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Abstract

This paper aims at illustrating how both living and non-living systems can be modeled and examined
in similar ways. After a brief discussion on the use of similar types of differential equations that can
be employed for the description of spatio-temporal patterns in deforming solids on one hand, and the
description of cell evolution in brain tissue on the other hand, we focus on situations for which
equations are not available or possible to derive for modeling system behavior and corresponding
experimental data. The experimental data we are referring to concern signals and images for which
deterministic methods cannot be applied to interpret the observations. Thus, we first provide an
account of what signals are, and how they can be analyzed. We then proceed to elaborate on
specific methods (fractal analysis and informational analysis) that have yielded encouraging results,
underlining how the analysis is identical in both living and non-living systems. Lastly, specific results
are presented and analyzed.

Keywords. Living systems - Non living systems - Modeling analogies

Introduction

It is a common trend to use methods and tech-niques developed in physical, chemical and
engineering disciplines to interpret phenomena in biology and medicine. The fields of biophysics and
biomechanics have emerged as a result of this trend. A most no-table example is the seminal
reaction-diffusion model of Turing, equally applied to describe pattern formation in chemical systems,
and to spatio-temporal evolution in living cells. The idea was essentially adopted by Nobel Laureate
Prigogine to determine self-organization in a variety of \far from thermo-dynamic equilibrium" living
and non-living systems. Along more specific lines, Aifantis [1, 2] introduced the effect of an externally
applied stress as being the driving force for pattern formation of defects in metals. At the same time
Murray [ 3] introduced the effect of internal

extracellular matrix as being the driving force of morphogenesis in living tissue. Coupling phenomena
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between motion/production of dis-location defects in solids or motility/proliferation of cells in tissue
are accounted for by the Laplacians of strain modeling diffusion and Laplacians of strain modeling
nonlocal effects between the moving species and the accommodating surrounding metal or tissue
matri x. The corresponding fAdiffusion coeffici
the di using populatonsand t he Ainternal l engthso multipl
phenomenological parameters to be determined by microscopic modeling and simulations with input
from related experiments. A recent comprehensive review on the internal length gradient (ILG)
mechanics approach and its applications to modeling a variety of materials and processes across
scales and disciplines can be found in [4].

A special case of the ILG approach is the so-called Walgraed-Aifantis (W-A) model [5{8] for
dislocation patterning in metals under applied cyclic stress. The W-A model is a set of two R-D
equations for immobile and mobile dislocations which organize themselves in periodic layered
structures (persistent slip bands / PSBs) under the action of external stress. It is remarkable that
similar type of equations were independently proposed for cancer. The corresponding set of R-D
equations is commonly referred to as the Go

ent s
ying

or

correspond to fAmotil ed dcel bsataina@nst heo rfiriensnpoobnidl etdo

extension of the W-A model was proposed in a yet-unpublished work by Romanov and Aifantis,
which describes the spatio-temporal evolution of defects in nanomaterials produced by repeated
severe plastic deformation (SPD). There are 4 types of structural defects in this case: Immobile
intragranular dislocations, mobile in tragranular dislocations, grain boundary dislocations, and
disclinations in triple-grain boundary junctions. The R-A model was recently shown (also in unpub-
lished work) to be able to describe the interaction of cell populations during the progress of
Alzheimer's Disease (AD). The relevant biological populations here are identified with microglia,
astroglia, neurons, and Ad amyloid.

Results on stability analysis and numerical solutions of the above type of deterministic R-D
equations for non-living nanomaterials and living brain tissue are in progress and will hopefully be
reported in the future. The focus of the present note, however, is on situations where deterministic
differential equations are not possible to derive for describing complex aspects of system behavior
captured by modern experimental methods based on signal analysis and image processing. For
example, high-resolution microtensile devices can now capture signals of serrated stress-strain
curves reflecting the effect of stochastic evolution of the underlying micro/nanostructures. Similarly,
advanced electroencephalography (EEG) captures signals that need to be analyzed with fast
algorithms for revealing universal statistical features. The same holds for images obtained through
optical, electron and atomic force microscopy or magnetic resonance imaging and positron emission
tomography. Again efficient algorithms need to be employed for analyzing the details of such images
and measure corresponding statistical indices such as fractality and lacunarity. An exploration on the
use of such types of signal and image analyzes for complex features of systems that cannot be

described by deterministic models is attempted herein.

Signals and Signal Analysis

Scientific progress is evolving by gathering information. This information is everywhere around us: It
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is in the vibrations of the ground, it is in the temperature of the air, it is in the mannerisms of
ourselves and the people around is. Those things, those that contain useful information inside them,
are called signals.

Signals can be a surprisingly deep source of information. For instance, a human that hears a
si mpl e fAhel | oonatioraom whb ésrspeakieg, thair £rootional state, if they have a study
nose and so on. When we study a signal in order to extract the information hidden inside it, this is
called signal analysis. Some of it can be done by humans, obviously, but a large amount of
information is hidden to us. To decode it, we enlist the help of computers.

Signals vary immensely in their form, so speaking about them in general terms can be di cult.
Perhaps the most fundamental way that they can be categorized is the amount of independent and
dependent variables that they have. For instance, an audio signal has time (1 independent variable)
and intensity (1 dependent variable). A grey-scale image has height and width (2 independent
variable) and luminosity (1 dependent variable). A Magnetic Resonance Image (MRI) has 3+1, and a
color image has 2+3. Due to this variance, it is a great advantage for a method of analysis to be
equally applicable in every kind of signal regardless of dimension. Because the aim of this paper is to
introduce similarities between analyzing methods of different scientific disciplines, we have therefore
elected to introduce methods that are applicable regardless of the total amount of dimensions.

There has been a plethora of such methods, each with its strengths and its weaknesses, that has
been developed since the development of information theory. Here is a minuscule sample:

Fourier analysis decomposes a signal into the frequencies it is composed of. In a musical piece,
this would be equivalent to fidecomposingo it
Fourier analysis has many more applications.

Stochastic analysis describes the values that a signal tends to oscillate around, and how wide the
oscillation is. It treats every sample we have as an unordered part of a whole, without consideration
to the order in which they appear.

Informational analysis describes the predictability of our signal. In contrast to statistical analysis, it
does not examine values individually, but examines the probability of each value given the ones that
came before it. In layman's terms, it describes how likely we are to learn something new with each
successive sample.

Fractal analysis describes the roughness or smoothness of our signal, as well as its homogeneity
or in-homogeneity. It is particularly applicable when examining what has changed in the structure of a
signal.

The gamut of fields that can benefit from signal analysis is as broad as science itself. For
instance, in seismology we can differentiate between the different types of seismic waves that came,
in economics we can predict market trends, in material mechanics we can predict a material's
toughness, and in biomedicine we can estimate the health of an individual.

Before we begin explaining further, there is an important point that needs to be made: Due to
space constraints, the explanations of the metrics and methods discussed in this paper are delivered
in a sketchy way and with some vagueness. For a deeper understanding of them, we urge the reader

to refer to specialized literature.
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Fractal Analysis

For a very broad and rather vague understanding of Fractal Analysis (henceforth FA) it would suffice

to think of it is a method to quantify how fArougho

prudent here to spend some time explaining it further, in order to fully understand its significance in
the diverse fields that we study.

In essence, fractal geometry aims at covering the gaps presented by ordinary Euclidean
geometry. It began with the realization that there are several shapes (made both by human and by
nature) that stubbornly resist description by ordinary Euclidean geometry. Clouds, mountains,
coastlines alike have shapes that do not resemble any well-known Euclidean shape, as they seem to
unveil new detail every time we attempt to look at them more closely.

The quintessential example of a fractal shape is one that can be described as a collection of
smaller sub-shapes, every one of them similar to each other and to the original shape. Such shapes
belong mainly to the domain of mathematics, as nature tends to insert randomness that drives
shapes away from full self-similarity.

There are innumerable categories of fractal shapes. Here, we would like to explain two: Dendrites
and Tremas.

Dendrites are structures that contains an original line, from which branches (bifurcations) begin
protruding. After that, each new line created that way is bifurcated further, and so on recursively until
every line in the shape, to the extent that we can see, bifurcates at some point. A few examples of
dendrites can be found in Figure 1.

Tremas are structures wherein a specific shape has been continually removed, in various sizes,
from every part it could. Examples of tremas can be found in Figure 2.

These examples have been chosen specifically to highlight the close similarities that can be found
between organic systems, non-organic systems, and computer-generated systems. Each of these
shapes looks distinctly like the others, despite the great differences in how they were created.

Informational Analysis

The word fientropyd has sever al di fferent newasni
first introduced through the field of thermodynamics. In that field, it can describe several notions, one
seemingly unrelated with the other. For instance, it can describe the seeming irreversibility of a given
phenomenon, such as an explosive that can be ignited, but never de-ignited. It can alternatively
quantify how dispersed or concentrated the differences in temperature are, as in the example of a
glass with ice cubes that have not yet melted. Of course, it makes no sense to talk about the
temperature of a signal; we therefore use the alternative explanation of entropy, i.e. disorder, and its
surprisingly close relative, information.

As an example of order or disorder, let us imagine a jigsaw puzzle. Every one of its pieces can, at
any point, be at any place on the table. (Regardless, for simplification purposes, we will assume that
the position and orientation of the top left corner is fixed.) When the puzzle is complete, it is in a
sense fully ordered. In contrast to that, when each piece is in a random place on the table, then the
puzzle is completely disordered. The things to notice about this are two:

1 There is only one way that the puzzle can be considered to be solved. In contrast, there are
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infinite ways that the pieces could be randomly spread on the table; each of them distinct from one
another, yet all of them falling under the | abel of
1 When a puzzle is solved, the mere assertion that it is solved is enough to fully describe the
position and orientation of each piece: in other words, it can be described using very little information.
In contrast, when every piece is placed randomly, one would need to describe every piece
individually, i.e. it would require lots of information.

With those things in mind, we can begin to see that a) disorder and information are strongly linked
and b) that both can be quantified by examining the probability of finding our system in some

situation (state) vs another. In general, the definition of the entropy of a specific situation is S(p;) ©

pilogp;,

a) An example of dendritic b) An example of dendritic structure
structure in neurons in faults of steel.

c) A computer-simulated dendrite.

Figure 1. Dendritic structures in living and non-living systems.

a) An Alzheimer's Disease related b) A plaque of table salt, cracked
plaque in the brain under high pressure.
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¢) A computer-simulated plaque ( it r e ma o) .

Figure 2. Fractally-shaped plaques in living and non-living systems.

and the total entropy is the sum of all of them, i.e.
38 B nae&nQ 1)

The definition we have given is called the Boltzmann-Gibbs entropy. We can see that,
because the total entropy is equal to the sum of each partial entropy, this definition is additive.
However Tsallis, in [9], posited that this is not necessarily true for all cases, especially when the
system is driven far away from thermodynamic equilibrium, often approaching chaotic regimes. He
offered an alternative definition of entropy, dependent on a parametre g to be derived empirically for
each specific case, defined as

3N e — N )

t turns out that when ( 1, T s a lGlibbssentrepg t r o py

mentioned above. In [4] Tsallis formulation is briefly reviewed and it is shown that his nonextensive
entropy g-statistics can describe serrated stress-strain curves of nanomaterials, and also provides
fractal dimensions of corresponding deformation patterns obtained through scanning electron
microscopy (SEM). In [10] Tsallis g-statistics were used to analyze electroencephalograms (EEGS)
from patients suffering from neurodegenerative disorders. In the next section we present some
preliminary results of using fractal algorithms to deduce the fractal dimension and lacunarity that can
potentially be used as biomarkers for disease diagnosis.

Preliminary Results

Part of the reason that we chose those specific methods of analysis is because our laboratory has
made recent important progress in the development of methods to compute them. A few preliminary
results can be found here:
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1 With regards to fractal dimension analysis, we conducted a preliminary test on a set containing 16
Magnetic Resonance Images, 11 of which depicted patients with Alzheimer's disease and 5 of which
depicted healthy patients. It was found that D = 3:32 seemed to be a good limit between sufferers
and non-sufferers, as 4 healthy patients had an MRI whose FD was higher, and 8 patients had an
MRI whose FD was lower.

1 With regards to lacunarity analysis, a set of 16 couples of images was examined. Each couple
contained a picture of cancerous tissue and a picture of neighboring healthy tissue. In 93% of the
cases, pictures which depicted cancerous tissue had a lacunarity lower than 6, whereas pictures
which depicted healthy tissue had a lacunarity higher than 10.

Conclusions

Our aim was to illustrate the similarities between mathematical models developed for describing
morphogenesis in nonliving novel nanomaterials and pathogenesis in living brain tissue under the
action of external or internal stress. More importantly, it was shown that such type of analogies
between the phenomenology of living and nonliving systems can go deeper with respect to common
methods used for analyzing statistical features of signals and images obtained by advanced tools of
modern technology, not captured by deterministic phenomenological models.
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Abstract

Introduction: Mild Cognitive Impairment (MCI) is the transitional phase of cognitive deterioration between healthy
aging and dementia and has considerably attracted the scientific interest. Numerous studies have explored the
cognitive functions (CF) and their decline in MCI, whereas very little is known about the metacognitive functions
(MF) at this stage. Aim: The aim of the proposed thesis is twofold. First, there is the aim to examine the
relationship among MF, CF, and theory of mind (ToM), in MCI patients compared to cognitively healthy controls.
Second, it aims to apply and to test the efficacy of a metacognitive training program in MCI patients. Method: For
the purpose of this study, 150 participants will be recruited and then divided into three groups: a) patients with
amnestic MCI (aMCI, n = 50), b) patients with non i amnestic MCI (naMCI, n = 50) and c) cognitively healthy
controls (cHC, n = 50). All participants will be tested and compared for the level of their CF, MF and ToM
abilities, and potential differences of the prototypes of the relationships among the three psychological
dimensions for the three groups will be examined (1st part). The 2nd part of the study is to test the potential
effectiveness of a metacognitive training program as regards the enhancement of cognitive, metacognitive, and
social cognitive functions in MCI. To do so, the MCI patients will be randomly divided into an experimental and a
control group each of which will have 50 participants (25 aMCIl and 25 naMCI patients, respectively). Measures
of CF, MF, ToM as well as neurophysiological recordings will be taken at four different time points, before and
right after the intervention and then again six and twelve months after the intervention. Conclusion: The early
diagnosis of MCI and the design of metacognitive therapeutic interventions targeting the generalization and
maintenance of their results still remain a challenge for the scientists and the health professionals. Thus, the

study aims to shed some light onto this gap in research.

Keywords. Metacognition i Mild cognitive impairment i Theory of Mind I Functional connectivity

Introduction

The term Mild Cognitive Impairment (MCI) refers to the intermediate stage of cognitive decline
between healthy aging and dementia [1]. It is characterized by cognitive decline, that is greater than
expected for age but it does not i mpptonindalyhife[2lper sonod:
MCI is divided into two clinical subgroups, amnestic MCI (aMCI) and non i amnestic MCI (naMCl),

depending on whether or not the symptoms are predominant in the cognitive domain of memory [3].
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A further distinction can be made on whether the cognitive deficits appear on a single cognitive
domain or on multiple domains [3]. Besides deficits in the main cognitive domains, according to a
recent study, people with MCI present deficits in theory of mind (ToM) [4]. Longitudinal studies have
reported that the transition to Atelyelbelb%mefthdsewhdi sease
have been diagnosed with MCI [5]. Therefore, early diagnosis of MCI, as well as effective
interventions, is of essential importance as they could significantly contribute to delaying the onset of
AD or other sub - types of dementia [6].

Recent studies have shown that neuro-pathological aging affects not only the main cognitive
functions (CF) and aspects of ToM but it also affects the metacognitive functions (MF) of people with
MCI[7,8. MF or metacognition refers to a personds awar e
role in the monitoring and regulation of cognitive behavior [9, 10]. More specifically, patients with MCI
tend to make less accurate estimations about their CF compared to healthy controls [11, 12].
Furthermore, according to a recent meta-analysis, although patients with MCI are able to make quite
accurate estimations about their own cognitive deficits, the degree of their awareness depends on
their cognitive resource [13]. Nonetheless, further research is necessary to better understand the role
of MF in MCI.

The importance of studying the role of MF is based on their interaction with CF, as well as on the
fact that deficits in awareness of onebds cognitive s
interventions [14]. In addition, previous studies have shown that the enhancement of MF not only
improves the ability to learn cognitive strategies but it can also result in the transfer of cognitive
strategies beyond the context in which they were learned [13, 15-17].

Several studies have provided evidence that interventions focusing on metacognitive
enhancement in older adults can significantly promote learning skills [16, 18]. More specifically, the
researchers of a recent study compared the results of a cognitive and a metacognitive training [16].
As expected, both trainings helped participants to learn cognitive strategies. However, only the
participants of the metacognitive training, which was based on self i testing, showed transfer effects,
meaning that they were able to apply the cognitive strategies they had learned to different contexts.
In addition, another recent study found that just by discussing how to use already taught cognitive
strategies in different contexts can lead to transfer effects [19]. Although metacognitive training
seems to have promising results, research is still in its infancy and the available data are mainly
referred to the community - dwelling older adult population and not to cognitively declined patients.

Mild Cognitive Impairment and functional connectivity (FC)
The scientific community has considerably benefitted from the development of modern neuroimaging
techniques by gaining deeper insight into the neural correlates of many neurological and psychiatric
disorders. Due to the heterogeneity of MCI, neuroimaging methods have been proven as a valuable
tool in clinical practice [2, 20].
Electroencephalograph (EEG) is a popular neuroimaging method since it is a non 1 invasive way
for recording brain activity. It is well used in research for estimating functional connectivity (FC) of the
brain networks, in order to further i nvestigat[dll. Graph br ai nb
theory is widely used for calculating FC, and it suggests that two topographic features are necessary
in order to extract the topographic properties of a network and these are: a) clustering coefficient,

which refers to the degree to which nodes of a graph tends to cluster together, and b) path length,
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which refers to the distance between two nodes of a network [22].

Several studies have demonstrated reduced FC in both MCI and AD patients [21, 23, 24]. Using
resting state EEG (rs i EEG), researchers have found a lower degree in the clustering coefficient in
patients with MCI and AD compared to healthy controls [25]. Furthermore, scientific data have
revealed that patients with MCI show a pattern of brain organization that resembles a continuum
between healthy aging and AD [26]. In addition, rs T EEG has been used to estimate differences in
FC in MCI patients as a result of cognitive training and it was reported that cognitive training can
increase FC [27, 28]. Based on these data, the present study aims to use rsi EEG to investigate FC
in MCI and whether it could be altered as a result of a metacognitive training.

Aims and Hypotheses

The first aim of this study is to assess MF and their relationship with cognitive control and ToM,
comparing patients with two sub - types of MCI and cognitively healthy participants. Based on this
aim, the following hypotheses are formulated:

1. It is expected that aMCI and naMCI patients will show reduced awareness regarding their
cognitive skills, compared to cognitively healthy participants.

2. Due to changes at the level of MF, CF, and ToM, it is expected that the pattern of their
relationships will be different among the three groups.

The second aim of this study is to apply and evaluate a metacognitive training in MCI patients.
The metacognitive training wild!l be c oTherefaree the
following hypotheses are formulated:

3. (a) The MCI patients who will participate in the metacognitive training intervention will show
improvements in MF, CF, ToM and daily functioning after the training is completed. (b) It is expected
that these improvements will remain over time. (c) The MCI patients who will follow the cognitive
training intervention will show improvements in CF, though to a lesser extent than those of the
metacognitive training and it is not expected for these improvements to remain over time.

4. As for the MCI sub T groups, it is expected that both aMCI and naMCI patients will equally benefit
from the metacognitive training because it is not a domain specific training but it rather targets to
improve the general cognitive state. However, due to lack of scientific evidence, we cannot formulate
a straight hypothesis.

To further test the efficacy of the suggested metacognitive training, we will also look for any
potential changes in brain organization, using rs i EEG before, right after the training and then again
six and twelve months after the training.

5. It is expected that metacognitive training will affect brain organization by enhancing FC of the
brain networks. However, due to lack of scientific data regarding the relationship between

metacognition and FC, we cannot propose a more specific hypothesis.

Method

Participants
The total sample size will consist of 150 participants divided into three groups matched in age,
gender, and educational level: a) patients with aMCI (n = 50), b) patients with naMCI (n = 50) and c)
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cognitively healthy controls (n = 50). Participants will be recruited from the Day Centres of the Greek

Association of Al zhei mer 6s Di s eatgipantsawilld und&gol at e d

neurological and neuropsychological examination, in order to evaluate their cognitive state. The
di agnosis of MC I wi || b e [29].a'seeade rage willPFbe bebveen €5t6 85
years old. Education status will be at least six years and all participants will be native Greek
speakers.

Exclusion criteria will be: past or present diagnosis of neurological disorders, head trauma,
psychiatric disorders, and substance i related disorders, smoking, and use of memantine or
cholinesterase receptors (the last one only refers to the MCI groups). Furthermore, regarding the
group of cognitively healthy controls, they should not present risk factors for dementia and/or
cognitive decline. All participants will be given written informed consent prior to participation. Finally,
the study will be approved by the local ethics committee.

Design
The design of the proposed study is mixed i.e. cross T sectional and longitudinal. It consists of a cross
1 sectional study and a randomized study of a personalized non - pharmacological intervention.

All participants will take part in the first assessment (baseline, M1). Afterwards, all participants
who have been diagnosed with MCI will be randomly divided into two groups, the experimental and
the control group. Each group will consist of 50 patients (25 aMCI and 25 naMCI). The experimental
group will receive the metacognitive training, whereas the control group will receive a cognitive
training. The training will last for six months and at the end, a second assessment will take place
(M2). Then, no training will be received and two follow T up assessments will take place, six (M3) and
twelve months (M4) after the end of the intervention. Each assessment will contain tests for the
evaluation of CF, MF, and ToM and the neurophysiological recordings using rs i EEG. The
cognitively healthy controls will participate only in the first assessment for the estimation of CF, MF,
and ToM. Only the MCI patients will participate in the rs T EEG sessions (see, Figure 1).

Figure 1.

z1 z3 z4

22

CF, MF, ToM Intervention CF, MF, ToM CFE, MF, ToM CF, MF, ToM
(cHC, aMCl, MT (EG) & rsi EEG No Training rsi EEG rsi EEG
namcey CT(CO) (aMCl, naMCl) (aMCl, naMCl) (aMCl, naMC)
rsi EEG
(aMCl, naMCl)

6 months 6 months

|

12 months

Note. cHC = Cognitively Healthy Controls, MT = Metacognitive Training, EG = Experimental Group, CT =
Cognitive Training, CG = Control Group

Procedure
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During the initial stage of the study, the first step is to inform the participants as well as their
caregivers about the procedure. Then, all participants will undergo the first assessment to evaluate
their CF, MF, and ToM. The assessment will be divided into two sessions each of which will last
approximately two hours and the time interval between the two sessions shall not exceed 7 days. A
third meeting will be arranged with each participant (of the MCI groups) to conduct the
neurophysiological recordings. All meetings will take place during the morning hours and they will be
arranged in consultation with the participants. The same procedure will be repeated for the next
measurements (M2, M3, and M4).

The training for both experimental and control group will last six months. We decided to follow the
training schedule of a previous study, according to which six months seemed to be sufficient amount
of time for promoting cognitive enhancement and transfer effects in patients with MCI [30]. It will
consist of individual training sessions, once per week and each session will last one and a half hour.
Between sessions, participants will be provided with some homework to do. It should be noticed that
the tasks that will be given during the training will be different from those that will be used for the
evaluation of the CF, MF, and ToM.

Tools

Assessment of cognitive functions (CF). All participants will receive the same tests and
guestionnaires, the order of which will be alternated. A number of valid and reliable scales and self i
report questionnaires will be used to estimate the general cognitive status and daily functioning. In
addition, a number of neuropsychological tests will be administered to assess specifically memory
(episodic, working, and prospective memory), executive functions (inhibition, switching, updating,
planning), and ToM (the ability to understand metaphorical speech, faux pas commitment, beliefs
and intentions of the other).

Assessment of metacognitive functions (MF). To assess metacognition, the Brief Metacognition
Questionnaire for the Elderly (BMQE) [12] will be administered, which will be adapted to Greek and
tested for its validity and reliability prior to the assessment of MF. A new self i report scale will be
constructed to test the efficacy of t he rpognitei
control upon them. Furthermore, a metacognitive version of neuropsychological tasks for memory
and executive functions will be administered to assess online processes of metacognition, by adding
two metacognitive questions [31]. The first question estimates the degree of confidence the
participants have regarding the correctness of their answer. Therefore, after each response, the
participant wi |l have to answer the quest.i o},
p. 549]. In the present study, we will use a 41 point Likert scale to estimate the degree of confidence:
1 =not at all, 2 = slightly, 3 = moderately, 4 = completely. The actual performance of participants in
each question or cognitive task will be combined with the degree of confidence they give for the
correctness of their answers to calculate the accuracy of metacognitive monitoring, and the degree to

which they overestimate or underestimate thei

r

c

i pant

i Wh at

per f c

your response to be included in the total score?0 e

influenced by the degree of confidence [31, p. 550]. The answe r  wi | | be given

response.

Electroencephalograph (EEG). The rs T EEG will be conducted in a properly adapted room, which
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will be quiet and dark. The participants should sit comfortably and they will be instructed to switch
betweenthe condi ti ons fieyes openo and feyes closeod0 every
be also instructed to relax, to try to release their minds from any thoughts and to move as little as
possible. For the electrophysiological recordings, we will follow the same procedure as was applied
in a recent study of Klados et al. [28], in which they used 57 active electrodes placed according to the

107 10 international system.

Intervention

As it has been already mentioned, the intervention will last six months, and it will consist of individual
training sessions, once per week and with duration of one and a half hour. Between sessions, written
material will be given for homework, which will contain ecologically adapted tasks (e.g., instead of a
list of random words, a grocery list will be given). The purpose of the homework is for the participants
to apply and practice the metacognitive strategies they will learn during the training sessions.

During the first session, participants will be provided with theoretical knowledge as well as with
practical examples regarding the meaning and the role of cognitive strategies and MF. The purpose
is for them to get f ami |l i ae Theviext bessiorhweill siarhwite & task.nt i on o s
First, instructions for the task will be given. Then, participants will be asked to define the goal of the
task and the steps they would have to follow in order to complete the task (planning). As soon as
they finish the task they will have to evaluate their performance and whether it deviates from the task
goal. If the outcome is in accordance with the initial goal, they will be given a new task (increased
level of difficulty, same cognitive function) and they will be instructed to follow the same steps. If the
outcome deviates from the initial goal the participants will be provided with a variation of the same
task (same level of difficulty, same cognitive function) and an alternative cognitive strategy will be
discussed in collaboration with the examiner and then applied in order to finish the task. At the end of
every session, there will be a short discussion about the strategy or strategies that have been used
and how they could be applied in different situations of daily life. At the beginning of every next
session, there will be given some time to discuss and evaluate the previous days' homework.

Regarding the cognitive training, the participants will be asked to perform the same tasks.
However, they will not receive any metacognitive enhancement and there will be no discussion about
the application of cognitive strategies in different contexts or about homework evaluation.

Discussion

It is a fact that the average age of the world population has been significantly increased during the
last decades. As a result, the need to deal with the aging health problems has been increased too.
Dementia has dramatically increased and constitutes one of the main causes of health problems in
elderly population [1]. In order to encounter this crisis, the scientific community makes a great
endeavor in finding new, effective and targeted methods for early diagnosis and treatment of

dementia-related cognitive impairment.

As previously reported, there is a great scientific interest in MCI, since it is considered to be a
precursor of dementia [32]. Although numerous studies have focused on the CF and their decline in
www.nuclmed.gr Hell J Nucl Med Suppl, May-August 2017




MCI, yet only few of them have focused on the MF and their role in MCI. Metacognition plays a
crucial role in the regulation of cognitive processes. Therefore, it is of great importance to investigate
the possible interactions and relationships between metacognition and cognition 7 including ToM as
the main dimension of the social cognition i in the most known and frequent sub-types of MCI.

The design of therapeutic interventions targeting generalization and maintenance of the results
still remains a challenge for the scientists and the health professionals [33]. Although patients with
MCI tend to score higher in neuropsychological tests after participating in a cognitive training, the
improvement usually does not generalize to other domains. Conversely, recent research has
suggested that therapeutic programs focusing on the enhancement of MF have positive and more
permanent results, both in the general cognitive state and in the everyday functioning of older adults
[13, 16, 19, 34, 35].

Despite the promising results of such interventions, there are only few of them that have been
studied in MCI patients. Therefore, the proposed thesis suggests the application of an intervention
that targets learning cognitive strategies through metacognitive strategies reinforcement. It is
expected that this process will promote the generalization of the results of the intervention beyond
the testing context and subsequently will improve general cognitive status and daily life functioning.

All authors declare that they have no confiicts of interest.
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Abstract

Aim: This study aimed at examining whether Video Games (VG) and Virtual Reality (VR) programs are effective
as cognitive training tools in community dwelling older adults. Method: The sample comprised a total of 19 older
adults aged from 65 to 79 years. Participants were randomly divided into two groups according to the
intervention program that they were submitted to. The first group was trained in a go-kart-style racing video
game (Super Mario Kart) on the Wii console (n=9). Playing this type of video game has been found that
secondarily endorses executive functions due to its technical demands. The specific executive abilities recruited

havenot been established yet. On the other hand, t he
(FitForAl) adapted to train three specific executive functions

and educational level. In both groups the intervention included 18 sessions of about 40Ueach, over a period of
six weeks (3 times per week). Measures of specific executive functions (inhibitory control, planning, task
switching) were taken before and immediately after training, as well as one month after the intervention. Results:
The findings indicated that the participants enhanced their performance in executive functions, after being
trained in both intervention programs. However, VR application ended up to be more effective in the

maintenance of this performance in the follow-up measurement. Conclusion: The increased performance in the

follow-up measurement after VR intervention,c oul d be attri buted to both brainds

seco

(

f

training in terms of main executive functionsd enhancement

Keywords. Cognitive aging - Cognitive rehabilitation - Inhibitory control - Task switching - Planning

Introduction

Lifebs expectancy has been increasing t owar ds

estimated to live 65 years, while in 2045-2050 this number is expected to be increased to 83 years

[1]. Thishasledr esearchers to focus on the i mprovement

mai ntain social participation and primarily

agin 8-'6”‘ déc&de of life) there is a slight cognitive decline [5] that affects memory and executive

functions [6,7,8] . On the other hand, there is fAbrainds

the current environmental circumstances by changing its structure [9]. Appropriate practice and

therapeutici nt er vent i on, which are relied on brainés

decline. [10]. For instance, L°vd®n, Br ehmer ,
virtual navigation on treadmills over a period of four months, found that the hippocampal volume has
remained the same in comparison with the control group, where a decrease was observed [11].

cogni ti
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Hence, what cognitive training tries to do is to

latent areas of the brain. In particular, cognitive empowerment interventions seem to be effective not

c h

only on the i mprovement of heal t hyl3, &4], cdeatralsoaod ul t s 6

maintaining this improvement up to 5 years [15]. Moreover, it seems to decrease memory loss in
people, who suffer from dementia [16].

Nowadays, technology is closely associated to everyday life, giving researchers the ability to use
its potential to perform cognitive interventions. Video games and virtual reality programs are two
examples of how technology can be used as a cognitive training tool. Firstly, video games via

(

exposing players to various stimuldi can train vari

category (strategy, action, racing, etc.). There are many research papers proposing that older adults,
who have been trained by playing VG, showed improved performance in switching tasks, working
memory, rotation, short term visual memory and other cognitive functions [17, 18, 19]. Taken the
above into consideration, older adults may be capable enough in learning and adjusting in new

environments. So, brainés plasticity is a continuous

defined as high -level computer interface, which includes real time simulation and interactions
through multiple sensory pathways [20, 21]. It is a rather innovative practice, which uses computer
software in order to combine visual, auditory and tactile sensations as simulation of different aspects
of everyday life [22]. Kizony et al. (2012) trained 7 older adults diagnosed with Mild Cognitive
Impairment (MCI) via learning metacognitive strategies in a virtual Super-Market for 5 weeks (10
sessions) [23]. The results have showed that 4 out of 7 participants improved their executive

functonsand i nterventionds benefits were transferred 0
[24] used VR Museum as an intervention tool for patients with MCI and found improvements in
cognitive functions, such as memory, attention and executive function.
Considering the aforementioned theory and findings, the present study aimed to examine whether
VG and VR programs are effective as executive function training tools for the community dwelling
older adults.
The hypotheses of the study were formulated as follows:
1. VG6és intervention is expected to i mprove ol der adt
control, task switching, and planning. This improvement would be maintained for 1 month (follow-up).
2. VRO s i nt developed toiregruit specific executive functions is expected to improve older
adul tsdé6 performance in tests requiring these functic
planning. Improvement would be maintained for 1 month (follow-up).
. ltisexpected that ol der adults who have joined the

performance in tasks measuring specific executive functions than older adults who have been trained
by playing a commercial VG, as the VR program used in this study is adapted to specifically and
systematically train these functions.

Method

Participants

Firstly, 64 older adults, who attend Open Care Center in Thessaloniki, Greece, were informed about
the terms of this study, by whom 29 were eager to participate. But, 7 of them were excluded due to
not fulfilling the requirements of the study. So, 22 community dwelling older adults started

participating in the research, but during the process of the research, 3 of them left. Finally, the
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sample comprised a total of 19 (9 women) community dwelling older adults, who participated
voluntarily in the study. The sample was divided into two groups, depending on the intervention that
each group was submitted to. The first group, which consisted of 9 participants, aged 65-78 years (M.
=71,33, SD. = 4,60) was trained in a go-kart-style racing video game. Participants of this group
belonged in two educational levels (EL): low EL (=8, 0-9 years of education) and middle EL (n=1,
10-12 years of education). The second group, which consisted of 10 participants, aged 65-79 years
(M. = 70,3, SD. = 5,03) was trained in the virtual reality program. Participants belonged in three
educational levels (EL): low EL (/=4), middle EL (/=3) and high EL (/=3, O 13 years of education).
The two groups did not differ in terms of their gender, /5’(1): .656, p>.05, age, /3(10):.921, p>.05 and
educational level, ﬁ(2)25.295, p>.05 (Table 1). At this point it should be mentioned that as far as the
educational level is concerned, strict statistical criteria were applied, because of the potential
inconsistency of the chi-square test, due to the small number of participants in each group of the
sample. So, the Monte Carlo and the Exact value criteria were adopted and the respective indices
were computed. Exclusionary criteria for potential participants were the presence of uncorrected
hearing or/and visual loss and any other severe physical, psychiatric and neurological disease. The
presence of depressive symptoms was examined by the Geriatric Depression Scale-15 (GDS-15).
Participants, who scored more than 6 in this scale, were excluded from the sample [25, 26].

Additional exclusionary criterion was the existence of cognitive decline. A scor e | ovelld t han 0
the Mini Mental State Examination (MMSE) is considered indicative of dementia symptomatology
[27, 28]. In this study,each partici pant who scored | ower than 062"
that even mild cognitive decline was absent. Moreover, the Montreal Cognitive Assessment (MoCA)
was administered [29, 30] not as a screening tool but in order to formulate amoreaccur at e Api ctu
for the general cognitive ability of the participants in the study.
Tablel. Parti ci pantsdé di stributi on accoarnddi nsgec rtece na gneg, tgee
mean.
] Education GDS-
Intervention Age Gender MMSE** MoCA**
(years) 15*
Mean Mean Mean
Range Male Female Low Middle High
(SD) (SD) (D)
Video
0.77 289 251
Game 65-78 4 5 8 1 14) 1) 28)
(n=9) (€% . .
Virtual
. 0.9 28.7
Reality 65-79 6 4 4 3 3 26 (2.2)
(1.1) (1.2)
(r=10)
Total
sample 65-79 10 9 12 4 3
(N=19)

*GDS-15= Geriatric Depression Scale, *MMSE= Mini Mental State Examination, ***MoCA= Montreal Cognitive Assessment

Measures
Delis- Kaplan Executive Function System [31]. This battery is created to examine higher-order
cognitive functions supported by the frontal lobe (executive functions). It consists of nine stand-alone

tests. In this study, 2 of them have been used. Their psychometric properties have been examined

for the Greek adult population by two of the authors of this study in a series of previous studies [32].

1. D-KEFS Design Fluency Test (DFT) [31] . To examine particiimmaan
inhibitory control and cognitive flexibility (inhibition and task/rule switching), DFT was used. The task
requires initiating problem-solving behavior, generating visual patterns, creativity, simultaneous

processing in drawing the designs while observing the rules of the task and inhibiting previously

t sod
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drawn patterns. There are three conditions: basic, filter (requiring inhibitory control), and switch. For
all the conditions, participants were first shown a practice page with 3 squares, each of which
contained dots. Participants had to create different patterns by connecting the spots using 4 straight
lines within 6 0 &lére we used the score from the second condition, which tests the inhibitory control
of the participants and the total score of the participants after completing the whole test, which was
considered as an indicator of their cognitive flexibility.

2. D-KEFS Tower Test (TT) [31]. TT was used to examine planning as a combination of a series of

executive functions, wor king memory, and spati

through moving disks varying in size across three pegs in the fewest number of moves by following
two rules (1. not to put a bigger disk upon a smaller and 2. not to take two disks at a time). It is
composed of 9 problems that assess visual - spatial planning as learning rules, inhibitory control, and
working memory. Inthisst udy we wused the participantsd tot
planning ability.

Intervention Programs

Video Game i Super Mario Kart (Nintendo) [33]. The equipment used for this intervention was a Wii
console which consisted of a central processing unit, a wireless remote control- steering wheel and a
26606screen. Participants were seated in front
They were supposed to finish the track by driving a car, while trying to beat their opponents. It was a
customized interventi on t ha wheteths paticpanisthadgoecsnplete
playing 12 tracks.

Virtual Reality- FitForAll [34, 35]. This program was designed by the Department of Medical Physics
Laboratory of A.U.TH. It is important to mention that the part of this program that was used for the
terms of this research was adjusted to train specific executive functions. The equipment used for this
program was a 32606 screen, a A Ki needandingie a Zmeter
distance in front of the screen and the sensor. It was also a customized intervention that lasted 18
sessions of 4006 weach. During this time, part
follows:

Apple collection using only the right hand. This task has 3 conditions. In the first condition, that
examines attention, participants have to collect every apple that appears on screen in succession
(5minutes). The second one that tests /inhibition requires from the participants to collect the apples
avoiding the rotten ones that appear at the same time (5 minutes). In the third condition, that
examines switching and inhibition, participants have to collect alternately 2 types of apples (red-
green) appeared on screen (5 minutes).

Fish collection by moving the torso back and forth. This task is composed of 2 conditions. The first
one examines attention. Participants have to collect each fish appeared on screen (5 minutes). The
second one that tests /inhibition requires from the participants to keep collecting fish, while avoiding
the sharks, which appear among them.

Golf simulation by moving the torso in 4 different directions (back-forth-right-left). This task is
composed of two conditions. In the first condition participants have to throw the ball into the hole by
moving their torso (5 minutes). This condition focuses on examining attention. The second condition
is similar with the first one, but here participants have also to avoid the potholes that appear among

the regular holes (5 minutes). In this condition /inhibitory controlis tested.
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d. Break Blocks Game simulation by moving the torso right and left. This task has only one condition,
which tests atfention. By moving their torso left and right, participants moved the bar so that to hit the

ball and break the bricks (5 minutes).

Procedure

The examination process started with the completion of the individual- demographics information and
the signing of the informed consent form by the participants. Afterwards, the screening tests which
ensured that the participants met the inclusion criteria were administered. As it was mentioned
before, both intervention programs were based on customized examination. The battery was
administered before, after, and one month after the end (follow-up) of both intervention programs. At
this point, would be worth mentioning that before the start of each intervention program, participants

were trained in order to become acquainted with the tasks of each program (Figure 1).

Acquaintance
in

Preliminary intervention
examina programs
(GDS.NASE, 1 Battery re-
MoCTA) session(407) administration

Miain Intervention Battery
examination- —>18 sessions examination
battery 407y one month

later (follow-
upl

Figure 1. The design of the study

Statistical Analyses

The data were analyzed using the SPSS (v.22). Mixed Measures ANOVAs were conducted.

Particularly, the group type (VG-VR) was defined as the between-subjects factor, and the
measurements of the test (before-after-follow-up) as the within-subjects factor. Wherever the results

were statistically significant, Repeated Measures ANOVAs were conducted, in order to define which

type of intervention affected the most participants®o

Results

1. D-KEFS. Design Fluency Test.

a. 2" Condition: Inhibitory control. Mi x e d measures ANOVA determined
performance was affected by the type of intervention they were subjected to and also, the

performance differed statistically significantly between time points, A2,34) = 7.672, p < .05, E =

.311. Specifically, the Bonferroni correction revealed that the type of intervention affected
participantsd inhibitory control as there were foun
pre-training and the post- training measurements (p = .011), and between the pre-training and the

follow-up measurement (p = .007). Because of these results repeated measures ANOVA conducted

for each intervention groups. As regards VG, results showed that there was not a significant

di fference in participant s6RD,ES):f3d88npa>n06,e§?:b285.'V\heen ti me
same test conducted for VR showed that there was
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performance between time points, A2,18) = 24.100, p < .05, F= 411, Subsequently, Bonferroni test

was conducted separately for the two interventions?ad
performance only from pre-training to post-training, p =.012. As far as VR is concerned, there was a

statistically signi fi cantly i mprovement i n p daraiting ¢oi follanmups 6 per f
measurement, p =.017. However, there was also a tendency for slight improvement between pre-

training and post-training, which, however, was not statistically significant, p >.05 (Figure 2).

D-KEFS: Design Fluency Test (Inhibition)

14

= 12 4
= 10 1 o Before
% 2 : m After
S 4l O Follow-up
[a W

2 -

(0] T

Video Game Virtual Reality
Intervention

Figure2.VG and VR parti ci pa-KBEFS:®esigreRluénoyrTest Intibgioni n D

b. Total score: Cognitive flexibility (initiation, inhibitory control, & task switching). Mixed measures

ANOVA with GreenhouseiGeisser correction showed that participantsdéperformance was affected by

the type of intervention and it differed statistically significantly between time points, A1.4, 24.5) =
9.670,p<.05,E"’:. 363. I n particul ar, t he Bonferrpededtocorrect
i mprovement of participantsé cognitive flexibility,
between the pre-training and the post- training measures, p=.006, and between the pre-training and

the follow-up measurement, p= .011. Repeated measures ANOVA conducted to determine which
interventionbs type affected the most participantsd
was a statistically significant differend@l6)=n part i
3.863, p < .05, £ = .326. The same was found for VR, A2,18) = 7.855, p < .05, £ = .466 .

Afterwards, Bonferroni test was conducted separately for the two interventions. Training using VG

i mproved participant s 0-trgnegtd post-treanmg reeasaraniegt mérginallyy pp r e
=.056. As far as VR is concerned, there was a stati

performance from pre-training to follow-up measurement, p = .037 (Figure 3).

D-KEFS: Design Fluency Test (Cognitive Flexibility’

40
35 A
3 30 A
S 254 @ Before
£ 20 - m After
% 15 A O Follow-up
o 104
5 B
0
Video Game Virtual Reality

Intervention

Figure 3. VGandVRpar t i ¢ pepfamance in D-KEFS: Design Fluency Test: Cognitive flexibility.

2. D-KEFS: Tower test: Total Score: Planning
a. Total Score. Mi xed measures ANOVA showed that participant
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intervention6s type and differed statistH34I=ly sign
9.969, p < .05, E = .370. Bonferroni correction showed that the type of intervention affected in

di fferent degree parti ci psamstatistidallymsigrdicant diffecence lietwéen t vy as
the pre-training and the follow-up measurement, p = .002, and a marginally significant difference

between the pre-training and the post- training measurements, p =.052. To determine which type of

intervention was the more effective one repeated measures ANOVA was conducted. The results for

VG showed that there was a significant difference ir
FA2,16) = 5.209, p< .05, £ =.394. The same was found for VR, A2,18) = 5.066, p < .05, £=.360.

Bonferroni test was conducted, separately for the two interventions. Training using VG improved
participants®d per f-vanimpatofollew-up méagurefeanto margpallye p = .052. As

far as VR is concerned, there also was a marginal si gni fi cant i mprovement [
performance from pre-training to follow-up measurement, p = .056 (Figure 4).

D-KEFS: Tower Test (Planning)

25

w 20
o
é 15 | O Before
5 | After
< 107 O Follow-up
o

5 .

0 T

Video Game Virtual Reality
Intervention

Figure 4. VGandVRpar ti ci pant s 6 fEFS:fTomeriiaesh Blawning.n D

Discussion

The purpose of this study was to examine whether a commercial video game (Super Mario Kart) and
an adjusted part of a virtual reality program (FitForAll), would be useful as cognitive training tools for
community dwelling older adults. This was tested by dividing participants into two intervention groups
and examining their performance to a battery before, after and one month after the intervention
programs (follow-up).

The first hypothesis of the study was merely conf.i
participantsd performance, as estimated by the batt
maintaining the improved performance, as the follow-up measurement has shown. Particularly,
inhibitory control was improved but not maintained, task switching was slightly improved without
being sustained and lastly planning was slightly improved in the follow-up measurement. The second
hypothesis was also merely confirmed, as VR program improved statistically significantly
participantsdé inhibitory cont r-apmeasaordmert ®Pkrraingswas t chi ng
also improved but marginally in the follow-up measurement. Last but not least, the third hypothesis,
as it is obvious from the above, was generally confirmed. Participants, who were trained on the VR
program tended to maintain their improved performance even one month after the end of the
intervention.

The findings could be interpreted by theories associ at ed wi th brainds plastici
skills are critical for initiating neuroplastic changes, virtual reality programs that promote these skills
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seem to be more effective in the improvement and maintenance of cognitive functions. In other
words, VR programs promote brain plasticity by providing an alternative environment for practicing
motor skills [36]. Moreover, some VR interfaces may be more effective because they are adapted to
train specific cognitive functions, as working memory, learning, inhibitory control and task switching
(e.g., FitForAll, VR Museum, etc.), in contrast with commercial VG that are not [24,34,35].

As far as VG intervention is concerned, it is assumed that they are also as effective as VR
programs, with the important difference that the benefits acquainted through practicing with them, are
not sustainable. This drawback may be compensated by continuous training.

Limitations and future research

There are some limitations in the study. The restricted nature of the sample should be noted. Also,
the potentially short duration of both interventions (18 sessions) and the small period of time
mediated the administrations of the battery (before-after-follow-up measurements) could be noted as
limitations.

To conclude, it would be really interesting to examine how this intervention programs apply

to other groups, such as people with dementia ( MCI
duration of these interventions could be a possible topic of future studies

Conclusion

The hypotheses of the study were confirmed, as both

executive functions. However, VR program seems to be more effective in maintaining the results of
the cognitive training, as the follow-up measurements have clearly showed. The field of cognitive
training via technology has not been yet completely discovered, hence, many studies related to this
could be conducted.

All authors declare that they have no confiicts of interest.

Bibliography

1. Nations U. World population prospects: the 2012 revision. 2013.

2. Jin K. Simpkins JW. Ji X. et al. The critical need to promote research of aging and aging-related diseases to
improve health and longevity of the elderly population. Aging and disease 2014: 6(1), 1-5.

3. Restrepo HE. & Rozental M. The social impact of aging populations: some major issues. Soc Sci Med 1994:
3909), 1323-1338

4. Craik FIM. & Bialystok E. Cognition through the lifespan: mechanisms of change. 7rends in Cognitive
Sciences 2006. 1((3), 131-138.

5. Bischkopf J. Busse A. & Angermeyer MC. Mild cognitive impairment--a review of prevalence, incidence and
outcome according to current approaches. Acta Psychiatr Scand 2002:106(6), 403-414

6. Schaie KW. Willis SL. & O'Hanlon AM. Perceived Intellectual Performance Change Over Seven Years.
Journal of Gerontology 1994: 49(3), 108-118.

7. Ylikoski R. Ylikoski A. Keskivaara P. et al. Heterogeneity of congnitive profiles in aging: successful aging,
normal aging, and individuals at risks for cognitive decline. European Journal of Neurology 1999: 6(6), 645-652.
8. Park HL. O'Connell JE. & Thomson RG. (2003). A systematic review of cognitive decline in the general
elderly population. /nternational Journal of Geriatric Psychiatry 2003:18(12), 1121-1134.

9. L°vd®n M. Wengens &on MJ. et al . Structur al brain
Neuroscience & Biobehavioral Reviews 2013: 379, Part B), 2296-2310.

10. Green CS. Bavelier D. Exercising your brain: a review of human brain plasticity and training-induced
learning. Psychology and Aging 2008: 23(4), 692-701.

11.L°vd®n M. , Sc h aef e Sp&tial naVigation krainidg protedts the Ihippocampus against age-
related changes during early and late adulthood. Neurobiology of Aging 2012: 33(3), 620.629-620.e622.

www.nuclmed.gr Hell J Nucl Med Suppl, May-August 2017

pl astic



12. Ball K. Berch DB. Helmers KF. & et al. Effects of cognitive training interventions with older adults: A
randomized controlled trial. JAMA 2002: 288(18), 2271-2281

13. Mahncke HW. Connor BB. Appelman J. et al. Memory enhancement in healthy older adults using a brain
plasticity-based training program: A randomized, controlled study. Proceedings of the National Academy of
Sciences 2006:103(33), 12523-12528.

14. Smith GE. Housen P. Yaffe K. et al. A Cognitive Training Program Based on Principles of Brain Plasticity:
Results from the Improvement in Memory with Plasticity-based Adaptive Cognitive Training (IMPACT) Study.
Journal of the American Geriatrics Society 2009: 57(4), 594-603.

15. Willis SL. & Schaie KW. Cognitive training and plasticity: theoretical perspective and methodological
consequences. Restorative neurology and neuroscience 2009: 275), 375-389

16. Valenzuela M. & Sachdev P. Can Cognitive Exercise Prevent the Onset of Dementia? Systematic Review of
Randomized Clinical Trials with Longitudinal Follow-up. The American Journal of Geriatric Psychiatry 2009:
173), 179-187.

17.Basak C. Boot WR. Voss MW. et al. Can training in a real-time strategy video game attenuate cognitive
decline in older adults? Psychology and Aging 2008:; 23(4), 765-777.

18. Zhang F. & Kaufman D. Physical and Cognitive Impacts of Digital Games on Older Adults: A Meta-Analytic
Review. Journal of Applied Gerontology 2015: 35(11), 1189-1210.

19. Muijden J. Band G. & Hommel B. Online games training aging brains: limited transfer to cognitive control
functions. Frontiers in Human Neuroscience 2012: 6(221), 141-154.

20. Burdea GC. Virtual rehabilitation--benefits and challenges. Methods Inf Med 2003: 425), 519-523

21. Mirelman A. Maidan I. Herman T. et al. Virtual Reality for Gait Training: Can It Induce Motor Learning to
Enhance Complex Walking and Reduce Fall Risk in Patients With Parkinson's Disease? The Journals of
Gerontology Series A: Biological Sciences and Medlical Sciences 2011:66(2): 234-40

22.Rose FD. Attree EA. Brooks BM. et al. Learning and Memory in Virtual Environments: A Role in
Neurorehabilitation? Questions (and Occasional Answers) from the University of East London. Presence:
Teleoperators and Virtual Environments 2001: 10(4), 345-358.

23. Kizony R. Korman M. Sinoff G. et al. Using a virtual supermarket as a tool for training executive functions in
people with mild cognitive impairment. Paper presented at the Proceedings of the 9th International Conference
on Disability, Virtual Reality and Associated Technologies 2012, 41-46.

24. Tarnanas |. Tsolakis A. & Tsolaki M. Assessing virtual reality environments as cognitive stimulation method
for patients with MCI. In Technologies of Inclusive Well-Being. Springer Berlin Heidelberg 2014: 536, 39-74

25. Yesavage JA. Brink TL. Rose TL. et al. Development and validation of a geriatric depression screening
scale: a preliminary report. Journal of psychiatric research1983: 17(1), 37-49.

26.Fountoul aki s K. Tsol aki M. lakovides A. Yesavage
Geriatric Depression Scale (GDS) in the Greece. Aging 1999: 11(6): 367-372

27. Folstein MF. Folstein SE. & McHugh PR. i Mi-imein t a | sptactitaleniethod éor grading the cognitive
state of patients for the clinician. Journal of psychiatric research 1975: 12(3), 189-198.

28. Fountoulakis KN. Tsolaki M. Chantzi H. et al. Mini mental state examination (MMSE): a validation study in
Greece. American Journal of Alzheimer's Disease 2000: 15(6). 342-345

29. Nasreddine ZS. Chertkow H. Phillips N. et al. The Montreal Cognitive Assessment (moca). Neurology
2004: 627), A132

30. http://www.mocatest.org/pdf_files/test/MoCA-Test-Greek.pdf

31.Delis DC. Kaplan E. & Kramer JH. Delis-Kaplan executive function system (D-KEFS). Psychological
Corporation 2001.

32. Nazlidou EI. Moraitou D. Natsopoulos D. & Papantoniou G. Social cognition in adults:The role of cognitve control.
Hellenic Journal of Nuclear Medicine 2015 18, 15-25.

33. Nintendo EAD. Super Mario Kart. 1992.

34. Konstantinidis E. Bamparopoulos G. & Bamidis P. Moving Real Exergaming Engines on the Web: The
webFitForAll case study in an active and healthy ageing living lab environment. /EEE Journal of Biomedical and
Health Informatics 2016. 21(3).

35. Konstantinidis El. Billis AS. Mouzakidis CA. et al. Design, implementation, and wide pilot deployment of
FitForAll: an easy to use exergaming platform improving physical fithess and life quality of senior citizens. /EEE
Journal of biomedical and health informatics 2016: 20(1), 189-200.

36. Cheung KL. Tunik E. Adamovich SV. & Boyd LA. Neuroplasticity and virtual reality. In Virtual Reality for
Physical and Motor Rehabilitation. Springer New York 2014: 5-24.

www.nuclmed.gr Hell J Nucl Med Suppl, May-August 2017


https://en.wikipedia.org/wiki/Nintendo_Entertainment_Analysis_and_Development

Brief review and research proposal about mind, dimensia,
sleep and MCI

Areti Batzikosta' MSc, Despina Moraitou® PhD, Magda Tsolaki> MD, PhD, Paschalis Steiropoulos®
MD, PhD

1. School of Psychology, Aristotle University of Thessaloniki, Greece, 2. 3 Department of
Neurology, memory and dementia clinic, School of Medicine, Aristotle University of Thessaloniki,
Greece 3. Department of Pulmonology Medical School and University Hospital of Democritus
University of Thrace, Alexandroupolis, Greece.

Correspondence address:
Areti Batzikosta, PhD Candidate School of Psychology, Aristotle University of Thessaloniki, Greece,
Email: aretiba@hotmail.com

Abstract

Aim: The purpose of the proposed study is to examine the relationships between sleep parameters, cognitive
control and Theory of Mind (ToM) in patients with Mild Cognitive Impairment (MCI) and their cognitively healthy
peers, in order to indicate how the pattern of these relationships are dynamically formed. Method: The present
study will consist of (a) a longitudinal research project and (b) a randomized study of a personalized, non
pharmacological intervention. Regarding the longitudinal research project, the same examination will be carried
out in three stages, separated by an interval of ten months. In each stage, three participant groups (amnestic
MCI n= 50 , non-amnestic MCI n= 50, cognitively healthy control group n= 50), will be examined with an
actigraphy and self-reporting questionnaires (Athens Insomnia Scale, Stop i Bang Questionnaire, Pittsburgh
Sleep Quality Index, Sleep diary), in order to collect both objective and subjective measurements of various
sleep parameters. Additionally, they will all be given a series of tests (TASIT Test, Delis-Kaplan Executive
Function System 1 D i KEFS, ect.) to measure ToM and cognitive control. Subsequently (b), two smaller sub-
groups of participants with MCI (both amnestic and non-amnestic n = 10) will be selected in randomized way,
which will then be divided, also randomly, in experimental and control groups. After assessing the level of
cognitive control and ToM, the participants in the experimental group will participate in a personalized, non
pharmacological intervention to improve their sleep, for a period of time respective to the identified disorder,
while the participants in the control group will not. There will be follow-up measurements (assessments) of
cognitive control and ToM right after the intervention, as well as three months later. Conclusion: The expected
benefits are the identification of changes in sleep of patients with MCI, which could serve as markers of the
progression to dementia, more so in specific subtypes. They are also about revealing the pattern of the
relationships between changes in sleep and changes in ToM throughout the trajectory of cognitive decline, in
order to make the development of effective interventions for their correction possible for patients diagnosed with
MCI.

Keywords. Sleep - Metaphoric speech understanding I Dementia - Theory of Mind - Mild cognitive
impairment

Introduction

Sleep
Sleep is a dynamic, energetic and complex situation, indispensable for our survival. It affects the
normal functions of our organism. It is especially significant for the rest of both the nervous and the
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muscular system, for memory consolidation, and for the restoration of cellular functions in the brain
and the rest of the body [1].

The ter m $cebeseaenorinal, periodic idle state, during which a reduced reaction to
external stimuli and subsequent reduced mobility of the skeletal muscles, of the metabolism and of
the respiratory function is observed. Sleep is regulated through the homeostatic and circadian
mechanisms [1]. The proper functioning of these mechanisms is easily affected by factors such as
age, medication and various pathological and psychological diseases [2].

The modern lifestyle is the main reason why increasingly more people suffer from sleep
disorders. Sleep disorders are frequent among the general population, as well as among special
populations, such as the elderly, women, and patients with co-existing medical, neurological and
psychiatric disorders [3].

Sleep in aging

The elderly, the older-old adult and the centenarian population is constantly growing worldwide,
resulting in rapid increase of social, economic, and medical problems related to aging [4]. This fact
has drawn the attention and the interest of specialists to examine the psychological, physiological
and pathological processes connected to aging.

Regarding sleep, in particular, in advanced age, the disorders observed are usually due to (a) a
reduction in the stages of NREM sleep (Non Rapid Eye Movement), (b) a reduction in the quantity of
REM sleep (Rapid Eye Movement), (c) frequent nighttime awakenings, and (d) short duration of daily
sleep [5].

There are two factors which contribute to the desynchronization of sleep-wakefulness cycle in
aging: the first, it happens when the intrinsic 24hour rate which is regulated by the pacemarker
activity of the superchiasmatic nucleus in the hypothalamus is not synchronized with the stimuli of the
environment and the second it happens when the homeostatic process which is increasing the longer
the individual has been awake is not working properly [6].

In general, the most frequent types of sleep disorders during aging are insomnia,
hypersomnia, circadian rhythm sleep disorders, sleep related breathing disorders and parasomnia.

As a result of the aforementioned disorders, people of advanced age go to sleep earlier and they
wake up too early in the morning. Nevertheless, due to social circumstances, they are forced to stay
awake until late despite the somnolence, while they continue waking up early in the morning,
experiencing, t hus, dail vy, a fisleep deprivationo co
social and cognitive nature [7].

Sleep disorders in MC/

MCI is considered a transitional phase from cognitively healthy aging to dementia [8, 9]. While MCI
differs from the cognitively healthy aging in the presence of objective decline in at least one cognitive
area, as well as from dementia, since the functional impairment is minimal, there is overlapping in the
two ends of the spectrum and the differential diagnosis becomes complicated [10]. The ability, thus,
to make a prognosis and a diagnosis of MCI in its early stages, during which even reversing the
progression of cognitive decline or delaying its adverse effects is considered feasible, is extremely
important. What is just as important is the ability to differentiate MCI converters and no-converters
[11].
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At times, various cognitive criteria to describe the definition of MCI have been set, mostly by Mayo
Clinic [10]. A consensus report by the International Workgroup on MCI highlighted the need to
classify MCI into various subgroups, based on the nature of the cognitive decline exhibited by
patients. The MCI where mnemonic deficits are prominent is defined as amnestic MCI, while when
the prominent deficits are not of a mnemonic nature but concern one or more disturbed cognitive
functions it is defined as non-amnestic MCI, with single non-memory domain or with multiple
cognitive domain [12, 13].

Recently, research has been carried out comparing the prevalence of sleep disorders in various
subtypes of MCI [14]. A considerably higher prevalence of nighttime disorders was exhibited by
patients suffering non-amnestic MCI, compared to the patients suffering amnestic MCI [15].

Among the studies that research the prevalence of sleep disturbances, they found particular
features between participants with MCI, those with normal cognition and AD patients. In a study
using actigraphy in patients with naMCI found that greater number of wake arousals during the rest
space were significantly associated with poorer nonverbal learning even after controlling for age [16].
Another study comparing participants with and without cognitive impairment and demonstrated that
night time behaviors are more common in patients with MCI than in normal older adults [17].

The other study that used the polysomnographic to compare sleep and memory in MCI patients
and older adults established some changes in sleep and memory. In sleep patients with aMCI spend
fewer minutes in slow wave sleep than the participants in the control group and fast spindles were
reduced in aMCI patients at F3- 4 recordings sites compared to controls. In memory, recall was
worse in the in the MCI group than in the control group [18].

There are, therefore, indications highlighting the need for a deeper investigation of sleep
disorders among the elderly diagnosed with MCI, as a possible early marker of cognitive
disorganization.Taking into account that MCI diagnosis is primarily based on a neuropsychological
assessment, it could be examined whether and to what extend sleep disorders contribute to cognitive
decline, i mpai r ment in social cognition and to dail
other people [7]. Furthermore, any covariance of specific sleep disorders and of special dimensions
of cognition could be a reliable marker of the degree of deterioration of the cognitive status and of the
patientés daily functioning, as wiedementasubtgpes[iOhei r tr &
In that context, an area which 1 as far as we know i has not been investigated at all is the area of the
possible interconnection (cross-sectional and longitudinal) between sleep disorders and Theory of
Mind in MCI.

Theory of Mind in MC/

Theory of Mind (ToM), as a dimension of social cognition, was introduced by Premack and Woodruff

(1978) in the context of their study, in which they tried to investigate whether apes were able to draw

conclusions on the mental work of other creatures of their species. Since then, ToM has been the

most significant as far as research is concerned, as well as the most studied i at least as to specific

aspectsidi mensi on of soci al cognition. ToM refetbs to pe
themselves and to others, such as desires, intentions, feelings and beliefs, with the aim to bestowing

meaning to and predicting behavior [20]. ToM is considered to have two broad dimensions: the

cognitive and the affective one [21]. The cognitive ToMr ef er s t o peopl eds ability

on cognitive situations, such as thoughts, beliefs, and motives [22]. The affective ToM refers to the
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ability to draw conclusions on what a person is feeling [23]. The two dimensions do not always follow
parallel lifespan trajectories for a variety of reasons, one of which is the dementia-related
disorganization of the structures that support them [24].

Based on the majority of recent studies, aging is connected to selective deficits in the ToM, which
cause considerable difficulties in social interaction and lead to low social participation [25]. It is not at
all clear, however, whether those deficits are connected to the decline of cognitive control or whether
they only concern ToM [26, 27]. The participants in this study seem, in general, to perform worse
compared to healthy individuals, yet the decline occurs selectively. Total disorganization is evident in
subtypes such as Behavioral Variant FTD (frontotemporal dementia)[14]. On the other hand, there
are relatively few studies which have attempted to investigate what happens with ToM in MCI, and
even fewer which have dealt with the association between ToM and sleep disorders in aging [28].

In a recent study, the researchers attempted to investigate a particular dimension of
understanding speech transport, and in particular sarcasm, in patients with MCI compared to
community dwelling controls with vascular risk factors. The results of this study indicated that MCI
patients had significantly worse performance than the control group in simple sarcasm understanding
[29]

The effect of sleep and sleep deprivation on the physiology of the human body, especially on
brain structures that involved in cognitive and emotional functions, appears to be particularly
important. Significant findings have been found about the positive effects of sleep, especially those in
the REM sleep phase, on the regulation of emotions [30]. On the contrary, research has disclose that
sleep deprivation may have serious consequences onto cognitive health [31].Sleep deprivation has
been related with impairments in working memory, declarative memory, higher-order cognitive skills,
divergent thinking, decision making and alertness [32].

The results of a study that examined the effects of sleep deprivation in their participants indicated
significant impairment in the structures that support working memory and activation of the prefrontal
cortex [33]. Another study that examined the effects of sleep deprivation but focused ACh the
emotional intelligence of the young adult participants found decreases in intrapersonal functioning,
interpersonal functioning, stress management skills, and behavioral treatment, together with
increased internal reflection [34]. Hence it seems the sleep is more important for older adults,
compared to younger adults, in order to preserve their cognitive and affective functioning at an
sufficient level, to counterbalance the impairing effects of aging. In a study which have dealt with the
association between ToM and sleep disorders in aging found that older adults had a significantly
lower capacity to decipher basic emotions from dynamic visual cues compared to that in the morning
and after night sleep [28].

Aim and hypotheses

With the above presented as a reference framework, and taking into account the need arising from
the literature for research which will attempt to shed light upon the developmental trajectory of
dementia-related cognitive decline in aging differentiation of dementia syndromes, as well as the
need arising on a therapeutic/practical level for patients with MCI to maintain the ability to interact
and socially participate, where possible, the

in sleep parameters in older adults diagnosed with MCI, compared to the respective sleep
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parameters in cognitively healthy elderly people, and to examine the relationships between these
parameters and the | evel of Theory of sMthaldvels of
ToM in MCI are possibly connected to the decline of cognitive control, the aim of the proposed thesis
is extended to examine the relationships among sleep parameters i cognitive control i ToM in
patients with MCI and their cognitively healthy peers, in order to indicate how the pattern of these

relationships is dynamically formulated.

Hypotheses

In this context, the hypotheses of the present study are as follows:
1. (a) Sleep disorders are expected to increase in patients with MCI, compared to cognitively healthy
peers.
(b) Nevertheless, they are expected to differentiate qualitatively and quantitatively in patients with
amnestic and non-amnestic MCI.
2. A highly negative correlation is expected between sleep parameters indicating disorder and the
level of ToM in patients diagnosed with MCI, compared to cognitively healthy peers.
3. There will be a differentiation in the level and associations of sleep parameters and ToM abilities
in people diagnosed with amnestic MCI and in people diagnosed with non-amnestic MCI.
4. A highly negative correlation is expected between sleep parameters indicating disorder and the
level of cognitive control in patients diagnosed with MCI, compared to their cognitively healthy peers.
5. The correlation between sleep parameters indicating disorder and the level of cognitive control is
expected to be different in patients diagnosed with amnestic MCI and in those with non-amnestic
MCI.
6. (a) Cognitive control may influence the relationship between sleep parameters and ToM.
(b) The degree of influence of cognitive control on this relationship is expected to become stronger
over time.
7. One month after the successful application of non-pharmacological intervention on sleep
problems, it is expected that the participants in the interventions have improved cognitive control and
the ToM abilities.

Method

Design
The present study will consist of (a) a longitudinal research design and (b) a randomized study of a
personalized, non-pharmacological intervention. Regarding the longitudinal design, the same
examination will be carried out in three stages, separated by an interval of ten months. In each stage,
three participant groups (amnestic MCI, non-amnestic MCI, cognitively healthy control group), will be
provided, in randomized way, with an actigraphy and self-reporting questionnaires, in order to collect
both objective and subjective measurements of various sleep parameters. Additionally, they will all
be given a series of tests to measure the ToM, and they will be provided with the tools to measure
cognitive control. Structural equation models will be used to process data of the longitudinal study, so
that changes and variations in consecutive measurements, as well as the relationships between
them, can be revealed.

Subsequently (b), two smaller sub-groups of participants with MCI (both amnestic and non-

amnestic) will be selected in randomized way, which will then be divided, also randomly, in
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experimental and control groups. After assessing the level of cognitive control and ToM, the
participants in the experimental group will participate in a personalized, non pharmacological
intervention to improve their sleep, for a period of time respective to the identified disorder, while the
participants in the control group will not. There will be follow-up measurements (assessments) of
cognitive control and ToM right after the intervention, as well as three months later.

Participants

The participants in the study will be patients recently diagnosed with MCI (0 T 3 years since the
diagnosis) who visit Neurological outpatients departments and Day Centres of the Greek Association
of Al zhei mer6s Disease and Related Disorders.
volunteers who live in the community. At the outset of the investigation, the full medical history and
use of any medication will be recorded, as well as anthropometric data (gender, age, height, weight,
neck, waist and hip measurements, education), smoking habits, and alcohol consumption. Any co-
morbidities will be recorded based on the medical histories and strict exclusion criteria will be set.
The psychological exclusion criteria are psychoses, depression, addictions and neurodegenerative
diseases. In order to form the group of cognitively healthy elderly people, the potential participants
will be tested on their cognitive function by the same psychologists via a complete
neuropsychological battery.

Each group of the three groups of the longitudinal study will consist of 50 older adults, matched
for gender, age and level of education. Each participant will be between 65 and 79 years old, with an
education of 6 years or more, and their mother tongue will be Greek. The first group will consist of
participants diagnosed with amnestic MCI. They will have been diagnosed with amnestic MCI
syndrome after a complete neurological and extended neuropsychological assessment. The second
group will include non-amnestic MCI patients [13]. The cognitive impairment of the above participants
in the two patient groups will not be the result of emotional, mental or physical disorders. They will
retain their Activities of Daily Living and, according to defined criteria, they will not be diagnosed with
dementia. The control group will consist of cognitively healthy participants living in the community
who do not exhibit symptoms of clinical depression, and do not have a history of psychiatric
problems, a history of addictions, or a cognitive decline even in the form of subjective complaints of
memory slips and cognitive failures.

The two groups participating in the second study will consist of amnestic (n = 10) and non-
amnestic MCI (n = 10) patients, who will undergo a personalized intervention to improve their sleep,
and a respective number of amnestic and non-amnestic MCI (n = 10) patients, who will act as the
control group and will follow a program of personalized intervention to improve their sleep disorders
once the study has been completed, and if they wish.

Measures
A combination of measurements, which will include neuropsychological tests and sleep parameters,
will be used to assess all the participants in both studies.

Neuropsychological assessment
The neuropsychological assessment will be completed in two to three sessions in each stage of the
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examination. First, the participants will be informed on the purpose of the study and they will have to

give their informed consent on their participation. The n , the participantsd persor

demographic data and their full medical history will be taken, and, where necessary, they will be
provided with screening tools. The tests and self-reporting questionnaires which constitute the main
set of measurements have been examined on their psychometric properties and are succinctly
mentioned below. The sessions, in each stage of the examination, will take place in the morning, will
not be more than 7 days apart, and the meetings will be conducted by prior arrangement. The tools
will not be provided with the same order every time.

Measures of sleep parameters. Actigraphy is a device which will be given to the participants of all
the groups for seven days in every stage of the examination. This device is worn on the wrist just like

a regul ar watch. I't records dat a, the decoding of w
wakefulness cycle [35].
Moreover, the participants will fill out the following questionnaires, concerning the assessment of
their sleep:
1 Athens Insomnia Scale [36].
i Stop i Bang Questionnaire [37].
i Pittsburgh Sleep Quality Index [38].
1 Finally, a sleep diary will be kept for two weeks, after they signed the informed consent.
Theory of Mi nd measur eThe folléing Basic/adpects bf the AaM wil bes d y
assessed: (a) the ability to understand metaphorical and indirect speech, (b) the ability to perceive
faux pas, and, (c) the ability to understand others

given in the form of stories, mixed with control stories which do not require anything but cognitive
understanding. Furthermore, for every story in every ToM test there are cognitive comprehension
questions, the answers to which will be used as exclusion criteria. All the tests come from
Nat s opoul 39]0Evdratestinetheget consists of individual tasks of equal difficulty. To avoid
any potential effects between practice and learning, as well as fatigue, 3 smaller sets will be created,
with equivalent tasks.

Theory of Mi nd measur e meThe ssibtest Bfaamation Béognitidn thfoagh st v dy .

dynamic visual stimuli and the subtest of understanding sarcasm using the TASIT Test [40] will be
used. To avoid any potential effects practice may have, 3 smaller sets of emotion recognition and
understanding sarcasm tasks will be created.

Cognitive control measurements. To measure the basic executive functions, inhibition, cognitive
flexibility, and working memory updating, a series of tests was chosen from the Delis-Kaplan
Executive Function System i D 1 KEFS [41].

Personalized intervention to improve sleep. An increasing number of non-pharmacological
therapies are now available for people with sleep disorders. The guidelines by the American
Academy of Sleep Medicine recommend several non-pharmacological treatments as being effective
[42, 43]. It is important for a clinician to have some knowledge of a number of these approaches,
enabling a combination of treatments tailored to the individual requirements of the patient. The
treatments will be chosen are depending on the sleep disorders that will be identified during the data
collection process. Indicatively, treatments can include behavioral interventions such as increased

daytime physical activity or other sleep hygiene measures such as decreased night-time noise or
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light, avoidance of caffeinated drinks and alcohol or individual relaxation therapies.

Discussion

The age composition of the population of the Earth has changed considerably in recent years. The
demographic aging has generated interest among scientists of almost every specialty, as new needs
arise due to the long course of aging, needs which must be met effectively. Additionally, the increase
in life expectancy has brought dementia at the medical and social forefront. The need to find
methods of early diagnosis, prognosis, and therapy of this disease is also imperative, mostly due to
the immense psychological and economic cost for the individuals themselves, their caregivers, and
society in general.

In this context, the attempt to discern healthy from pathological aging and to codify their
similarities and their differences has brought MCI at the forefront, as a possible transitional phase
between the two [7]. Nevertheless, the cognitive decline seems to begin before MCI has been
diagnosed, which is why the importance of finding MCI onset markers is one of the requisites of the
present study, as is discovering any transition markers from MCI to specific dementia subtypes.
These markers could be any changes in the sleep parameters, but also a covariance prototype of the
sleep 1 ToM parameters and/or cognitive control.

Sleep disorders, as one of the most common neuropsychiatric symptoms, have not been
investigated in most studies as autonomous symptoms in the context of aging, healthy or otherwise.
The proposed thesis will seek to systematically work on sleep disorders in the 2 most common MCI
subtypes, for two main reasons: firstly, to find markers of cognitive decline, relative to sleep

par ameter s, and secondly, to examine the possi

of Mind, what could only negatively affect their everyday interactions with other people. In other
words, sleep disorders can serve as a prognostic factor of cognitive decline among the elderly [44,
45, 46, 47, 48]. At the same time, the sleeping problems faced by patients with MCI must be detected
and treated, so that their quality of life and their ability to develop and maintain social contacts can
improve.

The proposed study aims to move towards this direction, using an original combination of
neuropsychological tests and sleep parameters to better understand the image of this syndrome and
to recommend a therapeutic intervention that would improve social functioning of people diagnosed
with MCI.

The expected benefits are the identification of changes in sleep, which could serve as
markers/diagnostic criteria of the transition to cognitive decline and/or dementia, more so in specific
subtypes. They are also about revealing the pattern of the relationships between changes in sleep
and changes in ToM throughout the trajectory of cognitive decline, in order to make the development
of effective interventions for their correction possible for patients diagnosed with MCI.

All authors declare that they have no confiicts of interest.
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Abstract

In recent years, public health in Greece has been confronted with the burden of economic crisis, which has sit
on top of other societal challenges like the elderly population constant increase. Impacts on social care services,
employment and society overall, call for emphasis and attention upon creating suitable elderly healthcare
services, that are flexible enough to cover for and face the aforementioned challenges while being based upon
principles of scaling up strategies. To this extent, a Strategic Implementation Plan has been released by the
European Innovation Partnership on Active and Healthy Ageing (EIP on AHA) in order to outline best and
modern practices that can contribute to better decisions on patient care, and more specifically that of elderly and
vulnerable populations. Thus, creating new health care models,such as social health care ecosystems aligned
with the aforementioned plan, begins to appear as a key factor for developments in this direction for Greece, but
also for Europe. The aim of this paper is twofold. First, to present key elements of the establishment of the LLM
Care (Long Lasting Memories Care) ecosystem, a new solution for active and healthy ageing, designed as a
social ecosystem providing healthcare specialised for elderly and vulnerable populations. Second, to show how
the main concept of LLM Care aligns with the principles of the strategic plan of EIP on AHA that demand for
such initiatives to be scalable and operate as supportive ecosystems interconnecting the policy, business,
social, technological, organisational and individual levels in order to be scalable and drive sustainable changes
in social care while addressing key societal challenges. It is expected that inferences from this alignment
exercise will be useful for a wide range of similar organisations and initiatives, in the interest of sharing best
practices.

Keywords. Social HealthCare - Cognitive Training - Physical Training i Elderly - Vulnerable
populations - EIP on AHA - Independent living - ICT

Introduction

Recent evidence shows that health status can be negatively affected by economic crisis, which often
results in public spending and household income decreases [1]. It is therefore, imperative that,
health-related issues are becoming more visible during the economic crisis in Europe [2]. More
specifically, in Greece the support of a suitable planning unit with accessible information on health
status is limited, without addressing the health-related needs of the population through actions in
public health and primary health care [3]. Evidently, vulnerable groups like the elderly and the poor

are affected the most in these situations [4]. Samples of vulnerable populations are continuously
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increasing: for example, the number of elderly people as part of the demographic problem in

developed societies (moderation of birth rates, longer life expectancy etc), but also other forms of

vulnerable population like immigrants. To focus in elderly populations, it is European Union reported

19.2% of the population aged 65 or older and that number is expected to increase further in the next

decades [5]. By 2050, the number of people aged 65 or older is expected to be 2.1 billion globally

representing approximately 12% of the world population. This number is estimated to increase

almost by three times compared to the one 40 years ago, there representing an impressing 16% of

the world population [6]. Greek population seem to follow the European trend as in 2015 elderly
people aged 60 orolderr e pr esented 27% of the countryds total po
to be 40.8% [7].

Impacts on health and social care services for the elderly, should be assessed in combination
with the increased needs for public spending on pensions, healthcare, long-term care, while
expenditure on long-term care is expected to double by 2060 [8]. However, financial incapacity to
cope for the aforementioned burden calls for attention by European Union states in order to ensure
the sustainance of full health care services to vulnerable people. To this extent, new methods and
ways have to be developed in order to address these needs for social health care and social
insurance. Thus, the notion of promoting the active and healthy ageing (AHA) concept emerges as a
likely resolution.

The main scheme of AHA as defined by the World Health Organization (WHO) includes the
process of optimizing opportunities for health to improve quality of life as people age. In 2012, the
European Innovation Partnership on Active and Healthy Ageing (EIP on AHA) was established to
promote innovation for ageing well by involving 74 regional and local organizations that have been
defined as Reference Sites [9]. EIP on AHA focuses on restructuring health and social care services
by involving development and testing of innovative solutions, in order to implement the most
successful practices and allow for their cost effectiveness and sustainance.

In this context, Information and Communication Technologies (ICT) seem to play a central role in
overcoming the aforementioned challenges and offerring a tremendous potential to enable
vulnerable people to remain healthy and socially engaged thereby providing better quality of life. The
definition and exploitation of best and most modern practices, therefore, becomes a key issue, as it
can contribute to better and informed decisions in social care. For this reason, the idea of creating
new health and social care models, by exploiting notions of social healthcare ecosystems, emerges
as an attractive option for Greece but also for Europe.

The term fAecosystemd describes basically a commun
science relevant research has studied systems consisting of organisms by using methods of
production, exchange, investigation and storage [10]. Both sciences utilise methods to study the
condition of a system, which is defined as the set of variables necessary to form its complete picture
of every moment. The concept of stability is considered to be a critical feature as it is used to
describe the ability of ecosystems maintained independently, and to cope effectively with any
disturbances to normal operation. Thus, every single part of the whole puzzle can be easily managed
and organized in order to provide better care delivery.

The ecosystem approach introduces new challenging opportunities for involved stakeholders in
order to create value by using information technologies, services, and solutions that are able to be

interconnected delivering better health care services to more people at a reasonable cost.
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Figure 1. Involvement of different stakeholders for a patient-centered care ecosystem

The ecosystem consists of various collaborations (operators), such as medical staff, social and
healthcare organizations, regional authorities, health insurance providers and policy makers, who
can interact and work together in this social healthcare ecosystem to create innovative products or
services through solutions like remote monitoring, connected health measurement devices, cognitive
and physical training etc [11, 12].

Physical and cognitive training systems tackle quality of life deterioration among elderly or other
people in need (cognitive and physical impairment and frailty) and there seems to be an urgent
demand for new products and services in this direction. Collaboration of the technology actors (e.g.
industry), governmental (and non-governmental) bodies facilitating social care provision, with
research actors (e.g. universities) may give rise to sustainable social healthcare systems.

The current piece of work aims at presenting a case study of a social health care ecosystem
addressing the needs of the most vulnerable segments of the population that is LLM Care [13]. The
aim of this paper is twofold. First, to present key elements of the establishment of the LLM Care
ecosystem, a new solution for active and healthy ageing, designed as a social ecosystem providing
healthcare specialised for elderly and vulnerable populations. Second, to show how the main
concept of LLM Care aligns with the principles of the strategic plan, recently released by EIP on
AHA. The latter demand an operational interconnection of policy, business, social, technological,
organisational and individual levels in order for such initiatives and ecosystems to be scalable and
drive sustainable changes in social care.

So, the structure of this paper is as follows. In the following paragraph, a description of LLM Care
key innovation elements is provided. Then, the main concept of LLM Care ecosystem is presented,
aligning with the five steps for setting up an effective European scaling up strategy according to the
plan of EIP on AHA.

Background: the LLM Care ecosystem and its innovation features

The Long Lasting Memories-LLM Project (2008-2012) [longlastingmemories.eu] came as a response
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for wellbeing in the field of ICT, providing evidence based interventions by combining cognitive and
physical training to improve cognitive functions (memory, attention and executive function) along with
important physical ones (aerobic capacity, strength, balance and flexibility). Experiences and
outcomes from the implementation of LLM, confirm viability of approach as proof of integrated care
innovation concept that directly builds on local needs and variation [14].

The Long Lasting Memories Care - LLM Care [limcare.gr], as an expansion of LLM, comprises of
the key instruments to enable an ecosystem for social health care. Healthcare professionals,
government administrations, healthcare institutions, patients, informal givers, facilitators, or other
relevant stakeholders have all been interconnecting by interacting together with a mission to improve
the quality of care. This approach promotes the continuously collaboration and knowledge sharing
across the ecosystem by placing patients at the center of the health care. Taking into consideration
the needs of professionals (increased knowledge, skills and collaboration), patients and carers
(personalised care, care coordination, continuity of care), the healthcare ecosystem (local level, cost-
effectiveness and sustainable approach) should be easily adopted in order to cope with current and
future changes by involving new players.

LLM Care ecosystem provide high quality, sustainable health care by using an integrated platform
of technological achievements in the field of computer-aided physical/cognitive training and ambient
assisted living (AAL) solutions. It incorporates two interoperable components, the Physical Training
Component (wFitForAll) and the Cognitive Training Component (BrainHQ) [13]. wFitForAll a web-
based application (wFitForAll) using a modern controller (Microsoft Kinect) for healthcare monitoring
and game-blended exercises and interventions [15] [16]. It offers specific exercises within an
engaging game environment aiming at promoting physical exercise protocol adherence [17] [18].
BrainHQ is a specialised software designed to support cognitive exercises that was developed by the
Posit Science [19] [20]. It is a fully personalised and adaptable cognitive training platform. BrainHQ is
based on principles of neuro-aesthetic enhancement and brain plasticity and provides the opportunity
to speed up and sharpen auditory and visual processing of the brain.

Methodology

The Strategic Implementation Plan released by EIP on AHA contains five main steps to set up an

effective European scaling up strategy (Figure 2) [21]. To be able to move at a comprehensive

scaling-up strategy, in which active and healthy ageing approach based on innovation can be
implemented, one needs to carefully examine these steps. In this paper, each of these steps in taken

in turn, and LLM Care and its features i s passed t
alignment or not with it. Should all principles of the strategic plan be met, LLM Care would be

considered as a sustainable and scalable ecosystem, shaped up to address the societal challenges

identified by and studied within EIP on AHA.

Step 5

Implementation
key success

Step 1 Step 2 Step 4

Assessement o
viability of good

Building a
database of

Facilitating
partnerships for|

good practices

for replication factors and

good practices lessons learnt

practices scaling up
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Figure 2. The 5-step model for an effective scaling up strategy [21]

Building a database of good practices: The LLM Care ecosystem
The first step, according to Strategic Implementation Plan is the collection of examples that contain
the needs to be addressed in order for ageing people to stay active, independent and healthy. Action
Groups and Reference Sites are formed to reveal a picture of innovative practices across the EU, as
well as to find the key elements of a successful approach that could be transferred or copied by
others.
The proposed health care ecosystem (LLM Care ecosystem), connects social, technological,
organizational and individual levels in order to drive a sustainable change by involving public and
private sector partnerships. Thus, innovations applied for a successful active and healthy ageing
ecosystem have been introduced to examine the effective ways foraddressi ng peopl eds needs.
concepts include links and interactions among health care facilities for elderly and vulnerable people.
Daily care centers, rehabilitation centers, residential homes, municipality centers are some of the
institutions that trust and collaboration has been built among their members and scientific group.
Besides this, some of the groupsd research outcomes
pilot sitesd |l ogistics and management) havikofbeen co
experts (constituting the LLM Care entity) within Greece. On top of this, a wider network of
stakeholders has emerged around the LLM Care product and two living labs have been installed in a
nursing home, as well as in the Medical School of Aristotle University of Thessaloniki (Figure 3).

| Physiotherapists

Nursing Homes

i

Psychologists

LLM Care Ecosystem

Elderly and Vulnerable people

(R 1

Carers

—

Active and Healthy

Ageing Living Labs

Figure 3. LLM Care Network of stakeholders and Active and Healthy Ageing Living Labs

Assessment of viability of good practices: The AHA Living Labs concept

This step of strategy proposes the assessment of the viability for scaling-up by using comparability
framewor ks, such as that coming from randomi sed con
and indicators of efficiency are identified by comparing systems on a larger scale. This approach

helps not only to relate practices to each other, but also to identify the characteristics of each practice

and system.
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Visited constantly (over the year) by different people, the Thess-AHALL (Thessaloniki Active &
Healthy Ageing Living Lab) was established to foster the early involvement of elderly and vulnerable
people (the customers) in the development, as well as commercial products evaluation [12]. Special
attention is paid in the usability, acceptability, perceived ease of use and perceived usefulness of
seniors towards ICT usage. Thus, the LLM Care ecosystem contains an overall framework in which
systemdbs characteristics and indicators of ef
the creation of an ecosystem is the constant improvement of sustainability and efficiency of social
and health care systems. Consequently, promoting and enabling citizens to maintain healthy, active
and independent living style, while aged, is the main goal of such a concept.

Classification of good practices for replication

The next step of the proposed strategy contains the classification of good practices intended for
replication. Thus, good practices should be classified according to feasibility and contextual factors,
as well as the characteristics of the system that allow the transferability and adaptation to local
conditions.

In this direction, the Day Care Centre of Municipality of Papagou-Cholargou (DOKMEPA) was
joined the LLM Care ecosystem, after its first launching to the market. DOKMEPA integrated the
basic instruments for physical and cognitive improvement and being presented as a replica of the
LLM Care infrastructure. Thus, as suggested by the protocol of LLM Project, DOKMEPA performed
neuropsychological tests to assess the participant's generic cognitive status as well as other specific
cognitive domains (verbal memory, executive functions, independent living, etc.). Participants
performed specific exercises for 1 hour per day, three times per week for a total duration of 10 weeks
[22].

Moreover, a replica of Thess-AHALL [12] has been installed in a care center with senior residents
in Thessaloniki. This living lab is a replica of the successful Active and Healthy Ageing Living Lab in
t he groupobs p r eqareat®re and lumanr centerc design are promoted. With such
processes, successes, as well as mistakes can easily be identified saving time and avoiding
duplications leading to the improvement of solutions. By creating such infrastructures, the relative
influence of health systems on health outcomes can be determined covering the gap between the
policy changes and the impact on health outcomes. Other determinants have to be taken into
account for good practice adjustment to the local levels.

Facilitating partnerships for scaling up

For a successful scaling up, collaboration among the interested partners needs to be established in
order to adopt the innovative solution. Thus, LLM Care network is consisted of the participation of
different institutions, daily care centers, rehabilitation centers, residential homes, municipality centers
that can provide valuable solutions to address the needs and gaps. The idea of rendering local
authorities capable of delivering social care with new technologies and essentially doing research
consists best practice and social innovation. By this way, the diffusion of good practices can be
achieved, aiming at sharing knowledge, objectives and programs for the deployment of innovations
in the domain of health and health care.

Implementation key success factors and lessons learnt
According to the Strategic Implementation Plan, a framework strategy of several steps of scaling-up
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has to be implemented. g good understanding of the context where scaling-up will occur and the
consciously evaluation of needs have to be determined, as well as a strategic plan for deployment is
required, with a well-defined roadmap, costs assessment analysis and budget. Performance
monitoring and evaluation of the service should be embedded from the start, to provide the collection
of high quality evidences.

LLM Care ecosystem enables the collaboration of healthcare professionals, government
administrations, healthcare institutions, patients, informal givers, facilitators, or other relevant
stakeholders in order to address their specific needs with a mission to improve the quality of care.
Continuing evaluation and feedback of the provided services include strategies to ultimately provide
benefit for patients and informal carers, and society as a cost-efficient and sustainable approach.
Thus, timely and accurate monitoring information is collected as considered to be important for
successful adaptation.

The idea of rendering local authorities capable of delivering social care with new technologies and
essentially doing research consists best practice and social innovation. Thus, helping for scaling up
viable good practices, as well as improving the viability of similar practices. Each partner has its
valuable expertise to analyze the local needs to adapt them to the local setting.

Discussion

Since the elderly population is constantly increasing, impacts on social care services, employment
and society overall have been occurred. This growing demand in Greece, but also in Europe, leads
to the restructuring of health care services. Thus, demographic transition ideally require shifting to
the preventive health care, so as to address the needs of the elderly population [23]. Achieving high
value for patients is considered to be the overarching goal of health care delivery [24].

The need for adaption to this growing demand lead to the establishment of new health care
models, and more specifically the creation of social health care ecosystems aligned with the
Strategic Implementation Plan of EIP on AHA. The main concept of LLM Care ecosystem aligns with
the principles of this plan that demand for initiatives to be scalable and operate as supportive
ecosystem by interconnecting the policy, business, social, technological, organisational and
individuals in order to drive sustainable changes in social care while addressing key societal
challenges. Following this direction, LLM Care ecosystem appears to be a crucial instrument for
active and healthy ageing, designed as a social ecosystem providing healthcare specialised for
elderly and vulnerable populations.

In the new age of healthcare ecosystems, the involvement of different stakeholders seek to
deliver the highest level of patient care. Thus, information technology is on the top of such health
care services by empowering the collaboration and knowledge sharing of stakeholders in order to
improve care and independent living. Thus, new solutions for active and health ageing can be
generated challenging EU and worldwide by creating new opportunities for innovation in Health Care
domain. The active co-operation of the health and social health care providers and individual users in

the ecosystem is considered to be essential.

All authors declare that they have no confiicts of interest
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Abstract

Mastering a foreign language entails becoming acquainted and gradually possessing features of a linguistic

code which is different than oneds mother tongue. Over th
theories have been implemented each boasting a new trend, each suggesting a new learning path. What has

recently attracted scientific interest is the actual location where foreign language learning occurs. Where the

learner is, i.e. inside or outside of a classroom is interconnected with the approach employed to master the

target language. Typically, any kind of learning is associated with a classroom, a teacher, peers, and a formal

curriculum. However, a classroom is not the only place where learning may occur. Out-of-class learning has

always been happening but required an effort (e.g. travelling to a foreign country for leisure or on purpose,

taking upoarédeeéddh | anguage course etc.) and was not widel
have undoubtedly facilitated access to an infinite source of authentic material in many languages expanding the

horizons and broadening the possibilities of autonomous learners. Nonetheless, being an out-of-class student

requires much more inner force in order to preserve the willingness to learn and overcome difficulties which are

normally dealt with within a typical classroom setting. According to recent research, autonomous learners have

attained high levels of language proficiency outperforming their in-class counterparts, which challenges formal
classroom-based teaching methodology. Irrespective of the learning setting, however , t he key to a | ear
is motivation. It is the fuel that urges learners to excel at their endeavour. What if the foreign language learners

were older adults diagnosed with Mild Cognitive Impairment?

Keywords. Foreign language learning i Autonomous - MC/

Introduction

When referring to foreign language (FL) learning, the connotative image which is almost
automatically evoked is that of a classroom, the dominant language learning context [Sockett, 2014].
This traditional imagery is associated with the dynamic presence of a teacher and is accompanied by
a group of peers, series of textbooks, CDs, DVDs, even interactive whiteboards for the more
technologically equipped FL settings. Even though the classroom is definitely not the sole
environment where FL learning may occur, it is due to the scientific focus on how FL are dealt with
within that confined space that the relevant connotations have been created.
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However, the long-standing need to communicate with people speaking different languages has
not led to the implementation of FL courses. On the contrary, it has induced FL learners to become
inventive in order to acquire the target language by employing various means and in different
settings, none of which is necessarily formal. The advances in technology, the concomitant

af fordances and popul arity of the Internet, and the

digital world has led to a reinvention of FL learning beyond the classroom. Across the Internet,
autonomous learners have infinite possibilities to choose their channel of language acquisition and
select an authentic material which may produce better linguistic results than traditional FL learning.
This is particularly true of the young people around the world, who have grown up almost genetically
predi sposed to master the digital | angua g eentonf
[Prensky, 2001].

Aim

This paper aims to illustrate the importance of learning English as an FL particularly nowadays
following the dominance of the language over the digital world. Moreover, it aims to inform readers
on the different ways in which learners acquire an FL, with a particular focus on informal language
learning. Additionally, it expands on the notion of learner autonomy and its pivotal role in innovative
practices in language education. It further attempts to link the theories of language learning and
teaching to Mild Cognitive I mpairment s esuggesting
new insights in the under-researched field of older adulthood.

Methods

The authors selected articles which would substantiate the delineated aims of this paper. They
attempted to cite articles grounded in solid theories of learning and teacher bridging them with
current practices and projecting them onto older adult learners of an FL. Obviously, the works cited
needed to originate from various disciplines in order to tackle the aim set. The purpose was to try and
prove that the areas of language learning and mild dementia though seemingly unrelated may
constitute a challenging research field.

The English hegemony
Why is English the language par excellence any non-English speaking person should absolutely

learn? According to Gramsci [in JacksonLe ar s, 1985] fAl anguage [ é] i

this

S a t o

and concepts and not just of words grammatically dev

|l anguage, a group of people may firmly e sendering
it an almighty political asset to each user. Evidently, when learning an FL, especially one which
carries great weight, one becomes acquainted with its centrality and sovereignty. The explicit use of
a certain FL or even the conscious choice of a variety of that language may exert influence on the
speakerés soci al status. Within the English |
English and American English. The former is generally regarded as more prestigious while the latter
is thought of as more informal. In a relatively recent study, Norwegian adolescent learners of English
as an FL switched between British and American English pronunciation depending on how they
wished to present themselves towards their peers [Rindal, 2010].

A powerful means of experiencing the cultural hegemony of a language is through its cultural
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artefacts, such as literature, music, and films, which are publicly projected by means of the media

and influence | anguage us er sparticaelar, enediadeahpologidsfsechasnc on s c i

English-language subtitled television, popular music, and computer software have been favouring the
incidental, and sometimes the intentional, language acquisition [Kuppens, 2010]. The rapid
expansion of the Internet and its vast accessibility on various handheld devices, apart from personal
computers or laptops, has resulted in English language learners being exposed to the language
constantly, not to mention through highly popular websites, such as YouTube, Facebook and
Wi ki pedia [ Sockett, 2014] . The digital worl d
London to speak English nor do they need to move to New York to work for an American firm.
Literally, endless possibilities are at hand. Two basic skills are needed: digital and linguistic
competence, both in English.

Formal vs. informal, learning vs. acquisition, then vs. now

Scientists have concerned themselves with the distinction between the two types of language
learning settings, i.e. formal vs. informal, since at | east t he
natural or formal vs. informal contexts have been related to classroom and out-of-class environments
respectively. Both linguistic environments may affect FL competence in different ways. So, a further
distinction was drawn which differentiated between language acquisition and language learning.
Language acquisition was connected to a process of extensive exposure to the target language over
a critical period which led to its unconscious knowledge and ultimately yielded linguistic competence.
This process was thought of as pertaining by and large to young children and was achieved in
informal settings, which provided the necessary input. On the other hand, language learning denoted
the conscious attempt to master the target language by means of explicit instruction of linguistic rules
and constant feedback on behalf of the tutor, which led to conscious knowledge and learned
competence. This second process was largely reserved for adults and was only plausible and
increased within a formal setting, i.e. a classroom.

Reviewed studies in Krashen [1976] seem to unanimously highlight the efficient contribution of
formal training to second language mastery while denoting that informal exposure to the target
language was not equally effective. It was thus argued that in order for informal contexts to be
significantly influential, they should provide intensive exposure to the linguistic material. Moreover,
according to research outputs, the classroom was proclaimed to be the locus of both acquisition and
learning, considering that it offered the possibility of almost pragmatic and utterly instructed language
use simultaneously. Finally, researchers agreed on both adolescents and adults being able to
acquire an FL in the sense of informal exposure to it, since the critical acquisition period was over
[Lightbown, 1985].

At the present time, acquisition and learning are used almost interchangeably, since acquisition
means the learning or development of a skill and learning means the acquisition of knowledge or
skills [Oxford Dictionary of English, 2015]. Henceforth, these terms will be employed as adjacent
ones. Additionally, learning, in general, has been attributed a three-fold dimension and is normally
differentiated into formal, non-formal, and informal, according to its organisation and structure in
terms of learning objectives, time and learning support [Official EU Journal, 2012]. Following this
categorization, formal learning occurs in a relevant setting, abides by a curriculum, and usually aims

at the acquisition of a certification. On the other hand, non-formal learning refers to targeted activities
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which improve specific skills of the learners and are usually promoted as part of in-service training.

Lastly, even though informal learning is not organised in any way yet its outcomes are indeed
acquired, t hough not on purpose. I nterestingly, t he
daily activities and interests.

The same categorization may be applied to learning languages. According to Sockett [2014],
formal language learning implies any physical or virtual educational setting where learners are
trained in language mastery. Non-formal learning occurs when a learner uses learning resources
(such as textbooks, CDs, DVDs, websites, etc) outside an academic context. Thanks to the
affordances of the Internet these resources have vastly expanded to provide the user/learner with the
opportunity to harness the power of social networking in order to master an FL. Obviously, in informal
learning the Internet-based resources used by the learners are not educationally oriented nor do they
form part of any systematic approach to language acquisition. The intended outcome is largely
achieved unconsciously and heavily depends on the learner/user in terms of time dedication and

frequency of exposure to the target language.

Learner autonomy

The concept of |l earner autonomy in | anguage educat.i
Benson, 2007] , who equated autonomy with Athe abili:t
seminal definition was further enhanced by Dickinson [in Sockett, 2014], who provided an outline of

eight criteria which differentiated the various degrees of learner autonomy or language learning

types. These criteria include the decision to learn; method of learning; pace; when/where; materials;

monitoring; internal assessment; external assessment. Scholars have hence attempted to provide

finer nuances of the original conceptualization and delineate the profile of autonomous learners.

The decision to engage in the language acquisition process and to be responsible for the learning
outcome [White, 1995]; the use of self-instructional techniques and methods and the realization of
the quite specific role in this internalized process; the ability to disengage, think critically, make
decisions, and be independent [Little, 1999], all seem to be imperative traits of autonomous learners.
Over the course of years and due to the affordances of technology, the concept of learner autonomy
has been linked with the use of digital products, particularly with respect to FL mastery. Undoubtedly,
thanks to technology, FL learners have been given the chance to interact with native speakers, make
appropriate linguistic choices depending on the social context, and practise the language in varied
ways [Reinders & White, 2011].

Learner autonomy and informal way of learning seem to be interwoven, especially when informal
is equated with online resource use. The cyberworld calls for interdependence and interaction
between its users/learners and the outputs can be highly creative, collaborative, rewarding and
motivational [Ushioda, 2011]. So long as the users/learners are committed to the FL target by means
of engaging in appealing activities, the unconscious path towards FL mastery will be smooth,
enjoyable, and purposeful. The mobile Internet-accessible devices which are readily available and
constantly updated provide their users with feedback which enhances motivation and enjoyment in
pedagogically-oriented activities or applications [Golonka, Bowles, Frank et al., 2014].

Such an experiment seeking to examine the learning effectiveness of motivational theory with the
use of mobile technology was recently conducted in Taiwan [Chang, Chang & Shih, 2016]. It was

shown that the students who received motivating feedback on their smartphones experienced
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confidence and satisfaction while using the FL to a much higher degree than their non-motivated
peers. Very recent research has also shown that young adult fully autonomous self-instructed
learners of English as an FL surprisingly outperformed their matched classroom-instructed peers in
FL mastery on a large battery of linguistic tests, which examined aspects of the language typically
and solely taught within the classroom [Cole & Vanderplank, 2016]. Apparently, the naturalistic, out-
of-class, informal language learning, which deploys Internet resources, seriously challenges
classroom-based practices, methodologies, and tangible outputs, though further research is required
to corroborate the new facts.

MCI & FL learning

Most people, over the course of their lifetime, show a gradual cognitive decline, mainly concerning
mnemonic function. This cognitive impairment
functioning. However, when the cognitive decline exceeds the limit of normal ageing and is perceived
by those who experience it and occasionally by their relatives, this condition is termed Mild Cognitive
Impairment (MCI) which has been in the spotlight of research [Petersen, Roberts, Knopman et al.,
2009]. MCI has scientifically been designated as an intermediate state of the cognitive function
between normal ageing and dementia [Petersen, 2011].

The existing pharmacological interventions have not been able to delay the progression of MCI to
dementia. Accordingly, there has been a growing scientific interest in non-pharmacological
interventions whose aim is to enrich the cognitive reserve, through the mental empowerment of the
patient, but also to reduce the progression rate of MCI to dementia [Cohen-Mansfield, 2005;
Robinson, Hutchings, Dickinson et al., 2007; Tsolaki, Kounti, Agogiatou et al., 2011]. The notion of
cognitive reserve means that the brain is attempting to deal effectively brain damage by using learnt
strategies or by resorting to more versatile options. Recent studies have shown that lifestyle
changes, even in old age, may enrich the cognitive reserve. Unquestionably, it should be clinically
proved which combination of such activities and in what time leads to more normal ageing [Stern,
2012].

One way to enhance the cognitive reserve, while attempting a non-pharmacological intervention
in patients with MCI, would be FL learning [Antoniou, Gunasekera, & Wong, 2013], a process which
would expose the brain to language and communication environments [Blakemore & Frith, 2005].
Throughout the lifespan, cognitive abilities reshape the mind architecture by means of development,
adaptive abilities, and functioning [Bialystok, 2011]. When compared to young brains, elderly brains
have been shown to successfully perform cognitive tasks and to reach ceiling scores as the matched
young brains, the difference being in the length of the time required for this attainment, due to
cognitive control decline [Marcotte & Ansaldo, 2014]. Brain plasticity has additionally been proved to
assume a protective role against neurodegener
preserves cognitive functions [Bialystok, 2011]. Presumably, FL learning would prove beneficial to
people with MCI.

Older adults constitute a non-typical population in research as far as their language learning
aptitudes in second language acquisition are concerned, which accounts for the rather limited
research in this field [Mackey & Sachs, 2012]. What has attracted the scientific interest is the profile
of bilingual speakers, the way bilingualism preserves their cognitive functions throughout the lifetime,

as well as the protective effect of bilingualism against the onset of dementia symptoms [Bialystok,
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Craik & Luk, 2012]. Consequently, it would be interesting to assess the evolution of MCI in older
adults, native speakers of a language such as Greek, while learning English as an FL, bearing in
mind that the two orthographies are sharply different.

Which is the best method to teach an FL to older adults with MCI? How can they best learn: in the
classroom or online? Is the traditional formal context more familiar or would they perform equally well
in the comfort of their home? Could MCI learners of an FL become fully autonomous self-instructed
learners? Or perhaps a joint attempt might bridge the gap between formal and informal learning?

It is only logical to assume that MCI older adults would prefer a formal setting and traditional
methodology in order to be trained in an FL. This would be mainly due to psychological reasons
since the whole context would be reminiscent of their own schooling years when what it is now
referred to as formal teaching was being established. Additionally, because FL learning is an activity
associated with anxiety for any student regardless of age, these learners would feel more
comfortable with the physical presence of their teacher. Responding to the personality and the
approach of the tutor, of course, they would attempt to establish a rapport with their teacher as with
their children, grandchildren or friends. This emotional investment would function as an internal
motivation for them to pursue their goals disregarding practical difficulties or perceived inefficiencies.
Moreover, depending on how each adult learner had experienced their formal tuition years, they
might be faced again with feelings of overestimation concerning their knowledge and abilities,
contempt, vanity, even despair in their attempt to master the FL. Resuming the role of the student at
an elder age requires constant encouragement, respect, and support on behalf of the teacher
because older adults seem to easily opt out of any activity which may be perceived as threatening.
On the other hand, the presence of peers who are in a similar situation may be relieving or may
arouse even more intense feelings of anxiety and withdrawal, when comparison comes to
prominence. Despite any positive or negative feelings, however, the very act of walking into the FL
classroom would definitely be regarded as a socially meaningful rejuvenating event, which would be
accentuated by the enjoyment of starting to understand and timidly use the target language.

Because MC I ol der adults are too among Pre
challenging to teach them an FL using the affordances of technology. These learners should be
somewhat digitally literate or in the process of learning how to use digital devices. The necessary
presence of the teacher would be catered for with video-conferences. The teacher thus would be
virtually close to the students, in order to deliver the lesson in almost the same way as in the
classroom, and all participants would enjoy the comfort of a more relaxed setting. However, it might
prove hard to overcome technicalities while, for the teacher, it would be difficult to intervene and
provide immediate and corrective feedback. Nonetheless, a digital device is a very powerful
seductive means and, in the FL case, it would engage the older adults in a double learning process:
simultaneous computer and FL use. The lesson would acquire new attire, modern and youthful,
unprecedented for these people who were only taught in the traditional classroom, which might now
seem outdated.

On the other hand, leaving MCI older adults in the chaos of the Internet without any kind of
guidance through the FL acquisition would seem an implausible venture. Considering that the
majority of these people require more time to accomplish any set task, they would have to consume
themselves in front of the computer screen, lost in the web, often to no avail. Such an attempt would

not but hinder their willingness to learn the FL and expose them to a hostile environment which is not
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older adult friendly. Bearing in mind that they form part of a population particularly vulnerable
psychologically-wise, they might easily be discouraged and feel hopeless. Nonetheless, there would
always be venturers who, because of growing familiar with the digital era and dare to put themselves
to the test, would eagerly attempt to engage in the FL quest, just like young people. Presumably, the
results would be highly remarkable and the whole process utterly rewarding, both in terms of

cognitive reserve and FL learning.

Conclusion

FL education in the 21% century is sure to have dramatically evolved. New trends, novel possibilities,
roads not taken lie ahead, largely due to the technological advancement. The typical student has
become language user. The community of the class has opened up to engulf friends and peers from
around the world. The rules, traditionally set by the teacher, emerge from the community. The
activities are self-organised and the tools employed are individually chosen resources on personal
equipment [Sockett, 2014]. The digital era in the FL education may be challenging long-established
settings and the traditional role of the teacher, but neither is disregarded or dismissed. It is as though
a classical theatrical play is being staged through the radically innovative perspective of a new
director. It might inflict new beliefs on a very familiar topic. Yet, a new world is being created on the
solid basis of what has been experienced for years. Everyone wishing to be an active part of it should
adapt to the call of this new world, in order to allow it to flourish and be used for purposes beyond the
original or typically expected scope.
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Abstract

This study presents results obtained from the statistical analysis of data of three neurodegenerative
diseases, namely Amyotrophic Lateral Sclerosis (ALS), Parkinson's Disease (PD) and Huntington's
Disease (HD). In particular, the data are comprised of time series corresponding to stride intervals
(gait dynamics) for the ALS, PD, HD diseases and a healthy control. The statistical analysis is based
on t he est i magtriplet,manelly {9,592, &it. BOd all time series considered, evidence
for non-Gaussian statistics and long range dependencies was found, since the results revealed
significant deviation of Tsallis g-triplet from unity. Furthermore, nontrivial differences between ALS,
PD, HD subjects from the corresponding healthy control subject. The results indicate that Tsallis
statistics can be used for the development of possible biomarkers, as well as for gaining new insights
into gait complex dynamics of the aforementioned neurodegenerative diseases.

Keywords: Neurodegenerative diseases -Tsallis g-triplet - Gait dynamics

Introduction

Neurological disorders consist one of the majors public health problems [WHO, 2006]. They are the
cause of progressive nervous system dysfunction, afflicting the nervous system resulting in atrophy
of the affected central or peripheral structures of the nervous system. Three paradigms of these
diseases are: a) Amyotrophic Lateral Sclerosis (ALS or Lou Gehrig's Disease), which is generated by
the destruction of motoneurons of cerebral cortex, brain stem and spinal cord, b) Huntington's
Disease (HD) whichisc aused by the mutati on ®drkinsbo's:Diseaseg(PD)
which is caused by the malfunction of neurotransmitter called dopamine that transports signals to the
parts of the brain that control movement initiation and coordination. All these diseases affect the
human movement creating serious gait abnormalities, characterized by loss or dysfunction of
neurons in motor, sensory, or cognitive system [Aziz and Arif, 2002 and refs. therein].

One way to study the aforementioned diseases is to analyze time series related to temporal gait
parameters (e.g. stride, stance or swing intervals) which can provide information of the mechanisms
of movement disorders [Zeng and Wang, 2015]. For example, human gait exhibits (multi)-fractal
dynamics, while gait signals are characterized by aperiodicity, non-linearity and non-stationarity
[Walleczek, 2000; Hausdorff et al., 2001; Goldberger et al., 2002; Stam, 2005; Deligni®&es and Torre,
2009].

In this paper, we analyze gait time series using statistical analysis based on Tsallis non-extensive
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statistical mechanics [Tsallis, 2009] and in particular, Tsallis g-triplet [Tsallis, 2004], which can
provide significant information for the non-Gaussian statistical features of the gait time series. In
particular, Tsallis [Tsallis, 2009] developed a consistent and effective theoretical framework, named
non-extensive statistical thermodynamics which is based on a generalization of Boltzmann i Gibbs
(BG) entropy, given by the relation

w
1-3 p* .
S -k e'lp' Al b §=30), (1)
q q'l

where ki s the Bol tz maha ées of discrets states tand the ¢ is the degree of
nonextensivity. The Tsallis entropy S, measures the complexity of the system, while the parameter g
measures the degree of nonextensivity of the system. For example, for two probabilistically
independent systems A and B, Eq. (1) becomes

S(A+B =§( A & B @+ g )ASL). )

The first part of Eq. (2) is additive while the second part is multiplicative, describing the long range

interactions between the two systems. For q>1 and 9 <1 Eq. (2) holds for sub-additivity and
super-additivity, respectively [14]. When g = 1, Eq. (2) corresponds to the entropy of the usual BG
statistical mechanics, which is additive.

Tsallis g-indices can describe features of the dynamics of the complex system in study, such as
sensitivity to the initial conditions, relaxation towards equilibrium of correlation functions, equilibrium
distribution of energies, entropy production etc. Here, we are interested in indices Gsensitivitys Grelaxation:
Gsationary, KNown also as Tsallis g-triplet [Tsallis, 2004], which constitutes also the best empirical
quantifier of non-extensivity. In the following we describe briefly the underlying mathematical
framework concerning Tsallis g-triplet [for an extensive review see Pavlos et al., 2014]:

Tsallis g-sensitivity index (qsen): According to [Lyra and Tsallis, 1998 ] the power-law sensitivity
to initial conditions at the edge of chaos provides a natural link between the entropic index g and the
attractorés mul ti fr ad&).arherefore, we ¢am el theanuliifracyal spepteim in r u m

order to determine the entropic index gse, Which is given by

a'maxamin

Osen = 1
Qax ™ Qmin

3)

The @max» &minvalues correspond to the extremes of multifractal spectrum for which f(a)=0
Tsallis ¢-relaxation index ( Y%l ): This index is given by Gel = (b 1)/ b, where b is the slope of the

log-log plotting of auto-mutual information IKK, given in [Fraser and Swinney, 1986] by the relation:

= A OOt #)log, PO
(B, PO X%y Xt t) @
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Auto-mutual information provides information gained about one measurement of atime series
from the measurement of another. If the two measurements are completely independent, the auto-
mutual information is zero.

Tsallis g-stationary (gswy): This index is connected with heavy-tail distributions, named Tsallis g-
Gaussian distributions. The estimation of Tsallis gindex, referred to as stationary g=gs., is related to
the size of these distributions tail and can describe metastable stationary states of the system. The
Tsallis g-Gaussian distribution [Umarov et al., 2008] is given by

b .
Gq(b;X):C—%b , (5)
q

= V(L-a), o n o . o
where & = 1 €1 &x is the g-exponential, & is a positive number and C, is a normalization

—~ X
constant, namely Cq - r_]neq dx. Depending on the g value, G, has different forms [Umarov et al.,

2008].

Results

In this paragraph, we present results concerning the analysis of gait dynamics of ALS, HD and PD
diseases, while we also studied a healthy control for comparison [Hausdorff et al., 1997, 2000]. The
time series analyzed (stride-to-stride measures of footfall contact times, and correspond to left and
right stride interval s (sec)) ar e constructed
(http://physionet.org/physiobank/database/gaitndd/). In Figures 4a-f only the left strides are shown,
while the right strides have similar profile. As the plots show, the stride intervals are irregular and
non-periodic.

19 ' T T | I I I |
ALS (a) HUNTINGTON'S DISEASE (c)

Left Stride Interval (sec)
Left Stride Interval (sec)
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! I I ' I [
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Figure 1. Examples of gait time series concerning left stride intervals (sec) of: (a) ALS. (b)

Parkinsons. (¢) Huntingons. (d) Healthy control.

ALS

The time series analyzed, consisting of 245 strides, corresponds to a female subject of age 40 years,
height 1.7 meters and weight 61.24 kg. The results concerning the time series of left strides, are
shown in Figure 2. In particular, in Figures 2a,d we show the results concerning the estimation of
singularity spectrum f &) along with error bars and consequently for Tsallis gse, index (as described in
introduction). As it is shown, the time series has multifractal characteristics, denoting an intense
complex self-similar character which manifests in many scales. In this case, gs, is estimated equal to
0. 1945 Nn Fgur® adbSve present results concerning the Tsallis g, index. In particular, the
best log A{ vs log(Y fitting of the auto-mutual information function for the time series is presented.
With the red dashed lines the power law fitting is shown, while with the blue dashed line the
exponential fitting is emphasized. For a classical BG-process the mutual information should decay in
exponential fashion. However, for the time series we do not find such behavior. In particular, the

mutual information decays in a g-exponential manner (power law) for lags U= 1-10, with a coefficient

of determination for the power law fitting (R-squared) R’ >0.92 greater than the corresponding

coefficient of exponential fitting. Therefore, using the slope b of the power law fitting we estimate gy,

— o r
index, as described in introduction, which was found to be g > 1, namely Orer =4.24 0-2‘,
indicating similar g,.-exponential decay relaxation times to meta-equilibrium non-extensive stationary
states for the time series. Finally, we also estimated Tsallis gy, index for the time series. In Fig. 2c,

we present the results concerning Tsallis g-Gaussians depicted by the solid red line in a log[p(x)] vs
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