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Introduction

The complex ability to get oriented into #mvironment allows us to act and move
adaptively within the surroundings.

This cognitive function is possible thanks to thiility to create and use the
surrounding space mental representations arisiam fthe integration of different
sensory modalities. This capability to organiamdmarksof the environment into
mental maps is the main ability of orientation. Wiwee move within environment, we
construct a corresponding mental representation ihamanipulated, updated and
adapted to the situation’s demands over time.

At the first developmental stages, children udenged and self-centered point of
view; during the years they develop their knowledggarding spatial relationships
between elements that are present in the environnika “above-below, in
front/behind, left-right” and concepts that areepdndent from the observer as “north-
south-east-west”. Later, they acquire an increasiwareness of their body, how it
moves and how it interacts, through space coorelinatonsidering the reality that
surrounds them, too.

But, even when these concepts are learned, thayebe orientation dysfunctions,
especially when there is few spatial informatiod ancomplex topography, or when we
are in new places that we have never experiencedeber through simulations (as, for
example, road maps).

These concepts are not helpful when a brain maged (due to cranial trauma,
stroke, neuroplasia, neurodegeneratio) and affeaatation ability and its constituent
components.

In order to assessment topographical orientatigm traditionally use “paper and
pencil” instruments, as theéorsi’s TesttheManikin's TesttheMazes Learning Tegh
WISC-R Battery and thRoad Map Test

In the last yearsbrain imagings techniques have been introduced to provide

important information regarding the study of thabdities and of their deficits.



Moreover there is a growing use of virtual rgatirograms VYirtual Reality VR), a
computer technology which shows to the subject etldienensional environments
within which individuals can move and interact ffisthey were in real environments.
The possibility to consider virtual reality as amoldgical tool for evaluating
topographical orientation is given by the emergesfce sense of “presence”, the feeling
of being deployed in a simulated space, similgshgsical reality that permit to subjects
to obtain knowledge “like as” they become in anotieal environment.

My thesis project is part of the University pragr — coordinate by Prof.ssa
Francesca Morganti - concerning the topographidgahtation in healthy subjects and
neurological patients and assumes that some aspetis ability could be promptly
detected with virtual reality computer simulatioable to obtain similar assessment like
“paper and pencil” instruments.

This experimental research wants to evaluatdeaf use of VR system is able to
discriminate spazial orientation skills based oaysv(oute) more effectively than
traditional “paper and pencil” tests.

The VR technology is used with a particular iti@m It must not be considered as a
replacement of real environments and does not itete be considered at the same
level. VR technology and reality are not intercheaigle or overlapping. The aim is to
use VR technology as a distinct tool to be preterme all those situations that,
otherwise, would have required the reconstructibreal environments or the subject’s
presence in outdoor.

Moreover, another goal of my research is totpaut the cognitive decline trajectory
considering both the age and the socio-demograggnditions of the subjects, with a
specific focus about the abilities that constitatel support topographical orientation’s
tasks. Through this study, we expect that the @isecbnological tools could provide us
a further possibility of discrimination with respego age, where young people succeed
better than older people to carry out the navigetask.

For this purpose a sample of 120 subjects agadelet 30 and 80 years old have
been identified and tested. The sample is splittetween males and females on the
basis of age with decade range (31-40, 41-50, 555670, 71-80 years).



Subjects were contacted and recruited among réguénters of ten centers for
olders and among acquaintances living in the pea/of Milan.

They were subjected to two evaluating sessioash ef an hour and half time.
During the first meeting, it was given a neuropsyobical test battery in order to value
the general cognitive state of the subjects and sieecific skills involved in the
topographical orientation. Thscreeningwas used to define the cognitive profile and
the adequacy of the subjects to be submitted tosdw®nd session. Those subjects
whose score was below the MMSE (24) were excludedh fthe sample. In the
following session, selected subjects were submittetivo different tests in order to
define their spatial orientation: six labyrinthstbé Maze Testind theRoad Map Test
The same items were re-presented to the computaugh the application of “virtual
reality” simulations, where map and mazes weregntesl in aoute perspective.

As will be explained during the discussion, tmstiuments normally used in
topographical orientation studies are “ paper aepdcp “ tests based on survey
perspective, involving the use of plants and emvitental maps seen from above,
where an “allocentric” vision of the task is stiratdd. In this work, however, the
instruments used adopt raute perspective, where the subject performs the task b
taking an “ internal “ view of egocentric type.

Considering the correlation between cognitivédgrerances and socio-demographic
characteristics of the sample, it was already deging the administration of tests that
older subjects had more difficulty than youngerimeperforming computer tasks, and
this was even more true for female subjects ovety.siThese observations were
confirmed at the end of data elaboration, when withobtained result it was clear how
the orientation task in VR, compared to traditiotedks, had discriminated females
more accurately the subjects’ performances.

The essay is divided into two parts: the firstt ggesents an overview of spatial
orientation recent studies, the detection of mechas that characterize it, the
anatomical substrate and its possible dysfunctiongual reality, the historical
overview, the first areas of employment, technd@dracteristic, today’s applications,
the opportunities offered by new technologies, rim@ possibility of studying spatial
orientation with these computer programs and thesttoct of presence and its

determinants.



Instead the second part outlines the research auelibgy used, the socio-
demographic and neuropsychological characteristiadhe sample and the results and
the conclusions reached at the end of the invdgiiga

The aim of my study is to test a new approachroégg the valuations of spatial
orientation abilities using virtual reality prograrmstead of classic “paper and pencil”
tests.

With this, we don’t want to replace the traditibtesk, which remains an interesting
survey methodology, but we want to detect topographientation with the use of
virtual reality, which may be the best compromiee the study of spatial orientation
between laboratory tests and trials experiencetiinviecological environments. The
first one do not actually reproduce the complegityeal environments, and the second
one involve an expenditure of excessive resourmeretearch purposes.

This new methodology wants to reproduces tdskistraditionally were proposed in
a surveyperspective with aoute one. Indeed, when we explore the surrounding space
we use an egocentric perspective (route) ratherdhaallocentric one (survey), and also
in the detection of spatial abilities it is impaortdo refer to the cognitive paradigm that
explains how the processes that lead to knowle@geeas from the “theory of human
activity”: through the action, the individual expgrces and knows the surrounding
environment and he is able to interact with it.

The challenge of my research is this kind of metihagly: the egocentric situation
typical of virtual performances. How this kind othodology can better discriminate

different spatial orientation abilities levelstiee thesis to be tested.

Before starting the exposure of my research, uldidike to express my most
heartfelt thanks to the Doctorate Coordinator fPvaleria Ugazio - to have followed
with interest and attention to my study trainingl 4o have joined me in working groups
characterized by great scientific capabilities,duld like to express my thanks also to
Prof. Maria Luisa Rusconi who has constantly fokowmy research works with
wisdom and diligence, providing me valuable infotima and cues for reflection on
scientific treated arguments, and to Prof. Frareddarganti for skilled and passionate

supervision contents that are studied by this surve



Chapter 1

Topographical Orientation

The system of spatial orientation is one of the tmusmplex and sophisticated
cognitive functions of human mind. It Involves aga number of attentional, perceptual
and memory skills and numerous and different bgatructures.

This chapter discusses theories, cognitive mechmnignd neural structures

underlying spatial orientation.

1.1 The human navigation system

The human navigation system is defined by Monte®®05 ) as ‘coordinated and
goal-directed body movement through the environiment

One of his earliest theories is calladei-dependent place recognitiathat refers to
the process of estimating the individual positioithim the environment and to the
choice of direction to follow from a givelandmark that is a point of reference
(Gallistel, 1990). The limit of this process, howev identifies the need of such
environmental references in the immediate moment.

Cognitive psychology studies and functional neusgimg have instead indicated the
existence of multiple and independent processestiushan navigation (Wang and
Spelke, 2002). Wang and Spelke (2002) suggest tlesepce of processes of
abstraction of environmental information, which enable man rtavigate in new
environments based on verbal descriptions or geaphWang e Spelke support the
presence oprocesses of environmental information’s abstragtishich enable man to
navigate into new environments on the basis ofalesbgraphic descriptions. Guariglia

et al. ( 2004 ) introducethe ability to integrate proprioceptive, vestibuénd visual



information about the environmental geometric cbianastics to allow the subject te-
orient himself during the process of navigation.

Finally, it was formulated thpath integration a process that enables the processing
and storage of proprioceptive and vestibular infation that contributeto determiate
the current location of the subject, thanks to fibrenulation of inferences made by
estimating the subject’'s movement speed, startmoghfa position formerly know
(Mittelstaedt e Mittelstaedt, 1980; Gallistel, 1990

In order to obtain a proper functioning of this teys, it should be based on three

main processes (Calton and Taube, 2009):

- the spatial orientation process, which allows toate the position taken by the
subject within the environment and the destinatimaction;

- the process of manipulating environmental spagpltesentations, which allows to
establish a particulaoute planning necessary to achieve the goal fixed vaade;

- the motor execution of this plan previously esti®d.

The path-integrationhas important limitations of accuracy, that i®sgly dependent
on the continuous updating of information and asijon of motion, consequently, any
error during this process will tend to accumulaterdime (Calton e Taube, 2009).

1.2 Creation and use of cognitive maps

The opportunity to move, act and orient oneselhinitthe environment, especially
those of large scale, is possible thanks to thatiore of mental representations that are
more than mere visual reproductions of the enviremintranslated in a mental level, but
that are the result of Multimodal integration (L¥cl960; Downs et Stea, 1973),
resulting from the accumulation and assembly afrimiation obtained through different
sensory channels (Tversky, 1993).

These representations are calbegnitive mapg Tolman, 1948 ) and, although with
the passage of time different theoretical defingsioof this concept have been
formulated, (Tolman, 1948; Down et Stea, 1973; @feeet Nadel, 1978; Golledge,
1987; Kitchin et Freundschuh, 2000), all of thernognize that within the cognitive



maps are not represented all of the environmentatmation, but only those selected
that correspond to the intentions and dispositadrtie subject in the pursuit of the task
(Freundschuh et Egenhofer, 1997). As such, theit dorrespond to true reproductions
of the external environment, but they are an omghiinformation collection coming
from different sources, necessary for spatrablem-solvingTversky, 1993).

Topographical orientation Knowledge is organizedotigh two main types of
cognitive mapsroute mapandsurvey magGolledge, 1990; Taylor et Tversky, 1996;
Kitchin et Freundschuh, 2000; Carassal, 2002).

Route mapsire based on an egocentric perspective and etbetrepresentation of
the object’'s position considering the subject ovadyy through the combination of
retinal image stimulus with information regardirg teyes, head and neck’s position of
the subject (Aguirre e D’Esposito, 1999). Inste@drvey mapsare based on an
allocentric perspective and are considered largéeddirectional maps giving a global
view of space (Chowat al, 1995).

These representative capabilities are not pregdnith in humans, but are conceived
as a result of the ontogenetic development progesshich cognitive changes occur
and allow the construction of these maps.

In the early stages of individual development, ¢hiéd would not be able to create a
true topographical representation of space, buwddd acquire the spatial knowledge
and sense of direction through his body movemesterfyakin, 1962, Howard and
Templeton, 1966 ).

According with Piaget’'s developmental conceptiouing the preoperative period of
early childhood the ability to reach a target lomatis possible thanks to the mental
representation of already experienced movemendgéki1960). At this developmental
stage,landmarksthat are needed to orient oneself during navigatimuld not be
organized within a spatial conception of the enwinent as a whole, but as closely
related to their scope for action. Consequentlg, ¢hild would be able to anticipate
spatial relations between two reference points amlythe basis of learned motor
patterns.

Over time, the child would acquire the ability toild a topographical knowledge of

space through the creationrouite maps
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According to the classical theory, these egocergjp@tial representations, in which
the objects’ position is coded with reference te sibject’s body, consist of a mental
reconstruction ofroutes based on connecting salielaindmarksin the environment
(Morganti et al., 2003; Vallar and Papagno, 2007).

In order to better understand, this statement nedgrrto a classic study on the
observation of children’s drawings related to the#ighborhood (Shemyakin, 1962):
they haven't adopted a global perspective, frompaview, but a self-centered one, as if
they were walking within the neighborhood. This eypf cognitive map reflects,
therefore, the experience of the subject rathen tha use of abstract data, and that
seems to explain the use of a coordinate systeselgloelated to the specific subject’s
position within space ( left-right).

Following the emergence of the ability to creaete maps, a major change occurs in
the nature of spatial knowledge acquired by thddchie seems to assume, indeed,
Euclidean properties that lead to the creatioswieymaps (Piaget, 1948; Siegel et
White, 1975; Jansen-Osmamt al, Schmid et Heil, 2007). Thanks to the spatial
information’s precision contained within them, theyre considered similar to
cartographic maps (Chown et al., 1995). These septations, with their allocentric
nature, allow the subject to assume a broaderadpgagrspective if compared to the
maps previously described, because they are builtthee basis of information
concerning the relationships betwelmdmarksdistant from each other within the
environment (Taylor and Tversky, 1996), which ardeired through reasoning
processes that allow the creation of multiple qunations of the same environment
according to different angles, and extremely flé&xiMorganti, 2003).

Survey maps are based on using an extrinsic referenogstera generated by
canonical axes north - south - east - west (Frazimds and Kitchin, 2000; Pazzaglia
and De Beni, 2001).

It's important to note that the transition periadyich elapses between the creation of
route maps andurveyones, is characterized by two important momerds énable an

adequate development of human spatial orientaGbio\ net al., 1995):
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- the understanding of space as a coherent wholesslge through the development of
an objective frame of reference, as underlinedhéahildren’s drawings analyzed by
Shemyakin (1962);

- the development of the ability to determinate spalationships between objects that

are placed in large environments seems essential.

In fact, one of the main features that differemtiaute maps fromsurveymaps is the
information’s nature: it appears to be local in fingt case and global in the second one.
Siegel and White (1975) argue tlsatrveymaps are built from the subject’'s exposure to
an environment of which he already hasoate mental representation. Thanks to an
environmental increased familiarity, from the creatof route maps, the subject would
be able to identify space’s landmarks and to create connestiogtween distant points,
in order to realize the sequence of abstract pos#iwhich are contained in survey
map (Morganti, 2003).

The progressive development of spatial orientasi@fuility seems to be supported by
experimental studies on children (Acredolo et 8lf'Z; Golledge et al, 1985; Garino and
McKenzie, 1988; laria et al, 2009) and on adultgcetl in unfamiliar environments
(Golledge, 1987). Despite the apparent generakaggat on the existence wfute and
surveymaps, and on their specific features, there dtdhstoretical doubts concerning
the progression from the first to the latter.

Some experimental data seem not to support thisothgpis. It has been
demonstrated, for example, that the creatiorronite maps andsurvey maps is not
possible in every situation (Moeser, 1988) and thasurveymap can be constructed
even without prior creation @bute maps (Lindberg and Garling, 1982) .

The type of environmental representation createdrbyndividual also seems to be
influenced by several factors: subject’s age, expo$o a particular environment, type
of task that the subject is asked to perform arel éhvironmental characteristics
(Thorndike and Hayes - Roth, 1982; Ferguson andakHgg 1994, Aguirre and
D’Esposito, 1999).

Concerning this last factor, Heft (1979) suggestsatt within relatively
undifferentiated environments, where there are lvdmarks subjects would tend to
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create and ussurveymaps, and conversely, in environments rickamdmarks there is
the tendency to useute maps (Acredolo and Evans, 1980).

On the basis of this evidence is important, thesgfdo consider the subject’s
intentions, to analyze the environment in whichihéocated and within which he acts
and the interaction mode, too.

An alternative explanation comes from the SequkHtierarchical Model, developed
by Chow et al. (1995), which considers that theafmn and the achievement of a target
position would be done through a constructive anghachic learning process.
Continuous exposure to a new environment facibtéte development of a number of
space representations that integrates the abditgentify landmarksto the ability to
integrate paths’ knowledge that combine singledmarks until the determination of
more abstract spatial relationships that encouraigder level of comprehension
(Morganti, 2003).

Another approach to study the topographical orienias ability which emphasizes
the dynamic relationship that exists between mash emvironment, and specifically
between the human mind and environment, consideas the outdoor cannot be
regarded as an objective element that is procdsgdtuman mind to create a stable
representation, as traditionally postulated (Gibd®7Y7). Consequentlypute maps are
not only characterized by rigid representationsetlam paths connectingndmarksin
space, but they are dynamic and allow man to cdrditferent sequences ndmarks
initially experienced through separate pathways.

Similarly, surveymaps are conceptualized as representations cearact by a high
degree of flexibility, that permit to create nawutes through the combination of
reference points not previously experienced as imoots (Tirassa et al., 2000;
Morganti, 2003). It's from this theoretical perspee that my experimental research

will be carried out.

1.3 Cognitive processes underlying spatial orienti@n
Topographical orientation is considered a highdlesagnitive function (Morganti,

2003) due to the integration of different attenilpnmnemonic and perceptual
processes, which contribute to the ability to nategin familiar and unfamiliar
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surroundings (Berthoz and Viaud-Delmon, 1999; Ctiebet al., 2002; Burgess, 2006;
Lepsien and Nobre, 2006; laria et al., 2009). Thacftional properties of these
processes, which favor an increase in the envirotmhdamiliarity and the use of
different possible navigation strategies are thasbaf wayfinding, which is the task of
finding aroute (Berthoz, 2001, Wang and Spelke, 2002) . Thisagerpossible by a set
of cognitive processes related to the subject'sroation within an environment that
allows the identification of its position in spaeed the target destination, and then
outlines the planning of the act (Montello, 2005 ).

The topographical orientation involves selectivieration processes of visual-spatial
nature, needed to focus our interest in environat@aracteristics considered relevant,
such aslandmarks (Shulman et al., 1999, Hopfinger et al, 2000, iBes;, 2000;
Morganti, 2003; Brunsdon et al., 2007). The role abfentional control in spatial
orientation is confirmed by several studies regagdihe focusing on targets in the
environment and the tasks of moving from one tatgednother (Lepsien and Nobre,
2006). Thus, the topographic disorientation disordeems to be associated with
attentional deficits that would not allow the progegocessing of spatial information
(De Renzi, 1982). Functional neuroimaging studiesvayfinding tasks, also show
activation of frontal and parietal cortical areagalved in attentional functions (Posner
et al., 1984, Shulman et al., 1999, Petrides, 2G0& et al., 2009 ).

The spatial orientation ability involves mnemonimogesses too (Corbetta et al.,
2002). In particular, the visuo-spatial sketch plaat constitutes th&vorking Memory
(Baddeley, 1990), the procedural memory and vispatial long term memory seem to
be primarily involved. The visual spatial shortntlememory allows subject to orient
himself within the environment, consideritendmarksand their spatial relationships
(Logie, 1986). Procedural memory appears to be Ignaised familiar environments
where navigation is automatic (Hartley et al., 2003nally, visual-spatial long term
memory seems to be needed in the recovery of spapigesentations - cognitive maps -
previously created by the subject, in order to eghem at later stages.

The role of mnemonic processes in orientation @gbif demonstrated by several
studies have shown temporal structures’ activatidmch includes the hippocampus
during learning and retrieval of spatial informatim wayfinding(Maguire at al., 1996;
Maguire, 1997; Mellet at el., 2000, Burgess et2002) and subcortical structures, such
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as the striatum and caudate nucleus, involved acgatural memory function used in
familiar environments (Hartley et al., 2003; lagtaal., 2003).

A mention deserves the vision, one of the firstritige abilities that develop in
childhood and that appears to be the primary sgnswdality through which the
subject enters into relationship with the surrongdienvironment. This sensory
modality has an important role in the developmehhoman capacities for spatial
representation, as it allows to obtain detailedrimiation of the surrounding space and a
more direct evaluation of spatial relationshipsaeen different points within the same
(Chown et al., 1995, Fortin et al., 2006). Theosisalso seems to assume a key role in
the rotation ability of cognitive maps through whispatial knowledge is organized
(Kritchevsky, 1988).

The visual perception system is composed of tweyatbms, designated respectively
by the name ofvhat vision system (ventral or occipito-temporal) ammdadere (dorsal
or occipito-pariental) (Rueckl et al., 1989). Thestfallows us to process shape and
color objects information, therefore plays an imaot role in thelandmarks
identification within the environment, the secoridwas us to process information about
the spatial location of the same, allowing to d#&thlrelationships between them. It is
therefore clear the importance of visual informatcame from the environment for the
development of orientation capacity and, in patéictor the creation of cognitive maps
(Chown et al., 1995).

A study conducted on blind and visually impairedbjeats to evaluate the role of
vision in the development of topographical orieiotatabilities, showed that visual
experience is not essential for the developmenhade skills, and in particular for the
mental rotation ability of spatial representatiqf®rtin et al., 2006). This result is
explained as the product of compensatory strategvbsch are performed by other
sensory modalities in absence of visual informaiiBice, 1970; Fletcher, 1980; and
Gaunet Thinus-Blanc, 1997). Despite this, howewie use of visual spatial
information seems to favor the development of thetsés (Fortin et al., 2006), results
that are similar to a more recent study conductethe same type of subjects, where is
not observed in blind subjects a reduced efficiemcyhe ability to create cognitive

maps necessary for the orientation (Frank et @092
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Finally, also skills related to the creation of nanmages containing environmental
information adandmarksandroutes assume a critical role for this ability (FaraB89;
Davis and Coltheart, 1999; Redish, 1999; Brunsdoal.e 2007). The role of those,
which hence the cognitive maps creation, is cordanby studies which show that
patients with brain injuries affected by topogragahidisorientation often reported
difficulties in creating internal representations paths andlandmarks encountered
during environmental navigation ( De Renzi, 1988uire and D’Esposito, 1999), and
that patients with selective deficits in imaginatiability, as representationaéglect
usually bring back difficulties regarding navigatiand orientation ability (Guariglia et
al., 2005). In particular, a study by Palermo et(2008) highlights the existence of a
significant correlation between the ability to deeand use a cognitive map and two
specific imagery abilities: the ability to rotateermal images and the ability to imagine
ourselves moving within the environment. Such imagve capabilities are specifically
related to the orientation ability more than otkenilar abilities, such as the ability to
generate images from memory or the ability to mgntmanipulate objects and

comparing spatially them with each others.

1.4 Neural correlates of spatial orientation

Topographical orientation and navigation capab#itinvolve a large neural network.
With imaging technology, in recent years has bexssible to have detailed information
on the mechanisms underlying orientation. Thesdiesuhave shown a very large
neural network involved in navigation tasks.

Regions primarily involved are:

- The frontal and orbito-frontal cortex. These aragesinvolved in working memory
and attentional processes related to orientatioills skKShulman et al., 1999,
Hopfinger et al., 2000, Petrides, 2000, Corbett,2002);

- The parietal and retrosplenial cortex permitteddpatial perception and addressing
the subject’'s movements within the environment f@ta et al., 2000; Maguire,
2001; Culham and Valya, 2006, Epstein et al., 20avia et al., 2007);
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- The temporal structures including the hippocampahmlex, which are involved in
learning and recognition of spatial information idgrnavigation (Maguire, 1997,
Burgess et al., 2002);

- Sub-cortical structures such as the caudate nycleouderlying the procedural
memory and enable people to move automaticallgmilfar environments (Hartley
et al., 2003; laria et al., 2003).

To summarize, frontal cortex regions are respoasibr attention and working
memory tasks involved in spatial orientation, wtille parietal and retrosplenial cortex
have a critical role in spatial perception and oandf subjects’ movements within the
environment.

The hyppocampus and temporal structures are impoibalearn and bring back to
memory the information during navigation. In paustar, the hippocampal and
retrosplenial areas are involved in the creatioomehtal maps of places. Subcortical
structures such as the caudate nucleus contribypeotedural memory, which allows
individuals to move along familiar paths automdtica

Given the complexity of this system, is not surpgsthat different injuries in
different brain districts can contribute to makimiifficult navigating within the

environment, as it will be explained in the nexttsm.

1.5 Deficits of spatial orientation skills

The spatial orientation deficit is characterizedisy inability to learn newoutesand
to orient ourselves within familiar surroundingsu@eiglia et al., 2004; Vallar and
Papagno, 2007; Rusconi et al., 2008).

Generally, spatial deficits that include topographiorientation disorders may arise
as a result of acquired bilateral brain injury acdlized in the right hemisphere, due to
stroke, trauma, surgical treatment of epilepsy, ephalitis or neoplasys,
neurodegenerative syndromes (such as Alzheimesé&ade) and confusional status.

Given the complexity of interactions between d#f&r brain areas involved in
orientation and navigation abilities, it's possilite understand how different brain

lesions can affect these abilities in different sidBarrash, 1998), making it unlikely
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considering the topographical disorientation asndaty disorder (De Renzi, 1982,
Aguirre and 2009; Esposito, 1999; laria et al.,200

“ Pure “ Topographical disorientation (isolated allder caused by a focal brain
injury) occurred in the presence of two deficitat@son and Zangwill, 1945, Landis et

al., 1986):

1) Topographical Agnosiacharacterized by the loss of the ability to idgnt
environmentalandmarkssuch as buildings, and generally associated wambesions
located in the mesial part of the occipito-tempaegion, with particular involvement
of the lingual and fusiform gyri;

2) Topographic Amnesjacharacterized by the loss of spatial represamsati
concerning relationships between environmelaatimarksand and in reference to the
subject’s body. It appears to be associated wighptesence of lesions in the right
posterior cerebral artery, in para-hippocampus gyand in the posterior area of the

right cingulate (retrosplenial cortex) (Barrash989Vallar and Papagno, 2007).

According to De Renzi (1982), disorientation cobklattributed to selective deficits

of underlying processes:

- perceptual and cognitive deficits, could impair tdality to visually explore the
environment and to shift the focus of attentiomfrone target to another;

- deficit in the ability to perceive specific charaastics regarding objects and their
location, could affect the ability to generate amahipulate visual images;

- mnemonic deficit, found chiefly in response to k&popost-coma condition and
early stages of Alzheimer's dementia, could leadtdpographical orientation

difficulties especially in relocatingndmarks

Aguirre and D’Esposito (1999), more recently, thgbua literature review and a
comparison with results from neuro-imaging, elgafigsiological and functional
studies, have reported a detailed taxonomy of tggdgcal orientation disorder, which

is declined in four main forms:

18



- patients suffering fronegocentric disorientatiorassociated with posterior parietal
cortex lesions, despite they are able to recogmiaadmark they cannot encode the
position taken when using an egocentric coordiegs¢éem (Stark, et al. 1996);

- Patients with heading disorientatioh following retrosplenial cortex lesions,
despite they are able to recogniaedmarks they cannot derive information useful
for navigation (Takahashi et al., 1997);

- in case ofagnosia for landmarksssociated with medial temporal-occipital cortex
lesions, individuals lose the ability to recogngaient environmentdandmarks
(Pallis, 1955);

- and finally, theanterograde topographical disorientatiatue to para-hippocampus
lesions, does not allow to learn paths within newirenments (Habib and Sirigu,
1987).

Guariglia et al. (2004) consider that the topogregdhorientation deficits are due to
specific aspects of the wider human navigation esgstthat is: recognition and
memorization oflandmarks recalling spatial relationships within the enwinoent,
changes in components of the navigation systemntiagt alter the ability of encoding
spatial information, necessary for their long-testorage.

If topographical disorientation generally seembaacaused by acquired brain injury,
recently there have been reports cases of patweiits congenital topographical
disorientation (laria et al., 2009; Incocciati &t 2009).

1.6 Assessment tools of topographical orientaticability

The instruments used in neuropsychological assegsaiesubjects with suspected
spatial orientation disorders are numerous anddgg@eous in nature, due to the very
heterogeneity of the disorder and the variety ofnitive abilities underlying the
function investigated.

The literature emphasizes the use of differentigipists: tests that assesses creation

and use of mental imagery creation (Just and Ceepeh985; Grossi, 1991), spatial
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memory tasks (Della Sala et al., 1999); self-assent questionnaire (Vecchi et al.,
1999; Pazzaglia and De Beni, 2001).

TheMental Rotation TegiGrossi, 1991) allows us to test the ability todify mental
representations of geometric forms by implemenaingptation of the same, so as to
recognize the previously presented target in &saf alternatives.

The test developed by Della Sala et al. (1999)nmeemory test for matrices in which,
upon the presentation of matrices of increasing wiithin which half of the squares are
black, the subject has to reproduce them by usimgfye matrices.

Other instruments frequently used for the topogietorientation assessment are
theMaze Learning Tesind theRoad Map Test

The first one stems from a subtest that is combentheWechsler Intelligence Scale
for Children-RevisedWISC-R) (Wechler, 1974). This assessment toavadl us to
evaluate the learning ability of the subjects tachteight different mazes are presented
with three repetitions for each one. What seemegdlly differentiate control subjects
and patients is the presence of the learning efiguth is reflected in time decrease to
resolve the task and that, in patients, is notatiaide.

TheRoad Map TestMoney et al., 1967) requires subject, faced aislirveymap on
which is suggested a specific path, to imagine &ifnsioving within this and then
verbally describe the directions taken at any deeipoint (right-left).

All tests presented so far allow not only the assent of topographical orientation
and navigation, but also about components that fitvenbasis of those skills, such as
perceptual, mnemonic and attentional processes,shkitld related to the creation of
mental images that we discussed about previoushe principal limit of these
assessment tools, however, is the inability to i®wan ecological measure of capacity
or deficit's impact when the subject moves whitireyday environments. Moreover,
these instruments have the character to be batedy sn asurveyperspective of space.

To overcome these limitations, some experts hagentty developed assessment
methods based on the use of virtual reality, wiéslors the observation of the dynamic
nature of exploration strategies implemented durimayigation (Morganti, 2003;
Morganti et al. , 2009). The possibility of congidartual reality as a tool more
ecological than other ones for evaluating topogiahorientation, is given by the
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emergence of a sense @résencg the feeling of being deployed in a simulatedcpa
that can be assimilated to physical reality (Motgand Riva, 2006).
Based on these needs, some experts have adapteduoch as th&®oad Map Test

and theMaze Learning Tedb virtual reality. So, they are elaborated:

- the VR-Maze Testwhich requires the subject, after completing theaper and
pencil “ task, to reproduce the same path withim thrtual maze (Morganti et al.,
2007)

- the VR-Road Map Tesproposed the subject to follow a specific patithimi the
virtual environment, using a paper map of the saneironment as a guide
(ibidem).

The use of these tests permits to assess the sabjéty to effectively explore the
environment with an egocentric perspective, stgriiom the use of aurveymap. We
will discuss about these two tools in later chegpte

Finally, another example of test constructed inuinial modality is represented by
the Cognitive Map TestCMT) (laria et al., 2007), which permits the assaent of the
creation and use of cognitive maps of the envirartnvathin which the subject is
presented. This test has a virtual city charaatdrizy buildings with the same texture
but different shape and size, and only six cleatntifiable landmarks After a first
stage of free environmental exploration, which wlowllow the creation of a
corresponding cognitive map, the subject has tateothelandmarkswith the correct
order decided by the examiner.

Although there are many tests to evaluate diffeespiects related to the topographic
orientation and navigation ability, it is importdanttake into account the incompleteness
of this assessment tools to infer the existencerantation capacities and deficits
(Aguirre and D’Esposito, 1999). In general, thefpenance of the subject, that is
submitted to tasks for the assessment of spediiils,smay be affected by the use of
compensatory strategies extraneous to the abiiestigated (Pick, 1993). For this
reason, it is desirable to take attention wherrarfees about capabilities and/or deficits,

based on the only use of tests, are formulated.

21



1.7 Age-related declines in topographic orientatio

With age are found structural and functional changé the brain, that leads to
modifications of cognitive skills involved in na@gon. Numerous studies in animals
and humans have documented the existence of tq@agrarientation and navigation
abilities decline related to advancing age of thigexcts (Kirasic et al. 1992; Wilkniss et
al., 1997, Barnes et al ., 1997; Tanila et al.,719doffat et al., 2001, Driscoll et al.,
2005, Moffat et al., 2006; laria et al., 2009)wkis found that older individuals require
more time and commit more errors than the youngérests in tasks of locating a
specific target.

The use of virtual environment (VE) technology tssess spatial navigation in
humans has become increasingly common and prosid@pportunity to quantify age-
related deficits in human spatial navigation anohpote a comparative approach to the
neuroscience of cognitive aging.

One of the most important studies conducted by Moé#t al. (2001) assessed age
differences in navigational behavior within VE agximined the relationship between
this navigational measure and other more traditionaasures of cognitive aging.
During this study participants were confronted vatNE spatial learning task designed
using a modified version of the Game Creation 3gst{®ie in the Sky Software,
Fairport, New York, 15334), and completed a battdrgognitive testsregarding verbal
and visual memory and mental rotation ability. WHe consisted of a richly textured
series of interconnected hallways, some leadindeiad ends and others leading to a
designated goal location in the environment. Megm @& the participants was 57.8 (ds.
18.5) years (range 22-91 years). The results nidltet that compared to younger
participants, older subjects took longer to solaehetrial, traversed a longer distance,
and made significantly more spatial memory erréer 5 learning trials, 86% of
young and 24% of elderly volunteers were able tate the goal without error. Ideed
performances on the VE navigation task were paditicorrelated with measures of
mental rotation and verbal and visual memory.

The orientation ability decline seems to be condidralso by functional imaging
studies (Driscoll et al., 2003, Moffat et al., 2p@6at, during the execution of specific

tasks, show a decrease of functional activity efarthat support attentional, perceptual
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and mnemonic functions involved in spatial navigati such as the hippocampal
complex, the parietal and retro-splenial cortexyifvg et al., 1996, Mellet et al., 2000).

In particular, many studies argue that the oriéoagbilities’ decline is due to
volume reduction and changes in neurochemical ptiege which occur on the
hippocampus (Driscoll et al., 2003), which allowsentation through the use of
landmarksand their spatial relationships (Maguire, 1997 ghMiee at al., 1999; Mellet at
el., 2000).

Moffat et al (2006 ) conducted an experiment whenenger and older subjects were
confronted with a virtual environment consistingsefveral rooms and interconnecting
hallways and the presence of six common objectsiciants were instructed to move
through the environment using an MR-compatible fiolis (Medical College of
Wisconsin) and to learn the locations of all thgeots and how all the hallways
interconnected with one another. Mean age of thengoparticipants was 27 years
(range 21-39), and mean age of the elderly paattgowas 69 years (range 60-78).
The results of this study provide evidence of ggecdic neural networks supporting
spatial navigation and identify a putative neuraddrate for age-related differences in
spatial memory and navigational skills. Indeed,comparison to younger subjects,
elderly participants showed reduced activation ihe t hippocampus and
parahippocampal gyrus, medial parietal lobe andbsptenial cortex, but increased
activation in anterior cingulate gyrus and mediahtal lobe ( Moffat et al., 2006 ).

Also Driscoll et al ( 2005 ) provide evidence te #xistence of an age-related decline
of orientation abilities involved human hippocampalrcuitry. They used a
computerized (virtual) version of the MWT (VMWT) @fis et al., 1982) to confirm
this Hypothesis through two experiments. In patéicun the first experiment, the
authors tested participants (20-90 years of agghenVMWT and compared their
performance to that on the Vandenberg Mental Rmtaliest (Vandenberg and Kose,
1978), finding an age-related deficit in performaran both tasks, that involved the
hippocampal circuitry.

It seems that older individuals needed more timaéate cognitive maps and are less
efficient in their use in order to orient themseal{Burns, 1999). Studies conducted with
the use of virtual reality programs have shown thet effect is reflected primarily on
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the ability to create and use cognitive maps mato the environment of reference
(Moffat and Resnick, 2002, Moffat et al., 2007 jdeet al., 2009).

laria et al ( 2009 ) submitted younger and oldeniiduals to a navigational task in a
virtual environment, where they had to orient thelwss using cognitive maps. Mean
age of the young participants was 23.9 years (ed®330 year ), and mean age of the
older ones was 55.8 ( range 50-69 ). Moreover, rofgeticipants were questioned
regarding memory skills and any change in cognitivection during preceding months
to exclude subjects with early dementia or mildrathge impairments. Results of this
study highlight that decreased efficacy in botlmfimg and using cognitive maps makes
a significant contribution to the age-related dezlin orientation skills.

Although it has therefore been amply demonstrated there is an important effect
on the expression of age-related capacity for tateon and navigation, it remains

unclear how this happens (laria et al., 2009).
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Chapter 2

Virtual reality and spatial orientation

2.1 First applications of virtual reality

Virtual reality (VR) was founded in 1984 by Willia@ibson when in his romance
“Neuromancet is proposed the concept ofatking irf, that is the connection of the
brain to a dataspace through a jack, and whereead for the first time the term
cyberspace , that refers to @othsensual hallucination of representing data giaply
immersive and with high-definitidiRheingold, 1991).

On the technical side, the first pioneering devicapable of delivering the virtual
experience are constructed by lvan Sutherlanddnate sixties, constructor of displays
mounted on helmets and used as a model for subsedeeclopments in military and
aerospace applications, but not yet conceptualkeli to the virtual technology.

Currently, virtual reality is recognized by all tpeople as a believable technology,

moving from being a speculative vision to be arvitadle development.

The first application of VR has occurred with tlealization ofdisplays connected to
dataspaceand mounted on helmebsarth Vader developed by the U.S. Air Force in the
early ‘80s. The project idea came from Thomas Fagiig, who had observed as fighter
planes were becoming so complex and powerful thay threatened to go beyond
human capacities. Tasks for fighter pilots had beeso complex that it needs new
ways of flight and weapons control. New systemsukhallow the rider to access to
flight data in a less abstract and more intuitivedality. Thus, the displays mounted on

helmets presented, with a simple graphic, the nmegiasition, the speed, the target and
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the surrounding environment, all of this combineihvwauditory signals designed to
simulate the 3D space (Furness, 1988).

The purpose oflisplay mounted on helmets, that is make the pilot mofieiet in
fight situations, reflected the institutional puses aimed at defending the nation.
Before the VR technology to become marketable ol have reversed public profile:
from military use to mass-market applications.

In the late ‘80s, new VR applications, designingifmustry, were made, with virtual
masks for welders and automotive design; in mediavith virtual interfaces for
assisting surgeries, in education, with virtuatdities; in entertainment, with interactive
TV. VR origins came from military sphere and thésevident by the development of
videogameswhere you use combat aircraft to shoot and bommgets. They are
widespread not only because players like these gialmé mainly because VR was
developed mainly for the creation of games for temyi use.

It follows that VR is more familiar to users whaplwith video games and who are
more inclined to experiment with new interactivechieologies. Therefore, within
collective imagination the term virtual reality ee$ to the world of interactive
entertainment games or imaginative researchers experiment with their theories
through computer methodologies alternative to tlassical standards of laboratory.
Moreover, an area where it seems that the apgitgtotential of VR has not yet fully

understand, is the framework of cognitive sciederganti and Riva, 2006).

2.2 The technology used in virtual reality

The input instruments for the use of virtual reality may tbaditional ones, such as
mouse and keyboard, or more advanced and moreeatlagtipment than traditional
technologies to collect data for scientific purpose

The tools used in VR have reached a good leveglathility and precision and they
can be divided into three categories, based oalihigy to record the:

- body movement within space

- rotational movements of body parts

- objects’ manipulation.
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To record the body movement, tools used range fsaphisticated mechanical
platforms, that move in correspondence to changeseovirtual environment\{irtual
Environment VE), to sensors attached to the user’s limbs #flaiv to register with
accurate precision deambulation, that will be ti@esl into motion in virtual space.

HMD helmets are equipped with sensors that detechead rotation, while sensors
and stimulators of touch are placed in the “gloaet they reproduce the pressures
caused by objects’ manipulation.

These technologies allow us to charge more infaonatregarding actions
experienced by the user, and thus to increasedssilj)e moves in the VE (Morganti
and Riva, 2006).

But these tools are very sophisticated and expensstruments and are usually used
for particular situations, because the advantagallofving immersion in the VE is
opposed to the onset of vestibular manifestatioich &s nausea and feeling sick. This
is caused by a desynchronization between sendamylations received from the visual
system and proprioceptive stimuli came from bodsitoan.

Easier and common applications are known agesKktop deviceas the monitor, the
joystick the spaceballand the mouse. They are tools that require a gherod of
training in the use but are easy to find and esfigci‘they don't interfere with
navigation in VR (Morganti and Riva, 2006). In contrast, the ditfity of isolating the
user from the outside world and to recreate a tbmeensional perspective on a flat

screen do not always give the user the percepfibriag in a virtual environment.

2.3 Possible experiences in virtual reality

Many authors define virtual reality aa Set of computing devices capable of allowing
a new type of human-computer interactig8teuer, 1992; Ellis, 1994). This definition
stresses not so much peculiarities of VR techngl@g the instrumentality of VR
devices to support the approach and interactiohumhans with particular computer
systems.
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As Morganti and Riva (2006) observed, the definitiends itself to be divided into
two parts: “a set of computing devices” and hew type of human-computer
interactiorf. The set of tools that allow humans to experieNée rebuke skills and
knowledge of technical-computing nature, while iiteraction is studied primarily by
psychological and social sciences.

There are different types of interaction experiemceirtual reality, that are divided
into:

- Immersive the subject’s perceptive channels are isolateah fthe external context
through a virtual stimulation involving completethe senses that take part in
movement and interaction within an environment. sThype of immersion is
facilitated by an HMD helmetHead Mounted Displgywhich provides for the
diffusion of images and sounds produced by compate? position detectors
(tracker) that refer to the processor user’'s movementhamge the virtual image of
the environment within which he moves;

- Not immersive the subject’'s perceptive channels are not isolated instead of
using a HMD helmet it is used a display. The usassthe three-dimensional VR
environment in a confined visual space, as if itene “window”;

- Semi-immersiveis a compromise between the two types previodsgussed, that
uses monitors or concave projection placav@ larger and wrapping, to give the
user the widest possible view of virtual imagegedurining a greater involvement

of visual perception.

The perception of the subject to be in an enviramnsemilar to reality and to move
“as if” he is in a physical context is provided imput instruments, which collect the
data input provided by users, aodtput which provide a new modified representation
of input data, due to the refinement graphics misleadisgaliperceptions and awakens
in the user a false reconstruction of reality.

As we have seen, the user exploit special equipthantdetect motion and transmit
the information to the computer program, which gnétées and recoded them into new
images reintroduced to the user. The more thessegsong operations are performed in
real time, the more is the perception to be arefact with an almost real environment.
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The illusion of concomitance thus permits the d¢ozaibf “a computer-generated
three-dimensional environment in which the subjecubjects interact with each other

and with the environment as if they were reallyhimiit” (Riva, 2004).

2.4 Being in the virtual world: the sense of presee

So that the VR is not only experienced by the stlge a technological environment,
but also as an environment within which we can aegknowledge (Morganti and
Riva, 2006), it is necessary that the individuaense of presence is establish in.
Presence means the subjective psychological dtat@aterized by the complete, or at
least partially, lack of awareness regarding the ptayed by the technological medium
in the determination of subject’'s perceptual saosat which really are generated not
from a natural environment but from a technologaréifact (Morganti and Riva, 2006).

This construct derives from the conceptalepresencewhich developed in the ‘80s
in conjunction with the spread a@&leoperationscommunicative technology. Those
permitt to guide a robot controlled remotely by aperator who, through their
perceptual and motor abilities and the machine igndervice, is able to operate in
environments difficult to reach otherwise (Minsky980, Held and Durlach, 1992,
Sheridan, 1992).

The efficient use of robot is highly dependent be tlegree of telepresence evolved
in the subject who controls it (Riva et al., 200#hrough the robot, the operator
deployed in the environment where he feels he dabeophysically present and in
which the robot operates like an extension of his dody (Loomis, 1992, Held and
Durlach, 1992; Steuer, 1992; Zhao, 2003, Sanchgesvand Slater, 2005). Thus, the
feeling of telepresence allows the individual teeract with the remote environment as
if he were physically present (Riva, 2004). Sintjlathe exposure to VR develops a
sense of presence within the virtual environment.

The sense of presence depends on the degree ofsroméhat virtual reality system
is capable of eliciting in the subject and is tiere linked to the technological quality
characteristic of the system, to achieve a kind'mdrceptual realisrh (Slater and
Wilbur, 1997; Schubert et al., 1999, Schubert gt1899b). Perceptual realism means
the condition in which the characteristics of thgual environment produced by the
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system, such as graphics quality and perceptualuktion provided, present a high
degree of quality that ensures a greater immersiability.

When using VR, the perception of the subject caerayme the awareness of the
intercession of the communicative medium, and taetions are performed as if the
technology was not present. All this is made pdsdianks to thepgerceptual illusion
of non mediatioh(Lombard and Ditton, 1997).

Within this perspective different conceptualizaidmve been developed over time.
Sheridan (1992) and Zelter (1992) believe thatcinecept of immersion references to
the feeling of being located in a different locatithan the physical one: namely, the
virtual presence is experienced when an indivithedieves he is physically present in a
visual, auditory and tactile space generated l®glnological instrument.

Witmer and Siegel (1998) argue that the sensatiopresence is linked to the
possibility for the subject of immersion in VR atal the ability to pay attention to
important information contained in it: the presers;éherefore, constructed through the
allocation of attentional resources. This apprdaighlights not only the importance of
the VR system’s immersive properties for the emmeegeof presence, but also the role
of the activity of the subject in directing seleely his attention in a complex
environment, which guarantees a possibility ofratéon with the same (Carassa et al.,
2005).

Starting from the vision promoted by the two aushdfeeter (1992) notes that the
VR system’s perceptual realism cannot be considdredonly cause of the sense of
presence. The possibility of action and their éffean the environment would seem, in
fact, increase the degree of perceived presenc&asiy and Boyd (1998) argue that a
high level of presence can be presented in vim&ironment if the user is able to
navigate, decide, shift, and move objects intditive

The importance of action for determination of theesence, however, doesn’t
corresponde to the need to give the subject monerfreedom within virtual
environment, but also it must give an account &f itnportance of plausible causal-
effect relationships between perception and actgahorik and Jenison, 1998). This
seems to be in accord with the concepafédrdance(Gibson, 1977), namely the set of
actions that an object invites making to itself, iefth establishes the relationship

between perception and action that occurs withimirenments in real world. The
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relationship between perception and elicited magpresentation seems to be reflected
even within virtual environments (Ellis et al., 20®ymes et al., 2007; Schubert, 2009).
In fact, it was demonstrated that manipulation afton representations during the
experience in VR has repercussions on the sengeresfence, and that levels of
representations’ activation are predictive of tkease of presence experienced within
the environment (Schubert, 2009). It is importahwever, stressed that the
relationship between perception and action is madicectional, since even actions of
the subject are condificated in terms of sensdigces (Hommel et al., 2001).

Finally, with regard to the interaction betweenga@tion and action, it is important
to highlight how this seems to be justified by tistion of embodiment, that is the total
of the subject’s sensorimotor skills that enabla o interact successfully within his
environment ( Riva, 2006). This concept originsnirdhe ‘embodied cognitidh
approach (Lakoff and Johnson, 1980), whereby thdybthrough the senses, is the
main link between human mind and world. If it ist qmossible to conceive of a
disembodied nature of mind, it is true that itlssely linked to the body, from which it
receives internal and environmental informatioprtocess (Damasio, 1999).

If the body can be conceptualized as the interfasteveen world and mind, it is
understandable that the development of preseneevirtual environment is based on
the illusory perception of physical presence in alihthe body is experienced as
displaced in another location (Morganti and Riva@0.

Scheridan (1999) included the two visions of th@ospt of presence previously
discussed irEstimation Theorywhich expresses the human inability to acquiteua
knowledge of objective reality which would entibe individual to the construction of
mental models of reality. According to the authehat would happen even within VR
environments: starting from virtual sensory stintiola, the subject would build mental
models of the virtual world on the basis of intéi@t with it. Consequently, the more
the model of the virtual world differs from the repentation of the real world
possessed by the subject, the lower the experidaeedof presence is.

Mantovani and Riva (2000) have proposed a socidl aitural analysis of human
interaction with the virtual world. According to eéhauthors, in fact, every action
performed within the VR context can be placed withiframe of meanings belonging

to the culture of subject’s reference, from whiah derives a sense of presence. The
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interaction between man and world, whether realirwal, in fact, is permeated by the
culture of reference, through which the meaningisbated to information provided by
the environment are negotiated.

Riva and Waterworth (2004), stressing the imporanica subjective reading of the
situation experienced by the individual in deterimgnthe level of presence, argue that
the subject’s expectations are the main elemermistinction between “internal” and
“external” to the sensory stream supplied fromuattenvironment, through which it is
possible to improve the actions’ coordination apilOnly if these are confirmed during
the interaction with environment, the subject reahe sense of presence.

Carassa et al., (2005) have framed the conceptresfepce within the perspective
called ‘situated cognitiofy in which the individual would be able to intetgathe
possibilities of action and interaction in real ammdual world, with the construction of a
subjective meaning on the situation experiencece $bnse of presence grows, so
thanks to its ability to focus attention on theexgp considered significant related to the
action, perception and interaction; as well asisioéation methodology and relocation
of these issues within a framework of significaference to the individual.

According to what is discussed above, it is cleat,ta coherent and shared vision of
the concepts of presence and nature of the refdtiprbetween perception and action,
that allow to better understand the nature of titeraction between man and virtual
environment, has not been formalized yet ( SchuBeqo9).

A general agreement seems to have occurred betesguarts on the possibility of
acquiring knowledge through interaction with a VRvieonment and the sense of

presence experienced.

2.5 The acquisition of knowledge within the virtualreality

It should highlight how it is precisely the sen$gresence that enables the individual
to acquire new spatial knowledge within a not neatld (Tlauka and Wilson, 1996),
through the use of cognitive modes in part simitathose used for orientation in the
real world (Ruddle Payne and Jones, 1997).

The characteristics that underlie spatial repregems seem to be the same that are
used both in real and simulated environments (Matrgd003). Spatial representations
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may be primary, due to the direct interaction betwvthe agent and the environment, or
secondary, abstract in nature due to the creatfosymbolic configurations of the
surrounding environment (Presson and Sommervidgs)1

It is unclear whether the acquisition of knowledgeated within virtual environment
can be attributed to primary or secondary represemnts, because the representation of
computer environments is purely symbolic in natmd there isn’'t a direct contact with
objects of reality. However, by virtue of the caleiations outlined above, the
electronicmediumoffers a navigation experience perceived as “unated’” and then
learning could be a primary rather than secondgpg.t Many authors agree on the
equivalence between the two types of navigation thedeffective presence of visuo-
spatial features present in the virtual contexthesy are present in the real one. In
addition, ‘the agent maintains, as in reality, a horizontatgmective of environment,
building over time a spatial representation throughtions and movements made
(Morganti, 2003, p.112). Thus, even the use ofsdmae cognitive functions used during
navigation within both environments, suggests thespbility that the acquisition of
spatial knowledge happens in the same manner.

An experiment conducted by Payne et Ruddle Jorn@g7{1proposes a virtual and
real exploration task within a building of 126 empboms with the same size and nine
rooms containing different furniture, redesignednira real environment. When tests
end, it was found that subjects who had been affére virtual task witldesktopmode
could estimate the spatial references, distancesdaections, in the same way the
group of subjects who explored the real building.

This stems from the fact that subjects that expdoreulated environments, as well as
for those who explore real environments, need ®ater a map representation to
navigate within it. The representation is subje&cicontinuous updates and revisions.
This indicates a process of active constructiogpaitial knowledge, reworked each time
on the basis of variation of visual-spatial refeestimuli.

Weysman et al. (1987) have noted that the exptoratf real and virtual
environments allows to transfer the knowledge frmme environment to another. Who
did navigation in real environments can also oridminself within the same

environments in virtual mode and vice versa.
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O’Neill (1992) argues that the repeated navigateads to the acquisition of spatial
knowledge duringwayfinding tasks also within complex environments. Regialet a
(1992) report the results of an experiment conduastéthin a virtual environment
consisting of twelve rooms well distinct. The sultge were able to recreate a
representation of the explored space and recom@ntnarksto create new paths and
shortcuts.

Bliss et al. (1997) have conducted studies on iegrof newroutesby firefighters
using three modes; training in VE, training witho@ographical map and no training. It
was noted that training in virtual environmentsldadaster exploration of the path than
the other two modes of training.

Montello et Hegarty (1999) compares the acquisitbispatial knowledge resulting
from navigation in real and virtual environmentdahe use of a map. The authors
found that the amount of knowledge learned thrahghexploration and the use of map
is equivalent. Use of a map, however, experiencaseeyknowledge, which requires
orientation abilities, otherwise the presence obrsrin direction estimating capacity;
the acquisition of knowledge in “non immersive ‘rtual mode desktop appears
impoverished compared to the real one, especialherwit comes to acquiring
information related to buildings with superimpogdanes.

Concerning differences experienced within the twei®nments, Henry and Furness
(1993) show that there is a tendency to underesgitiie size of a room gointingto
objects not visible in the virtual environment, \hothers highlight the differences
expressed by the subjects in estimate large dissadcsplayed in real and virtual
environments (Hale and Dittmar, 1994).

In conclusion, it is noted that the exploration wiftual environments effectively
determine the acquisition of spatial knowledge. ldeer, this is qualitatively different
from that experienced in real environment. One bé&é tmajor distinguishing
characteristics of virtual reality compared to tiegural environment is the difficulty of
updating the rotation, mainly due to the lack afdsthetic information accessible to the
individual (Montello, and Hegarty, 1999).
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2.6 The application of virtual reality for the study of cognitive function

In recent years, VR has experienced an expansiappications in various fields, for
example in clinical and experimental assessmeaoabghitive functions.

The technological contribution that has occurredeitent decades within the field of
neuropsychological assessment and rehabilitatias, leen a key element that has
allowed to refine existing techniques and expaseddtbundaries of possible actions. Just
on the basis of this claim, in fact, in the casetagfographic orientation ability and
related disorders, the use of computerized toas ¢an reproduce three-dimensional
environments is very common in clinical practiced an scientific studies (Jansen -
Osmann et al., 2007; Riecke et al., 2007; Bosed. £2008, Morganti et al., 2007).

A neuropsychological evaluation is a comprehensigsessment of cognitive
and behavioural functions using a set of standadditests and procedures. Various
mental functions are systematically tested, inclgdibut not limited to reasoning,
language and perception. Neuropsychological evialuatin assist greatly in planning a
had-hoc rehabilitative strategy in cognitive fuoati recovery after brain injury.
Classical approach to neuropsychological assesswengenerally based on the use of
pencil and paper tests and the measurement oftoaghinctional processes was based
on two criteria: reliability and validity. The firss due to the capacity of consistently
return the same results in evaluation, the secendoncerned with how well an
instrument actually measures what it purports tasuee.

Along with interactive technologies growth, andpiarticular with virtual reality
diffusion, a possible perspectives modification tltoe assessment and rehabilitation of
cognitive functions turns possible. Several redeas agree in underline how virtual
reality should allow the development of suitabled aextremely useful virtual
environments for cognitive functions rehabilitatiofhe main innovation carried out
from VR is on the possibility in having a new humateraction type. All user body
movements should become potentially very impor@unting the interaction with a
virtual environment, within which all the modifiean in the VE will change back a

new action opportunity for the same user (Morg&09; Kellyet al, 2009).
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VR is used in neuropsychological for studing mem@ign and motor abilities,

executive functions and spatial knowledge represiemt.

Table 2.1 will resume VR application for the evdioia and training of impaired

cognitive functions (Morganti, 2004, p.60).

Table 2.1 Virtual Reality applications in cognitimeuropsychology

INTERVENTION

APPLICATION

GOALS AUTORS

MEMORY

Assessment

- Perspective memory evaluation (Brebls, 2002)
- Comparison of incidental memory (Andrews et
1995)

al.,

Rehabilitation

- Error free memory recovery applodBrooks et
al.,1999)

- Vanishing cues method for memory rehabilitat
(Glisky et al., 1994)

on

PLAN AND MOTOR
ABILITIES

Assessment

- Monitor patient’s reaction to spedfimuli (Rose e
al., 1998)
- Haptic stimulation (Broeren et al., 2002)

Rehabilitation

- Support patient in action perfonoa (Wilson et al.
1997)

- How VR can support action simulation process
motor rehabilitation (Morganti, 2003)

- Is VR-based motor rehabilitation transferablerdal
environment? (Zang et al., 2001)

The importance of augmented feedback in
rehabilitation (Holden and Todorov, 2002)

VR

EXETUTIVE
FUNCTIONS

Assessment

Dysexecutive syndrome assessment ih&/Rri{ore et
al. 2003)

SPATIAL
KNOWLEDGE
REPRESENTATION

Assessment

- Comparison between traditional asssg¢sand VR-
based one (McGee et al., 2000)
- Egocentric/allocentric spatial memory (Morrisadt,
2002)
- Attention assessment in peripersonal/extrapets
space (Maringelli et al., 2001)

ona

Rehabilitation

- The importance of observationarieng (Golden e
al., 1999)
- Binocular information in grasping rehabilitatic
(Wann et al., 2001)
- Topographical disorientation (Bertella et aD02)
- Neglect sindrome rehabilitation (Myers and Beyi
2000)
- Crossing street ability recovery in Neglect paitée

hn

(Weiss et al., 2003)
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The benefits of these applications concern primatile possibility to conduct
investigations through the use of objective inseate within ecological context,
without altering the task’s nature (Morganti et &009). Moreover, VR allows us to
test the subject’s ability to explore in complexvieonments through an egocentric
perspective, unlike other methods of investigatibat permit a presentation of the
spatial task only in an allocentric perspective (tyémti et al., 2009). The modification
of the mode to detecting the ability of individutdstransform spatial knowledge from a
survey perspective to aoute one, that is a characteristic feature of topogiahh
disorientation (Morganti, 2003).

Although the major benefits of using VR for the essnent of topographical
orientation ability, however, it is important toteaalso the presence of inherent limits
to the same methodology (Woods et al., 2008). Eogbistudies, in fact, highlight the
risk of overestimating errors than is possibleaal renvironments (Chang et al., 1998);
the alteration of the test’s accuracy and the lackroprioceptive inputs (Grant and
Magee, 1998 ; Klatzky et al., 1998) and a possditeration in the evaluation of
distances and proportions (Osmann Jansen-and Ber20@R; and Osmann Jansen-
Wiedenbauer, 2004).

2.7 The use of virtual reality for the assessmeiif spatial orientation

During the assessment of the human spatial orientatbility, one of the major
limitations for examiners is the difficulty of ctéag likely environments that allow to
an adequate level of experimental control (Boscalet 2008). In this regard, the
technological development of recent years has lkignated virtual reality as a
possible solution to the problem. Virtual technadsg in fact, allow the experimenter to
create three-dimensional interactive environmertigchy unlike traditional evaluation
instruments used in neuropsychology, seem to been®milar to real-world
environments, and within which the subject can engnt similar behaviors with those
used in everyday situations. Virtual environmeimtgact, permit the creation of test and
dynamic trainings that reproduce environments adrgday life by allowing control

over experimentakettings(ibid.). In addition, they allow us to collect isdble data
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regarding the subject’s behavior during the explorawhich otherwise, in real settings,
could not be detected.

The use of VR to assess the spatial orientatiolityabas highlighted the similarities
between the mechanisms underlying navigation withitual environments and real

ones. In these studies, in fact, these are the:

- similarity of spatial representations made withifR \environments with those
involved in navigation within real ones (Witmer at, 1996, Arthur et al., 1997,
Ruddle et al., 1997; Peruch et al., 2000; Morg&@Q)6 , Palermo et al., 2008);

- predictability of measures relating to spatial kfedge in VR compared to the
performances in the real world (Waller, 2000);

- activation of same cortical areas during tasksxplaration and navigation in both
situations (Burgess et al., 1999, Ekstrom et a032.

It is therefore possible to conceptualize the u$evidual reality as the right
compromise between laboratory assessment, whiolwslus to maintain an adequate
control of interfering variables and the observatod strategies adopted by the subject
during the exploration of natural environments (korti et al., 2007).

It should be noted that VR and real world are natlsable concepts. Biocca (2003)
argues that the effectiveness of the first oneois dictated by the need to faithfully
reproduce the second one. Virtual reality is net élquivalent of the real world, but it
represents a technological tool through which @eg@ual illusion is created that elicits
a sensory stimulation that lead to the developneémognitive and emotional models
consistent with the experience (Mantovani, 19950rdanti, 2006). This supports the
involvement of the subject in VR and promotes tteatipl absence of awareness
regarding the medium presence (Lombard and Ditt887; Morganti, 2006).

Sheridan (1992) argues that the virtual environneat mental model representing a
physical environment, but not identical with it. this sense, both worlds generate
mental perceptive models in the subject that, hewedgiffered in their origin: real
environment is a physical environment coupled wathperceptual model that is

generated from this and it represents; virtual eowment is a perceptual model
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generated by the presence of a medium that doescaiatide with the physical
environment that the model represehftbid.).

Additional elements that differentiate virtual eroriments and real ones are found in
visual characteristics of elements belonging to waolds: despite the use of advanced
technologies, in fact, the visual complexity ofrents within the real world, both in
the overall characteristics both in detalil, it remsahowever major (Sanchez-Vives and
Slater, 2005).

Indeed, the combination of VR to reality would lgpgorted also by the possibility to
create a multi-sensory experience that tracesmbhehiement of all human senses as
occurs during exposure of the subject to any kineal-world environment (Matheis et
al. , 2007). The possibility of interaction withwrtual environments can be considered
a combination motif of the two worlds, resulting mutual modification of the
environment according to subject’s actions, andudjject’'s actions according to the
context in which he is present, resulting in a W&c co-determination relationship
between environment and individual (Carassa e2@04).

Experience in VR, despite it is an illusory onen ¢ considered convincing from a
sensory point of view (Mantovani, 1996), thanks tte inclusive nature of the
relationship between subject and environment andhwleads to the consideration of
virtual reality as a communication medium (Biocd®92; Riva, 1999, Riva and
Mantovani, 1999). Within this perspective, the sgbjis not conceived only as a mere
receiver of information came from this medium, last an active participant within
events in VR (Morganti, 2006). This is made posstyy the high level of immersion of
the subject in virtual reality (Slater and Wilbd®997, Shubert et al., 1999), that elicits
cognitive and favorable emotional responses becafigbe subjective sensation of
virtual experience, defined presence, which weudisdn the next section (Slater et al.,
1995; Lombard and Ditton, 1997, Witmer and Sin@888, Riva et al., 2003).
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Chapter 3

The research methodology

3.1 Sample selection

The survey sample consists of 100 subjects ageslebat 30 and 80 years, split
evenly between males and females by age rangdevithear (31-40, 41-50, 51-60, 61-
70; 71-80) residents in the province of Milan.

The subjects of higher age groups (50-80) were acbetl and recruited from
frequenters of some centers for old people, whigeytounger ones have been identified
among relatives, friends and acquaintances.

The first contact with managers these Centers was through direct knowledge. It
was asked each of them to gather a large numbassoiciates to present the research in
progress, during an afternoon meeting of aboutcam.During different dates, to adapt
to their availability, it was explained the projectd the purposes of research, the types
of tests and timing of assessments and the ndeavivolunteers that could be tested.

After presentations, it was given to each of thepreprinted where express consent
indicating name, gender, age, phone number, andahgreference for meetings, if in
the morning or in the afternoon. Most people havergtheir willingness to participate
in research, so that they were many more peopteittserves for the survey’'s purpose,
especially in the age group between 60 and 70.akt thus decided to proceed with
recruitment taking into account the order of cot'sgoresentation. On subsequent days,
subjects were reached by telephone to arrangeandeplace of meetings. These were:
the council hall in the area “3” in Milan, the senCenter “P. Alive” in Carate Brianza,
the physiotherapy Center in Monza and the seniontéZe'Cascina tre fontanili” in
Vimodrone. The administrations began in March amdiee in October 2009.

With subjects of lower age range, 30-50 years tbiel evaluations were carried out at

their homes or the examiner’s one, because mogtig@éa@ave work commitments until
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late and have given their availability in the evenafter 19.00 and on Saturdays and
Sundays.

The assessments are conducted by only one examiner.

3.2 The assessment tools and the administration t&fsts

The subjects were submitted to two separate evaluaéssions lasting an hour and a
half each, carried out in two different days. Teess the general functional state and
some specific perceptual, attentive and memoryitigsil involved in topographical
orientation tasks, during the first meeting werenauistered a battery of standardized
neuropsychological tests that were calibrated eritddian population, consisting of:

1) The MMSE - Mini Mental State Examination (Folsteinal., 1975)
2) The Verbal Fluency Test for categories (Novelli3@p

3) Judgment of line orientation (Benton et al., 1983)

4) The Rey Auditory Verbal Learning Test (Rey, 1958rI€simo, 1996)
5) The Trail Making Test A e B (Reitan, 1958)

6) Copy of drawings - circle, rhombus, rectangle (8fnet al., 1987)
7) The Rey Auditory Verbal Learning Test — deferrest (Rey, 1964)
8) Corsi blocks task (Milaner, 1971)

9) Corsi Supraspan (Capitaet al., 1980)

10) The Manikin's Test (Ratcliff, 1979)

11) The Tower of london (Shallice, 1982)

12) The Deux Barrages Test (Zazzo, 1960b)

At the beginning of the meeting, the subjects waegle aware of the test operations
and it was asked to complete a “declaration ofrmfad consent”.

A preliminary screening was used to describe thgnitive profile of candidates.
Those who scored below the MMSE cut-off = 24 werdweded from the sample, while
those who optained a score that was equal or less the threshold value was
postponed until the second session.
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The next session was devoted to assessing spatgdtadion abilities. Selected
subjects were proposed two types of tests: the doasists of six labyrinths of Maze
Learning Test (MLT) and “paper and pencil” versmfrthe Road Map Test (RMT). The
MLT is taken from subtest of the Wechsler Intellige Scale for Children-Revised
(WISC-R) (Wechler, 1974), consisted of eight ma¥es. this research they have been
used six of these- one for “training” and the toge ffor the tests - (Appendix A). The
test is a test time and requires to start fromcttr@er of the maze where there is an “X”
and to reach as quickly as possible the side édlitpwing the corridors without
crossing the lines. The subject must be drawn péh or pencil the route that allows
him to get out as quickly as possible from the m&esfore the beginning, tha examiner
has to explain the subject that the test will lmeetl and it should take place without
delay, starting from the center of the maze wheee“K” is placed and still be able to
correct the path in case of error. The timing @& thst are recorded on a separate ballot
paper headed to the subject, on which the seca®ts and the success or failure of the
task (YES / NO) are recorded.

The second “paper and pencil” test is the Road Wegi (Money et al., 1967), which
suggests a map where there are 6x7 rows of reesmrahd triangles that ideally
represent the houses of a city seen from abovedgigip B). Within the map a line
representing a path with 32 turning points (targetirawn . It is asked the subject to
imagine himself as he follows the path and, stgriiom the No. 1 and taking the paper
still in the same position and without the possiito turn it, to report orally the
directions taken- right or left - near each of 8&turning points. On the appropriate
registration form of scores, the examiner recohng@scorrectness of answers on each turn
(right or left) and the time taken to perform tesett

After “paper and pencil” tests tasks are followedvirtual mode, the VR Maze
Learning Test, and the VR Road Map Test. Both test® developed by Morganti and
Riva (Morganti et al. 2007) in a research projexiudes a collaboration between the
University of Bergamo and the IRCCS-Italian Auxaénstitute, in Milan. The tests
have been proposed through a 3D simulation pregamtecomputer, in desktop mode.
In all tests and with all subjects the computergment used consists of a “Sony Vaio”
notebook, a model with 15-inch screen, a 1000 Gbegssor and 4 Mega RAM 2007.
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The VR Maze Learning Test proposes six paper mazestual mode, through six
computer programs that reproduce exactly the saaresnof the Wechsler Intelligence
Scale. The virtual environment mimics the linesthe form of high walls that form
corridors with green grass floors, all nestled innmeuntain landscape, where
snowcapped peaks and a blue sky stand out in tleglmind. At the exit of the maze
there are a lawn and a large lake. The sun isipoed arbitrarily in the north and it
represent the landmark in this test, while the svedinfiguration that reproduce the lines
of mazes allow actors to orient themselves relyamgtheir navigation skills. The
viewpoint adopted is of type route, where the stthgimesn’t see the maze from above
but he is inside (vgs fig. 1).

Before beginning the test, the examiner explainstitgect that he will hold the maze
paper just solved in front of him and follow thetlpanarked out with pencil to orient
himself and find the exit within the virtual envmment. The subject uses the four
arrows on the computer keyboard to move himselfiwimazes. After the test, it shall
be recorded on the ballot paper the time takemhdfsubject fails to solve the maze
within ten minutes, it stops running and the faélis recorded.

The VR Road Map test reproduces the homologousrpage The virtual city is
characterized by a number of houses all with twor8 above ground, with the same
texture and different sizes, that is built on tlasib of those that are drawn on the paper
map. All around the city there is a low wall thalideates the urban perimeter. The
landscape is mountainous, as in the previousdaestthis time the sun is positioned in

the south, where it serves as a reference poistf{gg2).

Fig. 1 Fig.2
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Before beginning the test, the examiner expldiessubject to follow the path traced
on paper and, in the vicinity of each turning pptotreport the target's number and the
direction (left or right) that he is about to unidée. On the score sheet the time he takes
to get from one point to another is recorded aftdy &en minutes, the test stopped and
the target achieved is recorded.

In all tests, at the beginning and at the end ef st the examiner records the
performance on the computer, pressing the “R” oyb&ard. The recording gives birth
to a data file that, submitted by an appropriat@mater program, plays down a red line
on a black background that traces the movemente mpdhe subject within the mazes
of the map that allow post-hoc analysis.

The data collected by neuropsychological and coeraed tests have been
incorporated into a matrix data CxV (cases peraes), a type of database where in
each row data from each subject are recorded.eAtdmpletion of the data input and of
the so-called “cleaning” of the matrix, which indks removal of cases that have not
completed the tests - 25 in all - the sample is mmsad of 100 subjects equally
distributed in the ten-year age groups from 30 Qoy8ars. Of the 25 excluded, 6 of
these scored below the MMSE cut-off, while the oth@ could not make the second
session for various reasons.

Data analysis were done using the program SPS®rel8.0. The descriptive tables,
crossed and summarized, completed by accurate rnatsjabivariate and inferential

statistics, are reported in the next chapter.

44



Chapter 4

Sample characteristics

Here, we report information on the socio-demograpthata, neuropsychological
profiles and the results of “paper and pencil” amdual reality tests of the sample

interviewed.

4.1 Description of socio-demographic characterists

4.1.1 Age and gender of subjects

Sampling procedures in which the sample is steatifor age and gender have

allow to select 100 subjects equally distributed iiive cohorts:

1° group: aged between 30 and 40 years
2° group: aged between 41 and 50 years
3° group: aged between 51 and 60 years
4° group: aged between 61 and 70 years
5° group: aged between 71 and 80 years

Each group is composed of ten males and ten females

Table 4.1.1 - Age and gender of participants

AGE Total
1(30-40) | 2(41-50)| 3(51-60)| 4(61-70)| 5 (71-81)
GENDER | Males 10 10 10 10 10 50
females 10 10 10 10 10 50
Total 20 20 20 20 20| 100
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The average age is 55.96 years old, with standandation (DS) 14.33.
Population indices between males and females differmally from the values of the
sample: within the group of males, the averageia®®.44, with SD 14.74, and within

the females one the average is 55.38 and ds 13.93 .

4.1.2 Geographical areas of origin

The evaluations were made in different places witthie province of Milan.
Most of these were executed in the city of Monzaha headquarters of districts 1 and
5 and at the Popular University of Monza. Followthgt, 21 were made at the “Cascina
tre Fontanili” in Vimodrone and 17 at the “P. Al Center in Carate Brianza.
Further, at the headquarters of district 3 in Mikamd at the evaluator's homeThe

distribution of tests is shown in graph 1.

Graphic 4.1.1
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Fifteen people were evaluated at the examiner addtevelve of which were not included in the sample

because, for lack of time, they didn’t finish trezend session.

46



The age distribution is heterogeneous in relatorngéographical areas. The
youngest people were assessed at home and in Mikilg older people were enrolled
at the Popular University of Monza, followed by \Gdrone and Carate Brianza.

This phenomenon is explained by the fact that pet@ier 50" were found in
the Elder Centers of the two towns, while youngeesowere contacted from relatives

and acquaintances living in Monza.

Table 4.1.2 - average age refers to the geogrdphica

Std. 95% Confidence Interval
N Mean | Deviation | Std. Error for Mean Min | Max
Lower Bound | Upper Bound
Monza 40| 49,28 13,93 2,20 44,82 53,73 30 80
Vimodrone 21| 64,14 7,06 1,54 60,93 67,36 48 75
Carate Brian. 17| 62,94 8,95 2,17 58,34 67,55 49 80
Milan 8| 48,25 16,83 5,95 34,18 62,32 32 77
Zona3 Mi 6| 57,83 15,03 6,13 42,07 73,60 34 74
Univ.Pop. M. 5| 71,80 9,58 4,28 59,91 83,69 57 81
Home 3| 37,00 2,00 1,15 32,03 41,97 35 39
Total 100 | 55,91 14,28 1,43 53,08 58,74 30 81

4.1.3 Education

The schooling of participants varies from a minimafrb to a maximum of 19
years. The average is 12.17 (median 13) and ds Set®oling is higher in younger

cohorts (minimum 8).

Table 4.1.3 - Schooling averages distinct on treshaf age groups.

Std. Std. 95% Confidence Interval for
N Mean Deviation | Error Mean Min | Max

Lower Bound Upper Bound
1 (30-40) 20 14,75 2,61| 0,58 13,53 15,97 8| 19
2 (41-50) 20 13,15 285| 0,64 11,82 14,48 8| 18
3 (51-60) 20 11,40 3,15| 0,70 9,92 12,88 8| 18
4 (61-70) 20 9,90 2,22 0,50 8,86 10,94 6| 13
5 (71-81) 20 11,65 436 0,97 9,61 13,69 5| 18
Total 100 12,17 3,48| 0,35 11,48 12,86 5| 19
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The graph 4.1.2 shows visually the distributiontbé averages within the five

cohorts.

Graph 4.1.2
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The difference in schooling between genders is stmothing: 12.16 for males
and 12.18 for females, with ds oscillating for & feents around the value 3.48.

Significant differences are found instead in thetrdbution of schooling
compared to geographic areas of origin. The higdtrcation is noted in Milan and

Monza, while these levels are lowest in Vimodrond &arate Brianza.

Table 4.1.4 - Averages schooling distinct on theidaf geographical areas

Std. Std. 95% Confidence Interval
N Mean | Deviation | Error for Mean Min | Max

Lower Bound | Upper Bound
Monza 40(13,70 2,81 0,44 12,80 14,60 8 18
Vimodrone 21| 9,48 2,94 0,64 8,14 10,82 5 18
Carate Br. 17110,18 2,51 0,61 8,89 11,46 5 14
Milan 8]13,63 3,62 1,28 10,60 16,65 8 17
District3 Mi. 614,67 4,63 1,89 9,80 19,53 8 19
Pop.Un. M. 5111,40 2,41 1,08 8,41 14,39 8 14
Home 3114,33 2,31 1,33 8,60 20,07 13 17
Total 100| 12,17 3,48 0,35 11,48 12,86 5 19
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The graph 4.1.3 shows the distribution of schoolorgurban areas.

Graph 4.1.3
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Socio-demographic characteristics, as discusséallowing paragraphs, have a role

in the covariation of neuropsychological and spatieentation’s tests results.

4.2. Neuropsychological characteristics of the sgte

One of the main objectives of this study is to érdlte neuropsychological profile of
the cohorts and to compare it with performancespatial orientation’s tests.

For exposition ease, the results obtained in neyamwlogical tests will be reported
separately in two different tables. In the firsbleg will be summarized test data so-
called “general”, reported to attentional, perceptand memory skills, in the second
one, the test data more specifically aimed at assgspatial orientation abilities.

Table 5.2.1 shows the values of central tendenay @dispersion of “general”
neuropsychological tests: the Verbal Fluency Timt,Rey Tesaind the Rey Deferred
Test, the TMT-A, the TMT-B and the Tower of London.
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Table 4.2.1 - Statistical values related to newolpslogical tests

Verb.f. | T. REY TMT-A TMT-B REY dif Tower of Lond
N 100 100 100 99 100 100
Missing 0 0 0 1 0 0
Mean 22,54 9,58 33,08 68,57 11,11 32,75
Median 22,00 10,00 32,00 64,00 12,00 34,00
Sd 5,11 1,67 8,51 21,77 2,60 3,21
Minimum | 12,00 5,40 19,00 36,00 4,00 20,00
Maximum | 39,00| 13,00 67,00 160 15,00 36,00

In Table 4.2.2 data for orientation test are shodutdgment of Line Orientatiohy
Benton, theCorsi Span and Supra-Span Testd theManikin’'s Test

Table 4.2.2 - Statistical values on tests for spatientation

Benton CORSI Supra-span MANIKIN BARRAGE
N 100 100 100 100 100
Missing 0 0 0 0 0
Mean 28,71 5,69 22,64 30,38 36
Median 29,50 5,50 23,21 31,00 36
Std. Dev. 1,93 1,07 4,71 2,26 0
Minimum 18,00 4,75 5,25 20,00 32
Maximum 30,00 15,31 31,16 32,00 36

Copy drawings and Barrage’s tests will not be comimg, because the results have
mostly been focused on the maximum values, thusicied to a minimum the

variability of scores.

4.2.1 The Mini Mental State Examination

The test consists of 10 tests assessing differepecas of general cognitive
functioning: testing temporal and spatial oriemtatiattentional, intellectual, mnemonic,
verbal and prassiche fuctions.

At the beginning of the evaluation, all subjecte aubmitted to the MMSE, which
was also a discriminatory tests for the selectioie sample.

The average value obtained from the sample te26.i84 with SD 1.36 . Males are
made at 26.64 with DS 0.90 and females are ma#6.8%5 with DS 1.71. Compared to

age, it is noted that individuals with less thany®@rs old achieved the highest scores,

50



while lower values are attributed to the centrad aglt - 51-60 and 61-70 - where this
last one also has the higher variability (SD 2.)cprisingly, the older cohort presents
MMSE scores equal to and not lower than the twoviptes cohorts, as would be

expected in accordance to the literature reference.

Table 4.2.3 - Analysis of the MMSE (adjusted) bg @ghorts

Std. Std. 95% Confidence Interval
N Mean Dev. Error for Mean Min Max
Lower Bound | Upper Bound
1 20 27,20 0,44| 0,10 27,00 27,40| 26,20| 27,80
2 20 27,17 0,39| 0,09 26,99 27,35| 25,80| 27,80
3 20 26,47 1,10| 0,25 25,95 26,98 | 24,20| 27,80
4 20 26,40 1,02| 0,23 25,92 26,88 | 24,80| 28,40
5 20 26,47 253| 0,57 25,28 27,66 | 24,30| 36,50
Total 100 26,74 1,36| 0,14 26,47 27,01 | 24,20| 36,50

That fact is also apparent from the correlatioreindonnected with age, where it is
found only a weak inverse relationship betweeneaasing age and the reduction of the
score (Bravais-Pearson’s r = -0.212, p. 0. 000g 3Fdme statistics operation confirm a

significant relationship between years of schooéing the score at the MMSE.

4.2.2 The Verbal Fluency Test for categories

The Verbal Fluency Test evaluates the speed ofsactethe semantic lexicon. It
consists of the fast quote by the subject of alriames that come to mind in a minute
that belong to the category of animals. The scotbe number of correct words. It was
used only one category in this research, rathem theee as required by the test in
extended form.

The results do not seem influenced by gender. énsimple, being male or female
does not condition the verbal fluency for categarie

Contrary to what one would expect, the number ofrdsoformulated are not
correlated significantly with age and schoolinghaiigh it is found that increasing age
decreases the average number of verbal elementsviimdncreasing schooling the

number of words increases.
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The graph 4.2.1 reproduces the distribution ofstt@es’ averages based on years of

schooling.

Graph 4.2.1
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The low values expressed by those who have 6 angd of schooling negatively
affect the prediction of a linear correlation betwehe two variables.

4.2.3 The Rey Auditory Verbal Learning Test

The Rey Auditory Verbal Learning Test is a test #naluates memory fixation and
learning. The score at the Rey Test is the aveshg®rds recalled at the end of reading
a list of 15 words repeated five times.

The graph 4.2.2 is observed that with increasirg) derreases the average of words

recalled.
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The score at the Rey Auditory Verbal Learning Tdiffers significantly (P.0, 00)
between males (9.11) and females (10.05), in faf/the latter onés
Although schooling is directly related to test ®xrin fact the increase of schooling

increases the number of words recalled.

4.2.4 Il Rey Auditory Verbal Learning Test — Defered

Like the previous the Deferred Rey Auditory Verdadarning Test is a verbal
memory test. The scores of the Deferred Rey Tds;haconsists in recalling after 15
minutes of the words previously read with the Reyst] are based on the absolute
number of words recalled.

The gender does not affect the deferred trial, evthie results confirm the downward
trend of performances on memory tests relateddativancing age, as shown in graph
4.2.3.

2 The Rey Test is the only test in which gender asf¢ite results of neuropsychological tests.
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Another significant finding is related to schoolinghich influences the test results.
In fact, it was shown that increasing the numbewyedirs of schooling increases the
number of words recalled, with a expectation foestimates by about 41% (b of
regression = 0.413 with p. 0.080)

4.2.5 The Trail Making Test —A Version

The Trail Making Test - A Version (TMT-A) requiringhe person to unite in
progressive order with the stroke of a pen, in ghertest possible time, 25 numbers
randomly scattered on a white paper. The scofeeisittmber of seconds used to finish
the test. Less time is indicative of greater aitengfficiency.

The time taken by subjects to perform the TMT-As ithbout 33.08 seconds.
Predictably, with increasing age increases the teqeired for the resolution of the test.
In age groups below 50 years old, the average i&m®9 seconds, while in the range

above 70 years old the average time reaches 40d®co

3 The regression model submits to analysis two orengardinal variables, from the observed valueshef t
independent variable, it estimated expected vabfigdbe dependent variable related to changes ifitsteone. R2

statistics indicate the proportion of variabilitiithe dependent variable that is explained by tidependent variable.
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Years of school affect the speed significantly Qo08) but with a weak influence on
scores (r = 0.23). This means that there are vamgin increasing the time taken that

depends minimally on the relationship between wWeewariables.

4.2.6 The Trail Making Test- B Version

Like the previous example, the Trail Making Te& Version (TMT-B) requires the
subject to unite in a progressive order with the gegoke, as quickly as possible, items
scattered randomly on a white paper. In this caseyever, there are 13 numbers
alternating 12 letters of the alphabet, from Ato N

The candidate combines elements consecutivelynalieg numbers with letters (es.:
1-A-2-B-3-C, etc.). The score is the number of selsoused to complete the test. Less
time is indicative of a greater attentive efficigné¢he average time taken by subjects to
perform the TMT-B is 68.57 seconds, with ds.21, 77.

There are not observed significant differences betwmales and females and equally
schooling doesn’t correlate with performance ontés.

Predictably, with increasing age also the time megufor the resolution of the test
increases, but the significance of the correlaifoiR.0, 07) is lower than the value
accepted in the research’s context (P. 0,05).

The TMT-B is the only test of the neuropsychologibattery that has not been

completed by all the subjects (five candidates weced, three males and two females).
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4.2.7 The Tower of London Test

The Tower of London Test (ToL) is composed of aaegular base, on which are

placed three

vertical pegs with decreasing heigiid, three colored balls stacked in a

standard position. The examiner proposes the dutjemove the balls and to arrange

them as shown in the twelve cards that reprodunégroations of increasing difficulty.

The test provides a precise number of moves tleastitject can take to realize each

configuration. After each test, the balls are ptaicethe initial order, to resume with the

next test.

Although the scores are statistically significamir fage groups, they show a

discontinuous progression, where the group of 53&&s old has obtained average

scores slightly lower than the next category.

Graph 4.2.
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The average sample score is 32.75 with DS 3.21subpects aged under 50 years old

obtained scores above average, while those whalaree this threshold has recorded

average scores below the sample mean.

Even school years influence performance on the s$esires correspond to a higher

schooling.
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Table 4.2.4 Analysis of results of the Tower of Hon in relation to education.

Descriptives

TOFLONDO
95% Confidence Interval for
Mean

N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
0-5 2 28,00 1,41 1,00 15,29 40,71 27 29
6-8 23 30,87 3,56 74 29,33 32,41 24 36
9-13 49 33,10 2,97 42 32,25 33,95 20 36
14-19 26 34,12 2,32 ,46 33,18 35,05 28 36
Total 100 32,75 3,21 ,32 32,11 33,39 20 36

In the next section the analysis of the "spatigmtation” variables (the Benton Test,

the Corsi blocks Task, the Corsi Supraspan Testl@anikin’s Test).

4.2.8 Judgment of line orientation (Benton Test) H Version

The Benton Test consists of nine lines numberenh fioto 9, arranged radially on a
plane of 180 degrees and it is used to assessbiliky 0 capture the correct spatial
orientation of two lines deciding between nine jdssalternatives. First five tables are
presented for testing and then the next thirtyetsloif the test. The lines are presented in
pairs and the subject has to indicate the numiberg tefer to, compared to the nine
numbered lines of the test.

The sample has executed easily the task, giverthibadverage scores of 28.71, with
ds 1.93 indicates that the majority of respondantvered correctly to all tests.

Age is the only socio-demographic condition thatrelates significantly to the test.

As age increases, decreases the number of teftsmped correctly.
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Graph 4.2.6
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Gender and education are not related to scordseoBdnton Test.

4.2.9 Corsi spatial blocks Test

The Corsi spatial blocks Test aims to assess the t#rm serial memory for spatial
positions. The material consists of a wooden bo&r@2x25 cm with nine cubes of 4.5
cm side placed in a random order. The examinethesevith forefinger the cubes in a
standard sequence, increasing the number of cuhehdd every time the subject
successfully resolves two tests of the same lefigtd.score is the maximum number of
cubes that the subject can correctly recall in sege.

The average of the scores corrected for age anchgdn is 5.59 and ds 0.44, with a
minimum span of 4.75 and a maximum one of 6.75mFtloe analysis, it is noted that

the test doesn’t correlate significantly with genagge and education of the sample.

4.2.10 The Corsi Supraspan Test

This test assesses spatial learning of subjectuiseslthe same material of the Corsi
Span Test. In this case, however, the examinerhemu@a series of eight cubes in a
standard sequence and he repeats it until thecuigs not reproduced it properly for

three times. The score is the sum of coefficiessgned to the sequences correctly
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reproduced for each test. The corrected score gedhat is recorded is 22.78 with DS
4.39, with a minimum score of 14.09 and a maximuma of 31.16. Also in this case,
the test doesn't find correlations with the socesmbgraphic characteristics of the

sample.

4.2.11 The Manikin’s Test

The Manikin’s Test aims to assess the ability sfibject to discriminate the right and
the left on a human figure. The test consists ofl@R®vings that represent a mannequin
from the front or back perspective, which can bsitgmned up or upside down. In the
hands of shapes there are two discs, one thaaak laind one that is white. The subject
must indicate which hand of the human figure haes lifack disk. The score is the
number of correct answers.

The test was relatively easy for subjects, sucth@sample mean (30.36 DS 2.26) is
near to a maximum score of 32. The minimum score 2@acorrect figures. Significant
relationships with other socio-demographic varial{igender, age and education) were
not reported.

To summarize, in following tables are reported thalationships between

demographic variables and the “general” and “sfateuropsychological tests.

Table 4.2.5 - Relationships between demographiditions neuropsychological tests.

MMSE Fluen.V. REY TMT-A | TMT-B | REY Diff. T of London

Gender 0 0 1 0 0 0 0

Age 1 1 1 1 1 1 1
Education 1 0 1 1 0 1 1

Table 4.2.6 - Relationships between demographic ditons and “spatial”
neuropsychological tests.
Benton T. Corsi Span Supraspan Manikin's Test

Gender 0 0 0 0

Age 1 0 0 0

Education 0 0 0 0
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4.2.11 Correlations between the neuropsychologictdsts

At the end of the analysis between the neuropsgpdgidl tests and socio-
demographic characteristics of the sample, theioakhips that trials of the test battery
entertain each other are analyzed.

Since early findings, it was noted that the cotrefes, also if they have significance,
present statistical indices (r of Bravais-Pearsamaracterized by a moderate value
probably because they measure different cogngkifls. Indeed, relations between
variables stood below the value of r = 0.5, indiata moderate correlation between
scores of the tests, excluding those observed ketwests of the same nature as the
TMT-A and the TMT - B (r = 0.66) and the Rey Tasimmediate and deferred version
(r=0.74).

Analyzing the results of “general” tests (attentibrmperceptual and mnemonic) it was
noted for example, that the Verbal Fluency Testcfategories correlates with the two
versions for the TMT and with the two versions loé Rey Test. Logically, the sign of
the coefficients is negative, because an increasfnthe observations of a variable
determine a decrease of the other ones (high scoresspond to low time and vice
versa). The Tower of London maintains a correlatoth the Rey Test and the two
versions of the TMT.

Considering the crossing between “spatial orieatdtvariables, it is noted that the
Verbal Fluency Test doesn’t covariate with any othgatial test, while the Rey Test,
the TMT and the ToL correlate with the Corsi Supeas Test and with the Manikin’'s
Test.

4 The Bravais-Pearson r statistic indicates the existeof concordance between two cardinal variablés.

value of r ranges between -1 and + 1, depending®direction and strength of the relationship.
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Table 4.2.7 - Summary of relationships betweenasychological variables.

VeFl. | Benton| REY| TMTA | TMTB |REYDeff. | CORSI | Supra| MANIKIN| ToL
Verbal Fluen 1 1 1 0 1 0 1 0 1
Bentos 1 1 1 1 1 0 1 1 1
REY 1 1 1 1 1 0 0 1 1
TMT-A 1 1 1 1 0 1 1 1 1
TMT-B 1 1 1 1 0 0 0 0 1
REY Deferred| 1 1 1 0 0 0 1 1 1
CORSISPAN 0 0 0 1 0 0 1 0 0
SUPRASPAN| 0 1 1 1 0 1 1 1 1
MANIKIN 0 1 1 1 0 1 0 1 1
Tower of L. 1 1 1 1 1 1 0 1 1

The Corsi Test correlates only with the TMT-A ahe Corsi Supraspan Test, while
the latter varies with all the tests except thebdéFluency Test and the TMT-B. The

correlation table is given in Appendix C - Tabl€5.

4.3 Results to the “paper and pencil” tests

Having completed the first session of neuropsyaiold tests, subjects were asked a

second meeting for the administration of testsedl#o spatial skills.

4.3.1 Results of the Maze Learning Test

Subjects were proposed six trials of the Maze Liegriiest (MLT), one is a training

test and 5 are experimental ones, described inptegious chapter. The results,

expressed in seconds, are summarized in Table 4.3.1
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Table 4.3.1 - Summary of univariate statistics rdggy the five mazes of the MLT

Statistics
CM1 CM2 CM3 CM4 CM5
N Valid 100 100 98 98 98
Missing 0 0 2 2 2
Mean 32,22 38,10 87,72 67,18 66,02
Median 23,50 28,00 61,00 44,50 43,50
Std. Deviation 24,01 31,92 71,14 51,44 71,53
Minimum 10 11 27 18 15
Maximum 154 171 400 280 608

At the beginning of the assessment it was admimeidtea maze of training to
familiarize the subjects with the task and to msilee they have learned instructions.

Each administration of “paper and pencil” tests ([OMs been alternating with the
corresponding “virtual reality” performance (VR).

As can be seen from the previous table, six subgicin’t complete three of the five
mazes (one subject didn't execute the last thrsts,tanother didn’t complete the 3rd
and 4th maze and another one didn’t concluded thentaze). The reasons for the
failure were reported to fatigue and mental corfsi

The five tests present different difficulties, matcessarily in an increasing order. The
1st and the 2nd mazes have equal difficulties btdrdnt from the 3rd, the 4th and the
5th.

In the tables 4.3.2 and 4.3.3 are reported theegdior age and education, where the

values of significance (column sign. ) are les®tha0,05.
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Table 4.3 2 - ANOVA Table of CM mazes based on& grgups.

ANOVA
Sum of
Squares df Mean Square F Sig.
CM1 Between Groups 18097,660 4 4524,415 11,030 ,000
Within Groups 38967,500 95 410,184
Total 57065,160 99
CM2 Between Groups 8411,700 4 2102,925 2,160 ,079
Within Groups 92479,300 95 973,466
Total 100891,0 99
CM3 Between Groups 51476,961 4 12869,240 2,724 ,034
Within Groups 439376,6 93 4724,480
Total 490853,6 97
CM4 Between Groups 50416,783 4 12604,196 5,684 ,000
Within Groups 206237,9 93 2217,612
Total 256654,7 97
CM5 Between Groups 44800,281 4 11200,070 2,307 ,064
Within Groups 451453,7 93 4854,341
Total 496254,0 97

Table 4.3.3 — ANOVA table of CM mazes based orcatian.

ANOVA
Sum of
Squares df Mean Square F Sig.
CM1 Between Groups 4951,943 3 1650,648 3,041 ,033
Within Groups 52113,217 96 542,846
Total 57065,160 99
CM2 Between Groups 6349,046 3 2116,349 2,149 ,099
Within Groups 94541,954 96 984,812
Total 100891,0 99
CM3 Between Groups 50688,057 3 16896,019 3,608 ,016
Within Groups 440165,5 94 4682,612
Total 490853,6 97
CM4 Between Groups 34225,752 3 11408,584 4,821 ,004
Within Groups 222428,9 94 2366,265
Total 256654,7 97
CM5 Between Groups 30728,892 3 10242,964 2,068 ,110
Within Groups 465525,1 94 4952,394
Total 496254,0 97

From elaborations it is noted that the labyrintB% dnd “5” have not passed the
threshold of significance (p < 0.05) compared tthbage groups and schooling. This
could depend on circumstances that are very sirtoldhe immediately preceding two
tests, mazes “1” and “4” and we might be facindeatning effect”.

Regarding age, the youngest cohorts have spentihes solving mazes, as was

the case for those with a higer schooling. For etanto solve the CM1, subjects with
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an age inferior of 50 years old took about 20 sdsdbp find the exit, less than half the
time spent by the “over 70” (58 seconds). This lesyeal also for the other mazes.

Table 4.3.4 - Time (seconds) taken by subjectt®ICM MLT vs age divided into groups.

Descriptives

95% Confidence Interval for
Mean

N Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minimum Maximum

CM1 1 20 19,80 11,62 2,60 14,36 25,24 10 59
2 20 21,70 7,88 1,76 18,01 25,39 15 51

3 20 30,45 12,87 2,88 24,43 36,47 16 63

4 20 31,70 32,31 7,22 16,58 46,82 10 154

5 20 57,45 25,38 5,68 45,57 69,33 20 99

Total 100 32,22 24,01 2,40 27,46 36,98 10 154

CM2 1 20 29,10 11,54 2,58 23,70 34,50 15 63
2 20 33,15 33,42 7,47 17,51 48,79 15 171

3 20 35,20 21,78 4,87 25,01 45,39 12 103

4 20 37,45 39,66 8,87 18,89 56,01 11 170

5 20 55,60 39,62 8,86 37,06 74,14 22 170

Total 100 38,10 31,92 3,19 31,77 44,43 11 171

CM3 1 20 64,70 57,09 12,77 37,98 91,42 27 273
2 20 64,55 48,77 10,91 41,72 87,38 32 207

3 20 90,80 88,32 19,75 49,46 132,14 32 400

4 20 94,75 52,84 11,82 70,02 119,48 35 257

5 18 127,83 87,77 20,69 84,18 171,48 45 325

Total 98 87,72 71,14 7,19 73,46 101,99 27 400

CM4 1 20 50,30 39,86 8,91 31,64 68,96 26 210
2 20 46,20 16,72 3,74 38,37 54,03 28 95

3 20 67,30 49,86 11,15 43,96 90,64 18 212

4 20 64,80 48,54 10,85 42,08 87,52 19 199

5 18 111,78 68,06 16,04 77,93 145,62 42 280

Total 98 67,18 51,44 5,20 56,87 77,50 18 280

CM5 1 20 39,50 25,32 5,66 27,65 51,35 15 134
2 20 42,55 19,57 4,38 33,39 51,71 27 116

3 20 86,05 128,56 28,75 25,88 146,22 19 608

4 20 74,50 64,59 14,44 44,27 104,73 23 251

5 18 89,89 47,71 11,25 66,16 113,62 36 212

Total 98 66,02 71,53 7,23 51,68 80,36 15 608

It is noted that education influenced the time usedomplete the task. Individuals
with 5 years of study took on average 54 secondsolee the 1st maze, while those
with schooling between 14 and 19 years after adrstethe end of the task in just over
27 seconds.

In cross-analysis with the gender as variable ethegre no significant data between
males and females regarding the speed of solvirmpsa

Data for the five mazes correlate with the resoiftined in neuropsychological tests

related to attentional, perceptual and mnemoniitiaisi
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Table 4.3.5 - Relationships between CM and neudpdggical tests.

MMSE | VERB.FL.| REY TMTA TMTB | REYDEFF.| T.OFLOND.
CM1 1 1 1 1 1 1 1
CM2 0 0 1 1 1 0 0
CM3 0 0 1 1 1 1 1
CM4 1 0 1 1 1 1 1
CM5 0 0 1 1 1 1 1

Almost all the tests correlate with the two versiasf the Rey Test, with the two
TMT and with the Tower of London. Instead, it wasfdund a correlation with the
MMSE score.

Levels of significance between tasks within the satast results different. For
example, for the Deferred Rey Test the probabidiue of the five mazes range from
p. 0.000 and p. 0.035, indicating that its taskgire different levels of abilities to be
solved.

The results of neuropsychological tests known @atial” correlated with the five
mazes. In particular, there has been a negativelatbon (-0.504) between the CM3

and the Benton Test, as it was the case with thsi Sopraspan Test (-0.308).

Table 4.3.6 - Relationships between CM and “spati@lropsychological tests

BENTON CORSISPAN SUPRASPAN MANIKIN'S TEST
CM1 1 0 1 1
CMm2 1 0 1 1
CM3 1 0 1 1
CM4 1 0 1 1
CM5 0 0 0 1

The third CM maze has obtained the highest stedistvalue (-0.504) with the
Manikin’s Test, while the Corsi Span Test does maintain a linear relationship with
mazes.

The complete correlation’s tables of the statiticdicators and of significance are

reported in Appendix D.
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4.3.2 Results of the Road Map Test

The Road Map Test was administered at the endedfidze Learning Test. It need to
be remember that the test consists of an artiailpé¢h on 32 turning points within a
city map. The subject has to mentally retrace @i pnd to indicate aloud the turning
direction (left or right) at each deviation poitdrget).

The test was performed by only 72 subjects, siheeas decided to administer the
RMT trough CM modality in the pipeline, after ti28 people had already been tested.
It was decided to accept the presence of missihgesgmissing) and therefore to not
recontact the subjects to submit them to the bestause doing so would have altered
the experimental conditions of administration corepgéao the rest of the sample.

The subjects performed the test in an average ¢ind89 seconds (median 110 sec.)
with DS 85.29. The minimum time was 55 sec. and rtieximum one was eight
minutes (480 seconds).

Compared to the number of targets indicated cdyettis noted that on average 27
turns were reported correctly, with a ds 4.6. fieimum number of correct turns is

16. Seven players have achieved a performance hbaut-off of the test (20 target).

Table 4.3.7 - Statistics of the Road Map Test basethrget and time.

Statistics

RMCLTARG RMCLTIME
N Valid 62 62
Missing 38 38
Mean 27,16 138,90
Median 28,00 110,00
Std. Deviation 4,60 85,29
Minimum 16 55
Maximum 32 480
Percentiles 25 24,00 83,50
50 28,00 110,00
75 31,00 160,25

It was found that males are faster than femaleslewhere is no correspondence
between gender and number of correct target.

Regarding the age, it is noted that with increasiagiority decreases the accuracy of
the test. While the “under 50” have recorded scailesve average, with 31 correct

turns, the “over 70” have obtained scores much tahan average.
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Graph 4.3.1
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Even the execution time depends on age. Over thesygo the greater the time
required to complete the test (p.001). The firs ggoup, between 30 and 40 years old
took an average of 82 seconds. The last group, thare 70 years old, has solved the

RMT in an average time of 206 seconds.

Graph 4.3.2
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The graph 4.3.4 shows the values of the efficiandgx related with age. Increasing

the seniority the number of mazes completed seers teduced.

67



Graph 4.3.4
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Similarly, the education level of the subjects efffethe performances of the task: a
high education corresponds to a high number ofectrrarget and to a reduction in
execution time.

Regarding the “general” neuropsychological testssinoted that the number of
targets of the RMT correlates with the MMSE, witte fTMT-A and B and the TOL,
while the execution time covariate only with theyRest and the ToL.

Table 4.3.8 - Relationships between the Road Magp died neuropsychological tests.

MMSE |Flu.Verb.| REY | TMTA | TMTB | REY Differ. TolL
RM Target 1 0 1 1 1 0 1
RM Time 0 0 1 0 0 0 1

Regarding “spatial” tests, the variable “targettreases itself with the scores of the
Benton Test, of the Corsi Supraspan Test and ofidgkin’s Test, but the times don’t
correlate with all these, except that with the C&spraspan Test. It isn’t found any

relationship between both target both times aedbrsi Test (vgs Appendix F).

Table 5.3.9 - Relationships between the Road Magt @rd “spatial’ neuropsychological
tests.

Benton CORSI SUPRAspan Manikin
RM Target 1 0 1 1
RM Time 0 0 1 1
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4.4 Results of virtual reality tests

This paragraph represents the central theme ofetbearch work, as it includes the
analysis regarding the experimental tests carngdwith virtual reality programs to test
spatial orientation abilities.

At the beginning of the session subjects were agkbey had familiarity with video
games, to know whether the computer approach tionoerthe tests would be easier
thanks to previous computer experiences.

From the responses, it was found that only 14%hefdample use electronic games,
while the remaining 86% doesn’t use this kind afipment. In particular, it was found
that the subjects that use video games are edpdtiate aged under 50 years (11/14),

while only one case within people over 60 said lagpwith electronic software.

Table 4.4.1 - Contingency table regarding the disédeo games and related ages.

Age group Total
30-40 41-50 51-60 61-70 71-81
\Videogames NO 11 18 18 19 20 86
SI 9 2 2 1 0 14
Total 20 20 20 20 20 100

Another preliminary data regards the fluidity, thatthe manual ability with which
the subjects use the four directional arrows onkégboard to move around in the
virtual environment. Most experts use three fingarsile those who are not familiar
with videogames use only one finger. Consistent whese behaviors it was assigned a
value 3,2,1 to the fluidity. In particular, it wasted that 73% of subjects use only one
finger to move arrows, 14% two fingers, and onlydlthree fingers.

The gender of subjects is not relevant on the itipigthi sq = 3.08 p. 0.212)while
there is a bivariate relationship between fluidityd age, as increasing age, the level of
fluidity decreases (Spearman r = - 0.605 p. 0,000)

S Chi-square is a measure of connection that asséssaglationship between two categorical variablése

value ranges between 0 and a maximum number tpands on the degrees of freedom of the contingexinds.

6 Spearman r is an concordance’s index that meathea®lationship between two ordinal variables. Vakie

ranges between -1 and + 1 and indicates the direatid the strength of the relationship
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Table 4.4.2 Age divided into 5 groups by Fluidity.

FLUIDITY Total
1 2 3

Aging groups 30-40Count 5 7 8 20
Expected Count 1416 2,8 2,6 20

41-50| Count 11 5 4 20

Expected Count 1416 2,8 2,6 20

51-60| Count 18 1 1 20

Expected Count 14)6 2,8 2,6 20

61-70| Count 19 1 0 20

Expected Count 1416 2,8 2,6 20

71-81| Count 20 0 0 20

Expected Count 1416 2,8 2,6 20

Total Count 73 14 13 100

4.4.1 Results of the VR Maze Learning Test

At the end of each “paper and pencil” maze theestthyas submitted to the same test
in virtual mode (subsequently, the mazes will bdidated with VR - Virtual Reality —
followed by the number of reference: “training”,2,,3, 4 and 5).

The following table shows the data on the six makethe first line, the number of
cases that have done the test could be read. Thsifg” are referred to subjects that
didn’t complete the task to fatigue or a feelingcohfusion. The third line shows the
sum of cases that have passed each maze.

Table 4.4.3 - Amount of mazes that are successtolgpleted.

Statistics
VRTRFATT | VRIFATTO [ VR2FATTO | VR3FATTO | VR4FATTO | VR5FATT
N Valid 100 98 98 95 95 96
Missing 0 2 2 5 5 4
Sum 47 60 65 36 44 44

Compared to “paper and pencil” tests, virtual talsge not been passed by all the

subjects. Indeed, on average about 50% of casesdoanpleted the tests.
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To assess the efficiency of each subject to theMIR an “efficiency index” was
made that is constructed from the sum of the nurmobéests successfully completed.
The index ranges from 0 to 5, with mean 2.96 and.43 .

From the intersection between the efficiency indmd the socio-demographic
characteristics of the sample, it appeared thagémeler has no effect on the successful
of the task, while this seems to be significantiffuenced by the chronological age of
subjects (r = - 0.706 p. 0.000).

Table 4.4.4 - Table of contingency between ageediintiency index

Aging groups * Effective Index Crosstabulation

Effective Index
0 1 2 3 4 5 Total

Aging 1 Count 1 0 0 0 3 16 20
groups Expected Count 57 15 2.9 6 3,2 6,1 20,0
2 Count 1 1 3 1 7 7 20

Expected Count 57 15 2,9 ,6 3,2 6,1 20,0

3 Count 9 2 5 1 1 2 20

Expected Count 5,7 1,5 2,9 ,6 3,2 6,1 20,0

4 Count 4 3 5 1 4 3 20

Expected Count 57 15 2,9 ,6 3,2 6,1 20,0

5 Count 12 1 1 0 0 1 15

Expected Count 4,3 11 2,2 5 2,4 4,6 15,0

Total Count 27 7 14 3 15 29 95
Expected Count 27,0 7,0 14,0 3,0 15,0 29,0 95,0

If there was no a relationship between this twaakdes, the observed frequencies
and those expected should coincide, but as it cbaldeen in the table these values
differ significantly, and this gives evidence of ralationship between the two

conditions.

Even the Gamndastatistic, that is applied at the above tableasftingency, indicates
a significant negative relationship between ageeffidiency index (value G = - 0.645
with p. 0.000). The graph 5.4.1 shows averagebeirtdex for each age group.

! Gamma is a concordance index that evaluates tagams$hip between two ordinal variables. The vahreges

between -1 and +1, according to the strength aadiitiection of the relationship.
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Graph 4.4.1

a 2 3 a4 5

Aging groups

As it can be seen, the subjects below 50 yearpadded on average all the five tests,
while the group “over 60" completed only one mazthin the five ones presented.

Even the education plays a major role on perforreaut VR tests. Those who have
an higher degree of education have also obtaineaktgr levels of efficiency (r = 0.451
p. 0.000).

Table 4.4.5 Statistics of the values of the efficieindex related to education
Descriptives

Effective Index

95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum
0-5 2 ,00 ,00 ,00 ,00 ,00 0 0
6-8 21 1,57 1,83 ,40 74 2,41 0 5
9-13 49 2,53 1,95 ,28 1,97 3,09 0 5
14-19 23 4,00 1,81 ,38 3,22 4,78 0 5
Total 95 2,62 2,07 21 2,20 3,04 0 5

The relationship is reported in the graph 4.4.2erght can be clearly seen that the

bands of higher education receive scores abovauviage of the sample.
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The regression analysis is then applied on “aged &uucation” independent
variables in relation to the efficiency index amndvas noted that the two demographic
conditions, together, explain for almost 50% of éfiiciency for virtual testing ( R=
0.480 p. 0.000). This also means that, startinghnfeovalue of age and education, the

efficiency index achievable by a certain subject ba predicted with a probability of
48%.

Table 4.4.6 - Regression analysis for age and ¢éduacaith the efficiency index.

Model Summary?

Change Statistics

Adjusted Std. Error of | R Square
Model R R Square | R Square | the Estimate Change F Change dfl df2 Sig. F Change
1 ,6922 ,480 ,468 1,51 ,480 42,385 2 92 ,000

a. Predictors: (Constant), SCOLARIT, ETA
b. Dependent Variable: Effective Index

For the success of these tests it is also impottamtdegree of confidence that
subjects have with interactive games. For exampémple who have good fingers
fluidity with the arrows on the keyboard, they geatky obtain efficiency values greater
than those who are not familiar with these techgiel® (r = 0.522 p. 0.000).

Then it was analyzed the efficiency index with rmgsychological tests and it was
observed that it correlates with most of them.
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It was found that this index is correlated with HiMSE, with the two Rey Tests,
with the TMT-A and B and with the Tower of Londdmyt it doesn’t correlate with the
Verbal Fluency Test.

Table 4.4.7 - Relationships between the efficieimciex and “general” neuropsychological
tests.

MMSE |VERB.FL.| REY | TMTA | TMTB |REYDEFFE | Tower L.
Effective Index 1 0 1 1 1 1 1

Among “spatial” tests, the efficiency index cortela with the Benton test, with the
Supraspan and with the Manikin’s Test, but in t@se, no significance was found with

the Corsi Test.

Table 4.4.8 — Relationships between the efficieimchex and “spatial” neuropsychological
tests.

Benton Corsi Span Supraspan Manikin’s Test
Effective Index 1 0 1 1

Tables of correlations with the statistical andngigance indicators are listed in
Appendix G - Table 3.G.

To simplify the results, the labyrinths were grodipen the basis of the level of
difficulty: the first and the second maze (VR1 arfi@2) and the remaining three (VRS,
VR4 and VR5) and it is given the value “0” if thelbgect didn’t resolved at least two
mazes for each group and the value “1” if at |astmazes were completed.

It was found that 57 subjects completed the VR1 ®iR®2 mazes, while fewer
subjects (44) completed the last three mazes,ctefigthe fact that the first two are
actually less complex than the other three mazes.

Regarding the execution time, it is noted thatrtfaze that required the most time is
the third maze (VR3), while the easiest was th& fine. It is also noted that the third
maze was the only one that obtained fewer successesertainly more complex than
the others because it requires the subject a chaingeategy to cope with its greatest

extent.
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Table 4.4.9 — Execution time of VR mazes.

Statistics
VR1 VR2 VR3 VR4 VR5
N Valid 60 65 36 44 44
Missing 40 35 64 56 56
Mean 289,43 307,05 411,89 372,93 350,66
Median 224,00 263,00 419,00 376,00 333,50
Std. Deviation 169,78 151,94 141,96 131,72 157,86
Minimum 65 80 141 146 105
Maximum 652 599 599 599 599

The gender doesn’t mean differences, while ageiigelated to performances. But
this correlation doesn’t be present with all thezeg infact any significant value was
found with the labyrinth VR3 (p.&gt; 0.05)).

Table 4.4.10 - ANOVA between age groups and exeoutine of 5 mazes.

ANOVA
Sum of
Squares df Mean Square F Sig.
VR1 Between Groups 736387,1 4 184096,766 10,499 ,000
Within Groups 964383,7 55 17534,249
Total 1700771 59
VR2 Between Groups 508875,3 4 127218,831 7,881 ,000
Within Groups 968531,5 60 16142,192
Total 1477407 64
VR3 Between Groups 61838,202 4 15459,550 , 745 ,569
Within Groups 643485,4 31 20757,592
Total 705323,6 35
VR4 Between Groups 176168,3 4 44042,081 3,014 ,029
Within Groups 569880,5 39 14612,320
Total 746048,8 43
VR5 Between Groups 337036,4 4 84259,094 4,474 ,005
Within Groups 734483,5 39 18832,911
Total 1071520 43

The graph 4.4.3 shows the averages of the timentakesubjects to perform the five

virtual tasks, differentiated by age groups.
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Compared to the neuropsychological tests, the spafecexecution correlates
differently according to the labyrinth examinedr leaample, the VR1 and the VR2 are
correlate significantly with the MMSE, with the R®eferred Test and the Tower of
London; the VR3 correlates with the Verbal Fluefi®st and the TMT-A; the VR4
correlates only with the TMT-A and the VR5 corrematwith the MMSE, with the
Verbal Fluency Test and with the TMT-A.

Table 4.4.11 - Relationships between the 5 mazeési@aropsychological tests

MMSE | Verbal Fl. REY TMT-A | TMT-B | REY Diff. | T of London
VR1 1 0 0 0 0 1 1
VR2 1 0 0 0 0 1 1
VR3 0 1 0 1 0 0 0
VR4 0 0 0 1 0 0 0
VR5 1 1 0 1 0 0 0

The “spatial” neuropsychological tests are coreslaglternately with virtual reality

tests.

Table 4.4.12 - Relationships between the 5 mazeSspatial” neuropsychological tests

Benton Corsi Supraspan MANIKIN
VR1 1 0 1 1
VR2 1 0 1 1
VR3 1 0 0 0
VR4 0 0 0 0
VR5 0 0 0 1
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The first two mazes correlate with the Benton Tesh the Supraspan Test and with
the Manikin’s Test, while the other three mazesadate with the Benton Test (the
VR3) and with the Manikin’s Test (the VR5).

4.4.2 Results of the VR Road Map Test

The VR Road Map Test was administered at the erideofive Maze Learning Test,
and after making the “classic” Road Map Test.

The virtual test, as the “paper and pencil” onégrsfa path consisting on 32 turning
points within a town reproduction. The subject tagollow the path by moving with
the four directional arrows within the virtual eromment, indicating the number of
targets and the turning direction (right or lefgua.

The time available to perform the test was ten meimuafter which the test was
interrupted. 80 subjects have completed the testywas able to reach the 32 ° target in
less than 600 seconds and 19 were withdrawn béfherd¢ime, because of fatigue or

mental confusion.

Table 4.4.13 — Statistics of the VR Road Map TesEld on target and time.

Statistics

RMTARGET RMTIME

N Valid 929 100

Missing 1 0
Mean 12,06 541,96
Median 10,00 600,00
Std. Deviation 7,73 132,24
Minimum 2 0
Maximum 32 699

Compared to the number of targets achieved, ibtechthat on average 12 correct
turns were conducted, with DS 7.7. The minimum nemds correct turns is 2 and the

maximum one is 32.
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It was found that males have identified more targbtin females within the path
(14.16 against 9.92), the opposite result thanGM version where the number of
targets reported correctly was not significantoifnpared with gender.

Even with age, it is noted that the increasingenfigrity decreases the accuracy of the
test. subjects with less than 40 years old havehezhan average of 20 targets, while
the over seventy had an average of 5.85 targeG@p0).

Table 4.4.14 - Statistics of the VR Road Map Testeol on age.

Descriptives

RMTARGET
95% Confidence Interval for
Mean

N Mean Std. Deviation | Std. Error | Lower Bound [ Upper Bound [ Minimum [ Maximum
1 20 20,15 7,99 1,79 16,41 23,89 5 32
2 19 15,84 6,91 1,58 12,51 19,17 4 32
3 20 8,55 4,77 1,07 6,32 10,78 4 26
4 20 10,10 5,11 1,14 7,71 12,49 5 27
5 20 5,85 3,13 ,70 4,38 7,32 2 14
Total 99 12,06 7,73 ,78 10,52 13,60 2 32

As noted in the graph 4.4.4, over the years thgtkeof the correct path and thus the
number of targets achieved reduced.

Graph 4.4.4
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Similarly, the education of the subjects affecte ttask performance: an high

schooling corresponds to a high number of conagets (P.0, 015), as can be seen
from the table and the graph below.
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Table 4.4.15 — Statistics of the VR Road Map Tesed on education.

Descriptives

RMTARGET
95% Confidence Interval for
Mean

N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum

0-5 2 5,00 ,00 ,00 5,00 5,00 5 5

6-8 23 8,83 6,12 1,28 6,18 11,47 3 31

9-13 48 12,17 6,80 ,98 10,19 14,14 4 32

14-19 26 15,27 9,50 1,86 11,43 19,11 2 32

Total 99 12,06 7,73 ,78 10,52 13,60 2 32
Graph 4.4.5

16

14 o

Studing groups

14-1¢

Regarding “general” neuropsychological tests, itated that the number of targets of
the RMT correlates with the MMSE, with the TMT-Adawersion B and the TOL,

while the execution time covariate only with theyRest and the Tol.

Table 4.4.16 - Relationships between the VR Road tdat and neuropsychological tests.

MMSE

Verb.Fl.

REY

TMTA

TMTB

REY Deffer.

TolL

VR RM Targ

1

1

1

1

1

1

1

Regarding the “spatial” tests, the “target” varebicreases along with the points of

the Benton Test, with the Supraspan Course Teswehdhe Manikin’s Test, while no

relation was found with the Corsi Test (Appendix H)
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Table 4.4.17 - Relationships between the VR Roadp Méest and “spatial”
neuropsychological tests.

Benton CORSI SUPRAspan MANIKIN

RM Target 1 0 1 1

Considerations on the findings regarding this oliaphd the research will be objects
of a qualitative analysis in the next chapter.
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Chapter 5

Discussion and conclusion

This study wanted to test a new approach to theuatran of spatial disorientation,
using virtual reality programs that offer a point abservation located within the
environment, with an egocentric perspective in @teanode, unlike traditional tasks
based on an allocentric perspective, in a surveydenowith representation of
environments seen from above.

Within the literature regarding this argument thare a large number of publications
that offer an allocentric perspective for the stumfyspatial abilities, while studies
conducted with a route mode are almost absentlifitieof the first type of assessment
tools is the difficulty of providing a measure tietsubjects’ orientation ability within
everyday environments, ecological ones, within Wwhibe subject experiences an
allocentric perspective rather than an egocentre o

This work instead proposes spatial orientationdagkh an egocentric approach, in
which subjects are able to experience the motighiva non-immersive virtual space
that is characterized by perceptual referencesatetikely the real environments. VR
tasks shows a greater difficulty in resolving thekt if compared to “paper and pencil”
tests.

These different degrees of difficulty could be ibtited to both the tasks’ types,
where the route perspective requires a greater d¢onemt of subjects in orienting
themselves by taking short stretches rather tharstivey perspective that allows an
overall view of the map. It is noted, however, tha¢ exposure to the virtual MLT
results in a learning of spatial nature, becausdwio labyrinths VR2 and VR5, that are
similar to previous VR1 and VR4, are executed neasily by the subjects. This could
be attributed to the learning of spatial charastiexs that the tested subjects experienced

during previous tasks.
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Another key point of this research relates to tle¢ection of spatial orientation
abilities according to the subjects’ age. The wagkassumption was that with aging the
subjects were less skilled in orientation taskdalt, it was found that cohorts show a
significant drop in performance as we proceed fymunger to older. In reference to
what is reported in the literature, the experimentark has pointed out the levels of
decay based on the subjects’ age.

The analysis also wonders if this decline in penf@nce is due to less ability of
elderly people with electronic devices or is peghape to other factors. To test the
impact of the medium, datas on the five cohorteehHaasen examined and the age ranges
have been divided into two groups: “under 50” angéer 50”. Assuming that expert
subjects in x virtual tasks use multiple fingersriove with the arrow keys inside the
virtual environment, subjects have also been ségditzetween those who use only one
finger to move the arrows from those who insteaa2is3 fingers.

As a result it is found that just 16 subjects amd@gof the “under 50” use only one
finger, while are 57 among 60 the subjects of theet 50” (there aren’t subjects with
motor deficit). These datas clearly argue for adesbility of older people to use the
technological medium. This could affect performanicevirtual tasks and then alter the
results that could not be due to cognitive perfarces but that could be influenced by
familiarity with the computer use. However, fromethesults of analysis carried out
within the age groups “under 507, it is showed ttere are no significant differences
in performances in virtual tasks between subjedtk different levels of skills, that is
the number of fingers used to move within the altenvironment. From this, it could
be inferred that it isn't the ease to use computerdetermine higher or lower
performances in virtual tasks, but other aspecfioély cognitive nature.

From the analysis, however, it is confirmed thefqrenance difference between the
subjects “under” and “over” 50.

The administration of virtual reality tests (the MLand the RMT) involved
differences in the attitude of the subjects. Thenger individuals, under the age of 50
years old, confronted themselves with the taskutjnoan attitude of challenge and
commitment. They ventured into tasks and they referamusement during the

execution.
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Instead, most of those over 50 years old commenrethe performance saying that
the task was difficult and that they wouldn’t hdaen able to complete it.
Whatever is the importance of these attitudes stmmst regarding the use of virtual

technologies we do not know, but it would certainé/worth investigated.

5.1 Considerations on sampling procedures

The type of sample selection is defined as “intardl sampling” (Boncori, 1993).
This procedure, that isn't randomized, is alsoechll of convenience” and it is used
when the selection of a random sample from thereaf® population, that has to be
surveyed, it's difficult .

This procedure has advantages and disadvantagesenhefit is the easy access to a
large number of subjects in a relatively short tinkdbowever, there are negative
elements that affect the results of data anal¥ysist, as it has been possible to reach a
large number of subjects, we cannot conclude tiatsample is representative of the
general population: we do not know what are theadtaristics of the individuals of
other aggregation Centers and of those people vithwtdvant to participate in the
investigation or who were not present during theruigment procedures. It is therefore
likely that the sample’s profile is distorted dweerrors of: accessibility (some subjects
have become available and others not), absenaesofea (the subjects of a certain type
have refused to participate), self-selection (thbjexts were voluntary and so many
subjects with certain characteristics may havei@pated rather than others), visibility
(some were more easily accessible than others).

Although the intentional sampling has then rend@eskible to reach a large number
of subjects in a short time, it has all the disadages that a non-probability sampling
involves. Ercolani (1997) warns that this type afmgling could lead to errors for
estimating parameters, such as the mean of thébdisbn. The consequence is that the
values for the confidence levels affects the dtesisvalidity, since they include units-
sample that could over-represent or under-reprethentkind of subject interviewed
referred to the whole population.

The different problems on the sample selection, évar, don’t invalidate the

research datas, which are indicative of the extgteof the phenomena under

83



investigation, they only have to be interpretechvaaution when making inferences on
the population.

5.2 Considerations on neuropsychological tests

Another item of discussion regards neuropsycholdgicofiles of the sample. Spatial
orientation abilities have been investigated wiplager and pencil” and “virtual reality”
tests, correlating them with neuropsychologicaltstethat evaluate the attentional,
perceptual and memory skills involved in navigatiand more specific tests of spatial
orientation such as the Benton Test, the Corsi (Bgsttial Span and Supraspan) and the
Manikin’s Test.

The results of these analysis show that neurops$ygital tests correlate moderately
with each other. However, given that the tests whkstdct different cognitive abilities,
the modest correlation between them argues in fawba convergence of tasks to those
who are the attentional, perceptual and memorytoacts within the “general” abilities
and the constructs of learning and spatial memafrgrientation’s recognition of lines
and the construct of discrimination right-left witrspatial abilities.

The aim is to underline the criticality of corretats, between the first test a certain
“weakness” could be observed in validity of the T¥8Tand the Rey Deferred Test
compared with other tests, as well as the Corsn St didn’t correlate with any of
the other spatial tasks. Excluding these threes,tefte others show significant
correlations between each other.

In particular, with regard to the “paper and péntalsts of spatial orientation (the
Maze Learning Test, MLT) it is noted that two okdle tasks (CM2 and CM4) are
statistically not significant, because they areyvsimilar to their former ones, and
therefore they are less discriminative. This resatt be attributed to the acquisition of
knowledge by the subjects. Similar tests gave dlndestical results since subjects had
previously learned the characteristics of the task.

The classic tests correlated with almost all téstsept with the Verbal Fluency Test
for categories and with Corsi Span Test). The Rdag Test was correlated with all

tests, except the Rey Auditory Learning Test - Defand the Corsi Span Test.
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The results of the “virtual” tests are differendrir the results of traditional ones. The
data related to virtual mazes are much less coeckhaith general and spatial cognitive
ability tests. In fact, only the first two mazesRY and VR2) were correlated with three
of the seven general tests (the MMSE, the Rey Deleifest and the Tower of
London), while the other three mazes (VR3, VR4 ¥iRb) were correlated only with
the TMT-A and with the Verbal Fluency Test .

Compared to spatial tests, the first two virtuaksawere correlated with almost all
tests (except the Corsi Span Test), while the neimgithree tasks were correlated with
three of four tests.

In general, regarding the 55 tasks of the VR Maearhing Test, only 26 of these
were correlated, approximately 50% of the test® YR Road Map test correlated with
almost all tests, except for the Corsi Span Test.

These conditions may be determined by the greafecuity of virtual tests, a fact
that argues in favour of a greater discriminatibrih@se abilities compared to “paper
and pencil” tests which seem to be easier to ereduitcould be, however, that
neuropsychological and “virtual” tests do not assté®e same abilities, it would be
desirable to redraw the map of abilities and témlanalyze.

Another important question concerns the attitudhefsubjects during virtual reality
tasks, which will be discussed in the next section.

5.3 Conclusions

The experimental research has found usefornimtion regarding the issues under
investigation. The use of virtual reality tasksresgented a discriminating methodology
for assessing spatial orientation compared to thssical “paper and pencil” tests. It
was found that the situation proposed by the coerputompared to the survey
perspective proposed on paper, represents an appmoare similar to the way through
which subjects orient themselves in daily real ssvinents.

In fact, when a subject moves in space, implas a number of complex strategies
that involve different cognitive functions, whileefporming paper tasks requires the
limited involvement of planning abilities. For thisason, virtual reality tasks would be

more difficult than “paper and pencil” tests, besmauhey are tasks that require more
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involvement from the cognitive point of view. Topgort these considerations the
perspective of the “activation theory” shows that arder to perform a complex

cognitive task, such as that proposed in virtualitye compared to “paper and pencil”

test, more cognitive functions are involved. Thisetions alone are not sufficient to

determine the orientation, but they must be integraand combined into a single
“sovracognitive” framework. This condition allows tiggregate and use the different
components of perception, memory and movementateatiseful for navigation. When

these functions are efficient and undamaged, passible to plan the route, to pay
attention to environmental features and to recatidinarks that are necessary for
orientation, as well as to implement the motor ggatt for achieving targets for the
advancement within the path. In this perspectie,decay in topographical orientation
tasks may be due, in addition to the decline oividdal skills, to the deterioration of

the ability to integrate all the cognitive compotsimvolved.

In order to test this complex system of natimn, made up of single activities and
of cognitive integration system, subjects need d4e tools that allow to retrieve the
activation of all components of the system. A sabjerients himself within real
environments only when uses the tools that repmdas much as possible the
conditions that are present. For this reason, xiperence in virtual reality, though it is
not equal to the real one, represents the best rmymge to present these environments
and proper to enable the multitude of cognitivections involved in human navigation.
That’'s because the tools used in this research makssible to activate and detect the
functioning of cognitive areas that are not detaletahrough classical “paper and
pencil” tests.

Besides, if it is true that over the years ishowed a decline of cognitive functions,
the complexity of the interactive tasks proposedrduthe research has made it clear
that the elderly subjects expected to have fountthrtler to carry out the tests. The
younger ones took less time and were more effectilele the majority of elderly
subjects failed even to complete the task. In estin traditional tasks all the subjects
have performed the tests and there was only atwarien the execution time depending
on age. The elderly subjects were slower in trathegpath on the maze compared to
younger people. Moreover, it was found that subjectder 50 years have carried out

the tests with the same execution time taken beltherly ones. That fact has not been
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verified by VR tasks, where it was found that aftex age of fifty years old one subject
on two failed to complete the task, distinguishalgarly between the performance of
the cohorts according to age and schooling.

Another interesting fact revealed by the w$enteractive tools offered by the
computerized medium, which reduce the suspiciopéstghat it was mainly the impact
of computer technology to make trouble for the d{dpeople, regards the results of the
analysis of data obtained from subjects of cohtutaler 50”. The levels of confidence
with computer tools are heterogeneous: someoneahgsod familiarity with the
computer use while other people are quite unrel&dethis type of technology. This
situation permitted to detect performance in virteats and to understand if the ability
of use it was discriminatory for the results obt¢ainlt was noted that the result of test
didn’t correlate with different levels of the usé @bmputers’ ability. Hence, if the
implementation difficulty was due only to the congnized medium, we would expect
that the more experienced subjects would bettdogervirtual tasks, but this doesn’t
occur. Contrarily to what was expected and to whatild have been legitimated to
guess, it seems that familiarity with technologgsimot influence the results, since the
greater possible ability to discriminate resultsvofual tests compared to “paper and
pencil” ones, due to greater cognitive complexityhe task.

However, although initially the use of teclogy seemed to be an interference
variable, due to the fact that elderly people todaye little familiarity with computer
technologies, the data analisys have shown thatfélesior hasn’t got an important role
and it would not involve a greater interaction idififty with computerized tests.
However, this doubt about the role of interactioffiailty will be resolved with the
passing of years, because the elderly people obraw will be technologically
advantaged and similar tests will provide resuéiseal on the actual degree of skills in
the topographical orientation, so reducing theafiie to the medium used.

Even if interesting, however, for the purmosaf this research it would be
impractical to wait for the aging population tottéise skills with the use of virtual
reality tools. One possible solution, with a pragnaatic perspective of research, would
be to extend the period of training of subjectseing0”, giving them the possibility to
have not a session of ten minutes of practicewator three preparatory meetings to

familiarize them with the use of computer and tfeee benefit them from the
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technological point of view. This would minimizeethlifficulties of interacting with the
machine and it would make possible a comparisowdst subjects of different ages
based on the actual ability to orient themselves.

At the end of this study, therefore, it iagenable to conclude that it is the cognitive
decline to lead to a worse performance the eldeshorts, rather than the difficulties
associated with the use of information technology #hat the use of virtual reality
would remain a valuable method to completely ingasé the complex system of skills
that combine to determine the human navigation.

Moreover, the development of virtual technadésg always keeping in mind a
programmatic perspective, would have possible ainiimplications both in the
stimulation of the skills involved in the orientati and in the delay of cognitive
deterioration in both neurocognitive rehabilitatiarea for people who have suffered
neurological damages and that compromised navigatiactions.

The use of virtual technology, with the inctus of elements that are similar to
“reality” in tasks of stimulation and rehabilitatipwould make the clinical work closer
to the actual activities involved in navigationabpedures.

The use of virtual reality, however would neplace “paper and pencil’ tests,
standardized and effectively used in clinical pcagtbut it supports them to detect
issues and stimulate functions that traditionaktestually do not use.

88



89

Appendix A
— CM Maze Learning Test



90



91



92



93



94



95



96

Appendix B
— Road Map Test



97



Appendix C

— Neuropsychological Test

Table 1.C — Neuropsychological tests for 5 aging-gups

Descriptives |
Std. Std. 95% Confidence Interval for Mean
Mean | Deviation | Error Minimum | Maximum
Lower Bound Upper Bound

Verbal FI. 1 20| 24,35 5,20 1,16 21,91 26,79 16 39
2 20| 23,80 4,56 1,02 21,67 25,93 16 35
3 20| 22,50 5,65 1,26 19,85 25,15 14 36
4 20| 21,60 5,27 1,18 19,14 24,06 12 31
5 20| 20,45 4,22 0,94 18,47 22,43 13 28
Total 100| 22,54 5,11 0,51 21,53 23,55 12 39
REY 1 20| 10,51 0,93 0,21 10,07 10,95 9 12
2 20| 10,23 1,04 0,23 9,74 10,72 7 12
3 20 9,65 1,68 0,38 8,86 10,43 7 13
4 20 9,25 1,88 0,42 8,37 10,13 6 13
5 20 8,27 1,72 0,38 7,47 9,07 5 13
Total 100 9,58 1,67 0,17 9,25 9,91 5 13
TMT-A 1 20| 28,25 4,01 0,90 26,37 30,13 22 38
2 20| 31,10 5,42 1,21 28,56 33,64 22 45
3 20| 33,15 9,66 2,16 28,63 37,67 19 54
4 20| 32,85 8,84 1,98 28,71 36,99 23 57
5 20| 40,05 8,98 2,01 35,85 44,25 30 67
Total 100| 33,08 8,51 0,85 31,39 34,77 19 67
TMT-B 1 19| 65,84 9,40 2,16 61,31 70,37 48 82
2 20| 59,85 10,43 2,33 54,97 64,73 44 78
3 19| 71,21 28,41 6,52 57,52 84,90 36 154
4 19| 67,21 30,20 6,93 52,65 81,77 44 160
5 18| 79,78 18,56 4,38 70,55 89,01 50 112
Total 95| 68,57 21,77 2,23 64,13 73,00 36 160
REY Deffer. 1 20| 12,75 1,48 0,33 12,06 13,44 8 15
2 20| 11,60 1,43 0,32 10,93 12,27 8 13
3 20| 11,00 2,43 0,54 9,86 12,14 7 15
4 20| 10,60 2,84 0,63 9,27 11,93 5 15
5 20 9,60 3,36 0,75 8,03 11,17 4 15
Total 100| 11,11 2,60 0,26 10,59 11,63 4 15
Tower of L. 1 20| 34,20 1,79 0,40 33,36 35,04 30 36
2 20| 34,75 1,94 0,43 33,84 35,66 28 36
3 20| 31,75 3,08 0,69 30,31 33,19 24 36
4 20| 32,65 2,62 0,59 31,42 33,88 28 36
5 20| 30,40 4,12 0,92 28,47 32,33 20 36
Total 100| 32,75 3,21 0,32 32,11 33,39 20 36
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Table 2.C — ANOVA: neuropsychological tests for 5@ng groups

ANOVA
Sum of Squares Df Mean Square Sig.

Verbal Fluency | Between Groups 202,34 4,00 50,59 2,02 0,10
Within Groups 2382,50 95,00 25,08
Total 2584,84 99,00

REY Between Groups 62,38 4,00 15,60 6,90 0,00
Within Groups 214,64 95,00 2,26
Total 277,03 99,00

TMT-A Between Groups 1517,76 4,00 379,44 6,37 0,00
Within Groups 5655,60 95,00 59,53
Total 7173,36 99,00

TMT-B Between Groups 4090,80 4,00 1022,70 2,27 0,07
Within Groups 40464,50 90,00 449,61
Total 44555,31 94,00

REY Differ. Between Groups 109,64 4,00 27,41 4,65 0,00
Within Groups 560,15 95,00 5,90
Total 669,79 99,00

Tower of London | Between Groups 252,70 4,00 63,18 7,83 0,00
Within Groups 766,05 95,00 8,06
Total 1018,75 99,00
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Table 3.C — Neuropsychological tests for gender

Descriptives |
Std. Std. 95% Confidence Interval for Mean
Mean | Deviation | Error Minimum | Maximum
Lower Bound Upper Bound

Verbal fl. maschi 50| 21,90 5,38 0,76 20,37 23,43 12 39
femmine 50| 23,18 4,80 0,68 21,82 24,54 14 36
Total 100| 22,54 5,11 0,51 21,53 23,55 12 39
Benton maschi 50| 28,84 2,10 0,30 28,24 29,44 18 30
femmine 50| 28,58 1,75 0,25 28,08 29,08 22 30
Total 100| 28,71 1,93 0,19 28,33 29,09 18 30
REY maschi 50 9,11 1,84 0,26 8,59 9,63 5 12
femmine 50| 10,05 1,35 0,19 9,67 10,44 7 13
Total 100 9,58 1,67 0,17 9,25 9,91 5 13
TMT-A maschi 50| 34,32 8,01 1,13 32,04 36,60 19 57
femmine 50| 31,84 8,89 1,26 29,31 34,37 20 67
Total 100| 33,08 8,51 0,85 31,39 34,77 19 67
TMT-B maschi 47| 71,47 25,86 3,77 63,88 79,06 44 160
femmine 48| 65,73 16,64 2,40 60,90 70,56 36 112
Total 95| 68,57 21,77 2,23 64,13 73,00 36 160
REY Differ. | maschi 50| 10,42 2,78 0,39 9,63 11,21 4 15
femmine 50| 11,80 2,23 0,32 11,17 12,43 4 15
Total 100| 11,11 2,60 0,26 10,59 11,63 4 15
CORSISPA | maschi 50 5,73 1,44 0,20 5,32 6,14 5 15
femmine 50 5,66 0,46 0,06 5,53 5,79 5 7
Total 100 5,69 1,07 0,11 5,48 5,90 5 15
SUPRASPA | maschi 50| 22,03 4,79 0,68 20,67 23,39 5 31
femmine 50| 23,25 4,60 0,65 21,94 24,56 14 31
Total 100| 22,64 471 0,47 21,71 23,58 5 31
MANIKIN maschi 50| 30,32 2,46 0,35 29,62 31,02 20 32
femmine 50| 30,44 2,06 0,29 29,85 31,03 24 32
Total 100| 30,38 2,26 0,23 29,93 30,83 20 32
Tower of L. | maschi 50| 32,84 3,41 0,48 31,87 33,81 20 36
femmine 50| 32,66 3,03 0,43 31,80 33,52 24 36
Total 100| 32,75 3,21 0,32 32,11 33,39 20 36
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Table 4.C — ANOVA: neuropsychological tests for gater

ANOVA
Sum of Mean
Squares df Square Sig.
Verbal fl. Between Groups 40,96 1 40,96 1,58 0,21
Within Groups 2543,88 98 25,96
Total 2584,84 99
BENTON Between Groups 1,69 1 1,69 0,45 0,50
Within Groups 366,90 98 3,74
Total 368,59 99
REY Between Groups 22,15 1 22,15 8,52 0,00
Within Groups 254,88 98 2,60
Total 277,03 99
TMT-A Between Groups 153,76 1 153,76 2,15 0,15
Within Groups 7019,60 98 71,63
Total 7173,36 99
TMT-B Between Groups 782,12 1 782,12 1,66 0,20
Within Groups 43773,18 93 470,68
Total 44555,31 94
REY Differ. | Between Groups 47,61 1 47,61 7,50 0,01
Within Groups 622,18 98 6,35
Total 669,79 99
CORSISPA | Between Groups 0,11 1 0,11 0,10 0,76
Within Groups 112,52 98 1,15
Total 112,63 99
SUPRASPA | Between Groups 37,05 1 37,05 1,68 0,20
Within Groups 2161,68 98 22,06
Total 2198,73 99
MANIKIN Between Groups 0,36 1 0,36 0,07 0,79
Within Groups 505,20 98 5,16
Total 505,56 99
Tower of L. | Between Groups 0,81 1 0,81 0,08 0,78
Within Groups 1017,94 98 10,39
Total 1018,75 99
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Table 5.C — Neuropsychological tests correlations

Correlat.
Tower
SCHOOL |VERBALF.| BENTON | REY | TMTA | TMTB | REYDIff. | CORSISPA | Supraspan | Manikin L.
SCHOOL Pearson 1,00 0,14 0,22| 0,32 -0,23| -0,11 0,41 0,05 -0,44 0,17 0,38
Sig. (2-tail) 0,16 0,03| 0,00 0,02 0,28 0,00 0,63 0,00 0,10 0,00
N 100 100 100 100 100 95 100 100 100 100 100
VERBAL Fl | Pearson 0,14 1,00 0,03] 0,34 -0,29 | -0,23 0,21 -0,02 -0,17 0,12 0,10
Sig. (2-tail) 0,16 |, 0,76 | 0,00 0,00| 0,02 0,03 0,88 0,10 0,24 0,31
N 100 100 100 100 100 95 100 100 100 100 100
BENTON Pearson 0,22 0,03 1,00 0,30 -0,28 | -0,28 0,31 0,06 -0,36 0,35 0,38
Sig. (2-tail) 0,03 0,76 0,00 0,01] 0,01 0,00 0,56 0,00 0,00 0,00
N 100 100 100 100 100 95 100 100 100 100 100
REY Pearson 0,32 0,34 0,30| 1,00 -0,41| -0,37 0,74 0,08 -0,33 0,36 0,44
Sig. (2-tail) 0,00 0,00 0,00 0,00 0,00 0,00 0,41 0,00 0,00 0,00
N 100 100 100 100 100 95 100 100 100 100 100
TMT-A Pearson -0,23 -0,29 -0,28| -0,41 1,00| 0,66 -0,15 -0,21 0,25 -0,32 -0,24
Sig. (2-tail) 0,02 0,00 0,01] 0,00 0,00 0,14 0,04 0,01 0,00 0,02
N 100 100 100 100 100 95 100 100 100 100 100
TMT-B Pearson -0,11 -0,23 -0,28| -0,37 0,66 1,00 -0,11 -0,16 0,15 -0,18 -0,31
Sig. (2-tail) 0,28 0,02 0,01| 0,00 0,00 |, 0,27 0,12 0,15 0,08 0,00
N 95 95 95 95 95 95 95 95 95 95 95
REYDiff. Pearson 0,41 0,21 0,31| 0,74 -0,15| -0,11 1,00 0,03 -0,30 0,38 0,38
Sig. (2-tail) 0,00 0,03 0,00| 0,00 0,14| 0,27, 0,80 0,00 0,00 0,00
N 100 100 100 100 100 95 100 100 100 100 100
CORSISPA | Pearson 0,05 -0,02 0,06| 0,08 -0,21| -0,16 0,03 1,00 -0,24 0,03 0,11
Sig. (2-tail) 0,63 0,88 0,56| 0,41 0,04| 0,12 0,801, 0,02 0,78 0,28
N 100 100 100 100 100 95 100 100 100 100 100
SUPRASPA | Pearson -0,44 -0,17 -0,36| -0,33 0,25| 0,15 -0,30 -0,24 1,00 -0,46 -0,41
Sig. (2-tail) 0,00 0,10 0,00| 0,00 0,01 0,15 0,00 0,02 |, 0,00 0,00
N 100 100 100 100 100 95 100 100 100 100 100
MANIKIN Pearson 0,17 0,12 0,35| 0,36 -0,32| -0,18 0,38 0,03 -0,46 1,00 0,56
Sig. (2-tail) 0,10 0,24 0,00| 0,00 0,00| 0,08 0,00 0,78 0,00 |, 0,00
N 100 100 100 100 100 95 100 100 100 100 100
Tower L. Pearson 0,38 0,10 0,38 0,44 -0,24| -0,31 0,38 0,11 -0,41 0,56 1,00
Sig. (2-tail) 0,00 0,31 0,00] 0,00 0,02] 0,00 0,00 0,28 0,00 0,00
N 100 100 100 100 100 95 100 100 100 100 100

Correlation is significant at the 0.05 level (2-tailed).

*%

Correlation is significant at the 0.01 level (2-tailed).
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Appendix D

- “Paper and Pencil” Test

Table 1.D — ANOVA: “Maze Learning Test” for gender

Descriptives

95% Confidence Interval for
Mean
N Mean Std. Deviation Std. Error Lower Bound Upper Bound Minimum Maximum
CMTRAIN maschi 50 73,20 62,38 8,82 55,47 90,93 14 316
femmine 50 85,48 78,25 11,07 63,24 107,72 16 390
Total 100 79,34 70,67 7,07 65,32 93,36 14 390
CM1 maschi 50 32,48 21,94 3,10 26,25 38,71 10 99
femmine 50 31,96 26,14 3,70 24,53 39,39 10 154
Total 100 32,22 24,01 2,40 27,46 36,98 10 154
CM2 maschi 50 32,78 21,74 3,07 26,60 38,96 11 127
femmine 50 43,42 39,10 5,53 32,31 54,53 13 171
Total 100 38,10 31,92 3,19 31,77 44,43 11 171
CM3 maschi 50 85,66 77,56 10,97 63,62 107,70 27 400
femmine 48 89,88 64,52 9,31 71,14 108,61 27 325
Total 98 87,72 71,14 7,19 73,46 101,99 27 400
CM4 maschi 50 68,32 53,29 7,54 53,18 83,46 20 280
femmine 48 66,00 49,97 7,21 51,49 80,51 18 210
Total 98 67,18 51,44 5,20 56,87 77,50 18 280
CM5 maschi 49 69,49 92,19 13,17 43,01 95,97 15 608
femmine 49 62,55 42,60 6,09 50,31 74,79 23 212
Total 98 66,02 71,53 7,23 51,68 80,36 15 608
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Table 2.D — ANOVA: “Maze Learning Test” for gender

ANOVA
Sum of
Squares df Mean Square F Sig.
CMTRAIN Between Groups | 3769,960 1 3769,960 ,753 ,388
Within Groups 490728,5 98 5007,433
Total 494498,4 99
CM1 Between Groups 6,760 1 6,760 ,012 914
Within Groups 57058,400 98 582,229
Total 57065,160 99
CM2 Between Groups | 2830,240 1 2830,240 2,828 ,096
Within Groups 98060,760 98 1000,620
Total 100891,0 99
CM3 Between Groups 435,091 1 435,091 ,085 J71
Within Groups 490418,5 96 5108,526
Total 490853,6 97
CM4 Between Groups 131,814 1 131,814 ,049 ,825
Within Groups 256522,9 96 2672,113
Total 256654,7 97
CM5 Between Groups 1179,592 1 1179,592 ,229 ,634
Within Groups 495074,4 96 5157,025
Total 496254,0 97
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Table 3D - ANOVA: “Maze Learning Test” for 5 aging groups

Descriptives

95% Confidence Interval for

Mean

N Mean Std. Deviation | Std. Error | Lower Bound [ Upper Bound | Minimum | Maximum

CMTRAIN 1 20 57,85 80,70 18,05 20,08 95,62 19 390
2 20 48,10 40,90 9,14 28,96 67,24 18 180

3 20 73,85 57,11 12,77 47,12 100,58 14 226

4 20 69,70 56,80 12,70 43,11 96,29 16 260

5 20 147,20 69,73 15,59 114,57 179,83 67 316

Total 100 79,34 70,67 7,07 65,32 93,36 14 390

CM1 1 20 19,80 11,62 2,60 14,36 25,24 10 59
2 20 21,70 7,88 1,76 18,01 25,39 15 51

3 20 30,45 12,87 2,88 24,43 36,47 16 63

4 20 31,70 32,31 7,22 16,58 46,82 10 154

5 20 57,45 25,38 5,68 45,57 69,33 20 99

Total 100 32,22 24,01 2,40 27,46 36,98 10 154

CM2 1 20 29,10 11,54 2,58 23,70 34,50 15 63
2 20 33,15 33,42 7,47 17,51 48,79 15 171

3 20 35,20 21,78 4,87 25,01 45,39 12 103

4 20 37,45 39,66 8,87 18,89 56,01 11 170

5 20 55,60 39,62 8,86 37,06 74,14 22 170

Total 100 38,10 31,92 3,19 31,77 44,43 11 171

CM3 1 20 64,70 57,09 12,77 37,98 91,42 27 273
2 20 64,55 48,77 10,91 41,72 87,38 32 207

3 20 90,80 88,32 19,75 49,46 132,14 32 400

4 20 94,75 52,84 11,82 70,02 119,48 35 257

5 18 127,83 87,77 20,69 84,18 171,48 45 325

Total 98 87,72 71,14 7,19 73,46 101,99 27 400

Cm4 1 20 50,30 39,86 8,91 31,64 68,96 26 210
2 20 46,20 16,72 3,74 38,37 54,03 28 95

3 20 67,30 49,86 11,15 43,96 90,64 18 212

4 20 64,80 48,54 10,85 42,08 87,52 19 199

5 18 111,78 68,06 16,04 77,93 145,62 42 280

Total 98 67,18 51,44 5,20 56,87 77,50 18 280

CM5 1 20 39,50 25,32 5,66 27,65 51,35 15 134
2 20 42,55 19,57 4,38 33,39 51,71 27 116

3 20 86,05 128,56 28,75 25,88 146,22 19 608

4 20 74,50 64,59 14,44 44,27 104,73 23 251

5 18 89,89 47,71 11,25 66,16 113,62 36 212

Total 98 66,02 71,53 7,23 51,68 80,36 15 608
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Table 4.D - ANOVA: “Maze Learning Test” for 5 aging groups

ANOVA
Sum of
Squares df Mean Square F Sig.
CMTRAIN Between Groups | 123316,1 4 30829,035 7,890 ,000
Within Groups 371182,3 95 3907,182
Total 494498,4 99
CMm1 Between Groups |18097,660 4 4524,415 11,030 ,000
Within Groups 38967,500 95 410,184
Total 57065,160 99
CM2 Between Groups | 8411,700 4 2102,925 2,160 ,079
Within Groups 92479,300 95 973,466
Total 100891,0 99
CM3 Between Groups |51476,961 4 12869,240 2,724 ,034
Within Groups 439376,6 93 4724,480
Total 490853,6 97
CM4 Between Groups |50416,783 4 12604,196 5,684 ,000
Within Groups 206237,9 93 2217,612
Total 256654,7 97
CM5 Between Groups |44800,281 4 11200,070 2,307 ,064
Within Groups 451453,7 93 4854,341
Total 496254,0 97
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Table 5.D - ANOVA: descrittive “Maze Learning Test” for 4 schooling groups

Descriptives

95% Confidence Interval for

Mean

Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum [ Maximum

CMTRAIN 0-5 2 137,00 38,18 27,00 -206,07 480,07 110 164
6-8 23 112,78 70,01 14,60 82,51 143,06 24 260

9-13 49 71,33 73,35 10,48 50,26 92,39 16 390

14-19 26 60,42 57,32 11,24 37,27 83,58 14 280

Total 100 79,34 70,67 7,07 65,32 93,36 14 390

CM1 0-5 2 53,50 33,23 23,50 -245,10 352,10 30 77
6-8 23 43,22 30,83 6,43 29,88 56,55 15 154

9-13 49 29,12 20,61 2,94 23,20 35,04 10 99

14-19 26 26,69 19,71 3,87 18,73 34,65 10 94

Total 100 32,22 24,01 2,40 27,46 36,98 10 154

CM2 0-5 2 45,00 14,14 10,00 -82,06 172,06 35 55
6-8 23 51,83 41,89 8,73 33,71 69,94 19 170

9-13 49 31,88 23,55 3,36 25,11 38,64 11 171

14-19 26 37,15 34,13 6,69 23,37 50,94 12 170

Total 100 38,10 31,92 3,19 31,77 44,43 11 171

CM3 0-5 2 85,50 34,65 24,50 -225,80 396,80 61 110
6-8 23 128,48 92,86 19,36 88,32 168,64 45 400

9-13 49 76,88 55,50 7,93 60,94 92,82 32 273

14-19 24 71,00 66,39 13,55 42,97 99,03 27 291

Total 98 87,72 71,14 7,19 73,46 101,99 27 400

CM4 0-5 2 76,00 29,70 21,00 -190,83 342,83 55 97
6-8 23 100,48 63,68 13,28 72,94 128,02 29 212

9-13 49 57,51 38,64 5,562 46,41 68,61 18 210

14-19 24 54,29 51,35 10,48 32,61 75,98 20 280

Total 98 67,18 51,44 5,20 56,87 77,50 18 280

CM5 0-5 2 74,50 37,48 26,50 -262,21 411,21 48 101
6-8 23 97,13 62,22 12,97 70,22 124,04 38 251

9-13 49 53,43 35,34 5,05 43,28 63,58 22 174

14-19 24 61,21 117,77 24,04 11,48 110,94 15 608

Total 98 66,02 71,53 7,23 51,68 80,36 15 608
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Table 6.D — ANOVA: “Maze Learning Test” for 5 schoding groups

ANOVA
Sum of
Squares df Mean Square F Sig.
CMTRAIN Between Groups |44823,405 3 14941,135 3,190 ,027
Within Groups 449675,0 96 4684,115
Total 494498,4 99
CM1 Between Groups | 4951,943 3 1650,648 3,041 ,033
Within Groups 52113,217 96 542,846
Total 57065,160 99
CM2 Between Groups | 6349,046 3 2116,349 2,149 ,099
Within Groups 94541,954 96 984,812
Total 100891,0 99
CM3 Between Groups |50688,057 3 16896,019 3,608 ,016
Within Groups 440165,5 94 4682,612
Total 490853,6 97
Cm4 Between Groups |34225,752 3 11408,584 4,821 ,004
Within Groups 222428,9 94 2366,265
Total 256654,7 97
CM5 Between Groups |30728,892 3 10242,964 2,068 ,110
Within Groups 465525,1 94 4952,394
Total 496254,0 97
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Appendix E

- “Paper & Pencil” Test for neuropsychological Test

Table 1.E — Correlations: “Maze Learning Test” CM for neuropsichological tests

Correlations

CM1 CM2 CM3 CM4 CM5 MMSE FLUVERB REY TMTA TMTB REYDIFFE_| TOFLONDO

CM1 Pearson Correlation 1,000 ,520*4 ,373* ,503*4 ,299*4 -,324*4 -,233* -,342* ATT ,392*4 -, 299 -,403*
Sig. (2-tailed) , ,000 ,000 ,000 ,003 ,001 ,020 ,001 ,000 ,000 ,003 ,000
N 100 100 98 98 98 100 100 100 100 95 100 100
CM2 Pearson Correlation ,520*4 1,000 ,454*4 ,534*4 ,181 -,156 -,068 -,209* ,409* ,257* -,148 -,179
Sig. (2-tailed) ,000 , ,000 ,000 ,075 121 ,500 ,037 ,000 ,012 ,141 ,075
N 100 100 98 98 98 100 100 100 100 95 100 100

CM3 Pearson Correlation ,373* ,454*4 1,000 742% ,499* -,163 -,054 -,283*4 273" ,227* -,300%4 -,422*1
Sig. (2-tailed) ,000 ,000 , ,000 ,000 ,108 ,598 ,005 ,006 ,029 ,003 ,000
N 98 98 98 98 97 98 98 98 98 93 98 98

CM4 Pearson Correlation ,503*4 ,534*4 742% 1,000 ,397* -,206* -,113 -,382*4 ,386™} ,252* -,326*4 -,356*1
Sig. (2-tailed) ,000 ,000 ,000 , ,000 ,042 ,270 ,000 ,000 ,015 ,001 ,000
N 98 98 98 98 97 98 98 98 98 93 98 98

CM5 Pearson Correlation ,299*4 ,181 ,499*4 ,397*4 1,000 -,107 -,194 -,391* ,240* ,226* -,213* -,254*
Sig. (2-tailed) ,003 ,075 ,000 ,000 ) ,295 ,056 ,000 ,017 ,029 ,035 ,012
N 98 98 97 97 98 98 98 98 98 93 98 98

MMSE Pearson Correlation -,324*4 -,156 -,163 -,206* -,107 1,000 ,155 JAT5% -,269*} -,220* ,537*4 AT2%
Sig. (2-tailed) ,001 121 ,108 ,042 ,295 ) 123 ,000 ,007 ,032 ,000 ,000
N 100 100 98 98 98 100 100 100 100 95 100 100
FLUVERB Pearson Correlation -,233* -,068 -,054 -,113 -,194 ,155 1,000 ,341 -,292*4 -,231* ,211* ,103
Sig. (2-tailed) ,020 ,500 ,598 ,270 ,056 123 ) ,001 ,003 ,025 ,035 ,307
N 100 100 98 98 98 100 100 100 100 95 100 100

REY Pearson Correlation -,342*4 -,209* -,283*4 -,382*4 -,391* JAT5 ,341 1,000 -, 414* -, 373" 7414 437
Sig. (2-tailed) ,001 ,037 ,005 ,000 ,000 ,000 ,001 s ,000 ,000 ,000 ,000
N 100 100 98 98 98 100 100 100 100 95 100 100

TMTA Pearson Correlation ATTH ,409*4 ,273* ,386* ,240* -,269*} -,292*4 - 414* 1,000 ,663*4 -,150 -,240*
Sig. (2-tailed) ,000 ,000 ,006 ,000 ,017 ,007 ,003 ,000 s ,000 ,135 ,016
N 100 100 98 98 98 100 100 100 100 95 100 100

T™MTB Pearson Correlation ,392%4 ,257* ,227* ,252*% ,226* -,220* -,231* -,373* ,663*4 1,000 -,115 -,306*
Sig. (2-tailed) ,000 ,012 ,029 ,015 ,029 ,032 ,025 ,000 ,000 , ,268 ,003
N 95 95 93 93 93 95 95 95 95 95 95 95

REYDIFFE Pearson Correlation -,299*4 -,148 -,300*4 -,326*4 -,213* 537+ 211 S TA1* -,150 -,115 1,000 ,385*
Sig. (2-tailed) ,003 ,141 ,003 ,001 ,035 ,000 ,035 ,000 ,135 ,268 , ,000
N 100 100 98 98 98 100 100 100 100 95 100 100
TOFLONDO  Pearson Correlation -,403*4 -,179 -,422*4 -,356** -,254* JAT2HY ,103 JA37* -,240* -,306* ,385*4 1,000
Sig. (2-tailed) ,000 ,075 ,000 ,000 ,012 ,000 ,307 ,000 ,016 ,003 ,000 s
N 100 100 98 98 98 100 100 100 100 95 100 100

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Table 2.E — correlations: “Maze Learning Test” CM for neuropsichological “spatial” tests

Correlations

CM1 CM2 CM3 CM4 CM5 LINEORIZ | CORSISPA | SUPRASPA | MANIKIN

CM1 Pearson Correlation 1,000 ,520*4 373 ,503*4 ,299%4 -,413* -,085 ,396*4 -,412*1
Sig. (2-tailed) , ,000 ,000 ,000 ,003 ,000 ,401 ,000 ,000
N 100 100 98 98 98 100 100 100 100

CM2 Pearson Correlation ,520*4 1,000 454+ ,534*4 ,181 -, 2764 -,015 ,259*4 -,292*1
Sig. (2-tailed) ,000 , ,000 ,000 ,075 ,005 ,879 ,009 ,003
N 100 100 98 98 98 100 100 100 100

CM3 Pearson Correlation ,373*4 L A54*4 1,000 , 7424 ,499*4 -,312* ,074 ,308*4 -,504*
Sig. (2-tailed) ,000 ,000 , ,000 ,000 ,002 ,469 ,002 ,000
N 98 98 98 98 97 98 98 98 98

CM4 Pearson Correlation ,503*4 5344 7424 1,000 ,397*4 -,333*4 -,052 ,283*4 -,491*1
Sig. (2-tailed) ,000 ,000 ,000 , ,000 ,001 ,614 ,005 ,000
N 98 98 98 98 97 98 98 98 98

CM5 Pearson Correlation ,299%4 181 ,499%4 397+ 1,000 -117 -,054 ,187 -,209*
Sig. (2-tailed) ,003 ,075 ,000 ,000 , ,249 ,599 ,065 ,039
N 98 98 97 97 98 98 98 98 98

LINEORIZ Pearson Correlation -,413* -,276% -,312*4 -,333*4 -, 117 1,000 -,006 -,363*4 ,354*]
Sig. (2-tailed) ,000 ,005 ,002 ,001 ,249 , ,954 ,000 ,000
N 100 100 98 98 98 100 100 100 100
CORSISPA  Pearson Correlation -,085 -,015 ,074 -,052 -,054 -,006 1,000 ,269*4 -,092
Sig. (2-tailed) 401 ,879 ,469 614 ,599 ,954 , ,007 ,360
N 100 100 98 98 98 100 100 100 100

SUPRASPA Pearson Correlation ,396* ,259*4 ,308* ,283*4 ,187 -,363*4 ,269* 1,000 -, 4724
Sig. (2-tailed) ,000 ,009 ,002 ,005 ,065 ,000 ,007 , ,000
N 100 100 98 98 98 100 100 100 100
MANIKIN Pearson Correlation -, 412% -,292%4 -,504*4 -,491*4 -,209* ,354*4 -,092 - 472% 1,000
Sig. (2-tailed) ,000 ,003 ,000 ,000 ,039 ,000 ,360 ,000 ,
N 100 100 98 98 98 100 100 100 100

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Appendice F
— “Paper & Pencil” Road Map Test

Table 1.F — ANOVA: “Road Map Test” P&P for 5 aging groups

Descriptives

95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum [ Maximum
RMCLTARG 1 17 30,59 1,77 43 29,68 31,50 26 32
2 3 30,67 1,53 ,88 26,87 34,46 29 32
3 14 27,00 3,09 ,83 25,22 28,78 22 31
4 13 26,92 4,41 1,22 24,26 29,59 20 32
5 15 22,93 5,15 1,33 20,08 25,78 16 30
Total 62 27,16 4,60 58 25,99 28,33 16 32
RMCLTIME 1 17 82,00 19,27 4,67 72,09 91,91 55 126
2 3 174,00 119,62 69,06 -123,14 471,14 62 300
3 14 131,93 51,63 13,80 102,12 161,74 77 255
4 13 134,69 73,95 20,51 90,00 179,38 61 340
5 15 206,53 113,58 29,33 143,63 269,43 72 480
Total 62 138,90 85,29 10,83 117,24 160,56 55 480
Table 2.F — ANOVA: "Road Map Test” P&P for 5 aging groups
ANOVA
Sum of
Squares df Mean Square F Sig.
RMCLTARG Between Groups 505,746 4 126,437 9,208 ,000
Within Groups 782,641 57 13,731
Total 1288,387 61
RMCLTIME  Between Groups 128260,0 4 32064,997 5,794 ,001
Within Groups 315451,4 57 5534,236
Total 443711,4 61
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Table 3.F — ANOVA: “Road Map Test” P&P for 4 schoolng groups

Descriptives

95% Confidence Interval for
Mean
N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum [ Maximum
RMCLTARG 0-5 1 17,00 , , ; , 17 17
6-8 17 24,76 4,93 1,20 22,23 27,30 16 32
9-13 28 28,07 3,64 ,69 26,66 29,48 20 32
14-19 16 28,75 4,30 1,07 26,46 31,04 16 32
Total 62 27,16 4,60 ,58 25,99 28,33 16 32
RMCLTIME 0-5 1 149,00 , , , , 149 149
6-8 17 187,12 113,70 27,58 128,66 245,57 61 480
9-13 28 128,61 73,64 13,92 100,05 157,16 61 340
14-19 16 105,06 44,39 11,10 81,41 128,72 55 212
Total 62 138,90 85,29 10,83 117,24 160,56 55 480
Table 4.F — ANOVA: "Road Map Test” P&P for 4 schoolng groups
ANOVA
Sum of
Squares df Mean Square F Sig.
RMCLTARG Between Groups 264,471 3 88,157 4,994 ,004
Within Groups 1023,916 58 17,654
Total 1288,387 61
RMCLTIME  Between Groups |60912,039 3 20304,013 3,076 ,035
Within Groups 382799,4 58 6599,989
Total 443711,4 61
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Table 5.F — correlations: “Road Map Test” P&P for neuropsychological tests

Correlations

RMCLTARGRMCLTIME| MMSE |FLUVERB| REY TMTA TMTB_|REYDIFFE[TOFLONDO|

RMCLTARC Pearson Correlatio 1,000 -,676* ,349*1 ,142 ,248 -,270* -,001 ,240 452
Sig. (2-tailed) , ,000 ,006 271 ,052 ,034 496 ,060 ,000

N 62 62 62 62 62 62 58 62 62

RMCLTIME Pearson Correlatio -,676*1 1,000 -,208 -,242 -,294* ,245 ,014 -,159 -,289*
Sig. (2-tailed) ,000 , ,106 ,058 ,021 ,055 ,914 217 ,023

N 62 62 62 62 62 62 58 62 62

MMSE Pearson Correlatiof ,349*1 -,208 1,000 ,155 A475% -,269*1 -,220* ,537% AT72%
Sig. (2-tailed) ,006 ,106 , ,123 ,000 ,007 ,032 ,000 ,000

N 62 62 100 100 100 100 95 100 100

FLUVERB Pearson Correlatio ,142 -,242 ,155 1,000 ,341% -,292*) -,231* ,211* ,103
Sig. (2-tailed) 271 ,058 ,123 , ,001 ,003 ,025 ,035 ,307

N 62 62 100 100 100 100 95 100 100

REY Pearson Correlatiof ,248 -,294* ,A75%] ,341 1,000 -,414*) -,373% , 7417 ,437*
Sig. (2-tailed) ,052 ,021 ,000 ,001 , ,000 ,000 ,000 ,000
N 62 62 100 100 100 100 95 100 100

TMTA Pearson Correlatiof -,270* ,245 -,269*1 -,292*1 -,414* 1,000 ,663* -,150 -,240*
Sig. (2-tailed) ,034 ,055 ,007 ,003 ,000 , ,000 ,135 ,016
N 62 62 100 100 100 100 95 100 100

TMTB Pearson Correlatiof -,091 ,014 -,220* -,231* -,373*] ,663*1 1,000 -,115 -,306*
Sig. (2-tailed) ,496 ,914 ,032 ,025 ,000 ,000 , ,268 ,003
N 58 58 95 95 95 95 95 95 95

REYDIFFE Pearson Correlatio ,240 -,159 ,537* ,211* , 7417 -,150 -,115 1,000 ,385*
Sig. (2-tailed) ,060 ,217 ,000 ,035 ,000 ,135 ,268 , ,000
N 62 62 100 100 100 100 95 100 100
TOFLONDC Pearson Correlatiof ,452*1 -,289* T2+ ,103 437+ -,240* -,306* ,385* 1,000
Sig. (2-tailed) ,000 ,023 ,000 ,307 ,000 ,016 ,003 ,000 ,
N 62 62 100 100 100 100 95 100 100

**. Correlation is significant at the 0.01 level (2-tailed).

*.Correlation is significant at the 0.05 level (2-tailed).
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Table 6.F — Correlations: “Road Map Test” P&P for neuropsychological spatial tests

Correlations

RMCLTARG | RMCLTIME | LINEORIZ [ CORSISPA | SUPRASPA | MANIKIN

RMCLTARG Pearson Correlation 1,000 -,676*4 ,395*4 -,038 -,503*4 ,406*1
Sig. (2-tailed) , ,000 ,001 767 ,000 ,001
N 62 62 62 62 62 62

RMCLTIME  Pearson Correlation -,676*4 1,000 -,194 ,017 4544 -,356*]
Sig. (2-tailed) ,000 , 1131 ,895 ,000 ,004
N 62 62 62 62 62 62

LINEORIZ Pearson Correlation ,395*% -,194 1,000 -,006 -,363* ,354*1
Sig. (2-tailed) ,001 1131 , ,954 ,000 ,000
N 62 62 100 100 100 100
CORSISPA  Pearson Correlation -,038 ,017 -,006 1,000 ,269*% -,092
Sig. (2-tailed) 767 ,895 ,954 , ,007 360
N 62 62 100 100 100 100

SUPRASPA Pearson Correlation -,503*4 JA54%% -,363*4 ,269*4 1,000 -,472*1
Sig. (2-tailed) ,000 ,000 ,000 ,007 , ,000
N 62 62 100 100 100 100
MANIKIN Pearson Correlation LA06*4 -,356*4 ,354*% -,092 -, 472 1,000
Sig. (2-tailed) ,001 ,004 ,000 ,360 ,000 ,
N 62 62 100 100 100 100

**. Correlation is significant at the 0.01 level (2-tailed).
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Table 1.G - correlations

Appendix G

- Maze Learning Test in VR

“Maze Learning Test” in VR for neuropsychological tests

Correlations

VR1 VR2 VR3 VR4 VR5 MMSE FLUVERB REY TMTA TMTB REYDIFFE | TOFLONDO
VR1 Pearson Correlation 1,000 ,723* ,411* ,411% ,612*4 -,538*4 -,121 -,163 ,138 -,027 -,328* -,354*
Sig. (2-tailed) , ,000 ,019 ,008 ,000 ,000 ,359 ,214 ,292 ,837 ,011 ,006

N 60 57 32 41 41 60 60 60 60 59 60 60
VR2 Pearson Correlation , 723" 1,000 ,545* ,504*% ,669*4 -,460* -,084 -,175 ,137 -,001 -, 377 -,372*
Sig. (2-tailed) ,000 , ,001 ,000 ,000 ,000 ,506 ,164 ,278 ,993 ,002 ,002

N 57 65 36 44 44 65 65 65 65 64 65 65

VR3 Pearson Correlation ,411* ,545*4 1,000 ,661*4 ,640* -,142 -,454*4 -,073 ,426* ,072 -,176 -,168
Sig. (2-tailed) ,019 ,001 s ,000 ,000 ,408 ,005 671 ,010 ,682 ,305 ,329

N 32 36 36 34 32 36 36 36 36 35 36 36

VR4 Pearson Correlation L4114 ,504* ,661*4 1,000 ,812*4 -,125 -,226 -,041 ,460*% ,122 -,010 -,152
Sig. (2-tailed) ,008 ,000 ,000 , ,000 420 ,140 ,791 ,002 ,436 ,950 ,325

N 41 44 34 44 42 44 44 44 44 43 44 44

VR5 Pearson Correlation ,612*4 ,669*% ,640*4 ,812*4 1,000 -,368* -,328* -,150 426 -,004 -,210 -,179
Sig. (2-tailed) ,000 ,000 ,000 ,000 s ,014 ,030 ,332 ,004 ,978 171 ,245

N 41 44 32 42 44 44 44 44 44 43 44 44
MMSE Pearson Correlation -,538*4 -,460* -,142 -,125 -,368* 1,000 ,155 A75 -,269* -,220* ,537*4 472
Sig. (2-tailed) ,000 ,000 ,408 420 ,014 , ,123 ,000 ,007 ,032 ,000 ,000

N 60 65 36 44 44 100 100 100 100 95 100 100

FLUVERB Pearson Correlation -,121 -,084 -, 4544 -,226 -,328* ,155 1,000 ,341*4 -,292*4 -,231* ,211* ,103
Sig. (2-tailed) ,359 ,506 ,005 ,140 ,030 ,123 , ,001 ,003 ,025 ,035 ,307

N 60 65 36 44 44 100 100 100 100 95 100 100
REY Pearson Correlation -,163 -,175 -,073 -,041 -,150 475" ,341* 1,000 -,414* -,373* 741 ,437*
Sig. (2-tailed) 214 ,164 671 791 ,332 ,000 ,001 s ,000 ,000 ,000 ,000

N 60 65 36 44 44 100 100 100 100 95 100 100
TMTA Pearson Correlation ,138 ,137 ,426*4 ,460*% ,426*4 -,269* -,292*4 -, 4144 1,000 ,663*4 -,150 -,240*
Sig. (2-tailed) ,292 ,278 ,010 ,002 ,004 ,007 ,003 ,000 , ,000 ,135 ,016

N 60 65 36 44 44 100 100 100 100 95 100 100

TMTB Pearson Correlation -,027 -,001 ,072 122 -,004 -,220* -,231* -,373* ,663*4 1,000 -,115 -,306*
Sig. (2-tailed) ,837 ,993 ,682 ,436 ,978 ,032 ,025 ,000 ,000 s ,268 ,003

N 59 64 35 43 43 95 95 95 95 95 95 95

REYDIFFE Pearson Correlation -,328* =377 -,176 -,010 -,210 ,537*4 ,211* ,741% -,150 -,115 1,000 ,385*
Sig. (2-tailed) ,011 ,002 ,305 ,950 171 ,000 ,035 ,000 ,135 ,268 s ,000

N 60 65 36 44 44 100 100 100 100 95 100 100

TOFLONDO Pearson Correlation -,354*4 -,372% -,168 -,152 -,179 AT72% ,103 A37* -,240* -,306*1 ,385*4 1,000
Sig. (2-tailed) ,006 ,002 ,329 ,325 ,245 ,000 ,307 ,000 ,016 ,003 ,000 ,

N 60 65 36 44 44 100 100 100 100 95 100 100

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Table 2.G — Correlations:

“Maze Learning Test” for neuropsychological spatial tests

Correlations

VR1 VR2 VR3 VR4 VR5 LINEORIZ | CORSISPA | SUPRASPA [ MANIKIN

VR1 Pearson Correlation 1,000 ,723* 411 411 ,612*4 -,515%4 ,077 ,593*4 -,507*1
Sig. (2-tailed) , ,000 ,019 ,008 ,000 ,000 ,560 ,000 ,000
N 60 57 32 41 41 60 60 60 60

VR2 Pearson Correlation 723 1,000 ,545*4 ,504*4 ,669*4 -,345*4 ,126 ,611%4 -, 476*
Sig. (2-tailed) ,000 , ,001 ,000 ,000 ,005 ,318 ,000 ,000
N 57 65 36 44 44 65 65 65 65
VR3 Pearson Correlation A11* ,545*4 1,000 ,661*4 ,640%4 -,353* ,019 ,098 -,301
Sig. (2-tailed) ,019 ,001 , ,000 ,000 ,035 ,914 ,568 ,074
N 32 36 36 34 32 36 36 36 36
VR4 Pearson Correlation L4114 ,504*4 ,661*4 1,000 ,812%4 -,180 -,285 -,102 -,259
Sig. (2-tailed) ,008 ,000 ,000 , ,000 241 ,061 ,509 ,089
N 41 44 34 44 42 44 44 44 44

VRS Pearson Correlation ,612*4 ,669*4 ,640*4 ,812*4 1,000 -,287 -,001 241 -,358*
Sig. (2-tailed) ,000 ,000 ,000 ,000 , ,059 ,995 , 115 ,017
N 41 44 32 42 44 44 44 44 44

LINEORIZ Pearson Correlation -,515*4 -,345*4 -,353* -,180 -,287 1,000 -,006 -,363*4 ,354*7
Sig. (2-tailed) ,000 ,005 ,035 241 ,059 , ,954 ,000 ,000
N 60 65 36 44 44 100 100 100 100
CORSISPA  Pearson Correlation ,077 126 ,019 -,285 -,001 -,006 1,000 ,269* -,092
Sig. (2-tailed) ,560 ,318 ,914 ,061 ,995 ,954 , ,007 ,360
N 60 65 36 44 44 100 100 100 100

SUPRASPA Pearson Correlation ,593*} ,611*% ,098 -,102 241 -,363* ,269*4 1,000 -, 472*
Sig. (2-tailed) ,000 ,000 ,568 ,509 , 115 ,000 ,007 , ,000
N 60 65 36 44 44 100 100 100 100
MANIKIN Pearson Correlation -,507*4 - 4764 -,301 -,259 -,358* ,354*4 -,092 -, 4724 1,000
Sig. (2-tailed) ,000 ,000 074 ,089 ,017 ,000 ,360 ,000 :
N 60 65 36 44 44 100 100 100 100

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Table 3.G — correlations:

“Effectiveness Index”, dmoqr. Var. for neuropsycholog.

tests
Correlations
numero di
labirinti fatti ETA SCOLARIT | FLUIDITA MMSE FLUVERB REY TMTA TMTB REYDIFFE | TOFLONDO
Effective Index Pearson Correlation 1,000 -, 706*1 ,451*4 ,522*4 ,505*4 ,152 ,481*4 -,398*4 -,337*4 ,466* ,530*
Sig. (2-tailed) , ,000 ,000 ,000 ,000 ,130 ,000 ,000 ,001 ,000 ,000
N 100 100 100 100 100 100 100 100 95 100 100
ETA Pearson Correlation -,706*4 1,000 -,392*4 -,613* -,662* -,298*4 -,482*4 ,436* ,246* -,437* -,439*
Sig. (2-tailed) ,000 s ,000 ,000 ,000 ,003 ,000 ,000 ,016 ,000 ,000
N 100 100 100 100 100 100 100 100 95 100 100
SCOLARIT Pearson Correlation ,451*4 -,392*4 1,000 ,340%4 ,352*4 ,140 ,323* -,227* -,112 ,413* ,385*
Sig. (2-tailed) ,000 ,000 , ,001 ,000 ,164 ,001 ,023 ,278 ,000 ,000
N 100 100 100 100 100 100 100 100 95 100 100
FLUIDITA Pearson Correlation ,522*4 -,613* ,340%1 1,000 ,390*4 ,235* ,381*4 -,313* -,163 ,342* ,270*
Sig. (2-tailed) ,000 ,000 ,001 s ,000 ,019 ,000 ,002 115 ,000 ,007
N 100 100 100 100 100 100 100 100 95 100 100
MMSE Pearson Correlation ,505*4 -,662*1 ,352*4 ,390%4 1,000 ,155 475 -,269*4 -,220* ,537* A472*
Sig. (2-tailed) ,000 ,000 ,000 ,000 s 123 ,000 ,007 ,032 ,000 ,000
N 100 100 100 100 100 100 100 100 95 100 100
FLUVERB Pearson Correlation ,152 -,298*1 ,140 ,235% ,155 1,000 ,341* -,292*4 -,231* ,211* ,103
Sig. (2-tailed) ,130 ,003 ,164 ,019 123 s ,001 ,003 ,025 ,035 ,307
N 100 100 100 100 100 100 100 100 95 100 100
REY Pearson Correlation ,481*1 -,482*4 ,323*1 ,381%Y 475 ,341* 1,000 -,414* -,373* 741 A437*
Sig. (2-tailed) ,000 ,000 ,001 ,000 ,000 ,001 s ,000 ,000 ,000 ,000
N 100 100 100 100 100 100 100 100 95 100 100
TMTA Pearson Correlation -,398*4 ,436*1 -,227* -,313* -,269* -,292*4 -,414*4 1,000 ,663* -,150 -,240*
Sig. (2-tailed) ,000 ,000 ,023 ,002 ,007 ,003 ,000 s ,000 ,135 ,016
N 100 100 100 100 100 100 100 100 95 100 100
TMTB Pearson Correlation -,337* ,246* -,112 -,163 -,220* -,231* -,373*4 ,663* 1,000 -,115 -,306*
Sig. (2-tailed) ,001 ,016 ,278 ,115 ,032 ,025 ,000 ,000 s ,268 ,003
N 95 95 95 95 95 95 95 95 95 95 95
REYDIFFE Pearson Correlation ,466*4 -,437* ,413*4 ,342*4 ,537*4 ,211* 741 -,150 -,115 1,000 ,385*
Sig. (2-tailed) ,000 ,000 ,000 ,000 ,000 ,035 ,000 ,135 ,268 s ,000
N 100 100 100 100 100 100 100 100 95 100 100
TOFLONDO Pearson Correlation ,530%4 -,439*4 ,385*4 ,270%4 472 ,103 437 -,240* -,306*4 ,385*% 1,000
Sig. (2-tailed) ,000 ,000 ,000 ,007 ,000 ,307 ,000 ,016 ,003 ,000 s
N 100 100 100 100 100 100 100 100 95 100 100

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Tabella 4.G — correlations: “Maze Learning Test-fati” in VR for neurops.tests

Correlations

numero di
labirinti fatti LINEORIZ [ CORSISPA | SUPRASPA | MANIKIN
numero di labirinti fatti  Pearson Correlation 1,000 ,436* -,001 -,613*4 ,508*1
Sig. (2-tailed) , ,000 ,991 ,000 ,000
N 100 100 100 100 100
LINEORIZ Pearson Correlation ,436* 1,000 -,006 -,363* ,354*1
Sig. (2-tailed) ,000 , ,954 ,000 ,000
N 100 100 100 100 100
CORSISPA Pearson Correlation -,001 -,006 1,000 ,269*% -,092
Sig. (2-tailed) ,991 ,954 , ,007 ,360
N 100 100 100 100 100
SUPRASPA Pearson Correlation -,613*4 -,363*4 ,269*4 1,000 -,472*1
Sig. (2-tailed) ,000 ,000 ,007 , ,000
N 100 100 100 100 100
MANIKIN Pearson Correlation ,508*4 ,354*% -,092 -, 472%4 1,000
Sig. (2-tailed) ,000 ,000 ,360 ,000 ,
N 100 100 100 100 100

**. Correlation is significant at the 0.01 level (2-tailed).
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Appendice H
— Road Map Test in VR

Tabella 1.H — Correlations: “Road Map Test” in VR, socio-demogr. And neurops.

tests

Correlations

RMTARGET | RMTIME MMSE ETA SCOLARIT | FLUIDITA

RMTARGET Pearson Correlation 1,000 ,233* L4074 -,632*4 ,366** ,641*1
Sig. (2-tailed) , ,020 ,000 ,000 ,000 ,000
N 99 99 99 99 99 99
RMTIME Pearson Correlation ,233* 1,000 -,125 -,088 ,109 ,105
Sig. (2-tailed) ,020 , ,215 ,386 ,279 ,297
N 99 100 100 100 100 100

MMSE Pearson Correlation L4074 -,125 1,000 -,662*4 ,352*4 ,390*7
Sig. (2-tailed) ,000 ,215 , ,000 ,000 ,000
N 99 100 100 100 100 100

ETA Pearson Correlation -,632*4 -,088 -,662*4 1,000 -,392*4 -,613*
Sig. (2-tailed) ,000 ,386 ,000 , ,000 ,000
N 99 100 100 100 100 100

SCOLARIT Pearson Correlation ,366*4] , 109 ,352*4 -,392*4 1,000 ,340*7
Sig. (2-tailed) ,000 ,279 ,000 ,000 , ,001
N 99 100 100 100 100 100
FLUIDITA Pearson Correlation ,641*% , 105 ,390*4 -,613*4 ,340*4 1,000
Sig. (2-tailed) ,000 ,297 ,000 ,000 ,001 ,
N 99 100 100 100 100 100

*. Correlation is significant at the 0.05 level (2-tailed).

**. Correlation is significant at the 0.01 level (2-tailed).
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Tabella 2.H — Correlations: “Road Map Test” in VR for neuropsychological tests

Correlations

RMTARGET MMSE FLUVERB REY TMTA TMTB REYDIFFE | TOFLONDO

RMTARGET Pearson Correlation 1,000 407 224 ,343 -,383 -,247 ,295 ,409
Sig. (2-tailed) , ,000 ,026 ,001 ,000 ,016 ,003 ,000

N 99 99 99 99 99 94 99 99

MMSE Pearson Correlation 407 1,000 ,155 AT5 -,269 -,220 ,537 AT2
Sig. (2-tailed) ,000 , ,123 ,000 ,007 ,032 ,000 ,000

N 99 100 100 100 100 95 100 100

FLUVERB Pearson Correlation 224 ,155 1,000 341 -,292 -,231 211 ,103
Sig. (2-tailed) ,026 ,123 , ,001 ,003 ,025 ,035 ,307

N 99 100 100 100 100 95 100 100

REY Pearson Correlation ,343 475 ,341 1,000 -,414 -,373 , 741 ,437
Sig. (2-tailed) ,001 ,000 ,001 , ,000 ,000 ,000 ,000

N 99 100 100 100 100 95 100 100

TMTA Pearson Correlation -,383 -,269 -,292 -,414 1,000 ,663 -,150 -,240
Sig. (2-tailed) ,000 ,007 ,003 ,000 , ,000 ,135 ,016

N 99 100 100 100 100 95 100 100

TMTB Pearson Correlation -,247 -,220 -,231 -,373 ,663 1,000 -,115 -,306
Sig. (2-tailed) ,016 ,032 ,025 ,000 ,000 , ,268 ,003

N 94 95 95 95 95 95 95 95

REYDIFFE Pearson Correlation 295 ,537 211 741 -,150 -,115 1,000 ,385
Sig. (2-tailed) ,003 ,000 ,035 ,000 ,135 ,268 , ,000

N 99 100 100 100 100 95 100 100

TOFLONDO Pearson Correlation 409 AT2 ,103 437 -,240 -,306 ,385 1,000
Sig. (2-tailed) ,000 ,000 ,307 ,000 ,016 ,003 ,000 ,

N 99 100 100 100 100 95 100 100
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Table 3.H — Correlations: “Road Map Test” in VR for neuropsychological tests

Correlations

RMTARGET | LINEORIZ | CORSISPA | SUPRASPA | MANIKIN

RMTARGET Pearson Correlation 1,000 ,387*4 ,055 -, 571 ,410*1
Sig. (2-tailed) , ,000 ,589 ,000 ,000
N 99 99 99 99 99

LINEORIZ Pearson Correlation ,387*% 1,000 -,006 -,363* ,354*1
Sig. (2-tailed) ,000 , ,954 ,000 ,000
N 99 100 100 100 100
CORSISPA  Pearson Correlation ,055 -,006 1,000 ,269* -,092
Sig. (2-tailed) ,589 ,954 , ,007 ,360
N 99 100 100 100 100

SUPRASPA Pearson Correlation -, 571 -,363*} ,269*4 1,000 -, 472"
Sig. (2-tailed) ,000 ,000 ,007 , ,000
N 99 100 100 100 100
MANIKIN Pearson Correlation ,410*4 ,354* -,092 - 472 1,000
Sig. (2-tailed) ,000 ,000 ,360 ,000 ,
N 99 100 100 100 100

**. Correlation is significant at the 0.01 level (2-tailed).
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