 | 3.5434 | 2.3087 | 1.4507 | 0.8802 | 0.8117 | 0.8129 | 0.8214

3 4.1000 {4.1000 | 4.1012 | 4.1121 | 4.2886 | 4.7470 | 5.0689 | 5.4111 | 5.4748 | 5.4614 | 5.4405

4 4.1000 | 4.1002 | 4.1028 | 4.1278 | 4.4446 | 5.0847 | 5.9625 | 6.1611 | 6.1554 | 6.1488 | 6.1285

5 4.1000 | 4.0997 | 4.0974 | 4.0692 | 3.8798 | 4.7877 | 5.5251 | 6.1527 | 6.1712 | 6.1715 | 6.1740

6 4.1000 | 4.1001 | 41004 | 4.1039 | 4.1394 | 4.2547 | 4.2544 | 4.2432 | 4.2485 | 4.2486 | 4.2472

7 4.0999 | 4.0993 | 4.0935 | 4.0355 | 3.4546 | 1.8653 | 1.6621 | 1.6546 | 1.7599 | 1.7610 | 1.7653

8 4.1000 | 4.0998 | 4.1005 | 4.1054 | 4.1741 | 4.4887 | 4.5772 | 4.5779 | 45781 | 4.5766 | 4.5665

9 4.1000 | 4.1000 | 4.0994 | 4.0935 | 4.0353 | 4.0326 | 3.6211 | 3.6693 | 3.8846 | 3.9612 | 3.9613

10 4.1000 | 4.0999 | 4.1003 | 4.1030 | 4.1303 | 3.5154 | 3.6019 | 3.6053 | 3.6047 | 3.6042 | 3.6020

11 4.1000 | 4.0998 | 4.0979 | 4.0809 | 3.9087 | 3.4037 | 3.1261 | 2.8426 | 2.7702 | 2.7715 | 2.7846

12 4.1000 | 4.0998 | 4.0986 | 4.0863 | 4.0141 | 3.9114 | 3.9248 | 3.8402 | 3.8484 | 3.8463 | 3.8343

13 4.1000 | 4.1004 | 4.1040 | 4.1403 | 45027 | 4.7115 | 4.5964 | 4.5768 | 4.5861 | 4.5882 | 4.5931

14 4.0999 | 4.0994 | 4.0972 | 4.0720 | 3.8640 | 4.7492 | 4.7964 | 4.7409 | 4.7063 | 4.7044 | 4.6882

15 4.0999 | 4.0995 | 4.0957 | 4.0570 | 3.6695 | 2.7982 | 2.2324 | 1.9662 | 1.8584 | 1.7487 | 1.7841
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wuudnaes nquieeaiiviung A1 C

10° 10° 10" 10° 10° 10" 10° 10! 107 10° 10*

NsSuiMeiRguRus 16 4.1000 | 4.1002 | 4.1019 | 4.1185 | 4.3226 | 4.7196 | 4.3932 | 4.2371 | 4.2435 | 4.2435 | 4.2439
17 4.1000 | 4.1003 | 4.1033 | 4.1333 | 4.4654 | 5.0439 | 4.8826 | 4.8236 | 4.8245 | 4.8248 | 4.8260

18 4.1000 | 4.1001 | 4.1018 | 4.1184 | 4.2953 | 4.8601 | 4.6650 | 4.6923 | 4.6929 | 4.6923 | 4.6913

19 4.1000 {4.1001 | 4.1019 | 4.1186 | 4.2857 | 3.8613 | 3.8742 | 3.8785 | 3.7602 | 3.7593 | 3.7482

20 4.1000 | 4.0999 | 4.1015 | 4.1148 | 4.2480 | 4.4913 | 4.5829 | 4.6955 | 4.7535 | 4.7480 | 4.7353

21 4.1000 | 4.0998 | 4.0987 | 4.0872 | 3.9725 | 3.4510 | 3.4934 | 3.6415 | 3.6415 | 3.6414 | 3.6411

22 4.0999 | 4.0991 | 4.0948 | 4.0482 | 3.6778 | 4.3936 | 4.6476 | 4.7127 | 4.7097 | 4.7151 | 4.7360

23 4.1000 | 4.0999 | 4.0997 | 4.0974 | 4.1496 | 4.2621 | 4.4845 | 4.4376 | 4.3772 | 4.3113 | 4.3156

24 4.1000 | 4.1001 | 4.1019 | 4.1191 | 4.2910 | 4.1073 | 3.9151 | 4.0714 | 4.0866 | 4.0871 | 4.0939

25 4.1000 | 4.1003 | 4.1033 | 4.1329 | 4.4289 | 4.6514 | 4.5990 | 4.6081 | 4.6137 | 4.6155 | 4.6313

26 4.1000 | 4.0999 | 4.0998 | 4.0979 | 4.0791 | 3.3377 | 3.2952 | 3.2686 | 3.2689 | 3.2742 | 3.2854

27 4.1000 | 4.0999 | 4.0985 | 4.0868 | 4.0006 | 4.2264 | 5.1139 | 5.2789 | 5.2810 | 5.2801 | 5.2702

28 4.1000 | 4.1005 | 4.1063 | 4.1630 | 4.7302 | 4.4935 | 4.1479 | 4.0774 | 4.1031 | 4.1038 | 4.1171

29 4.1000 | 4.0996 | 4.0972 | 4.0724 | 3.8523 | 3.9977 | 4.4019 | 4.2819 | 4.1564 | 4.1559 | 4.1824

30 4.1000 | 4.1001 | 4.1028 | 4.1280 | 4.3828 | 5.0237 | 5.0475 | 5.0047 | 4.9852 | 4.9853 | 4.9820

31 4.0999 | 4.0994 | 4.0941 | 4.0408 | 3.5082 | 2.1178 | 1.6422 | 1.7259 | 1.7450 | 1.7476 | 1.7468
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wuudnaes nquieeaiiviung A1 C
10 | 10° | 10° | 10° | 10* | 10" 10° 10! 10° 10° 10
M3SuNdRduNuS 32 4.0999 | 4.0995 | 4.0953 | 4.0534 | 3.6337 | 3.2463 | 3.2006 | 3.1608 | 3.0983 | 3.0996 | 3.1085
Ml 1.2 FeyarianainnisUiumiines C suitnsanaesiaduatiuayunnimes
wuudtaes ANMIURANAA A1C
105 PN, 19T S e Taoy~ et | W | 10 107 10° 10*
AT Sz A1 MSE 0.06000 | 0.06000 | 0.05998 | 0.06000 | 0.05999 | 0.06800 | 0.07837 | 0.07532 | 0.07388 | 0.07510 | 0.07469
A1 RMSE 0.24495 | 0.24494 | 0.24490 | 0.24495 | 0.24493 | 0.26077 | 0.27995 | 0.27444 | 0.27181 | 0.27405 | 0.27330
ﬂ'ﬁ%lU':i:‘l/l’NQQﬁN ”u A1 MSE 1.23498 | 1.23479 | 1.23244 | 1.21050 | 1.04108 | 0.52273 | 0.50024 | 0.63733 | 0.67227 | 0.67972 | 0.67662
A1 RMSE 1.11130 | 1.11121 | 1.11015 | 1.10023 | 1.02033 | 0.72300 | 0.70728 | 0.79833 | 0.81992 | 0.82445 | 0.82257
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AMnszerduanuulglun1sIesIgving e A1 C = 0.0001 #58 10

wazdmiukuuaadlununssuineliduiug A1 C = 1 w3e 10° lagA1Ay
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v ﬂmﬁ'nwmsﬁ - ATMUULUUUSEEIUNG
Fidnsamau AzLUULUUUITIURG . oy e

7 . . 10 (uuuﬂiz@uwaﬁ'ﬁu 10 (wuuUseliunasu 11 | 10 | s mssssdy mumﬁgg'fmum

pnudianssezdy) | n1ssuinieliadusiug) dinfug

1 6 | 137 42 111 65 | 15 4 5

2 10 | 212 63 362 63 | 7 4 2

3 10 153 37 142 62 | 19 5 5

4 4 | 191 54 80 61 |13 5 5

5 8 336 99 160 73] 19 5 5

6 14 | 145 106 112 55| 10 5 3

7 8 | 218 100 245 70 |0 5 2

8 12 | 145 67 139 71 {19 5 5

9 14 | 302 104 211 78 | 17 5 3

10 2 | 262 78 152 67 5 5 3

11 6 | 178 a4 166 60| 7 5 4

12 4 | 319 68 96 65| 7 5 5

13 6 | 152 59 94 56 | 15 5 3
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7 . . 10 (uuuﬂiz@uwaﬁ'ﬁu 10 (wuuUseliunasu 11 | 10 | s mssssdy mumﬁgg'fmum

pnudianssezdy) | n1ssuinieliadusiug) dinfug

14 12 | 260 63 94 76 | 19 5 5

15 8 | 338 152 341 67 | 4 5 2

16 4 | 237 60 67 58 | 15 5 5

17 4 | 155 25 66 62 | 18 5 5

18 6 161 33 73 66 | 19 5 5

19 4 159 53 88 58| 7 5 a4

20 14 | 130 50 83 5717 5 4

21 6 213 53 142 68 | 7 5 2

22 18 | 228 106 a7 55 | 10 5 5

23 6 | 134 40 50 56| 7 5 5

24 6 187 79 131 60 | 7 5 3

25 8 | 165 35 97 73| 19 5 4

26 6 | 138 77 128 7|7 5 3




CJ v a Y v | U .9
M50 A1 (7)) Teyanginssuvesidrslunsaznmudnung

93

vy ARIdAYOE T - AzLUULULUSEEIUNE
BltnTuAy AzLULLUUUITEEIUNG . oY e
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7 8 0 10 (uuuﬂiumuwaﬁw 10 (wuuUseriunanu 11| 12 | Fmerusimwssesdu ¥
pnudianssezdy) | n1ssuinieliadusiug) dinfug
27 0 329 36 95 57 | 12 5 5
28 0 203 38 86 57 | 7 5 4
29 10 132 37 74 5 | 7 5 5
30 8 110 35 52 56 | 15 5 5
31 16 321 111 282 87 | 7 5 3
32 12 268 82 212 91 | 12 5 3
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1 2 3 4 5 6 7 8 9 . AUNITTUINNAUR 11 12 .
AT . sosd
& a"uﬁ’uﬁ) ATNITUTEU o ¢
RELET 1)) daunus
Fiady 294 | 316 | 231 | 4.09 | 272 | 381 | 256 | 7.88 | 206.81 65.19 133.69 65.00 11.22 4.94 3.97
) <
dulsauuy
1.54 | 1.14 | 1.45 | 1.63 | 0.99 | 1.20 | 2.14 | 4.43 70.55 29.85 80.23 9.07 5.50 0.25 1.12
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