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1 Executive Summary

The integration of multimodal analytics as being conceptualised and implemented in Task 3.5,
such as, from psychosocial, sensorimotor, gaze and emotion analytics, considers the definition
of a state of human well-being, mental processes and performance and will provide the basis for
diagnostic analytics as well as underlie the rule base of the recommender system (Task 4.5).
JRD and GGZ will define in this deliverable the dementia relevant features for state definition
features and JRD will implement the interface to the front-end and back-end systems.

This deliverable determines firstly the basic health care oriented and neuropsychological
considerations that will underlie the continuous assessment of the mental and physical state of
a PwD under intervention, and secondly describes the specific information that is provided by
several components of the PLAYTIME suite for multimodal data driven analytics. Furthermore,
the lines of integration of the information from individual analytical components are described.
Finally, an implementation plan provides the milestones and functionalities of next system
integration steps for the purpose of multimodal analytics.
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2 Introduction

The integration of multimodal analytics, such as, from psychosocial, sensorimotor, gaze and
emotion analytics, considers the definition of a state of human well-being, mental processes and
performance and will provide the basis for diagnostic analytics as well as underlie the rule base
of the recommender system (Task 4.5).

JRD and GGZ will define the dementia relevant features for state definition features and JRD
will implement the interface to the front-end and back-end systems.
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3 Analytics of MMA in combination with MIRA

3.1 Indications on cognitive assessment using MMA App

The MMA App provides exercises with multimodal character, such as, cognitive training and
physical training units. The first investigation about the results from multimodal intervention
therefore is on the MMA App itself.

3.1.1 Descriptive statistics

Tablet-PC-based intervention was applied within 10 weeks in Austria, engaging persons with
dementia (PwD) with Alzheimer's disease (AD) living at home in terms of playful multimodal
training and activation. 20 users were engaged, however. Digital data of 8 PwD were captured
to play ‘MMA', a suite of cognitive exercises (puzzle, memory, text gap filling). The games were
introduced and assisted by trainers, some PwD learned to play alone.

3.1.2 Anderson-Darling test for normal distribution check

The Anderson-Darling test is commonly used to test whether a data sample comes from a
normal distribution. The decision to reject or not reject the null hypothesis is based on
comparing the p-value for the hypothesis test with the specified significance level, not on
comparing the test statistic with the critical value.

The null hypothesis of the test is the assumption that the frequency distribution of the data in the
sample corresponds to the given hypothetical probability distribution, such as, the normal
distribution. A p-value of less than 0.05 as a result of the Anderson-Darling test is therefore to
be interpreted as a significant deviation from the given distribution. In contrast, a p-value greater
than 0.05 does not necessarily mean that the frequency distribution of the data corresponds to
the given distribution.

3.1.3 Pearson correlation between MMA and MoCA score

In a first investigation about the normal distribution character of the MMA score and the MoCA
score, the following results were obtained: the Anderson-Darling test (ADT) for the MMA score
resulted in p=0.0806 which is > 0.05 and therefore no rejection on the normal distribution
hypothesis. For the MoCA score the ADT was also applied and resulted in p=0.9486 which is >
0.05 and as well results in no rejection of the normal distribution hypothesis. As a conclusion,
MMA and MoCA score can therefore be correlated using the Pearson correlation function which
resulted in rho=0.6974, p = 0.0545. This demonstrates that there are statistical dependencies
but not sufficiently strong, of course there number of participants is very low to have reasonable
conclusions from the data.
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Table 1. Participants in the FT2 study (N=8), with MMA and MoCA store, and average humber
of exercises played per day.

code MMA score MoCA score exercises/day
120 0.9285714 0.7 3.78
108 0.9198157 0.67 144.03
105 0.9618563 0.87 113.17
106 0.8527132 0.47 4.45
113 0.7837259 0.63 14.62
100 0.9374262 0.8 44.58
118 0.8030303 0.5 4.71
111 0.9333333 0.6 30.00

3.1.4 Rank correlation between MMA and questionnaires

In a second investigation the rank correlation measure Spearman was applied for any
significant statistical relation between MMA score and questionnaire scores. A rank correlation
measures an ordinal association, i.,e., the relationship between rankings of different ordinal
variables or different rankings of the same variable, where a "ranking" is the assignment of the
ordering labels "first", "second", "third", etc. to different observations of a particular variable. A
rank correlation coefficient measures the degree of similarity between two rankings, and can be

used to assess the significance of the relation between them.
Table 2 depicts the rank correlations (Spearman) between the MMA score and the most
important questionnaire score that were estimated in field test FT2 in Austria.

Table 2. Participants in the FT2 study (N=8), with several scores and correlation measures
between MMA score and questionnaires MMSE, GDS, CDR and CDT.

code MMA score MoCA score MMSE GDS CDR CcDT
120 0.93 0.7 26 0 0.5 7
108 0.92 0.67 26 1 0.5 7
105 0.96 0.87 29 0 0 7
106 0.85 0.47 27 0 0.5 3
113 0.78 0.63 27 0 0.5 5
100 0.94 0.8 30 1 0.5 7
118 0.80 0.5 25 2 1 5
111 0.93 0.6 29 1 2 7
Spearw;:;ﬂ T\;‘Z z:;rrZ'atiO” 7545 6220 -0853 -3842 7883
p-value .0377* .1063 .8786 .3869 .0357*
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The results clearly demonstrate a statistically significant ranked correlation between the MMA
score and the MoCA score (rho=.75, p=.04). Furthermore, there is a correlation with the CDT
(clock drawing test; rho=.79, p=.04) which demonstrates that there could be even better results
if more than 8 participants would have been measured.

3.1.5 Level and frequency of play

Table 3 demonstrates the statistics of players’ level selection and frequency of play. This table
clearly demonstrates that level 2 was the preferred level played by the persons with dementia
with MMSE as displayed in Table 2.

On average, the users played on 22.5 days with the Tablet, with an average frequency of 49.3
exercises per day. The number of exercises played in total was 953 on average.

Table 3. Statistics of players’ level selection and frequency of play.

userld SEEES B exercises total days played exert::S =

01 120 154 20 174 46 3.8
02 108 3255 1642 4897 34 144.0
03 105 1573 1030 2603 23 113.2
04 106 129 129 29 4.4
05 107 262 262 24 10.9
06 113 467 30 497 34 14.6
07 100 847 847 19 44.6
08 118 66 66 14 4.7
09 111 30 30 1 30.0
10 109 25 25 1 25.0
Mean 953.0 22,5 39.5

Standard deviation 1590.2 14.4 49.3

3.1.6 Conclusions on MMA App general results

In general, the MMA play score results demonstrate a high potential in possible correlation with
several questionnaires for neuropsychological performance scoring. This nourishes the
hypothesis that playing the MMA App itself would bear the potential to provide a qualitatively
good estimate of cognitive assessment.

In the next Section, we investigate the correlation with scores of specific cognitive impairments
in more detail.
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3.2 Functional Impairment Matrix

3.2.1 Functional Matrix of Analytical Assessments

Functional impairments referred to in the psychological tract are now listed in Table 4. The table
represents a functional matrix relating individual analytical assessments via PLAYTIME serious
game components (columns) versus clustered functional impairments in dementia (rows).

This table is fundamental in the sense that assessment from the individual components will
indicate about the status of individual functional impairments. This indication in principle
informs which aspects of cognitive performance could be targeted through training.

Table 4. Functional matrix of analytical assessments via PLAYTIME serious game components
(row) versus clustered functional impairments in dementia.

Functional impairment MMA SERES MIRA \eV =

Attention

Mood affect v v

Language v

Visual perception v v

Explicit memory y

Executive functions N NE

Comportment v

Activities of daily living (ADL) v

The aspect of a highly individual distribution on the set of potential functional impairments
in dementia is emphasized particularly using the aforementioned measured data, classifications
and associations. Being able to identify a specific individual pattern as set of potential
functional impairments in turn enables to perform a functional personalisation of the
training on the basis of this information.

3.2.2 Playful dementia training and functional impairments

In the following, we demonstrate results of the investigation on the indication of specific
functional cognitive impairments by means of MMA scoring. These functional impairments are
represented by MoCA subscores, such as, (1) Visuospatial executive, (2) naming, (3) attention,
(4) language, (5) abstraction, (6) recall and (7) orientation. These subscores are calculated from
the following general functional categories, as follows

¢ Orientation: Knowing the day, date, and your present location.

e Short-term memory: Ability to hear a word and repeat it back a short time later.

Lif performed as dual task.

31/08/2020 9



e Focus and spatial awareness: Connect numbered dots in sequence, and draw 3-
dimensional shapes.

e Language: Ability to speak and understand whole sentences, and remember the names
of well-known animals or objects.

¢ Concentration: Repeating simple sequences forward and backward.

e Clock Drawing Test: Famous for evaluating dementia warning signs.

From the results it became obvious that the overall MMA score was not sufficiently
discriminative to correlate with specific subscores. Table 6 demonstrates that the p-values of
the respective correlation measures are always beyond 0.05 and therefore the correlations are
not statistically significant.

Therefore we decided to select specific clusters of exercises, and even selected single, most
representative ones, and correlated their score with the related subscores of MoCA. This
endeavor was motivated by the observations outlined in D3.1 on the neuropsychological profile
in Alzheimer, as well as by communication between JRD and GEU and conclusions provided
into D3.2.

The association between the selection of exercises and the subscore category was done by a
psychologist of the partner SVDL. Table 5 depicts the resulting attribution of functional
impairments from MoCA subscores to specific exercise types that are covered in the MMA App.
All related exercise types are signed by a ‘1’ in the matrix whenever they provide a relevance to
a specific MoCA subscore type. The most representative exercise type is highlighted for every
moCA subscore type.

Table 5. Attribution of functional impairments from MoCA subscores to specific exercise types
that are covered in the MMA App.

MoCA Subscores

) . Visuospatial Attention Language | Abstraction Recall Orientation
LHckentext/ 0 0 1 1 0 1 0
Liickenwort
_ Reihenfolge 1 0 0 1 0 1 0
_ Rechenaufgabe 0 0 1 0 1 1 0
- Bildausschnitt 1 0 1 0 0 0 1
- Hoéraufgabe 0 0 0 0 1 1 0
Fehler
videos



PLAYTIME

D3.5.2-3 INTEGRATION OF MULTIMODAL ANALYTICS

Table 6. MoCA subscores and pass-rates under investigation of normal distribution and correlation measures. The correlation between MMA
score and individual MoCA subscores is interesting but not statistically significant with respect to the related p-values.

Visuo/Exec (1) Attention Lang. Abstract. Recall
Userld MoCa cat. MMA MoCa MMA MoCa MMA MoCa MMA MoCa MMA
100 1 0.91 0.83 0.96 1 0.91 1 0.94 0.2 0.94
105 1 0.94 0.83 0.98 1 0.95 1 0.96 0.4 0.96
106 0.4 0.93 0.5 0.85 0.33 0.67 0 0.9 0 0.84
108 0.6 0.9 0.83 0.92 0.33 0.93 1 0.92 0.4 0.91
111 0.4 0.89 0.83 0.95 0.33 0.91 0.5 0.93 0.2 0.96
113 0.6 0.78 0.83 0.82 0.33 0.7 1 0.77 0 0.79
118 0.4 0.75 0.83 0.82 0.33 0.83 0.5 0.8 0 0.8
120 08 0.92 1 0.93 0.67 0.95 1 0.91 0 0.94
Rho
0.5065 0.2195 0.6261 0.3024 0.6377
(Spearman)
p-value 0.2012 0.7143 0.1190 0.4643 0.1143
Anderson- 0.1374 0.0172 0.0005 0.1958 0.0016 0.0309 0.0033 0.0434 0.0257 0.0832
Darling test p-
value
Normal yes no no yes no no no no no yes
distribution
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Table 7. MoCA subscores vs. performance of related serious game exercises with check on normal distribution and correlation measures..

Visuo/Exec (1) Attention (3) Language (4) Abstraction (5) Recall (6) Orientation (7)
Userld difference Puzzle knowledge . Box
MoCa puzzle MoCa pass- MoCa text pass- MoCa | outsider | Moca memory MoCa finder
subscore passed subscore | | 4o | subscore Rate subscore | Played | sypscore passed subscore | pass
rate
120 0.8 4 1 1 0.67 0.87 1 5 0 10 0.67 0.75
108 0.6 12 0.83 0.62 0.33 0.9 1 110 04 220 0.83 0.94
105 1 29 0.83 0.9 1 0.9 1 49 04 102 1 1
106 04 0 0.5 0 0.33 0.75 0 4 0 10 0.83 0.67
113 0.6 7 0.83 0.67 0.33 0.58 1 16 0 22 0.83 0.57
100 1 11 0.83 0.85 1 0.87 1 27 0.2 57 1 0.85
118 04 0 0.83 0.67 0.33 0.88 0.5 3 0 2 0.5 0.5
111 04 0 0.83 1 0.33 0.67 0.5 1 0.2 1 1 1
Rho
0.8355 0.7178 0.3757 0.7835 0.6209 0.7806
(Spearman)
p-value 0.0155* 0.0714 0.3810 0.0357* 0.1095 0.0304*
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3.2.3 Representative MMA exercises and MoCA subscores

Representative exercises identified in Table 5 are finally correlated with statistical significance
with MoCA subscores. The interpretation of this correlation refers to the specific indication that
these selected exercises provide towards a selected cognitive deficit as indicated by the MoCA
subscore (1)-(7).

Table 7 provides insight into the evidence that, in particular, specific exercises clearly indicate
the following cognitive deficits: (1) Visuospatial executive, (5) abstraction, and (7) orientation.
The correlation is individually very high (higher than .78) and the p-value is in every of these
cases below .05.

3.3 MMA in combination with MIRA

In a further stage of investigation, we were interested whether the combination of MMA and
MIRA Apps could provide an improved coverage of MoCA subscore predictions based
exclusively on App scores, i.e., from MMA and from MIRA.

3.3.1 Descriptive statistics

Tablet-PC-based intervention was applied within 10 weeks in Austria, engaging persons with
dementia (PwD) with Alzheimer's disease (AD) living at home in terms of playful multimodal
training and activation (n=15, age M=81.7 years, MoCA score M=17.9). PwDs interacted with an
integrated version of two serious games: (a) 15 PwD played ‘MIRA’, a playful version of the anti-
saccade task, and (b) 8 PwD played ‘MMA’, a suite of cognitive exercises (puzzle, memory, text
gap filling). The games were introduced and assisted by trainers, some PwD learned to play
alone.

3.3.2 Playful indication of cognitive deficit

The score of gaze-based MIRA showed significant correlation with MoCA score (Rho= .713**)
and enabled individual MoCA score estimates with errors of less than M=2.6 MoCA points.
MMA showed correlation with MoCA (Rho=p=.755*) and further MoCA subscores so that the
neuropsychological profile could be established including impairments in:

e visuospatial executive (MMA; MIRA),
e Attention (MMA),

e Abstraction (MMA)

e Orientation (MMA),

e Language (MIRA),

e Naming (MIRA).

31/08/2020 13



3.3.3 Conclusion about MMA and MIRA combined

As a conclusion, MMA and MIRA together are able to provide a statistically significant relation to
6 out of 7 functional impairment categories, only recall is a deficit with which a correlation
currently seems not feasible. In future developments we will target also the seventh MoCA
subscore category in order to enable a full coverage of estimates from game score to deficit
categories.

The work outlined within the EU project PLAYTIME indicates successful steps towards daily use
of gaze-based games. MIRA together with the MMA training enables continuous estimates of
Alzheimer’s mental state in general but also to estimate individual neuropsychological profiles to
identify personal impairments and their course over time. The playful training app was very well
accepted by PwD users and offers, with its pervasive mental assessment tool, a large potential
for future long-term monitoring in numerous AD care services.
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4 Associations in other components

Further potential for the exploitation of multimodal analytics can in theory be developed from
within the PLAYTIME suite of games. Table 8 depicts, for example, which PLAYTIME
component contributed data to those 8 users who were analysed in detail for MMA based
assessment. It demonstrates that only a few out of the group of all MMA users are also
supported by additional data from other components. We anticipate for the future that there will
be more data from MMA, MIRA and SERES, also emotional information, and that could be used
to conclude in a dedicated way about more profound cognitive assessment.

However, the PLAYTIME project focused on multimodal assessment with the focus on the
correlation with MoCA subscores, which limited the resources to tackle further objectives.

From the scientific point of view, the association of game scores with neuropsychological
profiling appeared to be most exciting, and particularly also from the business model since this
association can be easily built from MMA and MIRA scores. The positive results of this
investigation point towards a promising future of using the specific impairment assessments for
fine-tuned training, as well as for personalized characterisations of dementia types.

Table 8. Multimodal data analytics based on PLAYTIME ecosuite components: availability of
joint data vectors.

Userld MMA MIRA SERES AffSlider
100 Yes = Yes -
105 Yes - Yes Yes
106 Yes Yes Yes Yes
108 Yes Yes Yes Yes
111 Yes Yes = =
113 Yes Yes Yes Yes
118 Yes Yes = =
120 Yes Yes Yes Yes

31/08/2020 15



5 Conclusions

This Deliverable provides first evidence about the usefulness of combining different modules in
a systematic manner in order to achieve estimates about functional categories of cognitive
impairment, such as, represented by the different categories of the MoCA subscore.

In order to combine scores of MMA and MIRA with other PLAYTIME components, the
population numbers in the main study were not sufficiently large and the main target of the
study was not to enable large-scale correlation measures but instead to receive feedback about
the usability of the technological and service oriented approach.

The combined approach in terms of estimating detailed cognitive assessment categories was
scientifically and from the product side the most interesting approach so far. The following
publication is the result of this investigation:

(Paletta et al., 2020) Paletta, L., Russegger, S., Pszeida, M., Murg, S., Orgel, T., Dini, A., Jos,
A., Schuster, E., Koster, E.H.W., Steiner, J., and Fellner, M. (2020). Playful Multimodal
Activation with Assessment of Neuropsychological Profiles in Alzheimer’'s Disease, Alzheimer’s
& Dementia, abstracts AAIC 2020, 2020, in print.
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6 Abbreviations

Abbreviation

Table 1. Abbreviations.

Description

MMA Multimodal Activation (App)

MIRA Mobile Instrumental Review of Attention (App)
MMSE Minimental State Examination

GDS Geriatric Depression Scale

CDT Clock Drawing Test

CDR Clinical Dementia Rating (CDR) Scale

PwD Person with dementia

31/08/2020
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