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ABSTRACT 
The study of aging is a central topic in the current societal debate, as life expectancy is 

increasing, and new ways to maintain a good quality of life and to prevent neurodegenerative 

diseases are fundamental. In these terms, it is necessary to pay attention to the prodromal 

stages of cognitive decline, before it actually appears, in order to enhancing the accuracy of 

diagnoses and try to maximize interventions. 

The first chapters of this thesis focus on exploring a new technological intervention for 

amnesic Mild Cognitive Impairment (aMCI) patients. In particular, after an excursus on 

cognitive aging and existing available interventions (chapters one and two), the third chapter 

presents Study 1, which aimed at investigating both behavioral and neurofunctional effects 

of a 5-weeks treatment for patients with single and multiple-domain aMCI. There is evidence 

that non-specific domain computerized trainings might be beneficial for patients with MCI, 

and a non-invasive modulation technique, Prismatic Adaptation (PA), has been shown to 

entail a diffuse effect on higher cognition as well. Therefore, we decided to implement a 

digital treatment involving the use of PA combined with Serious Games. To date, we have 

recruited 10 patients, who underwent neuropsychological assessments and resting-state 

fMRI exams, before and after the treatment. They were divided into two groups, one who 

received PA with real lenses (experimental group), and the other who received PA with 

neutral lenses (control group). Our results suggest that the 5-weeks treatment was beneficial 

in preventing cognitive deterioration in that timeframe, and in sustaining long-term memory 

and attention, in both groups. Moreover, we observed an increased anti-correlation between 

the Default Mode Network (DMN) and the Dorsal Attention Network (DAN) during resting-

state in the experimental group, as compared to the control group, after the treatment. This 

result is not only in line with current literature, but it also reflects the potential neurofunctional 

effects of PA. 

In the fourth chapter, Study 2.1 and 2.2 focus on the attention capabilities of healthy elderlies 

and their differences from aMCI patients. In Study 2.1 we explored the characteristics of 

attentional subcomponents, namely alerting, orienting, and executive control, in healthy 

individuals older than 65 years old, and investigated whether PA could modulate them. To 

do so, we recruited 20 participants and administered them with the Attention Network Test 

(ANT) before and after one single session of PA. Results suggest that only the alerting 

component was modulated by PA. A reduction in RTs was seen in both the experimental and 

the control groups. Moreover, we compared the performances at ANT of the healthy 

participants matched with the aMCI patients of Study 1. We found a significant difference in 
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RTs and numbers of errors, with patients being more slowly and less accurate than healthy 

elderlies. Taken together, Study 1, 2.1, and 2.2, demonstrated the pivotal role of attention in 

aging; the importance of delving into its function in the transition from healthy to pathological 

aging should be considered both in the diagnosis process and in designing cognitive 

stimulation treatments. 

Finally, the fifth chapter introduces Study 3, presenting a single case of unilateral right tactile 

agnosia, in the context of a rare neurodegenerative disease, namely Cortical Basal 

Syndrome (CBS). The patient, a 55-year-old woman, initially presented with a complex 

neuroanatomical correlate, with left frontoparietal atrophy and the outcome of the surgical 

removal of a right parietal oligodendroglioma. She referred difficulties in haptic object 

recognition and in right-hand sensitivity. We performed an extensive neuropsychological 

assessment and an experimental evaluation of somatosensory functions and tactile 

agnosia, targeting every level of tactile processing, from elementary to higher-order tactile 

recognition processes: sensory deficits (i.e., tactile perception), hyloagnosia (i.e., weight, 

texture, and materials), morphoagnosia (meaningless-shapes test), and associative tactile 

agnosia (real object test). Since a standardized battery for tactile agnosia is missing, we 

also recruited 18 healthy controls age- and education-matched. Furthermore, we followed 

the patient’s evolution for three years, both neuropsychologically and neurologically. The 

initial neuropsychological assessment revealed apraxia for the right hand, in the context of 

an otherwise intact cognitive profile. The patient showed normal tactile sensitivity and she 

was accurate for most hylognosis functions. Conversely, she was impaired with the right 

hand in exploring geometrical shapes and in the meaningless-shapes test. She could not 

recognize real objects either. Three years after symptoms onset, a DaTSCAN, previously 

negative, became positive, showing reduced integrity of the presynaptic dopaminergic 

system in the left putamen. The MR showed a progression of the left frontoparietal atrophy 

in the absence of lesion recurrences of the right oligodendroglioma. Behaviourally, apraxia 

and morphoagnosia appeared also in the left hand, while cognitive functions remained 

stable. The patient's clinical profile is consistent with the diagnosis of CBS and unilateral 

tactile agnosia as the primary symptom onset, in the absence of cognitive decline. This is 

the third case described in the literature manifesting morphoagnosia without hyloagnosia 

and the first description of such dissociation in a case with CBS. 

Overall, our studies demonstrate that the understanding of physiological changes in the 

elderly needs further exploration, as well as the distinction between these modifications and 

pathological ones. Such knowledge can be indispensable for early diagnoses and for the 
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development of feasible and easily accessible treatments, both in the context of most 

common conditions, e.g., MCI, and even more in rare or poorly understood 

neurodegenerative diseases, e.g., CBS. 
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CHAPTER ONE -  From healthy to pathological aging 

1.1 Cognitive aging 

The study of aging is currently a central theme for society, as in 2022 in Europe the median 

age of the population reached 44.4 years, steadily increasing over the past decade. The 

range varies from 38.3 years in Cyprus to 48 years in Italy, which stands out as the European 

Country with the oldest population. Italy also has the highest old-age dependency ratio 

(37.5%) in Europe, defined as the ratio of the number of people aged 65 years and over, 

compared to the number of people between 15 and 64 years old (Eurostat, 2022). These 

data imply an increase in years of life not dedicated to work, during which it is important to 

maximize the quality of life by ensuring good maintenance of physical, psychological, and 

cognitive well-being, while minimizing the length of time during which persons are 

functionally impaired (Hertzog et al., 2008; Rowe & Kahn, 1997). Although aging is 

stereotypically associated to negative traits, particularly to inevitable cognitive decline and 

memory loss (Lineweaver & Hertzog, 1998), studies have shown that neural plasticity is 

possible during the entire lifespan and that cognitive performance can be improved in the 

eldest despite biological cognitive constraints (Baltes, 1987; Hertzog et al., 2008). Evidence 

exists for gradual declines in processing speed, central sensory functioning, white matter 

integrity, and brain volume as individuals age (Lindenberger et al., 2001; Raz et al., 2005). 

However, research on higher cognitive functions reveals that a considerable portion of the 

elderly population experiences only modest declines or even maintains their cognitive 

abilities as they grow older (Greenwood, 2007; R. S. Wilson et al., 2002). Greenwood (2007) 

proposed a model to explain the interaction between brain volume loss (biological cognitive 

constraints) and the preservation of cognitive performance in healthy elderly individuals. His 

model suggests that brain and cognitive plasticity, through the learning of cognitive 

strategies, allows for the recruitment of brain areas adjacent and contralateral to the atrophic 

ones to maintain cognitive functions, with the only consequence of a slowdown in processing 

speed and an enhanced activation of those contralateral areas (Greenwood, 2007; 

Gutchess et al., 2005). 

On the other hand, advanced age is the primary risk factor for the onset of degenerative 

diseases, primarily Alzheimer's Disease (AD); this underscores the vital importance of 

developing preventive strategies. AD is the most prevalent form of dementia and its 

incidence in Europe is estimated at 5.05% of the total population (Niu et al., 2017); in Italy, 

in 2018 the 2.12% of the population lived with AD and this percentage is estimated to grow 
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up to 4.13% by 2050 (Prevalence of Dementia in Europe, s.d.). However, cognitive decline 

is not only caused by AD, and it is important to differentiate between different forms of 

dementia in order to properly diagnose and create a care plan. The gold standard diagnostic 

criteria for dementia have been developed by The National Institute on Aging and 

Alzheimer's Association (NIA-AA) and they comprise: (1) presence of cognitive or behavioral 

symptoms that interfere with the ability to function at work or dailies activities; (2) the 

symptoms represent a decline from a previous level of functioning; (3) symptoms are not 

explained by delirium or other psychiatric disorder; (4) cognitive impairment is detected and 

diagnosed through a combination of history-taking from both the patient and an informant, 

and an objective neuropsychological assessment; (5) the cognitive or behavioral impairment 

involves at least two of the following domains: memory, reasoning and decision-making, 

visuo-spatial abilities, language, and changes in personality or comportment (McKhann et 

al., 2011). For what concerns AD, the diagnostic criteria differentiate between “Probable AD”, 

“Possible AD”, and “Probable or Possible AD with evidence of the AD pathophysiological 

process”. Probable AD is diagnosed when the patient meets the criteria for the 

aforementioned dementia, and in addition he/she has an insidious onset and a progressive 

worsening of the symptoms, presented with an initial amnestic deficit (most frequently) or 

an initial language or executive-functioning deficit; the diagnosis of “Probable AD” should 

not be applied when there is evidence of a cerebrovascular disease temporally related to 

the cognitive decline, or the presence of core features of other dementias (i.e. dementia with 

Lewy Bodies, frontotemporal dementia, primary progressive aphasia, etc.) or other diseases 

or medications that could have an influence on cognition (McKhann et al., 2011). In the 

cases when there are insufficient anamnestic data to document a progressive decline or 

there are comorbidities with cerebrovascular disease, other dementias, or medication that 

affect cognition, the diagnosis of "Possible AD" is more appropriate (McKhann et al., 2011). 

Finally, in the patients who meet the “Probable AD” criteria, biomarkers evidence could 

increase the probability that the AD pathophysiological process is the cause of the cognitive 

decline. The major biomarkers for AD are brain amyloid-beta (Ab) protein deposition 

(detected through analysis of cerebrospinal fluid (CSF) or a PET scan), an elevated CSF-

tau, and a disproportionate atrophy on structural magnetic resonance imaging (MRI) in 

medial, basal, and lateral temporal lobe, and medial parietal cortex (McKhann et al., 2011). 

Between healthy aging and dementia, there is a particular condition that is gaining 

increasing attention from both researchers and clinicians, namely Mild Cognitive Impairment 

(MCI) (Cherbuin et al., 2010; Petersen, 2004). This condition involves cognitive decline in 
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the absence of an impact on daily life, and appears to be an intermediate stage that 

augments the probability, but not necessarily leads to, the development of dementia 

(Cherbuin et al., 2010; Gillis et al., 2019). Recognizing this continuum from healthy aging to 

dementia opens up opportunities for prevention that parallel the achievements in heart 

disease, stroke, and various forms of cancer; thus, prioritizing MCI studies should be on the 

same level as the efforts directed towards diagnosing and providing care for individuals who 

have already developed dementia (G. E. Smith, 2016). 

1.2 Mild Cognitive Impairment 

In the 1980s the National Institute of Mental Health (NIMH) introduced the term “Age-

Associated Memory Impairment” (AAMI) referring to memory deficits that do not interfere 

with daily activities. According to the NIMH, these observed limitations must be confirmed 

through memory test performance that falls at least one standard deviation (SD) below the 

established average (Crook et al., 1987; Golomb et al., 2004). However, AAMI had 

limitations that involved confining impairment solely to the memory domain and comparing 

memory function in older adults to the performance of young adults, thus being unable to 

distinguish between individuals at risk of developing pathological conditions and those 

experiencing the natural aging process (Petersen & Negash, 2008). For this reason, 

scholars from the International Psychogeriatric Association introduced the term "Age-

Associated Cognitive Decline" (AACD) to encompass multiple cognitive domains presumed 

to decline during normal aging (Golomb et al., 2004; Levy, 1994). During those years, many 

dementia assessment scales (for example the Global Deterioration Scale and the Clinical 

Dementia Rating) and many constructs were used, such as “isolated memory loss”, “mild 

cognitive disorder”, “mild neurocognitive disorder”, “cognitive impairment–no dementia”, 

without clinical and scientific consensus on the best term to use and on this diagnostic 

category (Golomb et al., 2004). It was only in 1995 that Mild Cognitive Impairment (MCI) 

became an independent diagnostic category, referred to subjects who retained normal 

global cognitive function without impairment on tasks of daily living but had subjective 

memory complaints and scored below age-adjusted norms on memory tests (Golomb et al., 

2004; Petersen, 2004; Petersen et al., 1995). At present, the diagnostic criteria are those of 

the NIA-AA, which, building upon the foundations laid by Petersen and colleagues and 

subsequent studies and revisions, has expanded and detailed this diagnosis (Albert et al., 

2011; McKhann et al., 2011; Petersen et al., 1999). The core clinical criteria for individuals 

with MCI (Albert et al., 2011) are: 
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(1) Concern regarding a change in cognition, in terms of evidence, from the individual, 

an informant, or a skilled clinician of a change in comparison to a previous level of 

cognition;  

(2) Impairment in one or more cognitive domains, evidenced by a reduced 

performance at the objective assessment that is greater than would be expected for 

the patient’s age and educational background; 

(3) Preservation of independence of functional abilities; persons with MCI may have 

difficulties in complex daily tasks, but they generally maintain their independence of 

function in daily life; 

(4) Not demented; the cognitive changes should be sufficiently mild so that there is no 

evidence of a significant impairment in social or occupational functioning. 

Once the core criteria have been fulfilled, a more detailed clinical characterization can be 

undertaken. Indeed, the classification of MCI includes two subcategories: Amnestic MCI 

(aMCI), characterized by the primary cognitive impairment in memory, and Non-amnestic 

MCI (naMCI), where the predominant impairment involves cognitive functions other than 

memory, such as attention, language, or visuospatial skills (Petersen, 2004; Winblad et al., 

2004). In both forms of MCI, these impairments can either manifest in isolation (Single-

domain MCI) or in combination with other cognitive deficits (Multiple-domain MCI) (Petersen 

& Morris, 2005; Saunders & Summers, 2011; Winblad et al., 2004). Finally, in order to carry 

out a proper diagnosis, the clinician should determine if the likely cause of the MCI syndrome 

is degenerative (i.e., gradual onset, insidious progression), vascular (i.e., abrupt onset, 

vascular risk factors, history of strokes, transient ischemic attacks), psychiatric (i.e., history 

of depression or anxiety), or secondary to concomitant medical disorders such as congestive 

heart failure, diabetes mellitus, systemic cancer (Petersen & Negash, 2008). Although the 

presence of MCI doesn't necessarily imply a prognosis of cognitive decline, individuals with 

MCI have a 3-5 times higher likelihood of developing dementia compared to their peers 

without MCI (Campbell et al., 2013). The understanding of the MCI subtype and etiology 

would help in predicting the type of dementia the patient could evolve (Petersen & Morris, 

2005). For example, both single and multiple-domain amnestic-MCI have a highly likelihood 

to progress in AD, while non-amnestic MCI has major probability to progress in 

Frontotemporal Dementia (FTD) or Lewy Bodies Dementia (LBD), mostly when a single 

domain is affected (Gillis et al., 2019; Petersen et al., 1999; Petersen & Morris, 2005). 

However, there is a significant heterogeneity in the outcomes of MCI, regardless of the initial 

symptoms that appear. Even aMCI has shown to increase the risk of conversions in 
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dementia different from AD (Fischer et al., 2007; Summers & Saunders, 2012), and it has 

been suggested that a more precise assessment of other cognitive domains could provide 

more insightful information about outcomes compared to memory alone. Indeed, even in the 

very early stages of Alzheimer's disease, deficits in other cognitive domains, particularly 

executive functions and attention, have been observed (Storandt, 2008). The predictive 

accuracy for the conversion from MCI to AD considering more cognitive variables, including 

episodic memory and processing speed measures, has been reported to be as high as 86%; 

additionally, it has been discovered that the evaluation of executive function and functional 

capacity were better predictors of conversion from MCI to AD after 2 years compared to 

biomarkers, such as MRI and cerebrospinal fluid (Gomar et al., 2011; Reinvang et al., 2012). 

Therefore, it appears crucial to conduct more in-depth and longitudinal studies of the 

disease's progression, with a focus on cognitive functions that have been relatively 

overlooked compared to the memory domain in the past. 

1.3 The Attention Network Test (ANT) as informative tool in MCI 

Focusing on executive functions and attention in order to study the progression trajectories 

of MCI, it seems crucial to find a proper tool that serves the need of both experimental and 

clinical practice to delve into these components. Neuropsychological models of attention 

propose a division of attention into three primary subcomponents: alerting, orienting, and 

executive control (Fan et al., 2002a; McDonough et al., 2019; Posner & Petersen, 1990; 

Posner & Rothbart, 2007). "Alerting" refers to the ability to increase vigilance and response 

readiness to an external cue; "orienting" involves selecting specific information from various 

sensory inputs and directing attention to it, while "executive control" pertains to the 

monitoring and resolution of complex mental operations, particularly involved in decision-

making, planning, and error detection (Fan et al., 2005). 

One task that has been developed to investigate these subcomponents is the Attention 

Network Test (Fan et al., 2002a). This simple task, lasting about 20 minutes, can provide 

insights into the efficiency of each of these three subcomponents individually. It has been 

demonstrated that these attentional subcomponents can decline independently over the 

course of a person's life, and performance on the ANT could potentially serve as an indicator 

of an early stage of cognitive decline (Sarrias-Arrabal et al., 2023; Van Dam et al., 2013). 

However, the direction of attentional changes during lifetime remains somewhat unclear, as 

some studies show broader alerting in older individuals (Fernandez-Duque & Black, 2006), 

while others find reduced alerting (Gamboz et al., 2010; Jennings et al., 2007). On the other 
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hand, it has been suggested that impairment in the executive control network might be a 

prodromal symptom of degeneration, as selective executive control dysfunction has been 

observed in patients with aMCI through ANT (Zhang et al., 2015). 

The ANT requires participants to determine whether a target (central arrow) presented on a 

computer screen points to the left or to the right, by pressing the left or right shift keys. They 

are instructed to answer as quickly and accurately as possible. The central arrow may 

appear alone (neutral condition), or with two flanker arrows on both its left and right side. 

The flankers are either congruent (pointing to the same direction as the target) or 

incongruent (pointing to the opposite direction). Therefore, the executive control of attention 

is measured by subtracting the mean reaction time (RT) of the congruent condition from the 

mean RT of the incongruent condition. Alerting and orienting components are instead 

derived from the four possible cue conditions before target appearance (no-cue, center-cue, 

double-cue, and spatial-cue – when the cue appears in the same location as the target). The 

difference between no cue and double cue conditions provides the index of the efficiency of 

the alerting network. The difference between center cue and spatial orienting cue conditions 

provides an index of the efficiency of the orienting network (Fan et al., 2002a).  

1.4 Neurofunctional aspects in MCI 

The evidence that alterations in attention and executive functions occur in the early stages 

of degenerative diseases and in MCI is consistent with neurofunctional evidence regarding 

the connectivity of brain networks in MCI patients. While most fMRI studies on MCI have 

traditionally focused on brain activity during episodic memory tasks (for a review: Ries et al., 

2008), recent scientific interest has broadened to include resting-state fMRI (rs-fMRI), a 

technique that examines brain region activation in the absence of a specific task or stimulus 

(Lee et al., 2013). One of the most extensively studied networks is the Default Mode Network 

(DMN), which comprises widespread cortical and subcortical networks, including the 

posterior cingulate cortex (PCC), the medial prefrontal cortex (mPFC) with its dorsomedial 

(dmPFC) and ventromedial (vmPFC) subdivisions, the middle temporal gyrus (MTG), the 

medial temporal lobe (MTL), and the angular gyrus (AG) in the lateral parietal cortex. The 

subcortical nodes are the mediodorsal thalamic nuclei and the nucleus accumbens (Alves 

et al., 2019; Menon, 2023; Raichle et al., 2001; Raichle & Snyder, 2007). The DMN is 

referred to as the “task-negative network” because it is typically deactivated during execution 

of attention demanding tasks and serves as a self-centered predictive model of the world, 

being active during periods of “rest” and quiet wakefulness (Alves et al., 2019; for a review: 
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Menon, 2023). On the contrary, the “task-positive networks” are those associated with goal-

directed attention and mental control tasks, and they comprise the Dorsal and the Ventral 

Attention Network (DAN and VAN, respectively) (Corbetta & Shulman, 2002; Szczepanski 

et al., 2013; Vossel et al., 2014). The DAN includes the dorsolateral PFC (dlPFC), the Frontal 

Eye Fields (FEF), the Inferior Precentral Sulcus (IPS), the Superior Occipital Gyrus (SOC), 

and the superior parietal lobule (SPL). The VAN comprises the temporoparietal junction 

(TPJ) and the ventral frontal cortex (VFC) (Fox et al., 2006; Spreng et al., 2013; Vossel et 

al., 2014). 

The DMN and the VAN/DAN are functionally anti-correlated to permit a segregation of 

neuronal processes subserving opposite goals or competing representations (Fox et al., 

2005; Hampson et al., 2010). An alteration of both the default mode and the attentional 

networks have been found in patients with aMCI and AD; indeed, changes in low-frequency 

blood oxygen fluctuations have been seen in patients with aMCI in terms of decreasing 

regional homogeneity in bilateral PCC (DMN nodes) compared to healthy controls (Bai et 

al., 2008; Sorg et al., 2007), and alterations of PCC, mPFC, and IPS functioning have been 

associated with both early and advanced degeneration (Andrews-Hanna et al., 2007; He et 

al., 2007; Sorg et al., 2007). However, at present, the pattern of altered DMN in MCI is 

variable across studies, making it inadequate to be considered a biomarker, although it 

remains promising if further investigated as a potential means to distinguish individuals with 

MCI from healthy older adults (Eyler et al., 2019). 

Furthermore, recent studies suggest that the anti-correlation between DMN and DAN/VAN, 

with its pivotal role for the integrity of attentional abilities, is attenuated in aging, and that 

patients with aMCI and patients with AD have functional connectivity of PCC decreased 

within DMN, but increased with the DAN in an inverse way (Esposito et al., 2018; Spreng et 

al., 2016; J. Wang et al., 2019; K. Wang et al., 2007; Zhang et al., 2015). Hence, the 

abnormal functional connectivity within and between DMN and DAN/VAN nodes may explain 

the behavioral changes observed in cognitive degeneration and should been taken into 

consideration to better understand neurofunctional modification at early stage of dementia 

(Andrews-Hanna et al., 2007; Eyler et al., 2019; Zhang et al., 2015).  
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CHAPTER TWO - Cognitive intervention for MCI 

2.1 The importance of cognitive intervention 

Despite individuals with MCI being able to maintain their independence, they still undergo 

changes in their psychological and daily functioning, as well as in their quality of life (QOL) 

(Huckans et al., 2013; Teng et al., 2012). Areas of daily functioning most frequently impacted 

are appointment scheduling, transportation issues, and financial management (Huckans et 

al., 2013; Teng et al., 2012), while psychological changes encompass an increased 

vulnerability to anxiety, depression, and sleep disturbances (Gold, 2012; Huckans et al., 

2013). Moreover, as previously stated, patients with MCI have higher probability to convert 

to dementia, thus intervention seems crucial to manage the symptoms and to prevent more 

severe functioning and cognitive changes. Cognitive Rehabilitation Therapy (CRT) is 

defined as any systematic behavioral therapy with the explicit purpose of enhancing 

cognitive performance, assisting individuals in compensating for cognitive deficits, or 

facilitating adaptation to such deficits; the assumption is that cognitive stimulation could 

promote structural and functional brain reorganization. CRTs involve various approaches, 

such as lifestyle interventions, psychotherapy, and traditional cognitive training, as long as 

they are employed as treatments to address cognitive impairments (Cruz Gonzalez et al., 

2018; Huckans et al., 2013). The main intervention encompasses: 

a. Restorative cognitive training, which employs structured and repetitive cognitive 

tasks with the goal of enhancing neuroplasticity; 

b. Compensatory training, primarily aimed at improving an individual's functioning by 

teaching compensatory strategies; 

c. Lifestyle interventions, specifically targeting the reduction of risk factors through the 

promotion of physical activity, healthy nutrition, and the reduction of alcohol and 

tobacco consumption; 

d. Psychotherapy, particularly focused on managing neuropsychiatric symptoms (for a 

review: Huckans et al., 2013). 

Focusing on cognitive training programs, they mostly employ memory or attention 

techniques in combination with training for other cognitive functions. Current evidence states 

that the effectiveness of these programs shows promising but inconclusive results in terms 

of both objective and subjective cognitive measures. Consequently, there is insufficient data 

to establish standard treatment guidelines (Akhtar et al., 2006; Belleville et al., 2006; Butler 

et al., 2018; Ge et al., 2018; Greenaway et al., 2008; Huckans et al., 2013; Jean et al., 2010). 
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2.2 Technology-based intervention 

In line with the technological advancements of recent years, several studies have sought to 

implement new cognitive intervention techniques by testing the effectiveness of virtual 

reality, computerized exercises, and interactive video games (for a review: Ge et al., 2018). 

Technology-based therapy permits real-time feedback to the patient, and it allows for a 

greater number of difficulty levels and proposed activities, thereby enabling the creation of 

highly individualized treatments. It also seems to deliver better outcomes than traditional 

trainings in improving QoL (Faucounau et al., 2010; Ge et al., 2018). The plethora of 

therapeutic possibilities offered by this type of intervention has prompted a reflection on the 

effectiveness of specific-domain vs non-specific domain treatments (Green & Bavelier, 2012; 

Park & Park, 2018). A recent randomized control-trial with a sample of 78 MCI patients (Park 

& Park, 2018) has proven that patients who underwent the non-specific treatment (not-

specific computer training, NCT) for ten weeks, 30 minutes per day, three times a week, 

demonstrated a significantly greater improvement in visuospatial skills and quality of life 

compared to the group that engaged in cognition-specific computer training (CCT). 

Moreover, NCT improved motivation and compliance as well, which are related to better 

treatment outcomes (Park & Park, 2018). 

Within the context of non-specific domain, technology-based treatments, there has been a 

growing focus in recent years on Serious Games (SG). SG refer to digital applications 

designed to extend beyond pure entertainment, with the aim of assisting in the assessment, 

stimulation, treatment, and rehabilitation of patients dealing with cognitive disorders (Robert 

et al., 2014). Some authors argue that while traditional cognitive rehabilitation targets 

specific domains, with the expectation that improvement in one cognitive capacity may 

extend to others, computerized training programs that favor cognitive engagement offer the 

opportunity to acquire new skills while simultaneously training a variety of cognitive 

functions, including memory, attention, and reasoning (Chan et al., 2016; Manca et al., 2021; 

Vaportzis et al., 2017). The use of SG in aging has garnered significant attention from 

researchers and clinicians particularly after a 2013 study (Anguera et al., 2013), which 

demonstrated both behavioral and neurofunctional modifications in executive functions in a 

healthy elderly population following video game usage (60-85 years old). Subsequently, the 

use of SG in MCI and AD has been extensively explored by many authors, although rigorous 

feasibility and efficacy studies are still lacking (Chan et al., 2016; Manca et al., 2021; Manera 

et al., 2015; McCallum & Boletsis, 2013; Muscio et al., 2015; Robert et al., 2014; Savulich 

et al., 2017; Vaportzis et al., 2017). Findings are promising, but further research is needed, 
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including larger sample sizes and the development of intervention protocols. Currently, it is 

suggested not to entirely replace traditional rehabilitation but to integrate it with the use of 

SG (Abd-alrazaq et al., 2022). 

2.3 Neuromodulation techniques and Prismatic Adaptation 

Another line of research for the treatment of MCI has recently focused on investigating the 

effectiveness of neuromodulation techniques, either individually or in combination with 

classical cognitive therapy (for a review: Birba et al., 2017). Neuromodulation is a technique 

which involves the modulation of brain activity and nervous system, through both 

implantable and non-implantable technologies, whether electrical or chemical, to enhance 

the QoL and functionality. When addressing neurodegenerative diseases, one of the primary 

goals of various neurostimulation protocols is to promote neuroplasticity, which can be 

achieved through the direct stimulation of specific brain regions (Marson et al., 2021). The 

most commonly implemented neuromodulation techniques in aging studies are non-invasive 

transcranial direct current stimulation (tDCS) and transcranial magnetic stimulation (TMS), 

which have shown promising but highly heterogeneous and inconclusive results in the long 

term (Cruz Gonzalez et al., 2018; Xu et al., 2019). The lack of uniform stimulation 

parameters across studies and the intrinsic need, inherent to these tools, to select specific 

areas for stimulation, prevents from both a comprehensive understanding of effectiveness, 

and the possibility of broader cognitive modulation (Cruz Gonzalez et al., 2018). Indeed, 

studies primarily focus on the stimulation of temporal areas and the dorsolateral prefrontal 

cortex (DLPFC), given their respective importance in memory processes (Kaye et al., 1997) 

and in higher-level cognitive functions (Tremblay et al., 2014), although failing in determining 

the outcome for other cognitive domains related to different brain regions (Cruz Gonzalez et 

al., 2018). 

Furthermore, these neuromodulation techniques have limitations regarding their applicability 

criteria. Although their safety has been widely demonstrated (Russo et al., 2017; Utz et al., 

2010), their use is contraindicated for individuals with a clinical history of migraine, epilepsy, 

scalp diseases, or those with metallic implants or pacemakers, which complicates subject 

recruitment for clinical studies and their practical application in everyday clinical practice 

(Potter-Baker et al., 2016; Russo et al., 2017; Thair et al., 2017). 

Interestingly, there is a bottom-up behavioral technique that, although not traditionally 

considered a neurostimulation procedure, may have a neuromodulatory effect at cortical 

level, known as Prism Adaptation (Clower et al., 1996; Redding et al., 2005). Prism 
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adaptation (PA) is an experimental paradigm that, by the means of prismatic lenses, alters 

the visual scene perception through the shift the visual field by 10º or 20º to the right or left 

(Redding et al., 2005; Welch et al., 1974). Importantly, PA has been shown to induce 

modulation at both motor and attentional networks (Luauté et al., 2009). PA has proven 

highly effectiveness in rehabilitating visuospatial disorders and unilateral spatial neglect (De 

Wit et al., 2018; Luauté et al., 2009; Pisella et al., 2006) and recent evidence suggests its 

efficacy in other cognitive abilities, such as phonemic fluency (Turriziani et al., 2021), 

numbers representation (Loftus et al., 2008), and treatment of chronic pain (Christophe et 

al., 2016). PA involves a dynamic reorganization that occurs at the central level in response 

to the perceived sensory mismatch (Clower et al., 1996). This reorganization comprises two 

main independent processes: (1) the recalibration, involving the reprogramming of 

movements in space, which is primarily strategic and cognitive in nature (Redding et al., 

2005), and (2) the realignment, an automatic reorganization of sensorimotor spatial maps to 

align the visuomotor frame with the visuoperceptual frame (Redding et al., 2005). 

While there is no complete understanding of the underlying brain mechanisms of PA, a 

recent literature review proposes an integrated explanatory model by combining evidence 

from neuroimaging and neurostimulation studies (Panico et al., 2020). This model (Figure 

2.1) involves (i) cerebellar-parietal activation, primarily related to recalibration and 

realignment, followed by (ii) a bottom-up temporo-frontal cortical activation that reflects 

motor cortex activation and higher-level cognitive effects (Panico et al., 2020). 

 

 

 
Figure 2.1. An interpretative framework for PA (adapted from Panico et al., 2020). 

 

If Panico’s model and recent evidence are correct, it could be argued that PA may have 

positive effects not only on visual-spatial orientation and attention, as already demonstrated 

in its application in neglect rehabilitation, but also for stimulating higher-level attentional 
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functions. Indeed, PA in healthy populations can modulate the resting-state functional 

connectivity of certain nodes within the DAN and the DMN, namely the Frontal Eye Field 

(FEF), Medial Prefrontal Cortex (MPFC), and Posterior Parietal Cortex (PPC), even after 

one single session (Schintu et al., 2020; Tsujimoto et al., 2019; Wilf et al., 2019). The activity 

of these networks, essential for attentional functions, is anticorrelated in the healthy brain 

and it supports better performance in attention tasks (see chapter 1.4 for details) (Fox et al., 

2005; Spreng et al., 2013; Zhang et al., 2015). Given the alteration in functional brain 

connectivity in the elderly, as discussed in the previous chapter, PA may prove to be a useful 

tool for neuromodulation in the early stages of cognitive decline and MCI. 
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CHAPTER THREE -  Experimental Study 1 

In this chapter I will present the preliminary results (N = 10) of a larger experimental project 

that is being carried out at ASST Grande Ospedale Metropolitano Niguarda in Milan, in 

collaboration with the University of Pavia, which aims to collect a total of 40 aMCI patients. 

The study is a Randomized Controlled Trial (RCT) where aMCI patients underwent a 

technology-based treatment protocol, preceded and followed by behavioral and 

neurofunctional assessments.  

All patients were recruited, assessed, and administered the treatment protocol at Center for 

Cognitive Neuropsychology of the hospital while they underwent rsfMRI in the 

neuroradiological department of the same hospital. 

A power analysis was carried out to establish the sample size of the whole study using 

G*Power 3.1.9.2 software (http://www.gpower.hhu.de/). Cohen’s standard values were 

used. Assuming an effect size of 0.5, a power of 0.8, and an alpha value of 0.05, it is 

necessary to include a total of 34 patients (17 per group) to obtain a significant interaction 

effect between conditions. Since it is not possible to precisely estimate the magnitude of the 

effect at issue, not having been investigated in previous studies, and that the experimental 

designs include fragile patients at risk of drop-out, we decided to opt for a conservative 

approach including 40 patients.  

The study’s procedures are in accordance with the 1975 Helsinki Declaration and the project 

was approved by the Ethical Committee of the ASST G.O.M. Niguarda (Milano, Area 3). 

3.1 Introduction and Rationale 

As mentioned in the previous chapters, MCI is a clinical condition that needs to be 

increasingly attentioned, in order to delay or even prevent conversion to dementia. Although 

various intervention techniques have been studied, methodologies and results are highly 

heterogeneous. Thus, to date, no definitive approach can be applied with certainty (Huckans 

et al., 2013). However, technology-based intervention, as well as non-specific domain CRTs, 

seem to be rather promising (Ge et al., 2018). Moreover, given that mechanisms underlying 

PA hint at an impact on higher-level cognitive functions, with a reorganization of resting-state 

neurofunctional connectivity (Panico et al., 2020; Wilf et al., 2019), this neuromodulatory 

technique could prove useful in clinical practice, as it is non-invasive and easily applicable. 

Yet, no study to date has attempted to use PA as a modulatory technique in association with 

CRT in patients with MCI.  

http://www.gpower.hhu.de/
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Considering that (i) aMCI patients show a selective impairment in executive control at the 

Attention Network Test (ANT) and altered neurofunctional connectivity in the DMN-DAN, that 

(ii) PA seems to influence those same brain networks in healthy persons, and that (iii) generic 

computerized cognitive stimulation has shown greater promise than specific-domain 

training, we hypothesized that the use of PA in combination with computerized cognitive 

exercises might induce a modification of DMN-DAN connectivity and, consequently, an 

improvement in attention in patients with aMCI. 

Thus, the present study aims at investigating whether prism adaptation associated with 

Serious Games can positively modulate cognitive functions, both at behavioral and 

neurophysiological (rsfMRI) level, in patients with single- and multiple-domain aMCI. This 

study also assesses the feasibility of a novel cognitive stimulation treatment for aMCI, and 

to investigate the effects of this protocol on mood, QoL, and subjective perception of memory 

processes.  

3.2 Procedure and Methods 

3.2.1 Participants 

The study was proposed to all patients who autonomously arrived at the Centre of 

Neuropsychology for a neuropsychological assessment and received a diagnosis of aMCI 

(both single and multiple domains), following Petersen criteria (Petersen & Morris, 2005). In 

particular, we selected patients with a Mini Mental State Examination (MMSE, Measso et 

al., 1993) corrected score ≥ 23, daily activities indexes (ADL/IADL, Katz, 1983) within the 

normal range, and a deficit score in at least the Free and Cue Selective Reminding memory 

Test – image version (Frasson et al., 2011). This neuropsychological assessment had to 

precede the start of the experimental protocol by a maximum of six months.  

Exclusion criteria were (i) age < 18 or > 85, (ii) presence of a psychiatric or neurological 

disorder explaining the cognitive performance obtained at tests, (iii) pharmacologically 

treated, (iv) substance abuse, (v) untreated primary sensory disorders or worsening sensory 

disturbances (i.e., not-corrected vision and hearing impairments), and (vi) contraindications 

to fMRI examination (i.e., pacemakers, fixed hearing implants, presence of foreign metallic 

bodies such as intrauterine implants, metal splinters or fragments, screws, spikes, fixed 

dental prosthesis, and claustrophobia).  

Twelve patients with aMCI, both single- and multiple- domains, were consecutively recruited 

and gave their informed consent to participate in the study, of whom 2 drop-out due to (non-

neurological) illnesses that prevented attendance to all cognitive stimulation sessions. 
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Thus, the final sample included 10 participants (5 males, 5 females), mean age = 78.9, SD 

= 5.84 (min. 71, max 85); mean education level = 13.4, SD = 4.14 (min. 9, max 19). Half of 

the sample was randomly assigned to the experimental group (N = 5, age: M = 79.80, SD = 

6.14; education level: M = 16, SD = 2.83) and the other half to the control group (N = 5, age: 

M = 78, SD = 6.08; education level: M = 10.8, SD = 3.70). Table 3.2.1 shows the corrected 

score at tests included in the clinical neuropsychological assessment. 

 
Table 3.2.1. Neuropsychological tests used to diagnose the patients. The table reported the corrected 

mean scores obtained by the experimental and the control groups. MMSE: Mini Mental State Examination 

(Measso et al.,1993); Phonemic Semantic fluency (Novelli et al., 1986); Short story (Carlesimo et al.,2002); 

Digit Span (Monaco et al., 2012); Corsi Span (Monaco et al., 2012); TMT: Trail Making Test, A and B versions 

(Giovagnoli et al.,1996); Stroop Test (Caffarra et al., 2002); SDMT: Symbol Digit Modalities Test (Nocentini et 

al., 2006); Raven’s matrices, colored version (Basso et al., 1987). 
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3.2.2 Experimental procedure 

The experimental group and the control group differed based on the PA treatment type, 

whereas all participants were submitted to SG.  

PA was carried out either with real prismatic lenses 20º rightwards shifted, for the 

experimental group, or with sham lenses, for the control group. SG were administered via 

the “MindLenses” device (https://www.restorativeneurotechnologies.com/mindlenses-

dispositivo-medico-riabilitazione-ictus-adhd), which comprises a digital transposition of the 

PA procedure and seven SG (see paragraph 3.2.3 for details). The MindLenses device 

(prismatic lenses and tablet) comes with a CE mark, and it was used according to the manual 

indications.  

Both groups performed (i) 2 test sessions, one before and one after the PA treatment, and 

included the administration of the outcome cognitive tests of the study (see paragraph 3.2.4 

for details), (ii) one PA treatment divided in 10 sessions, and (iii) 2 rsfMRI examinations, one 

before and one after the PA treatment. 

The required commitment for each participant consisted of 5 weeks (see Table 3.2.2). The 

first week was dedicated to the definition of the clinical picture and the recruitment, followed 

by the acquisition of behavioral and functional baseline data. The following weeks were 

dedicated to the 10 treatment sessions. During the final week, after the 10th treatment 

session, patients underwent again the cognitive outcome tests and the rsfMRI scan. All 

collected data were recorded in the appropriate case report form (CRF). 

The stimulation sessions were administered 3 times per week, in 3 consecutive weeks, on 

Monday, Wednesday, and Friday, and they lasted around 30 minutes each. Finally, rsfMRI 

examinations were carried out on Wednesdays before the first-week treatment and in the 

last week, lasting 20 minutes each. 

3.2.2.1 Functional data acquisition 

The fMRI data were collected via a 1.5 Tesla Philips Achieva, equipped with an Echo-speed 

gradient and amplification hardware. Patients were asked to lay down without moving, keep 

their eyes closed, and not to think about anything. Foam padding was used to minimize head 

movement.  

First, spin-echo sagittal images were acquired (Flip angle: 90°, TE: 60msec, TR: 300msec, 

FOV: 280x280 mm) to visualize the anterior and posterior commissures on the sagittal 

medial section and to facilitate the data acquisition along the bicommissural plane. The 

chosen volume included the entire brain and the cerebellum. Secondly, a weighted-T1 
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anatomical scan was acquired using a 3D-SPGR sequence (Flip angle: 20°, TE: 3.2 msec, 

TR: 7.2 msec, acquisition matrix: 256x232, slice thickness: 1 mm, interslice gap: 0 mm and 

voxel dimension: 1x1x1 mm). The volumetric MRI scans included 200 slices acquired on 

oblique sections parallel to the AC-PC line to cover the entire brain volume. The T1 

acquisition time lasted 7 minutes. 

Resting state functional images were acquired over a period of 10 minutes. Functional 

volumes consisted of 35 parallel slices, acquired with a volume TR of 3000 ms, TE 60 ms, 

matrix size 64x64, FOV 280x280, voxel size 4x4x4 mm, for a total of 200 volumes.  

 

 
Table 3.2.2. Flowchart of the experimental procedure. 

3.2.3 Materials: MindLenses protocol 

The first activity of each treatment session was the PA, with real (experimental group) or 

sham (control group) lenses. This procedure was administered through the MindLenses 

tablet (Samsung Galaxy Tab A7). Patients were comfortably seated, and the position of the 
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tablet was at a distance equal to the maximal extension of each participant’s arm. During 

this phase, the patient was asked to point as fast and as accurate as possible to the black 

squares that randomly appeared at the center, left, or right side of the blank screen. Patients 

were asked to touch the black squares with the index finger of the right hand, moving from 

the center of the trunk towards the target in every trial. The pointing phase comprised three 

conditions: 30 pointings before wearing the prisms (pre-exposure, visible pointings), 90 

pointings wearing the (real or sham) lenses (exposure, visible pointing), and 30 pointings 

after lenses removal (post-exposure, visible pointing). Right after the adaptation phase, 

patients played the SG.  

MindLenses SG consist of 7 games related to three different cognitive areas (see Table 

3.2.3). The games are characterized by a dynamic difficulty adjusting mechanism 

(augmenting or diminishing difficulty), adapting to the patient’s performance during 

gameplay. Specifically, there are four levels of increasing difficulty – from 0 to 3 –, each 

having its own score multiplier. Correct answers provided during greater difficulty levels 

ensure a higher score. Before the start of each game, the patient could try an example proof.  

 

Cognitive function 

involved 
 

 
Game’s name 

Game time 

duration (in 

seconds) 

 

Attention 

“Occhio alla bomba” 200 

“The Cafè” 120 

“Trova l’intruso” 90 

 

Language 

 

 

“Associazioni Semantiche” 

 

90 

 

Executive functions 

“Ragionamento Matematico” 120 

“Sono uguali?” 90 

“In ordine inverso” 120 

Table 3.2.3. Cognitive domains; Serious Games of MindLenses protocols. 1) Mind the bomb 2) The Café 
3) Find the outsider 4) Semantic associations 5) Are they the same? 6) Reverse order. 7) Mathematical 
reasoning; Maximum time (seconds) given to the patient to perform each game. 
 
Specifics of each game is described hereafter:  

1) “Occhio alla bomba” (Mind the bomb) 

This game aims at enhancing patients’ ability to:  

- Pay attention to stimuli for a long time (sustained attention); 
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- Pay attention to several stimuli simultaneously (divided attention); 

- Inhibit the interference. 

Several stimuli (circles, hexagons, hearts, and bombs) fell from the top to the bottom of the 

screen with increasing number and speed. The patient was asked to touch the target stimuli 

(circles, hearts, and bombs) only when they entered an indicated target area. On the 

contrary, they had to ignore the hexagonal stimuli and desist from touching them. The final 

score corresponded to the number of correctly identified and touched stimuli. 

2) “The Café"  

This game aims at enhancing patients’ ability to: 

- Pay attention to several stimuli simultaneously (divided attention); 

- Plan their own actions. 

Patients were asked to prepare the orders of a coffee shop. Required orders were shown 

on the screen with increasing difficulty, i.e., of amount and number of requests presented at 

once. According to the directions received, the participant had to decide which drink to 

prepare (coffee, milk, chocolate, or mixed drinks) and the quantity (one, two, or three 

dispenses). The successful completion of more complex orders resulted in a higher score.  

3) Trova l’intruso (Find the outsider) 

This game aims at enhancing patients’: 

- Selective attention; 

- Visual spatial exploration; 

- Ability to inhibit interferences. 

Patients were asked to search for the odd-one-out figure within a matrix composed of 

several identical figures. With the increase in difficulty, more and more similar (to a 

perceptual level) stimuli were presented. Although the final score corresponded to the 

number of correct answers, it could vary according to the level of difficulty.  

4) “Associazioni semantiche” (Semantic associations) 

This game aims at enhancing patients’ ability to:  

• Perform semantic associations; 

• Reason.  

Patients were asked to associate professional figures with the most appropriate working 

tool. With the increase in difficulty, more and more distracting stimuli were presented. 

Although the final score corresponded to the number of correct answers, it could vary 

according to the level of difficulty.  
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5) “Sono uguali?" (Are they the same?) 

This game aims at enhancing patients’ ability to:  

- Inhibit the interference; 

- Maintain the attention for a long time (sustained attention); 

- Control the impulses.  

Patients were asked to focus on the center of the screen, where couples of figures were 

presented. If the two figures were identical (with respect to shape, color, and texture), they 

had to press a button. On the contrary, when the two figures were different, they did not have 

to perform any actions. Each pair of stimuli remained on the screen for 1 second only and 

there were no breaks between one trial and the other. With increasing difficulty, more and 

more similar figures were presented. Although the final score corresponded to the number 

of correct answers, it might vary according to the level of difficulty.  

6) “Ordine inverso” (Reverse order) 

This game aims at enhancing patients’: 

- Short-term memory; 

- Working memory. 

Series of figures were presented, one at a time. Each figure remained on the screen for one 

second. Patients were asked to remember the order of the presentation of the icons and to 

reorder them in the reverse order (from the last presented to the first). With the increase of 

the difficulty, distractors appeared among the list of correct items to select and reorder, and 

the length of the series was progressively longer. Although the final score corresponded to 

the number of correct answers, it could vary according to the level of difficulty.  

7) “Ragionamento matematico” (Mathematical reasoning) 

This game aims at enhancing patients’: 

• Computing capacity; 

• Working memory. 

Patients were asked to perform basic calculations, keep the result in mind, and continue to 

take further calculations, always starting from the last written result. With the increase of the 

difficulty, more and more complex operations were presented. Although the final score 

corresponded to the number of correct answers, it could vary according to the level of 

difficulty.  
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3.2.4 Behavioral outcome tests 

The Free and Cued Selective Reminding Test (FCSRT)-words version (Grober & Buschke, 

1987; italian version: Girtler et al., 2015), the Attention Network Test (ANT, Fan et al., 2002), 

the Modified Taylor Complex Figure (MTCF, Hubley, 1999; italian version: Casarotti et al., 

2014), and the Visual Naming test are the neuropsychological and cognitive tests chosen 

as outcome measures. Moreover, we decided to monitor depression, quality of life, and 

subjective memory functioning, through the Geriatric Depression Scale 15-items (Sheikh & 

Yesavage, 1986; italian version: Isella et al., 2002), the Quality of Life in Alzheimer’s Disease 

(QoL-AD, Logsdon et al., 1999; italian version: Bianchetti et al., 2017), and the Prospective 

and Retrospective Memory Questionnaire (PRMQ, G. Smith et al., 2000), respectively. None 

of these tests was used during the initial clinical neuropsychological assessment based on 

which the patients received the diagnosis. These outcome tests were administered to the 

patients twice, before and after the treatment protocol. The raw score of FCSRT, MTCF, and 

of the Visual Naming test were corrected considering gender, age, and education level of 

each participant. 

The ANT (see chapter one and figure 3.2.3) was performed on a MacBook Pro using the 

software “Psychology Experiment Building Language” (PEBL) battery, version 2.1 (website: 

https://pebl.sourceforge.net). Original English instructions were translated into Italian and 

simplified. The screen size resolution was 840x525. The task consisted of 24 practice trials, 

followed by 3 test blocks, each one consisting of 96 trials, for a total of 288 trials. Each trial 

consisted of 5 events: a fixation period of a random variable duration (400-1600 ms); a 

warning cue (100 ms); a short fixation period (400 ms), and the target. Targets were 

presented until the participant responded, but for no longer than 1700 msec. Finally, the 

post-target fixation period had a variable duration depending on the duration of the first 

fixation and the patient’s RT (3500 ms – 1st fixation – RT). Each trial lasted 4000 ms (Fan et 

al., 2005). 

Once the patient completed the test, the PEBL battery provided the examiner with a TextEdit 

summary file, including the number of total errors, the mean accuracy, the mean RT, and 

data corresponding to the 3 measured variables (alerting, orienting, executive control). 

These data included the obtained scores for each subcomponent (total trials and only correct 

ones), median, means, and SD for each condition. 
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Figure 3.2.3. ANT experimental procedure from Fan et al., 2002.  

a) The four cue conditions; b) The six stimuli used in the present experiment (Fan et al., 2002b) 

3.3 Statistical analysis  

3.3.1 Study design 

The study is a RCT aimed at investigating changes in behavioral and neurofunctional 

responses in patients with single- and multiple-domain aMCI, following a cognitive 

stimulation program using prismatic lenses and SG. 

The study presents a 2x2 research design with Time (Pre vs. Post treatment; within-

subjects) and Group (Real vs. Sham, between-subjects) as factors.  

3.3.2 Behavioral data 

Behavioral data of each outcome test and PA were analyzed using JASP Statistical Software 

(Version 0.18.1 intel, available online at: https://jasp-stats.org/).  

Data have been analyzed using a 2x2 repeated measures analysis of variance (ANOVA). 

Raw scores of FCSRT-words, MTCF, and Verbal Naming test were corrected using 

canonical procedure of neuropsychological tests correction, which encompasses the 

comparison with a normative sample available in the literature (Lezak et al., 2012). Thus, 

corrected scores were taken into consideration for the analysis. For the ANT, we analyzed 

RTs, numbers of errors, as well as alerting, orienting, and executive control scores of the 

corrected items.  

PA data were extracted transforming pixel data into centimeters using the following formula: 

cm = pixel*(2.54/224). We checked for hardware recording errors, excluding negative RTs 

https://jasp-stats.org/
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(<0) and pointing deviations larger than 4 cm. Then, to determine whether the digital PA was 

effective, the deviations means (in cm) from the target in the x-axis was considered and 

compared in the following conditions: pre-exposure (mean of the 30 trials of the pre-

adaptation phase), early-exposure (mean of the first 3 trials of the adaptation phase), and 

late-exposure (mean of the last 3 trials of the adaptation phase) (Turriziani et al., 2021). Data 

were analyzed through a Linear Mixed Model with deviations means as dependent variable 

and Condition (Real vs. Sham), Time (three exposure phases) and Sessions (1 to 10) as 

factors.  

Lastly, we decided to investigate whether there were differences between the groups during 

the course of the treatment, thus we used a 2x2 repeated measures analysis of variance 

(ANOVA) to compare the mean score of each Serious Game: Group (Real vs. Sham) and 

Sessions (First two vs. Last two) were the main factors. Because of the difficulty and the 

excessively high speed of the “Sono uguali?” (Are they the same?) game, considering that 

no patient was able to perform the task within the required time to ensure that the actual 

correct responses were recorded, the scores of this game were not considered in the 

analysis. 

3.3.3 Functional data 

rsfMRI data were analyzed using the connectivity Toolbox software CONN (18th version, 

MathWorks, Natick, MA, USA) and SPM  12.7771 (Penny et al., 2011; Whitfield-Gabrieli & 

Nieto-Castanon, 2012), implemented in MATLAB Version: 9.7 (R2019b). 

Preprocessing. Functional and anatomical data were preprocessed using a preprocessing 

pipeline including realignment with correction of susceptibility distortion interactions, slice 

timing correction, outlier detection, indirect segmentation, and MNI-space normalization, 

and smoothing. Functional data were realigned using SPM realign & unwarp procedure, 

where all scans were coregistered to a reference image (first scan of the first session) using 

a least squares approach and a 6 parameter (rigid body) transformation and resampled 

using b-spline interpolation to correct for motion and magnetic susceptibility interactions. 

Temporal misalignment between different slices of the functional data (acquired in ascending 

order) was corrected following SPM slice-timing correction (STC) procedure, using sinc 

temporal interpolation to resample each slice BOLD timeseries to a common mid-acquisition 

time. Potential outlier scans were identified using ART as acquisitions with framewise 

displacement above 0.9 mm or global BOLD signal changes above 5 standard deviations, 

and a reference BOLD image was computed for each subject by averaging all scans 

excluding outliers. Functional and anatomical data were coregistered and normalized into 
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standard MNI space, segmented into grey matter, white matter, and CSF tissue classes, and 

resampled to 2 mm isotropic voxels following an indirect normalization procedure using SPM 

unified segmentation and normalization algorithm with the default IXI-549 tissue probability 

map template. Last, functional data were smoothed using spatial convolution with a 

Gaussian kernel of 5 mm full width half maximum (FWHM). 

Denoising: Functional data were denoised using a standard denoising pipeline including 

the regression of potential confounding effects characterized by white matter timeseries (5 

CompCor noise components), CSF timeseries (5 CompCor noise components), motion 

parameters and their first order derivatives (12 factors), outlier scans (below 102 factors), 

session and task effects and their first order derivatives (4 factors), and linear trends (2 

factors) within each functional run, followed by bandpass frequency filtering of the BOLD 

timeseries between 0.008 Hz and 0.09 Hz. CompCor noise components within white matter 

and CSF were estimated by computing the average BOLD signal as well as the largest 

principal components orthogonal to the BOLD average, motion parameters, and outlier 

scans within each subject's eroded segmentation masks. From the number of noise terms 

included in this denoising strategy, the effective degrees of freedom of the BOLD signal after 

denoising were estimated to range from 95.4 to 169.2 (average 145.7) across all subjects. 

First-level analysis. ROI-to-ROI connectivity (RRC) matrices were estimated 

characterizing the functional connectivity between each pair of regions among 8 HPC-ICA 

network ROIs. Selected ROIs were (i) four nodes of the DMN: LP right and left, PCC, and 

MPFC, and (ii) four nodes of the DAN: IPS right and left, FEF right and left. Functional 

connectivity strength was represented by Fisher-transformed bivariate correlation 

coefficients from a general linear model (weighted-GLM), estimated separately for each pair 

of ROIs, characterizing the association between their BOLD signal timeseries. Individual 

scans were weighted by a boxcar signal characterizing each individual task or experimental 

condition convolved with an SPM canonical hemodynamic response function and rectified. 

Group-level analyses were performed using a General Linear Model (GLM). For each 

individual connection a separate GLM was estimated, with first-level connectivity measures 

at this connection as dependent variables (one independent sample per subject and one 

measurement per experimental condition), and groups or other subject-level identifiers as 

independent variables. Connection-level hypotheses were evaluated using multivariate 

parametric statistics with random-effects across subjects and sample covariance estimation 

across multiple measurements. Inferences were performed at the level of individual clusters 

(groups of similar connections). Cluster-level inferences were based on parametric statistics 
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within- and between- each pair of networks (Functional Network Connectivity), with networks 

identified using a complete-linkage hierarchical clustering procedure based on ROI-to-ROI 

anatomical proximity and functional similarity metrics. Results were thresholded using an 

uncorrected p < 0.05 at the connection-level. This choice was due to the limited sample size. 

Yet, for the sake of completeness, we also report p-FDR at the cluster level corrected results. 

3.4 Results 

3.4.1 Behavioral results 

Prismatic adaptation 

Digital PA was effective in the Real group compared to the Sham group, as emerged from 

the comparison between the different exposure phases deviations. Indeed, pre-exposure 

and early-exposure deviations were significantly different in the Real group, compared to 

the Sham group, with a significant Group*Time interaction (F(1,8.02) = 9.49, p = 0.015), 

indicating that the deviation was larger for the Real group in the early-exposure phase (M 

Real = 0.44±0.41) compared to both the pre-exposure phase (M Real = -0.02±0.14 vs. M 

Sham = 0.01±0.11) and the Sham group in the same early-exposure phase (M Sham = 

0.05±0.18) (Figure 3.4.1a). We also found a significant main effect of Time (F(1,8.02) = 

12.99, p < 0.01), and a main effect of Group (F(1,8.03) = 8.36, p = 0.02), while Session 

seemed not to influence the results (F(9,15.86) = 2.03, p = 0.11). 

 

 
Figure 3.4.1a Deviation means in cm in the pre-exposure and in the early-exposure phases, of Real 

and Sham groups, during prismatic adaptation. 
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The same results were found when comparing early vs. late exposure deviations, with a 

significant main effect of Time (F(1,8.24) = 21.00, p = 0.002) and Group (F(1,7.83) = 5.62, p 

= 0.05), as well as a significant interaction Group*Time (F(1,8.24) = 5.17, p = 0.05), meaning 

that the deviations differences in the early-exposure phase (M Real = 0.44±0.41 vs. M Sham 

= 0.05±0.18) dissipated in the late-exposure phase (M Real = -0.05±0.47 vs. M Sham = -

0.12±0.26) (See Figure 3.4.1b). No effect of Session (F(9,18.23) = 0.55, p = 0.83) was found.  

 

 
Figure 3.4.1b. Deviation means in cm in the early-exposure and in the late-exposure phases, of Real 

and Sham groups, during prismatic adaptation. 
 

The above results suggest that only the group who used real lenses deviated rightwards 

from the target in the early phases of exposure, and then adapted to the shifting, which is in 

line with what expected during traditional PA. On the contrary, the Sham group remained 

accurate towards the target in all phases (see Figure 3.4.1c). 

Finally, it is worth noting that there was no effect of Session, indicating that the effects are 

consistent between the 10 adaptation sessions. 
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Figure 3.4.1c. X axis: Deviation means from 0 (accuracy) in cm, across the three exposure phases of 

prismatic adaptation procedure.   
 

Cognitive tests 

FCSRT-words. No difference between Pre (M Real = 11.59±6.732; M Sham = 13.40±3.01) 

and Post (M Real = 13.19±7.34; M Sham = 14.73±2.97) treatment was found in the 

immediate recall phase of the FCSRT test (F (1,8) = 2.472, p = 0.155). We checked for 

differences at baseline by comparing Real and Sham groups FCSRT immediate scores at 

the Pre treatment. An independent sample t test did not yield a significant result (t(8) = -0.55, 

p = 0.597). Likewise, no significant main effect of Group (F(1,8) = 0.261, p = 0.155) nor a 

significant interaction Time*Group (F(1,8) = 0.021, p = 0.887) were found (See Figure 1). 

 

 
Figure 1. Comparison between Real and Sham groups in the Pre and Post treatment. Y axis = 

numbers of retrieved words in the Immediate Free Recall of the FCSRT.  Bars are Standard Error. 
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Conversely, in the delayed recollection phase, there was a significant main effect of Time 

(F(1,8) = 23.516, p = 0.001, ω2 = 0.061) as well as a significant interaction Time*Group 

(F(1,8) = 10.245, p = 0.013, ω2 = 0.026), indicating that the Sham group recollected more 

words Post treatment (M = 7.72±3.03) than Pre treatment (M = 4.79±3.09), while the Real 

group did not significantly change between Pre (M = 3.68±3.65) and Post (M = 4.28±4.40). 

No main effect of Group was found (F(1,8) = 1.031, p = 0.34) (See Figure 2).  

Post-hoc comparison confirmed that there was no difference between groups at baseline 

(Pre: M difference = -1.11, t = -0.49, p = 1.00), nor after treatment (Post: M difference = -

3.44, t = -1.52, p = 0.99). No other significant differences emerged.  

 

 
Figure 2. Comparison between Real and Sham groups in the Pre and Post treatment conditions. 

Y axis = numbers of retrieved words in the Delay Free Recall of the FCSRT. Bars are Standard Errors. 
 

ANT. Reaction Times at the ANT were reduced significantly after the treatment in both 

groups (Time: F(1,8) = 10.096, p = 0.013, ω2 = 0.285). No effect of Group (F(1,8) = 0.193, p 

= 0.672) nor interaction between Group*Time (F(1,8) = 0.220, p = 0.651) were found, 

meaning that the reduction in RTs did not depend on Group and that the Real group (Pre: M 

= 908.58±103.63; Post: M = 772.168±72.40) did not improve significantly more than the 

Sham group (Pre: M = 959.58±196.80; Post: M = 775.91±97.36) (see Figure 3).  

Also, we could observe a decrease in the number of errors from Pre (M Real = 28.8±40.15; 

M Sham = 29±33.64) to Post (M Real = 10.4±8.05; M Sham = 9.80±11.01) treatment in both 

groups, but such decrease didn’t reach significance (Time, F(1,8) = 2.82, p = 0.132; Group, 

F(1,8) = 2.39e-4 p = 0.99; Time*Group, F(1,8) = 0.001, p = 0.97) (see Figure 4).  



 36 

 
Figure 3. Comparison between RTs in msec for the Real and Sham groups, Pre and Post treatment. 

Bars are Standard Errors. 
 

 
Figure 4. Comparison between numbers of errors for the Real and Sham groups, Pre and Post 

treatment. Bars are Standard Errors. 
 

For what concerns the executive control index, neither the interaction between Group*Time 

(F(1,8) = 0.67, p = 0.44) nor the main effects (Time: F(1,8) = 0.87, p = 0.38; Group: F(1,8) = 

1.74, p = 0.22) reached significance. However, it is worth noting a greater decreasing after 

the treatment in the Real group (Pre: M = 264.19±344.07, Post: M = 139.06±32.64 compared 

to the Sham group (Pre: M = 95.83±33.19; Post: M = 87.37±11.85), despite not statistically 

relevant (see Figure 5). 

The alerting and orienting components did not yield significant results, either, with 

respectively alerting: Time, F(1,8) = 0.44, p = 0.53; Group, F(1,8) = 0.50 p = 0.50; 

Time*Group, F(1,8) = 0.76, p = 0.41; and orienting: Time, F(1,8) = 0.41, p = 0.54; Group, 

F(1,8) = 8.88 p = 0.02, ω2 = 0.304; Time*Group, F(1,8) = 1.07, p = 0.33. This last result 
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regarding the orienting, with the main effect of Group, is explained by Post-Hoc tests, that 

unfortunately show a difference at baseline which prevents from take the result into 

consideration (Pre: M Real = -18.09±35.70; M Sham = 38.16±7.12; Mean difference = -

56.25, t = -2.87, p = 0.06).  
 

 
Figure 5. Comparison between the executive control index for the Real and Sham groups, Pre and 

Post treatment. Bars are Standard Errors. 
 
 

MTCF and Verbal naming test. No significant results were found for either copy (Time: 

F(1,8) = 3.12, p = 0.12; Group: F(1,8) = 2.74, p = 0.14; Time*Group: F(1,8) = 0.42, p = 0.54) 

or delayed recall (Time: F(1,8) = 2.56, p = 0.15; Group: F(1) = 0.12, p = 0.74; Time*Group: 

F(1,8) = 0.84, p = 0.39) of the Modified Taylor Complex Figure. Moreover, the Verbal naming 

test did not change either after the treatment (Time: F(1,8) = 0.78, p = 0.40; Group: F(1,8) = 

0.27, p = 0.62; Time*Group: F(1,8) = 0.44, p = 0.53). Descriptive statistics of the two tests 

are reported in Table 1.   

 

Taylor – copy 

 

Taylor – delayed recall  

 

Verbal naming test 

 
Table 1. Descriptive statistics of the results Pre and Post treatment, of the Real and Sham groups. Means 

refer to corrected score at the MTCF test and Verbal naming test. 
 
Questionnaires. Geriatric Depression Scale (Time: F(1,8) = 0.34, p = 0.58; Group: F(1,8) = 

0.91, p = 0.37; Time*Group: F(1,8) = 0.12, p = 0.74), Quality of Life in Alzheimer Disease 
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(Time: F(1,8) = 1.67, p = 0.23; Group: F(1,8) = 0.23, p = 0.64; Time*Group: F(1,8) = 1.67, p 

= 0.23), and Prospective and Retrospective Memory Questionnaire (Time: F(1,8) = 1.65, p 

= 0.23; Group: F(1,8) = 3.29e-4, p = 0.99; Time*Group: F(1,8) = 2.96, p = 0.12) remained 

stable across Group and Time (all p > 0.05). Descriptive statistics of the three questionnaires 

are reported in Table 2.   

a) GDS 

 

b) QoL - AD

 

c) PRMQ

 
Table 2. Descriptive statistics of the results Pre and Post treatment, of the Real and Sham groups. a) 

Geriatric Depression Scale; b) Quality of Life in Alzheimer’s Disease; c) Prospective and Retrospective 

Memory Questionnaire.  
 

Serious Games scores 

Both groups significantly improved in all games apart from Mind the bomb (Sessions: F(1,8) 

= 3.32, p = 0.11; Group: F(1,8) = 1.08, p = 0.33; Sessions*Group: F(1,8) = 0.04, p = 0.85), 

which remained stable across sessions. Interactions between Sessions and Group did not 

reach significance in any of the games: The Café (Sessions: F(1,8) = 22.73, p = 0.001, ω2 

= 0.36; Group: F(1,8) =, p = 0.69; Sessions*Group: F(1,8)= 1.59, p = 0.24); Find the outsider 

(Sessions: F(1,8) = 12.13, p = 0.008, ω2 = 0.272; Group: F(1,8) = 0.37, p = 0.56; 

Sessions*Group: F(1,8) =0.054, p = 0.82); Semantic associations (Sessions: F(1,8) = 9.24, 

p = 0.02, ω2 = 0.19; Group: F(1,8) = 0.024, p = 0.88; Sessions*Group: F(1,8) = 0.48, p = 

0.51); Reverse order (Sessions: F(1,8) = 11.51, p = 0.009, ω2 = 0.23; Group: F(1,8) = 0.26, 

p = 0.62; Sessions*Group: F(1,8) = 2.53, p = 0.15); Mathematical reasoning (Sessions: 

F(1,8) = 9.06, p = 0.02, ω2 = 0.182; Group: F(1) = 0.08, p = 0.79; Sessions*Group: F(1,8) = 

0.662, p = 0.44). 

Plots depicting changes between initial and final sessions of each game are reported in 

Figure 6. Table 3 reports descriptive statistics. 

GAME SESSIONS 

 

CONDITION 

First two 
     

Real         Sham 

Last two 
     

Real         Sham 

Mind the bomb Mean 28.20 29.90 33.40 36.40 
 

SD 7.96 6.57 6.43 2.49 

The café Mean 21 19.80 29.20 33.90 
 

SD 3.59 5.61 4.51 13.06 
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Find the outsider Mean 14.40 15.90 19.20 20.10 
 

SD 3.65 3.21 4.13 3.83 

Semantic associations Mean 4.60 5.50 8.10 7.70 
 

SD 2.04 1.23 5.18 1.53 

Reverse order Mean 11.20 10 14.20 18.30 
 

SD 6.14 1.77 6.93 4.45 

Mathematical reasoning Mean 16.20 15.40 21.60 24.80 
 

SD 5.76 3.73 12.78 5.66 

Table 3. Means and Standard Deviations (SD) of the scores in the first two sessions, and in the last two 

sessions, of the six Serious Games taken into consideration, divided for the Real and the Sham groups. 
 

MIND THE BOMB 

 

THE CAFÉ 

 

FIND THE OUTSIDER 

 
SEMANTIC ASSOCIATIONS 

 

REVERSE ORDER 

 

MATHEMATICAL REASONING 

 
Figure 6. Plots of the scores in the first two sessions and in the last two sessions, divided for the Real 

and the Sham groups. Higher scores correspond to better performances.  
 

To sum up, after 10-sessions treatment, we found an amelioration in both groups in the 

FCSRT-Delayed recall and in the ANT, in terms of reduction of RTs. These changes present 

a main effect of Time, meaning that there is no difference due to the experimental group, but 

a general improvement of both Real and Sham groups. Likewise, we can observe that during 

the treatment, both groups significantly improved in the SG across the sessions.  

For what concerns memory tests, neither the FCSRT-Immediate recall, nor the MTCF 

improved after the treatment. Also, all other tests and questionnaires remained stable.  

3.4.2 Neurofunctional results 

We explored changes in resting-state connectivity between the two groups (Real > Sham) 

after the treatment (Post > Pre). Before doing so, we made sure that differences in brain 
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atrophy would not interfere with the results. Thus, we extrapolated, after segmentation, the 

grey-matter volume for each participant and ran an independent sample t-test between Real 

and Sham groups. Grey-matter did not differ between groups (t(8) = 0.36, p = 0.73), thus we 

proceeded with the planned analyses.  

Based on CONN templates, we had selected 4 brain regions in the DMN and 4 in the DAN 

as ROIs. The DMN includes the left and right paracentral lobules (l-LP and r-LP), medial 

prefrontal cortex (MPFC), and posterior cingulate cortex (PCC); the DAN includes the left 

and right frontal eye fields (l-FEF and r-FEF) and left and right intraparietal sulcus (l-IPS and 

r-IPS) (see Figures 7 and 8). The ROI-to-ROI analysis identified a difference between groups 

(Real > Sham) after the treatment (Post > Pre), with uncorrected p < 0.05 at connection level 

and no p-FDR at cluster level thresholding. We found: 

• one positive connection within DMN, specifically between r-LP (MNI coordinates: 47, -

67, 29) and PCC (MNI coordinates: 1, -61, 38), with a larger increase in connectivity in 

the Real group compared to the Sham group after the treatment (T(8) = 2.55, p-unc = 

0.034, p-FDR = 0.48); 

• one negative connection between DMN and DAN, specifically between MPFC (MNI 

coordinates: 1, 55, -3) and r-IPS (MNI coordinates: 39, -42, 54), indicating greater anti-

correlation in the Real group compared to the Sham group after the treatment (T(8) = -

3.45, p-unc = 0.008, p-FDR = 0.48).  

Connectogram to visualize resting-state functional connectivity between ROIs is shown in 

Figure 9. The above results, albeit preliminary, reflects the potential neurofunctional effects 

of PA. 

 

 
Figure 7. Dorsal Attention Network node location in resting Networks: four main nodes of the network  

are selected, and their locations are shown in the figure. 
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Figure 8. Default Mode Network node location in resting Networks: four main nodes of the network are 

selected, and their locations are shown in the figure. 
 
 

 
Figure 9. Connectome map of changes in resting state connectivity after the treatment, ROI-to-ROI 

analysis. IPS r = Intraparietal sulcus right; MPFC = medial prefrontal cortex; PCC = posterior cingulate 

cortex; LP r = paracentral lobule right. Color scale represents t-values. 

4. Discussion 

The main goal of this Study was to explore whether PA associated with SG (MindLenses 

protocol) could positively impact cognitive functions in patients with single and multiple-

domain aMCI, both behaviorally and functionally. Particularly, our research question was to 

investigate whether PA might have a neuromodulatory effect on cognitive stimulation, in 

terms of enhancing the effectiveness of SG alone.  
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Since the MindLenses protocol involves a digital transposition of PA, in the first place it was 

crucial to confirm that patients in the Real group adapted effectively to the prismatic lenses. 

The PA technique relies on the theoretical premise that, in situations where the interaction 

with an environment is consistently changing and the original parameters of reaching 

behavior are altered, individuals gradually develop compensatory adjustments in visuo-

motor coordination. Thus, to ensure that the anticipated compensation and adaptation 

occurred, the mean accuracy of pointings during the baseline (pre-exposure phase), early 

exposure, and late exposure were compared. If patients in the Real group adapted to the 

prismatic lenses, an attention shift towards the right visual hemifield should be evident. 

Consequently, rightwards deviations in the initial pointings immediately after wearing the 

lenses (early exposure phase) should be observed. Moreover, as successive trials are 

performed, the rightwards shift error should gradually be compensated and reduced to pre-

exposure levels. In contrast, rightwards deviations should not be observed in patients who 

wore neutral lenses (Sham group). Our results confirmed these theoretical premises, 

showing a statistically significant difference between the mean deviations at early and late 

exposures only in the Real group, namely the mean deviations during early-exposure were 

larger and rightwards deviated than those during late-exposure, which were accurate. No 

differences were detected between pre-exposure and late-exposure phases in both groups. 

Moreover, since we implemented a 10-session treatment, it was important to ensure that the 

progression in the number of sessions did not influence the prism's effectiveness; the results 

indicated that the mean deviations in pointings were consistent between the 10 adaptation 

sessions. 

This initial result has important implications. First of all, since PA traditionally requires a non-

easily transportable setup, proving that the effect of prismatic lenses can be observed and 

can be effective if administered via a tablet introduces opportunities for more accessible and 

ecologically valid rehabilitation procedures, even feasible at the patient's bedside. Second, 

considering the age of our patients, it's worth noting that a technology-based rehabilitation 

involving PA has been feasible with an old population. 

After confirming adaptation to the real lenses, analyses of neuropsychological tests were 

run to determine the impact of the rehabilitation protocol on patients' cognitive performance. 

Focusing on the FCSRT, the cognitive stimulation intervention significantly improved 

episodic long-term memory in all patients, as evidenced by a significant main effect of Time 

in the Delayed Free Recall. Moreover, the significant interaction between Time and 

Condition suggests that the Sham group, but not the Real group, ameliorated after 
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treatment, suggesting that prismatic lenses might have had an interfering effect, in contrast 

with our hypotheses. Yet, considering the small sample size, these results need to be taken 

cautiously. 

Analyzing the ANT, a significant main effect of Time was found for the RTs, suggesting that 

both groups significantly reduced their response time after the cognitive stimulation 

intervention. This hints to the fact that the treatment with SG facilitated their overall reactivity 

and concentration, independently from the use of real or sham lenses. No statistically 

significant effects were found for the numbers of errors, neither for the attention 

subcomponents, indicating that both group performances remained stable after stimulation 

concerning the percentage of wrong answers, the capacity to increase vigilance and 

response readiness, and the ability to monitor and resolve conflict between cognitive 

processing. 

No significant effects were found for the direct and the delayed copy of the Modified Taylor 

Complex Figure, indicating that the stimulation program did not affect patients' visuo-spatial 

abilities nor visual memory. No significant effects were found for the Visual Naming Test, 

suggesting that the linguistic abilities of both groups did not change from Pre to Post 

intervention, nor for the questionnaires that investigated patients’ affective states, Quality of 

Life, and subjective perception of memory processes.  

Since the effectiveness of a rehabilitation program can be observed also by the progress 

patients achieve as the sessions advance, we opted to compare the scores obtained in SG 

during the first (two) sessions with those in the final two. Results showed an improvement 

obtained by all patients in those games involving divided attention, planning, visuo-spatial 

exploration, semantic associations, and working memory.  

In summary, improvements due to the intervention were already observed during the 

treatment sessions and then confirmed by the outcome tests in long-term episodic memory, 

overall concentration, and attentive reactivity, in all patients. 

Although the significant positive outcomes are a few, considering that our clinical population 

is susceptible to progressive cognitive decline, it is worth noting that no worsening in 

patients' cognitive performance occurred after the 5-week study. Yet, we are equally aware 

that 5 weeks might be a too short period to detect a decline in cognitive abilities; this 

limitation could be addressed in the future by recruiting a control population, i.e., other MCI 

patients tested after a 5-week interval without undergoing any kind of treatment. This would 

help establish whether the observed improvements and the stability of other cognitive 

variables taken into consideration in this Study are attributable to the relatively short time 
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elapsed or to the treatment itself. However, the ethical implications of an experimental 

paradigm that involves patients without administering available treatments should be taken 

into consideration. Furthermore, this type of paradigm would go beyond our current aims, 

addressing a different research question compared to the one of the present Study, which 

aimed at investigating whether PA can modulate cognitive stimulation. 

The other variable that we focused on in our study was the modulation of digital PA at the 

neurofunctional level. We based our hypotheses on the evidence in the literature of a 

reduction in the anti-correlation between the DMN and DAN in MCI patients compared to 

healthy individuals, and of PA in strengthening this anti-correlation in healthy subjects. Thus, 

we expected to observe an increase in this anti-correlation only in the group of patients who 

underwent the treatment with Real lenses. In line with our hypotheses, we found a greater 

anti-correlation in the Real group compared to the Sham group, when comparing 

connectivity changes after the treatment between the two groups. Specifically, the anti-

correlation emerged between the right IPS and the MPFC, one node of the DAN and one of 

the DMN, respectively. It’s interesting that these very preliminary results are in line with our 

initial hypotheses on the neurofunctional effect of PA in patients with MCI, even though not 

mirrored at behavioral level.  

The limited outcomes at both behavioral and neurofunctional level could be also due to the 

very small size of the sample recruited so far. Confirming the hypothesis that the 

combination PA+SG has a significant positive effect compared to SG alone will, thus, require 

waiting until the entire group of 40 patients has undergone the program. 

The discussed results underscore the efficacy of non-specific domain training, with 

significant improvements observed in some of the tests assessing both memory and 

attention. Following the literature analyzed in the previous chapters, the use of SG that 

stimulate various cognitive functions should lead concurrently to overall cognitive 

improvements and, consequently, enhanced mood and quality of life. The assumption is 

that, by the end of the project and with the recruitment of the planned sample size, these 

primary and secondary objectives should be reached. 
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CHAPTER FOUR -  Experimental Study 2 
In this chapter I will present an experimental project that has been carried out at University 

of Pavia, in which we tested healthy older participants (N = 20), to investigate whether a 

single session of Prismatic Adaptation (PA) could modulate attention as measured through 

ANT (Study 2.1). 

Furthermore, we selected 12 participants of this sample, who were matched with the 12 

patients of the previous study (see Chapter Three), in order to compare their performance 

at ANT at baseline (i.e., Pre treatment) (Study 2.2).  

The study’s procedures are in accordance with the 1975 Helsinki Declaration and the project 

was approved by the Ethical Committee of the University of Pavia. 

4.1 Introduction and Rationale 

Recent neuropsychological models concerning attention predict its parcellation into three 

main subcomponents: alerting, orienting, and executive control (Fan et al., 2002a; 

McDonough et al., 2019; Posner & Petersen, 1990). As argued in the previous chapters (see 

paragraph 1.3 and 1.4), the ANT, through the assessment of the efficiency of these 

subcomponents, could be useful in detecting early stage of cognitive deterioration (Van Dam 

et al., 2013). However, it has been shown that these attentional subcomponents can decline 

independently over the lifespan. For example, in healthy elder individuals, some studies 

have shown changes only in the alerting and executive control components, as compared 

with younger participants (Mahoney et al., 2010). Nevertheless, the direction of these 

changes remains unclear, as some studies demonstrate larger alerting in the elderly 

(Fernandez-Duque et al., 2006), while others find reduced alerting in the same population 

(Gamboz et al., 2010; Jennings et al., 2007). At the same time, selective alteration of 

executive control has been observed in patients with aMCI (see chapter 1.3). Thus, as 

previously discussed, it is crucial to investigate and explore the evolution and the alterations 

in these attentional components among both healthy and pathological elderly, in order to 

both prevent cognitive decline and implement cognitive rehabilitation or stimulation 

interventions. 

Among intervention for neuromodulation, there is evidence that PA modulates visuo-spatial 

attention and resting-state functional connectivity of DAN and DMN (see chapter 2.3), 

central nodes for attentive functions, in young healthy subjects. Some studies highlight a 

difference between groups of elderly and young subjects during PA procedure: indeed, the 
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elderly seem to adapt more slowly during PA, and they also exhibit more persistent after-

effects (Fernández-Ruiz et al., 2000). However, the influence of PA on the three attentional 

subcomponents has not been systematically investigated. To the best of our knowledge, the 

only study that combined the examination of orienting and alerting in healthy elderly 

individuals with the study of PA is that of Kintzel and colleagues (2015). Their study attempts 

to understand whether auditory alerts can have a facilitatory effect during PA itself, guiding 

orienting, and what implications there may be in terms of improvement in visuo-motor 

abilities (Kintzel et al., 2015). However, Kintzel’s study uses an auditory version of the ANT, 

and it does not assess the direct effect of PA on the modulation of attentional 

subcomponents. 

Thus, in light of inconsistent results regarding the evolution of the three attentional networks 

with aging, along with the proven utility of PA in rehabilitating visuo-attentional and visuo-

spatial disorders with a potentially different effects on young and elderly individuals, this 

study aims at investigating the effects of PA on the three attentional subcomponents in 

healthy elderly subjects. The hypothesis is that PA may be beneficial in supporting attention 

even in healthy elderly individuals. 

STUDY 2.1 

4.2 Procedures and methods 

4.2.1 Participants 

Twenty volunteers were recruited through informative flyer distribution about the study at 

“UNITRE” (University of the Third Age) in Pavia and gave their consent to participate. 

Exclusion criteria were (i) age < 60 or > 90, (ii) the presence of a diagnosed psychiatric or 

neurological disorder, (iii) untreated primary sensory disorders or worsening sensory 

disturbances (i.e., not-corrected vision and hearing impairments), and (iv) a deficit score at 

MoCA test (MOntreal Cognitive Assessment, Nasreddine et al., 2005; italian version: Conti 

et al., 2015) or FCSRT - Picture version (Grober & Buschke, 1987; italian version: Frasson 

et al., 2011). Since a participant declared after the testing to have a developmental dyslexia, 

evidenced by an extremely elevated number of errors at the task, that one participant was 

excluded from the analyses. Thus, the final sample included 19 participants (9 females, 10 

males, Mean age = 71.63±6.64 (min. 62, max. 90); Mean education level = 14.05±4.48 (min. 

5, max. 21)). Participants were randomly assigned to the experimental (N = 10, 5 females) 

or the control group (N = 9, 4 females) (see Table 4.2.1 for descriptives).  
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Table 4.2.1. Demographics and cognitive tests used to include the participants. The table reported 

the corrected mean scores obtained by the experimental and the control groups. MoCA: MOntreal 

Cognitive Assessment (Conti et al., 2015); FCSRT IFR: Free and Cue Selective Reminding Test – 

Immediate Free Recall (Frasson et al., 2011); FCSRT DFR – Free and Cue Selective Reminding Test – 

Delayed Free Recall (Frasson et al., 2011).  
 

4.2.2 Experimental procedure 

The study involved two experimental sessions lasting one hour each. The first one was 

dedicated to global cognitive functioning and memory screening, through the administration 

of MoCA and FCSRT – Picture version. Right afterwards cognitive screening, ANT (baseline) 

was administered to those participants who did not obtain deficient score. 

Then, participants were randomly assigned to the experimental (PA with real rightwards 

lenses) or control (PA with sham lenses) group. PA procedure was administered in the 

second experimental session, the day after the first encounter, followed by a second ANT 

administration. 

The ANT (see chapter one and figure 3.2.3) was performed on a MacBook Pro using the 

software “Psychology Experiment Building Language” (PEBL) battery, version 2.1 (website: 

https://pebl.sourceforge.net), with the same methodology as in Study 1 (see chapter 3.2.4).  

During PA procedure, participants were comfortably seated in front of a table on which a 

rectangular wooden support was placed, open on both sides. They were asked to point as 

 Condition Mean SD Min. Max. 

      
Age experimental 71.30 5.74 64 83 

 control 72 7.86 62 90 

      
Education level experimental 14.60 5.48 5 21 

 control 13.44 3.25 8 19 

      
MoCA experimental 23.71 2.59 17.48 26.84 

 control 23.07 1.97 19.67 25.20 

      
FCSRT IFR experimental 28.94 4.09 20.93 34.63 

 control 29.42 4.45 23.27 36 

      
FCSRT DFR experimental 10.24 1.48 8.18 12 

 control 10.92 1.07 9.29 12 
 

https://pebl.sourceforge.net/
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quickly as possible with their index finger, from the center of the trunk towards a transparent 

barrier in correspondence of target wooden sticks located either at the center, right or left of 

the participant’s midline. Targets were 15 cm distant from each other, and the examiner 

verbally indicated, in a randomized order, which target the patient had to point to. Spatial 

accuracy of the participant's pointings were recorded through a ruler fixed to the transparent 

barrier, in terms of distance in cm between the target's position and the final position of the 

participant's index finger. The pointing movements were executed below the wooden 

support, whose upper part can be moved forward or backward to make the final part of the 

pointing movement visible or not visible to the subject (see Figure 4.1). The pointing task 

was performed in four conditions: (i) before wearing prisms (pre-exposure, 15 visible and 15 

invisible pointings), (ii) while the subject wore prisms (exposure, 90 visible pointings), (iii) 

immediately after prism removal (post-exposure, 15 invisible pointings), and (iv) 20 minutes 

after prism removal (15 delayed-pointings). 

 

a)  b)  

Figure 4.1. Experimental set up for PA procedure; a) invisible pointings, b) visible pointings while wearing 

real prisms. 
 

4.3 Statistical analysis 

This study presents a 2x2 research design with Time (Pre vs. Post PA; within-subjects) and 

Group (Real vs. Sham, between-subjects) as factors.  

JASP Statistical Software (Version 0.18.1 intel, available online at: https://jasp-stats.org/) 

was used for statistical analysis.  
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PA data were analyzed using a 2x2 repeated measures analysis of variance (ANOVA). The 

deviations means (in cm) from the target were considered and compared in the following 

conditions: visible pre-exposure (mean of the 15 visible trials of the pre-adaptation phase), 

early-exposure (mean of the first 3 visible trials of the adaptation phase), late-exposure 

(mean of the last 3 visible trials of the adaptation phase), post-exposure (mean of the 15 

invisible pointings after prism removal), and delayed-pointings (15 invisible pointings) 

(Calzolari et al., 2016; Frassinetti et al., 2002). Visible pointings pre-exposure were 

compared to the visible pointings of the exposure phase, while invisible pointings pre-

exposure were compared to the invisible pointings post-exposure. Delayed invisible 

pointings were compared to both the pre-exposure invisible trials and the post-exposure 

immediate invisible trials. 

Additionally, ANT data were analyzed using a 2x2 repeated measures analysis of variance 

(ANOVA). In particular, we analyzed RTs, numbers of errors, and alerting, orienting, and 

executive control scores of the corrected items.  

4.4 Results 

Prismatic Adaptation. 

As expected, PA was effective in the Real group as compared to the Sham group (see Figure 

4.2). In particular, a significant difference emerged between visible pre-exposure trials and 

early-exposure trials (Group*Exposure: F(1,17) = 19.09, p < .001, ω2 = 0.33; Exposure: 

F(1,17) = 18.58, p < 0.001, ω2 = 0.33; Group: F(1,17) = 18.62, p < 0.001 , ω2 = 0.33), 

indicating that participants in the Real group deviated rightwards in the early-exposure trials 

(M = 5.017±3.419) more than the Sham group in both phases (pre: 0.07±0.103; early:  

0.037±0.261) and more than in the pre-exposure of the Real group itself (M = 0.059±0.099). 

Likewise, comparison between early- and late- Exposure were significantly different 

between the groups (Group*Exposure: F(1,17) = 19.10, p < .001, ω2 = 0.33 ; Exposure: 

F(1,17) = 19.38, p < 0.001, ω2 = 0.34; Group: F(1,17) = 18.64, p < 0.001 , ω2 = 0.33). Also, 

invisible pre-Exposure trials were different from invisible post-Exposure trials with a 

significant main effect of Exposure (F(1,17) = 20.40, p < 0.001, ω2 = 0.17) and a significant 

Group*Exposure interaction (F(1,17) = 18.79, p < .001, ω2 = 0.16), with no effect of Group 

(F(1,17) = 1.80, p = 0.20): only the Real group showed a difference between pre- (M = 

0.053±0.761) and post-exposure (M = -1.838±1.645). Descriptive statistics are reported in 

Table 4.4. 
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Exposure Group Mean SD N 

Visible Pre Real 0.059 0.099 10 
 

Sham 0.070 0.103 9 

Invisible Pre Real 0.053 0.761 10 
 

Sham -0.285 0.787 9 

Early Real 5.017 3.419 10 
 

Sham 0.037 0.261 9 

Late Real 0.017 0.053 10 
 

Sham 0.019 0.100 9 

Invisible Post Real -1.838 1.645 10 
 

Sham -0.324 0.691 9 

Table 4.4. Deviations means (in cm) in the Exposure phases of PA procedure, of the Real and Sham 

groups. 
 

Lastly, the comparison between Immediate post-exposure pointings and delayed post-

exposure pointings showed a reduction of the shifting in the Real group (post M = -

2.92±2.73; delayed M = -0.76±0.79) and a stable outcome in the Sham group (post M = -

0.22±0.79; delayed M = -0.22±0.64), with a main effect of Exposure (F(1,17) = 9.05, p = 

0.007, ω2 = 0.11) and Group (F(1,17) = 9.07, p = 0.007, ω2 = 0.17), as well as a significant 

interaction between Exposure*Group (F(1,17) = 8.99, p = 0.007, ω2  = 0.11). 

 

 
Figure 4.2. X axis: Deviation means from 0 (accuracy) in cm, across the exposure phases of prismatic 

adaptation procedure. 
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ANT. 

Reaction Times at the ANT were reduced significantly after PA in both groups (Time: F(1,17) 

= 8.46, p = 0.01, ω2 = 0.03). No effect of Group (F(1,17) = 0.36, p = 0.56) nor interaction 

between Group*Time (F(1,17) = 0.61, p = 0.44) were found. Comparison between Real (Pre: 

M = 700.30±120.63; Post: M = 654.81±88.49) and Sham (Pre: M = 719.01±103.05; Post: M 

= 692.83±110.54) groups are plotted in Figure 4.3.  

Numbers of errors remained stable across Pre (M Real = 7.6±16.32; M Sham = 5.11±4.46) 

and Post PA procedure (M Real = 4.2±9.81; M Sham = 5.44±9.66) in both groups (Time: 

F(1,17) = 0.95, p = 0.34; Group: F(1,17) = 0.02, p = 0.90; Time*Group: F(1,17) = 1.41, p = 

0.25). 

 
Figure 4.3. Comparison between RTs in msec for the Real and Sham groups, Pre and Post PA. Bars 

are Standard Errors. 
For what concerns the ANT subcomponents, only alerting was significantly different in the 

Post PA session, with a main effect of Time (F(1,17) = 4.63, p = 0.046, ω2 = 0.03), but no 

effect of Group (F(1,17) = 0.02, p = 0.91), nor interaction between Time*Group (F(1,17) = 

3.31, p = 0.09) (see Figure 4.4), indicating that both the Real (Pre M = 36.28±55.78, Post M 

= 62.63±38.94) and the Sham (M = 50.42±16.22, Post M = 52.62±36.24) groups changed 

after PA. 
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Figure 4.4. Comparison between the alerting component for the Real and Sham groups, Pre and Post 

PA. Y axis = RTs in msec. Bars are Standard Errors. 
 
 

In order to deeply understand the meaning of the alerting component change, since alerting 

represents the difference between the RTs at no-cue and at double-cue trials, we analyzed 

how the RTs at no-cue trials and at double-cue trials changed after PA session, separately, 

by means of an ANOVA (factors: Time (Pre vs. Post PA) and Group (Real vs. Sham)). The 

RTs at no-cue trials did not change between Pre (M Real = 719.16±109.45; M Sham = 

750.35±101.99) and Post (M Real = 696.96±97.02; M Sham = 725.42±104.90) PA sessions, 

in none of the groups (Time, F(1,17) = 3.87, p = 0.07; Group, F(1,17) = 0.42, p = 0.53; 

Time*Group, F(1,17) = 0.013, p = 0.91). On the contrary, there was a significant main effect 

of Time (F(1,17) = 9.926, p = 0.006, ω2 = 0.037) for the double-cue trials, with no significant 

effect of Group (F(1,17) = 0.408, p = 0.53) nor interaction Time*Group (F(1,17) = 1.97, p = 

0.178), meaning that RTs at double-cue significantly decreased in both groups between Pre 

(M Real = 682.88±85.39; M Sham = 691.42±85.46) and Post (M Real = 634.31±73.64; M 

Sham = 672.80±94.42). An explorative analysis comparing the changes in RTs at double-

cue separately for the two groups, showed a significant difference only for the Real group 

between Pre and Post PA session (Mean difference = 48.57, t = 3.31, p = 0.025) while the 

Sham group did not present the same significant reduction of RTs (Mean difference = 18.62, 

t = 1.20, p = 1.00). 

The orienting component did not change Post PA (Time, F(1,17) = 0.62, p = 0.44; Group, 

F(1,17) = 3.52, p = 0.08; Time*Group, F(1,17) = 0.23, p = 0.64) and neither did the executive 

control (Time, F(1,17) = 1.58, p = 0.23; Group, F(1,17) = 0.16, p = 0.70; Time*Group, F(1,17) 

= 0.01, p = 0.93). 
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4.5 Interim discussion 

The main aim of this study was to investigate the effect of PA in supporting attention and its 

subcomponents, in healthy elderly. To do so, we recruited healthy old participants and 

assessed their attention capabilities through ANT before and after PA.  

Our results proved that both the experimental group and the control group significantly 

reduced their RTs in the Post session test, whereas the accuracy rate did not change after 

(real or sham) PA.  

This, in contrast with our hypothesis, may be explained in two different ways: (i) the attention, 

in terms of RTs, has been modulated by the visuo-motor exercise of pointings per se, 

independently from the visual shifting and correlated neuromodulatory effects; (ii) the 

attention has been modulated by the fact that participants in the control group were 

undergoing a treatment session (i.e. pointings with sham lenses), as a “placebo effect”. 

There is also an alternative possibility, related to the test-retest effect, as if in the second 

test administration a learning effect had come into play. However, we initially selected the 

ANT because it has been demonstrated that it remains reliable in test-retest scenarios up to 

the tenth consecutive repetition (Ishigami & Klein, 2010). Thus, we could exclude that the 

reduction of RTs was simply due to a learning effect in the second ANT administration.  

In order to better clarify this result, it is worth discussing the changing in the alerting 

component of attention, the only component among the three which exhibited a significant 

difference after PA. Even though also in the case of alerting we observe only a time effect, 

i.e., a Pre-Post change in both groups, the interaction Time*Group showed a trend, albeit 

not yet significant, towards an increase of alerting only in the experimental group. When 

dissecting this change, analyzing the RTs at no-cue and at double-cue condition separately, 

we also see a trend where only the experimental group reduced RTs in response to double-

cue. Nevertheless, in the no-cue condition RTs did not change Post PA in either group, but 

they did in the double-cue condition, as if the PA had modulated the reactivity to double-cue 

and not to no-cue, causing better alertness in general. We could hypothesize that with a 

larger sample size, the effect of PA on the alerting component may become significant, 

mirroring higher readiness towards the double-cue condition. If so, it could be argued that 

PA has a role in sustain attention in the elderly, but we need to increase our sample to verify 

this hypothesis. Yet, our finding regarding the alerting remains interesting, since this is the 

attentional component most frequently reported and discussed as undergoing changes in 

healthy older individuals compared to the young.  
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Although in the Study 2.1 we only found a significance for the alerting component, we have 

decided to proceed with an investigation concerning the executive control component, given 

its primary role in aging. Along these lines, Study 2.2 took further the comparison between 

healthy elderly participants and MCI patients.  

STUDY 2.2 

In order to investigate whether Zhang and colleagues’ observation (2015) on executive 

control network in aMCI patients is consistent (see chapter 1.3) and can be replicated, we 

devised a second investigation comparing the baseline results at ANT of the 12 aMCI 

patients of Study 1, matched with 12 healthy participants of Study 2.1.  

4.6 Procedures and methods 

Twelve participants among the 19 collected in the Study 2.1 were selected (6 females, 6 

males, Mean age = 74.92±5.99 (min. 70, max. 90); Education level = 13.09±4.36 (min. 5, 

max. 19)) to match the aMCI patients of the Study 1 (see chapter 3) on age, gender, and 

education level (6 females, 6 males, Mean age = 78.83±5.98m (min. 71, max. 85); Education 

level = 13.33±3.75 (min. 8, max. 19)). 

Both groups performed the ANT in the first encounter, before embarking in the treatment 

(Study 1) or the PA session (Study 2.1), with the same procedure, as previously described.  

4.7 Statistical analysis 

This study presents Group: Patients vs. Healthy Controls (HC) as main independent 

variable. ANT scores (numbers of errors, accuracy, RTs, alerting, orienting, and executive 

control indexes) are the dependent variables.  

We used an independent sample t-tests (for variables not normally distributed we used the 

Mann U Whitney) to compare ANT scores in the two groups.  

4.8 Results 

Independent sample t-tests confirmed that the groups were equally matched on age (t(22) 

= -1.60, p = 0.12) and education level (t(22) = 0.35, p = 0.73). 

Shapiro-wilk test showed that numbers of errors (W = 0.62, p < .001), accuracy (W = 0.63, 

p < .001), orienting index (W = 0.89, p = 0.01) and executive control index (W = 0.46, p < 

.001) were not normally distributed, whereas all remaining variables did.  
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Numbers of errors at ANT (Figure 4.5), accuracy (Figure 4.6), and RTs (Figure 4.7), were 

significantly different between patients (M errors = 25.42±32.66, M accuracy = 0.91±0.11, M 

RTs = 919.36±151.40) and HC (M errors = 7.92±14.98, M accuracy = 0.97±0.05, M RTs = 

758.77±95.42) (errors: U = 26.5, p = 0.009, Cohen’s d = -0.63; accuracy: U = 113.5, p = 

0.02, Cohen’s d = 0.58; RTs: t(22) = -3.11, p = 0.005, Cohen’s d = -1.27).  

 

 
Figure 4.5. Numbers of errors at ANT of patients and Healthy Control (HC). Bars are Standard Errors. 

 

 

 
Figure 4.6. Means accuracy at ANT of patients and Healthy Control (HC). Bars are Standard Errors. 
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Figure 4.7. Comparison of RTs (in msec) at ANT between patients and Healthy Control (HC). Bars are 

Standard Errors. 
 

For what concerns the attention subcomponents, neither alerting (M patients = 47.32±39.19; 

M HC = 48.28±48.48 ; t(22) = 0.05, p = 0.96), nor orienting (M patients = 11.51±35.01; M 

HC = 35.79±19.95U = 98, p = 0.14) were different between the groups. Also, executive 

control (U = 42, p = 0.08) did not yield a significant result, even though it is possible to 

qualitatively observe a greater executive control index for patients (M = 176.41±223.61) 

compared to HC (M = 85.32±41.35). 

4.9 Discussion 

In contrast with the literature previously presented, our Study 2.2 did not confirm the 

alteration of the executive control network in aMCI patients compared to healthy controls. 

Indeed, although we found a significant difference between patients and healthy elderlies in 

accuracy and RTs, with the patients being more slowly and less accurate, none of the 

attention subcomponents differed between the groups. However, considering the very small 

sample size, from a qualitative point of view and looking at the statistical trend, continuing 

to explore executive control in relation to pathological aging could lead to significant results 

in line with what other authors had found, and a better understanding of the cognitive 

dynamics involved in aging.  

Expanding the sample size of both Study 2.1 and 2.2 may lead to insights regarding the 

development of more precise intervention or assessment strategies, most of all considering 

that the alerting component, the only one modulated in the Study 2.1, is far from being 

different between aMCI patients and healthy elderly in Study 2.2. Although being mere 

speculations, this result, if confirmed, would imply that modulating alerting in MCI patients 

might not prove beneficial, as this component is already similar to that of healthy controls. 
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On the other hand, enhancing alerting could be useful in healthy elderly individuals as a 

cognitive stimulation. Future studies, in addition to expanding samples sizes, might focus on 

understanding whether modulating alerting in healthy elderly individuals can lead to benefits 

in daily life activities, and how the efficiency of this component is related to the one of the 

executive control. 
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CHAPTER FIVE  - Experimental Study 3 
In the first two chapters of this dissertation, I discussed the importance of prevention and 

early diagnosis of age-related diseases. Although AD is the most prevalent form of dementia, 

other degenerative conditions deserve particular attention. To date, such conditions are 

more challenging to diagnose since they do not fall within the classification of MCI, nor do 

they have in-vivo biomarkers available. Indeed, Cerebrospinal Fluid (CSF) markers that 

directly reflect the disease molecular pathology have become available for AD, Creutzfeldt-

Jakob disease (CJD), and Levy-Body Dementia (LBD) spectrum, while they are missing for 

rarer degenerative conditions (Mattsson, 2011; McKhann et al., 2011). In particular, there is 

a growing interest in Cortical Basal Syndrome (CBS). This condition presents 

heterogeneous cognitive and/or motor disturbances that may have different neurobiological 

underlying causes, which can be definitively confirmed only post-mortem (Armstrong et al., 

2013; Svenningsson, 2019; D. Wilson et al., 2021). 

In the following chapter, I will present a single case of a patient I’ve been following 

longitudinally for three years. This is a clinical case highly relevant for the study of a rare 

degenerative condition, namely Cortical Basal Degeneration (CBD), which represents one 

of the possible underlying pathologies of CBS. At the same time, because of the initial clinical 

manifestations of the pathology in our patient, the case also offers an occasion to shed light 

on the neuropsychological mechanisms of tactile object recognition and tactile agnosia (the 

first symptom that the patient presented at onset). 

The patient came to the Center of Neuropsychology of ASST G.O.M. Niguarda, and she has 

been followed by neuropsychologists in collaboration with neurologists and 

neuroradiologists of the same hospital. The Ethical Committee of the ASST G.O.M. Niguarda 

(Milano, Area 3) approved the diagnostic investigation through experimental instruments, 

and the patient signed the informed consent. The collection of healthy control data was 

carried out at the University of Pavia, and it was approved by the Ethical Committee of the 

same University.  

5.1 Introduction 

Tactile objects recognition (TOR) is a very complex ability that requires the identification of 

elementary sensory elements, the integration of sensory–cutaneous, proprioceptive, 

kinesthetic, and thermal–information in a coherent representation, and the association of 

this representation to semantic knowledge (C. Reed & Ziat, 2018; Veronelli et al., 2014). 

Historically, the process of object recognition has been divided into two stages, (1) the 
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perception of physical features of objects, or “perceptive level”, and (2) the association of 

the perceptive representation with semantic memory, or “associative” level (Lissauer, 

1890; Wernicke, 1895). Although these processes have been extensively investigated for 

the visual modality and, to some extent, for the acoustic one, haptic recognition processes 

are still poorly understood (Bottini et al.,1995; Grossi e Trojano, 2011). Existing cognitive 

models are mainly derived from the clinical observation of patients with difficulties in 

recognizing objects via haptic exploration. An impairment in TOR, in the absence of 

sensorimotor impairment and higher-level cognitive deficits, is referred to as tactile 

agnosia (Claparède, 1899; Déjérine, 1907; Endo et al., 1992).  

In the most influential models of tactile agnosia, in addition to the classic distinction made 

by Lissauer (1890) between difficulties either at the perceptive level (apperceptive agnosia) 

or at the associative level (associative agnosia), a further classification into hyloagnosia and 

morphoagnosia has been proposed (Delay, 1935). Hyloagnosia is defined as a difficulty in 

discriminating the qualities of objects (weight, texture, etc.), while morphoagnosia is the 

inability to discriminate the shape and size of objects; these two aspects are accounted for 

the level of intermediate perception, such as Lissauer’s apperceptive level, dissociating both 

from each other and from higher-level processing  (Delay, 1935; Endo et al., 1992; Kubota 

et al., 2017; Saetti et al., 1999). However, double dissociation between hyloagnosia and 

morphoagnosia has never been reported since, to the best of our knowledge, there are no 

cases of hyloagnosia without morphoagnosia described in the literature, and the presence 

of morphoagnosia without hyloagnosia has been reported only in two cases (Kubota et al., 

2017; Saetti et al., 1999). Moreover, a double dissociation between tactile apperceptive and 

associative levels has been described only once (Kubota et al., 2017), while most of the 

reported cases state that in the presence of apperceptive agnosia there is also associative 

agnosia (C. L. Reed et al., 1996; Bohlhalter et al., 2002; Crutch et al., 2005; Estañol et al., 

2008). However, it is worth noting that the recognition of real objects varies among the 

reported apperceptive agnosia cases: for example, the correct recognition rate of Reed’s 

case was 13/28 objects, while Saetti’s case, who showed selective morphoagnosia, 

recognized 7/10 objects (Kubota et al., 2017). The question as to whether an accuracy of 

more than 50% and less than 100% in real objects recognition, as in Saetti’s case, could 

represent double dissociation is still open.  

De facto, tactile agnosia is rare to detect as an isolated disorder, and it is difficult to observe 

clinically, as somatosensory disturbances caused by brain lesions often overlap with the 

gnosis disorder, making its identification complex (Platz, 1996). Indeed, in the literature, 
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reported cases of tactile agnosia are usually caused by brain events of vascular origin, either 

ischemic or hemorrhagic, and in only one case, by a meningioma (Platz, 1996). An open 

question is whether other types of brain damages, including degenerative conditions, can 

lead to similar TOR impairments. For example, Cortico Basal Syndrome (CBS) is a condition 

characterized by insidious onset of motor and sensory disturbances, unresponsive to 

Levodopa treatment (Mathew et al., 2012). Diagnostic criteria include the presence of 

"cortical sensory loss", which falls within the realm of somatosensory disorders, but its 

definition is vague. Some authors describe it as the co-occurrence of astereognosis, 

agraphesthesia, and loss of position sense (Bassetti, Bogousslavsky, and Regli 1993), while 

others include the extinction of double stimuli among the symptoms (Belfor et al. 2006). 

Additionally, some authors define it as “tactile inattention” and impairment in the two-point 

discrimination task (Misra et al. 1997), while others incorporate also pain and temperature 

discrimination in the assessment of cortical sensory loss (Kim 2007). Actually, to the best of 

our knowledge, only one study tried to provide a more precise characterization of these 

deficits (Matsuda et al. 2020), interpreting cortical sensory loss as a “somatosensory 

dysfunction”, and investigating tactile localization, weight and texture perception, letter, and 

object recognition. In Matsuda and colleagues’ study, authors found difficulties in patients 

with CBS in the two-points discrimination task and in object naming. Their study, although 

attempting to characterize somatosensory dysfunction and TOR disorders in patients with 

CBS through a comprehensive assessment, did not include the evaluation of geometrical 

and meaningless shapes (i.e., the evaluation of morphoagnosia). 

Thus, only a few cases of pure tactile agnosia have been described (Endo et al., 1992; 

Veronelli et al., 2014; Kubota et al., 2017), also due to the absence of standardized 

diagnostic tests for investigating the phenomenon. 

 

Case report 

Here we present the case of C.P., a right-handed 55-year-old woman with 18 years of 

education, who came to our attention for a referred chronic progressive worsening in right 

hand sensitivity and in objects recognition during activities of daily life. Eight months before 

our first encounter, which took place in March 2021, she underwent a CT scan because of 

the right hand and arm dysesthesia that she referred to starting 6 months before. Images 

showed an oligodendroglioma in the right posterior parietal parasagittal area, then surgically 

removed (in 2020). Her symptoms did not disappear after the surgery; an MRI exam 

documented a stabilized outcome of surgery with a liquor-filled cavity in the posterior 
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parasagittal right parietal region, along with a diffuse hyperintensity of signal in the left fronto-

parietal cortico-subcortical area, associated with left focal atrophy of the convolutions, 

particularly in the pre and postcentral gyri, and a marked enlargement of corresponding 

cortical sulci. Subsequently, C.P. underwent a DaTSCAN and an 18-FDG SPECT, that were 

both negative. The standard neuropsychological assessment, executed 6 months after the 

oligodendroglioma removal, showed a melokinetic ideomotor apraxia (Tessari et al., 2013) 

only for the right hand, along with a difficulty in real objects haptic recognition (Nottingham 

Sensory Assessment, Lincoln et al., 1998), still only for the right hand. On the other hand, 

the patient’s general cognitive status (Mini Mental State Examination (MMSE) (Measso et 

al., 1993), memory, language, attention, visuo-spatial abilities, and executive functions were 

all intact (See Table 5.1). Additionally, it is worth noting that the patient was collaborative, 

and her spontaneous speech was fluent. 

 

TEST C.P.’S SCORE 
MMSE (Measso et al. 1993) 30/30 
Activities of Daily Living (Katz 1983) 6/6 
Instrumental Activities of Daily Living (Katz 1983) 8/8 
Verbal fluency (Novelli et al. 1986) 42.54 
Semantic fluency (Novelli et al. 1986) 43.71 
Denomination (Catricalà et al. 2013) 48/48 
Short Story Recall (Novelli et al. 1986) 
-    Immediate Recall 
-    Delay Recall 

13.5 
10 
17 

Rey AVLT (G. A. Carlesimo et al. 2014) 
-    Immediate Recall 
-    Delay Recall 

  
37.2/60 
6/15 

Digit Span (Monaco et al. 2013) 6,66 
Digit Span Backward (Monaco et al. 2013) 5.65 
Rey-Osterrieth complex figure (Carlesimo et al. 2002) 
-    Immediate recollection 
-    Delayed recollection 

  
36/36 
14.5 

Corsi Span (Monaco et al. 2013) 6.62 
Corsi Span Backward (Monaco et al. 2013) 3.82 
Trail Making Test (Giovagnoli et al. 1996) 
-    A 
-    B 

  
45.90’’ 
88.25’’ 

Stroop Test (Caffarra et al. 2002) 
-    Time 
-    Errors 

  
15.84’’ 
0 

Symbol Digit Modality Test (Nocentini et al. 2006) 66 
Cancellation test (Uttl and Pilkenton-Taylor 2001) 53/53 
Right arm apraxia (Tessari et al., 2013) 55/72* 
Left arm apraxia (Tessari et al., 2013) 65/72 
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Stereognosis subtest of NSA (right hand) 
Stereognosis subtest of NSA (left hand) 

13/20* 
19/20 

Table 5.1. Neuropsychological assessment executed six months after the oligodendroglioma removal. 

Scores are adjusted based on Italian normative data. MMSE = Mini Mental State Examination. Rey AVLT 

= Rey Auditory Verbal Learning Test. NSA = Nottingham Sensory Assessment. * impaired 
 
However, because of the absence of a standardized battery for tactile agnosia and 

considering that the patient showed a complex neuroanatomical correlate, we devised an 

experimental investigation to better characterize her symptoms.  

The patient was also followed longitudinally via both neuropsychological and neuroimaging 

clinical exams, to clarify the diagnosis. 

5.2 Methods and procedures 

We devised an investigation of elementary sensorimotor abilities and higher gnosis functions 

based on Endo’s and Kubota’s models and procedures (Endo et al., 1992; Kubota et al., 

2017) (See Figure 5.1). Details of every investigated level of tactile perception and cognition 

are described hereafter.  

 
Figure 5.1. Cognitive model of tactile agnosia by Kubota et al., 2017, modified from Saetti et al., 1999. 

 
The patient was blindfolded, and the right hand was tested before the left hand, to prevent 

a learning effect. 

Furthermore, although in the literature morphoagnosia is reported to be usually tested using 

geometrical shapes, we argue that geometry already comprises a semantic aspect that 

could represent a confound in morphognosis’s analysis. Thus, we additionally included 

meaningless-shapes in the assessment (Bottini et al., 1991). 
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Lastly, since a standard neuropsychological battery for tactile agnosia is missing, we 

recruited 18 healthy participants as a matched control sample (see below). 

5.2.1 Control participants 

The 18 healthy control participants (Mean age = 54.5± 5.33; Mean years of education = 

16.22±3.34) were all right-handed females with normal tactile capabilities and no self-

reported neurological or psychiatric pathologies. They all gave written informed consent 

before starting the experiment, according to procedures approved by the local Ethical 

Committee. 

The participants made the same procedure as the patient while blindfolded. They did the 

primary and intermediate tasks, including the meaningless-shapes task, with both hands 

and the associative agnosia test with one hand only. The experimental session lasted about 

2 hours. 

For the tests’ specifics, see the next paragraph. 

5.2.2. Tests 

5.2.2.1 Processing of elementary sensory data  

Tactile detection 

The experimenter administered single tactile stimuli by lightly resting the fingertips on the 

back of the patient's left or right hand. C.P. was asked to indicate on which hand she 

perceived the stimulus while keeping her eyes closed. Fifteen stimuli for the left hand and 

15 for the right hand were randomized and alternated with 10 control trials with no stimulation 

(catch trials). The same task was proposed with double stimulation, in which 15 stimuli for 

the right hand and 15 for the left hand were mixed with 15 double touches administered 

simultaneously on both hands.  

Two-points discrimination 

The test was performed using a digital caliper (Metrica 10745), applying the two tips of the 

device on the index finger and on the palm of the hand and asking the patient to judge 

whether she felt one or two points. Stimulation started with two points 25 mm apart and 

continued with decreasing distance intervals of 5 mm from 25 to 15 mm and of 1 mm 

intervals from 14 mm down to a minimum of 1 mm.  

This test was not administered to control participants since a standardized correction scale 

already exists. 
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Semmes-Weinstein test 

A clinical sensory evaluation was administered using four Semmes-Weinstein 

monofilaments (2.83 mm, 3.61 mm, 4.31 mm, 6.45 mm) over the right and the left hands 

(Touch Test® Sensory Evaluators Hand Kit, North Coast Medical, Inc). Two touches over 

every finger (upper fingertip and lower finger) and one touch on the palm were administered 

asking the patient whether she could feel the stimulation. 

This test was not administered to control participants since a standardized correction scale 

already exists. 

Diadochokinesis 

The patient was asked to rapidly move the fingers of the hands in progression, tapping on 

the table, first from thumb to little finger and then in the opposite direction, twice. The 

sequence of finger movements was shown in advance by the experimenter.  

Perception of pain 

The patient was stimulated on the back of the hand with a non-harmful painful stimulus 

(toothpick) or a neutral stimulus (cotton pad) for approximately one second, and she had to 

indicate whether the perceived stimulus was painful or neutral. Ten trials for each hand were 

administered. 

Temperature discrimination 

A test tube containing warm or cold water was placed on the back of the hand for about 2 

seconds, 10 trials for each hand. The patient had to indicate whether the perceived stimulus 

was warm (about 60°) or cold (about 10°). 

Perception of vibration 

A neurological tuning fork was used by placing it on the back of the patient’s hand and asking 

her to specify whether she felt the vibration. Ten trials (5 vibration, 5 no-vibration) were 

administered.  

Proprioception 

The examiner moved the middle finger of the patient's hand up or down in relation to the 

other fingers, and the subject was asked to report, while keeping the eyes closed, whether 

the finger was moved up or down. Ten trials for each hand were administered. 

5.2.2.2 Assessment of Hyloagnosia 

Weight 

The patient was asked to compare four identical plastic balls, which differed only in weight, 

with a target-ball. Two heavier and two lighter balls than the target were presented twice, 

placing them one at a time on the same hand immediately after the target. The target was 
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re-presented before every comparison-stimulus in order to prevent the response to be 

biased by working memory overload.  

Texture 

Same task as for weight processing, made with 4 grades of sandpapers instead of different-

weights plastic balls. 

Dimension 

Same task as for weight and texture processing, made with four polyester balls with same 

weights and texture but different in size.  

Materials 

The patient was presented with 10 squared pieces made of different materials: plastic, metal, 

wood, glass, foam rubber, paper, rubber, cotton, polystyrene, fabric. She was asked to 

explore the material as long as she preferred and to name it.  

In the controls’ sample, materials discrimination was made with one hand only, to prevent 

the learning effect. Half of the sample (N = 9) made the material discrimination with the left 

hand, and the other half with the right hand. 

5.2.2.3 Assessment of Morphoagnosia 

Two-dimensional figures 

Eight wooden-made geometrical shapes (rectangle, square, pentagon, circle, cross, star, 

triangle, rhombus) were placed on the plasticine in such a way as to hold them still and only 

the edges emerged by a few millimeters, to favor exploration in 2-dimensions. The patient 

was presented with eight pairs of these shapes (four identical pairs and four different pairs) 

and asked to discriminate whether the second stimulus in the pair was the same or different 

from the first one. 

Geometrical shapes 

The same eight geometrical figures as in the previous task were given to the patient, without 

plasticine, asking her to explore them in 3 dimensions with her whole hand, for eight-pairs 

comparisons.  

Meaningless-shapes 

The patient was asked to compare 12 couples of the same or different shapes. The first 

stimulus was placed in the patient’s hand, and she was allowed to manipulate it as long as 

she wanted. Then, the first stimulus was removed and, immediately after, the same identical 

object or a different one was placed in her hand, asking whether it was the same or different. 

Three reference targets were presented as the first stimulus to be compared with 9 different 
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meaningless-shapes objects or with itself. The meaningless-shapes had the same texture, 

weight, and size and differed only in the shape (see an example in Figure 5.2). 

 

 
Figure 5.2. Examples of meaningless-shapes objects used to identify morphoagnosia (Bottini et al., 

1995). 

 

5.2.2.4 Assessment of Real Objects Recognition 

Nottingham Sensory Assessment – Object Recognition 

This test involves the use of 10 real objects: a 2€ coin, a 50-cent coin, a pen, a pencil, a 

comb, a sponge, a scissor, a flannel, a cup, and a glass. The object was placed in the 

patient’s hand (max. 15 seconds), and she was asked to name or describe it. Two points 

were given if the object was correctly named; one point if the patient was unable to identify 

but still managed to describe some features; zero score if the identification was completely 

absent.   

This test was not administered to control participants, since it is a standardized clinical 

procedure. 

Naming of objects 

The patient was asked to manipulate 12 real objects (lighter, brush, screwdriver, comb, fork, 

thimble, clothespin, teaspoon, sharpener, watch, key) and to name them.  

Haptic exploration – drawing 

In order to qualitatively explore morphoagnosia, we asked the patient to manipulate a funnel 

and then to draw what she perceived (Valenza et al., 2001).  

Comparison of real objects 

Since the real objects exploration with the left hand was intact, we decided to further explore 

associative tactile agnosia of the right hand only, devising a comparison task that does not 

include the naming of the objects. 

Specifically, we asked the patient to compare with the right hand 64 pairs of real objects. 

The examiner explained in advance to the patient that she would be presented with pairs of 
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commonly used objects in which the second stimulus would have been: (i) an object with 

the same name, function and shape as the first stimulus; (ii) an object with the same name 

and function as the first stimulus but with a different shape (e.g. two kinds of comb); (iii) an 

object semantically related to the first stimulus (e.g. a pencil as first stimulus and an eraser 

as second one); (iv) a different object not related in name, function, or shape to the first 

stimulus. In the first two cases, when manipulating two identical objects (identity) or two 

objects with same name and function but different shapes (same category), the patient had 

to respond “same”; in the latter two cases, when manipulating two semantic related objects 

or not-related objects, she had to respond “different”. We presented 16 pairs of objects for 

each of the four categories ((a)identity, (b) same category, (c) semantic relation, (d) no-

relation). The presented objects were: earring, corkscrew, screwdriver, socket, balloon, 

walnut, pebble, hourglass, pencil, locker, nail polish, thimble, clothespin, matchstick, 

tweezer, battery, tube of tempera, medal, sponge, hair clip, glue, locker, tea bag, zip, 

paperclip, string, fork, as well as two types of: button, watch, lighter, bottle cup, comb, power 

plug, brush, key, spoon, candle, nail file, scotch tape, screw, eraser, spool, ring. 

5.2.3 Follow-up  

The patient underwent a neuropsychological assessment and an MRI once a year, for 3 

years (in 2021, 2022, 2023). At the same time, in 2023 she repeated both the experimental 

evaluation of tactile processing and the DaTSCAN, two years after the first ones (2021) and 

three years from symptoms onset (2020).  

5.3 Results 

Patient’s results were compared with the control sample using the Crawford-Howell t-test 

(1998) implemented in R Studio software (vers. 2023.03.0-524, 

https://posit.co/download/rstudio-desktop/). 

5.3.1 First assessment 

Elementary sensory data  

C.P.’s response at the Two-points discrimination task fell within the normal range (based on 

Shimokata and Kuzuya, 1995) for both the index finger (two-point threshold distance: right 

finger = 1 mm; left = 4 mm) and the palm (two-point threshold distance: right palm = 13 mm; 

left palm = 9 mm). It is worth noting that the discrimination ability with the right palm (13 mm) 

was lower than with the left palm (9 mm), although remaining within the normal range. From 

a qualitative point of view, the patient’s response was unusual since she reported to feel two 

https://posit.co/download/rstudio-desktop/


 68 

points in the right finger even when they were 1 mm apart, describing the sensation as one 

normal touch accompanied by a lighter one. 

The patient also correctly completed the Semmes-Weinstein test: fingertips sensibility fell 

within the normal range (2.83 mm perceived) for the upper left fingers and diminished for 

light touch in the left lower fingers (3.61 mm perceived); a diminished light touch sensibility 

was also found in the right hand for both upper and lower fingers. Normal sensibility emerged 

for right and left palms (2.83 mm perceived). Those results could be considered between 

the normal range based on the thresholds proposed by Bell-Krotoski and colleagues (1995). 

During the assessment of diadochokinesis, C.P. was able to complete the movements with 

both hands, as from a qualitative point of view, the movement of the right-hand fingers was 

clumsy compared to the left-hand fingers. 

For what concerns the other primary sensory tests, all control participants and the patient 

correctly completed with both hands the single and the double tactile detection (both: 40/40), 

the pain, proprioception, and vibration assessments (all: 10/10). The only elementary 

sensory task slightly below 100% accuracy in the control sample was the temperature 

discrimination with the right hand (M = 9.92±2.28, vs. patient: 10/10)). 

Since processing of elementary sensory information were intact, we proceeded in 

investigating the intermediate level of elaboration. 

Hyloagnosia and morphoagnosia 

C.P. correctly responded to every weight-comparison (8/8 in each hand, controls: M right = 

7.83±0.38, M left = 7.89±0.32), every texture-comparison (8/8 in each hand, as controls), 

and every size-comparison (8/8 in each hand, as controls). Regarding the materials, she 

identified 6 materials out of 10 with the right hand (plastic, foam rubber, rubber, paper, cotton, 

fabric), and 8 materials out of 10 (plastic, wood, foam rubber, paper, rubber, cotton, 

polystyrene, fabric) with the left hand. These scores were significantly different from controls 

(M right hand = 9.33±0.87, M left hand = 9.33±1.32) for the right hand (t(8) = -3.65, p = 

0.006), but not for the left hand (t(8) = -0.96, p = 0.367).  

Concerning shapes recognition, C.P. was selectively impaired only with the right hand in 

exploring bi-dimensional (score: 5/8; t(17) = -8.70, p < .001) and 3-dimensional (score: 7/8; 

, t(17) = -Inf, p < .001) geometrical shapes, and she was significantly less accurate than 

controls (M right = 11.50±0.51; M left = 11.33±0.84) on the meaningless-shapes test with 

the right hand (score: 7/12, t(17) = -8.51, p < .001) but not with the left hand (score: 11/12, 

t(17) = -0.39, p = 0.704).  
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Associative agnosia 

In the Nottingham Sensory Test, the patient scored 13/20 with the right hand and 19/20 with 

the left hand; with the left hand she only mistook the flannel for a cloth, but she properly 

described the material. In the naming test, with the right hand, C.P. correctly named 3 objects 

out of 12 (fork, teaspoon, watch), whereas she referred not to be sure about the answers; 

with the left hand, she correctly named all 12 objects. Exploration time was longer for the 

right hand (M = 44.7±13.52 seconds) than for the left hand (M = 5.30±2.71 seconds). 

Figure 5.3 displays the drawings that C.P. did after haptic exploration of a funnel. It’s worth 

noting that she couldn’t understand what the object was with the right hand, as reflected by 

the drawing, while through left-hand manipulation she immediately named the object and 

drew it. 
a) 

 

b) 

 
Figure 5.3. Drawing of a funnel after right hand exploration (a) and after left hand exploration (b). 

 

For what concerns the experimental real objects comparison task, we preprocessed 

exploration time for the first and the second stimuli independently for each participant by 

excluding data points over and below 2.5 standard deviations from each participant’s mean. 

Then, exploration time, overall accuracy, and accuracy of the four types of pairs (identity, 

same-category, semantic correlation, no-relation) were analyzed. The patient was both 

slower (first stimulus: 43.65±14.48; t(17) = 27.96, p < .001; second stimulus: 26.49±16.84, 

t(17) = 28.25, p < .001) and less accurate (score: 50/64, t(17) = -11.96, p < .001) than 

controls (stimulus: M = 3.32±1.1; second stimulus: 2.61±0.6; accuracy: M = 63±1.1) in 

exploring stimuli. Analysis of errors shows that the objects in the same category, with the 

same name and function but different shapes, were the most problematic for C.P.; indeed, 

she responded correctly in 7 out of 16 of these comparisons (controls: M = 15.44±1.10), 
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while she scored 14/16 for not-related (controls: M = 16.00) and sematic-related objects (M 

controls = 15.94±0.24) and she scored 15/16 for identical objects (controls: M = 15.94±0.24). 

However, each type of pairs showed a significant difference from the control group (all 

comparisons p < .001).  

Noteworthy, during this task, even if the naming of the object was not requested, the patient 

commented every manipulation trying to figure it out. She correctly identified the objects (in 

particular: the fork, the thimble, the sponge, the zip, one of the two watches, one lighter, one 

key, one spool, one comb, one brush, both the screws, and the spoons) in 24 out of 128 

presentation and most of the time she guessed the object or the answers using hylognosis 

information, as evinced by her comments (See Table 5.2). 

 

OBJECTS COMMENT 
Screw “It is cold, and I feel a knurling, so it could be a screw.” 
Two identical bottle cups “I don’t know what these objects are, but they are both 

hollowed out in the center, so they could be the same.” 
Tea bag “It feels like a fabric from the texture, but it doesn’t make 

that sound.” 
Two different types of 

erasers 
“This could be the same texture and material than the 

previous one, but it is smaller. I don’t know what it is, but 

I think they could be the same object.” 
Table 5.2. C.P.’s comments while manipulating real objects.  

 

5.3.2 Follow-up 

Two years after the first assessment (almost 3 years from symptoms onset), the apraxia for 

the right hand and associated motor difficulties had worsened to the extent that it hindered 

the patient from manipulating objects, making the administration of tests impractical. 

Therefore, the Nottingham Sensory Test, bi-dimensional geometrical shapes, 3-dimensional 

geometrical shapes, and meaningless-shapes were not administered to the right hand. 

Nevertheless, we tested the elementary sensory perception through: tactile detection of 

single and double touch, which were normal (both 40/40); pain discrimination (score: 6/10, 

significantly different from the controls, t(17) = -Inf, p < .001), temperature discrimination 

(score: 10/10), vibration (score: 9/10, significantly different from the controls, t(17) = -Inf, p 

< .001), proprioception (score: 5/10, significantly different from the controls, t(17) = -Inf, p < 

.001), weight (score: 8/8), texture (score: 7/8, significantly different from the controls, t(17) 

= -Inf, p < .001), and dimension (7/8, significantly different from the controls, t(17) = -Inf, p < 

.001). It can be evinced that, apart from simple tactile detection, temperature, and weight, 3 
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years from symptoms onset, C.P. did not have anymore the most basic sensory tactile 

abilities in the right hand. 

We also tested the left hand, which did not have any deficit at the first assessment, even 

though for this hand the patient had not yet expressed any concern or difficulty. 

All elementary sensory tests of the left hand were correct (simple tactile detection: 40/40, 

pain 10/10, temperature 10/10, vibration 10/10, proprioception 10/10), as the performance 

at the hyloagnosia tests (weight 8/8, texture 8/8, dimension 8/8). At bi-dimensional 

geometrical shapes discrimination, C.P. scored 7/8, which was not significantly different from 

the controls (M = 7.61±0.50, t(17) = -1.19, p = 0.252), while the score 7/8 of 3-dimensional 

geometrical shapes discrimination was different (M controls = 7.89±0.32, t(17) = -2.68, p = 

0.016). Also, she lost two points in the meaningless-shapes test, scoring 9/12, which was 

significantly different from controls (M = 11.33±0.84, t(17) = -2.70, p = 0.015), determining 

the onset of morphoagnosia in the left hand.  

From a cognitive point of view, C.P. remained stable across all the three years, in all cognitive 

domains, even though at the last neuropsychological assessment the MMSE score was 

lower than the first one (26.15 vs. 30), but still within the normal range. Also, apraxia for the 

right hand deteriorated (score 20/72 vs. 55/72 at first assessment), and it extended to the 

left hand (score 49/72 vs. 65/72 at first assessment; cut off = 62; Tessari et al., 2013). The 

Nottingham Sensory test for the left hand diminished only of one point, resulting 18/20 (vs. 

19/20 at first assessment). 

Neuroimaging exams 

The MRI executed three years from symptoms onset showed a progression of the left 

frontoparietal atrophy (Figure 5.4), in the absence of a tumoral relapse. The DaTSCAN, 

previously negative, became positive, showing reduced integrity of the presynaptic 

dopaminergic system in the left putamen. From a neurological point of view, one year after 

the first assessment, the neurologist decided to introduce levodopa as a pharmacological 

treatment, suspended after about 6 months due to ineffectiveness. 
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Figure 5.4. T1-weighted images of the CP’s brain lesions three years after symptoms onset. Left 

hemisphere is on the left.  
 

5.4 Discussion 

At the very beginning of this study, we aimed to investigate clinically and experimentally a 

rare case of unilateral tactile agnosia. With the progression of time, while the diagnosis 

better delineated, we also became aware of the importance of this single case, for its 

implications in the study of both the manifestation and evolution of CBS, as well as tactile 

processing and object recognition. 

Starting from the first assessment, it was possible to deduce the presence of tactile agnosia 

in the right hand, as the patient couldn't recognize objects, and her sensorimotor abilities, 

evaluated through elementary sensory tests, were intact, along with her cognitive 

capabilities. Thus, her difficulties could not be ascribed to basic tactile deficit nor to language 

difficulties in the access to semantics. When assessing the intermediate level of tactile 

processing, C.P. showed intact abilities in distinguishing texture, weight, and size with both 

hands, but she was different from control participants in naming materials and discriminating 

geometrical and meaningless-shapes only with the right hand. This result implied the 

presence of a unilateral right morphoagnosia, and the absence of hyloagnosia in most tasks, 

but with a difficulty in naming materials. In this regard, C.P. showed the ability to discriminate 

the texture, and she also correctly commented on the qualities of materials (e.g., “This is 

warm and soft” while manipulating the cotton), whereas she could not name them with the 

same level of accuracy as control participants. This opens up two possibilities: (i) the patient 

could have had an initial hyloagnosia for some specific materials only; or (ii) the patient did 

not have hyloagnosia, but rather a difficulty in accessing materials’ names. Having correctly 

described the characteristics of the materials, we assume that if we had asked C.P. for a 
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comparison same/different of the materials, without naming them, she would have 

succeeded in the task. Thus, we consider the second to be the most likely hypothesis, so 

that the patient had intact hylognosis abilities but a reduced access to materials’ names. 

Although the complete absence of hyloagnosia remains the most likely but unconfirmed 

possibility, it is worth noting that this is the third case described in the literature with a 

dissociation between hyloagnosia and morphoagnosia (Kubota et al., 2017; Saetti et al., 

1999). Furthermore, Kubota’s model predicts that the processing of size is an intermediate 

function not entirely ascribed to hyloagnosia and neither to morphoagnosia (see Figure 5.1: 

Route A: processing of weight, texture, qualities of materials; Route B: processing of size; 

Route C: processing of shape). In our case, we could observe that perception of size was 

dissociated from shape discrimination, since C.P. correctly compared all sizes, but not the 

shapes, confirming the existence of a dissociation between the two (size vs. shape 

processing). 

With regard to associative agnosia, as in the cases previously described in the literature, 

the patient managed to identify real objects with an accuracy of about 20%, as evinced by 

the 3 out of 12 objects correctly identify in the naming task, and the 24 out of 128 in the real 

object comparison. Although this accuracy rate is not sufficient to recognize object in daily 

life, nor to claim that the patient was capable of doing so, especially considering the long 

exploration time she needed before being able to identify them, it gives rise to interesting 

insights about the cognitive model of TOR. Indeed, it is possible to infer with a certain degree 

of certainty that the correct real object identifications were allowed by the intact hylognosis 

abilities. Having established that this was the only uncompromised pathway, dissociated 

from that of morphognosis, it is possible to confirm that the model proposed by Saetti (1999) 

and modified by Kubota (2017) is correct in predicting a non-serial processing of TOR. 

However, unlike other non-serial cognitive models, where the integrity of a pathway 

necessarily implies the absence of deficits in subsequent levels, in this case, we see that 

the integrity of the hylognosis pathway does not imply a complete integrity of the ability of 

recognize real objects (the highest, associative, level). Future studies need to clarify this 

aspect, and the pure possibility of accessing objects’ identity and names from their qualities 

alone should be tested. 

Finally, it is important to point out that, given the presence of apraxia in the right hand, the 

observed deficits may have been due to a difficulty in tactile exploration (Valenza et al., 

2001). However, to exclude this possibility, at the end of the previously described 

assessment we tried to guide patient’s exploration of both bi- and 3-dimensional geometric 
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figures, and the patient's response did not change. This confirmed the presence of a pure 

morphoagnosia. 

The longitudinal follow-up of our patient allows to collect new evidence also concerning CBS.  

There are a few studies that systematically investigated the symptoms of CBS and related 

pathologies, and only in recent years there is a growing interest in better describing 

sensorimotor deficits of this condition, despite findings are inconsistent (Matsuda et al., 

2020; Hu et al., 2009; Belfor et al., 2006; Rinne et al., 1994). Indeed, as discussed in the 

introduction (See paragraph 5.1), although “cortical sensory loss” is one of the diagnostic 

criteria for CBS (Armstrong et al., 2013), only one study provided a clear definition of it and 

clinically analyzed its characteristics in 14 patients with CBS (Matsuda et al., 2020). It is 

worth noting that in Matsuda and collogues’ study, texture perception was investigated using 

different materials (sandpaper, plastic, paper, vinyl, and paper towel), and they used 

Japanese characters or numbers for shape perception. Moreover, their study was a 

comparative study between patients with CBS and patients with Parkinson’s Disease (PD), 

not involving healthy controls. Thus, their results are not completely comparable to ours. 

However, they reported that none of CBS patients had impairments in shape or texture 

discrimination, nor in tactile object discrimination, whereas the 85% had difficulties in object 

naming. Our patient showed the opposite pattern: she showed morphoagnosia, without 

hyloagnosia in the majority of the task and a deficit in real object recognition, being the first 

case of CBS with morphoagnosia as disease onset described in the literature (Facci et al., 

in prep.). 

For what concern other clinical characteristics, following Armstrong criteria (2013), we could 

conclude for the diagnosis of CBD with Probable CBS (i.e., Asymmetric presentation of 2 of: 

a) limb rigidity or akinesia, b) limb dystonia, c) limb myoclonus, plus 2 of: d) orobuccal or 

limb apraxia, e) cortical sensory deficit, f) alien limb phenomena (more than simple 

levitation)). 

Finally, our case is in line with cognitive characteristics described by Jütten and colleagues 

(2014) in patients with right-side onset CBS. Indeed, as their cases, C.P. remained stable 

throughout the cognitive domains, while getting worse in apraxia, and she showed brain 

atrophy in frontoparietal area contralateral to the affected side.  

The presented case highlights the need for further research on CBS and emphasizes the 

necessity to clarify its diagnostic criteria. As introduced by previous authors, given CBS 

asymmetric onset and predominant involvement of sensorimotor aspects, it could be crucial 

to begin studying CBS cases separately, based on the side of the body firstly involved. 
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Additionally, the assessment of sensorimotor deficits is essential, and it needs to be 

standardized across studies. Our study demonstrated that, if thoroughly investigated, 

morphoagnosia can emerge as one of the early symptoms to monitor for CBS diagnosis. 
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GENERAL CONCLUSIONS 
This dissertation focused on the delicate phase of aging, which, while not manifesting as 

cognitive deterioration, may serve as its precursor. Given that the population is increasingly 

aging, it is crucial to prevent the onset of cognitive symptoms and the decline in daily life 

autonomy in the elderlies. Additionally, there is need to refine early diagnosis and develop 

novel intervention strategies. 

In Study 1, we tested the efficacy of a technology-based intervention for single and multiple-

domains aMCI patients, consisting in PA plus SG (MindLenses protocol), with the question 

as to whether PA may enhance the effectiveness of the games alone. Although there were 

no differences between the experimental (real lenses plus SG) and the control groups (sham 

lenses plus SG), we can conclude that, overall, the 5-weeks treatment with SG has been 

beneficial in preventing the cognitive deterioration in that amount of time, and in sustaining 

long-term memory and attention. Moreover, from a neurofunctional point of view, we 

observed an increased anti-correlation between the DMN and the DAN during resting-state 

in the experimental group, as compared with the control group, after the treatment. This 

result is in line with our hypotheses, and it reflects the potential neurofunctional modulation 

of PA. These findings are encouraging, although they are based on a small sample size: as 

initially determined, we are going to recruit more MCI patients to validate the outcomes. Yet, 

our Study 1 demonstrated the feasibility of a technology-based intervention with MCI 

patients and that PA can be transposed to a tech-device support with the same effect of the 

traditional set-up, together with its practical advantages. 

Furthermore, since it has been argued that the attentional subcomponents, especially the 

executive control, might be useful in distinguishing between healthy and pathological aging, 

we explored whether these differences were also true for our MCI sample of Study 1, 

comparing our patients to a healthy matched-control sample (Study 2.2). We also decided 

to investigate the role of PA in sustaining attention in healthy aging (Study 2.1). In contrast 

with previous studies in the literature, we did not find a difference between MCI patients and 

healthy elderly in the executive control, whereas a significant difference emerged in the total 

RTs, comprising together alerting, orienting, and executive control. For what concerns 

attention modulation in healthy elderly, we only found an effect of PA on the alerting 

component. Future studies should focus on understanding the relationship between alerting 

and executive control in both healthy and pathological aging, in order to clarify which is the 

best rehabilitation target to sustain attention capabilities in the elderlies.  
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Finally, in the last part of this dissertation, I presented a single case of CBS (Study 3), a 

neurodegenerative disease firstly described in the 1960s and still poorly known. The initial 

symptoms of our patient were difficulties in haptically recognizing objects in daily life and a 

reported altered sensitivity. We analyzed her sensorimotor abilities and tactile processing 

from the lowest to the highest level of perception, and we followed her progression for three 

years. In the first assessment, we discovered a unilateral right morphoagnosia without 

hyloagnosia in most tasks. Her symptoms extended to the left limb after three years from 

onset and, neurologically, there was evidence of a progression of fronto-parietal atrophy. 

The patient represents the third described case with such a dissociation between morpho- 

and hyloagnosia at the intermediate level of tactile processing, and the first described CBS 

case with tactile agnosia as onset. 

 

Altogether, the presented studies demonstrate that in-depth cognitive assessments can 

measure cognitive changes in prodromic stages of neurodegenerative diseases, not 

commonly detected through standardized neuropsychological tests, even in the absence of 

cognitive decline. For example, changes might occur in the realm of attention in MCI patients 

and in tactile recognition in patients with early-stage CBS. At the same time, the use of 

targeted cognitive stimulations to support such changes, with the use of serious games, can 

yield benefits to the patients. 

Since computerized interventions with serious games are becoming easily accessible 

nowadays, our findings suggest that early diagnoses and non-specific domain cognitive 

stimulations can and should become a priority in the care of the elderlies. 

 

 

 

 

 

 

 

 

 

  



 78 

BIBLIOGRAPHY 

Abd-alrazaq, A., Alhuwail, D., Al-Jafar, E., Ahmed, A., Shuweihdi, F., Reagu, S. M., & Househ, M. (2022). The 
Effectiveness of Serious Games in Improving Memory Among Older Adults With Cognitive Impairment: 
Systematic Review and Meta-analysis. JMIR Serious Games, 10(3), e35202. https://doi.org/10.2196/35202 

 
Akhtar, S., Moulin, C. J. A., & Bowie, P. C. W. (2006). Are people with mild cognitive impairment aware of the 

benefits of errorless learning? Neuropsychological Rehabilitation, 16(3), 329–346. 
https://doi.org/10.1080/09602010500176674 

 
Albert, M. S., DeKosky, S. T., Dickson, D., Dubois, B., Feldman, H. H., Fox, N. C., Gamst, A., Holtzman, D. 

M., Jagust, W. J., Petersen, R. C., Snyder, P. J., Carrillo, M. C., Thies, B., & Phelps, C. H. (2011). The 
diagnosis of mild cognitive impairment due to Alzheimer’s disease: Recommendations from the National 
Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. 
Alzheimer’s & Dementia: The Journal of the Alzheimer’s Association, 7(3), 270–279. 
https://doi.org/10.1016/j.jalz.2011.03.008 

 
Alves, P. N., Foulon, C., Karolis, V., Bzdok, D., Margulies, D. S., Volle, E., & Thiebaut De Schotten, M. (2019). 

An improved neuroanatomical model of the default-mode network reconciles previous neuroimaging and 
neuropathological findings. Communications Biology, 2(1), 370. https://doi.org/10.1038/s42003-019-0611-
3 

 
Andrews-Hanna, J. R., Snyder, A. Z., Vincent, J. L., Lustig, C., Head, D., Raichle, M. E., & Buckner, R. L. 

(2007). Disruption of large-scale brain systems in advanced aging. Neuron, 56(5), 924–935. 
https://doi.org/10.1016/j.neuron.2007.10.038 

 
Anguera, J. A., Boccanfuso, J., Rintoul, J. L., Al-Hashimi, O., Faraji, F., Janowich, J., Kong, E., Larraburo, Y., 

Rolle, C., Johnston, E., & Gazzaley, A. (2013). Video game training enhances cognitive control in older 
adults. Nature, 501(7465), Articolo 7465. https://doi.org/10.1038/nature12486 

 
Armstrong, M. J., Litvan, I., Lang, A. E., Bak, T. H., Bhatia, K. P., Borroni, B., Boxer, A. L., Dickson, D. W., 

Grossman, M., Hallett, M., Josephs, K. A., Kertesz, A., Lee, S. E., Miller, B. L., Reich, S. G., Riley, D. E., 
Tolosa, E., Tröster, A. I., Vidailhet, M., & Weiner, W. J. (2013). Criteria for the diagnosis of corticobasal 
degeneration. Neurology, 80(5), 496–503. https://doi.org/10.1212/WNL.0b013e31827f0fd1 

 
Bai, F., Zhang, Z., Yu, H., Shi, Y., Yuan, Y., Zhu, W., Zhang, X., & Qian, Y. (2008). Default-mode network 

activity distinguishes amnestic type mild cognitive impairment from healthy aging: A combined structural 
and resting-state functional MRI study. Neuroscience Letters, 438(1), 111–115. 
https://doi.org/10.1016/j.neulet.2008.04.021 

 
Bassetti, Claudio, Julien Bogousslavsky, and Franco Regli. 1993. “Sensory Syndromes in Parietal Stroke.” 

Neurology 43 (10): 1942–1942. https://doi.org/10.1212/WNL.43.10.1942. 
 
Baltes, P. B. (1987). Theoretical propositions of life-span developmental psychology: On the dynamics 

between growth and decline. Developmental Psychology, 23(5), 611–626. https://doi.org/10.1037/0012-
1649.23.5.611 

 
Belfor, N., Amici, S., Boxer, A. L., Kramer, J. H., Gorno-Tempini, M. L., Rosen, H. J., & Miller, B. L. (2006). 

Clinical and neuropsychological features of corticobasal degeneration. Mechanisms of Ageing and 
Development, 127(2), 203–207. https://doi.org/10.1016/j.mad.2005.09.013 

 
Belleville, S., Gilbert, B., Fontaine, F., Gagnon, L., Ménard, E., & Gauthier, S. (2006). Improvement of episodic 

memory in persons with mild cognitive impairment and healthy older adults: Evidence from a cognitive 
intervention program. Dementia and Geriatric Cognitive Disorders, 22(5–6), 486–499. 
https://doi.org/10.1159/000096316 

 
Bianchetti, A., Cornali, C., Ranieri, P., & Trabucchi, M. (2017). Quality of life in patients with mild dementia. 

Validation of the Italian version of the quality of life Alzheimer’s disease (QoL-AD) Scale. Journal of 
Gerontology and Geriatrics, 65, 137–143. 

 
Birba, A., Ibáñez, A., Sedeño, L., Ferrari, J., García, A. M., & Zimerman, M. (2017). Non-Invasive Brain 



 79 

Stimulation: A New Strategy in Mild Cognitive Impairment? Frontiers in Aging Neuroscience, 9, 16. 
https://doi.org/10.3389/fnagi.2017.00016 

 
Bohlhalter, S., Fretz, C., & Weder, B. (2002). Hierarchical versus parallel processing in tactile object 

recognition: A behavioural-neuroanatomical study of aperceptive tactile agnosia. Brain: A Journal of 
Neurology, 125(Pt 11), 2537–2548. https://doi.org/10.1093/brain/awf245 

 
Bottini, G., Cappa, S. F., Sterzi, R., & Vignolo, L. A. (1995). Intramodal somaesthetic recognition disorders 

following right and left hemisphere damage. Brain: A Journal of Neurology, 118 ( Pt 2), 395–399. 
https://doi.org/10.1093/brain/118.2.395 

 
Bottini, G., Cappa, S. F., & Vignolo, L. A. (1991). Somesthetic-visual matching disorders in right and left 

hemisphere-damaged patients. Cortex; a Journal Devoted to the Study of the Nervous System and 
Behavior, 27(2), 223–228. https://doi.org/10.1016/s0010-9452(13)80126-8 

Butler, M., McCreedy, E., Nelson, V. A., Desai, P., Ratner, E., Fink, H. A., Hemmy, L. S., McCarten, J. R., 
Barclay, T. R., Brasure, M., Davila, H., & Kane, R. L. (2018). Does Cognitive Training Prevent Cognitive 
Decline?: A Systematic Review. Annals of Internal Medicine, 168(1), 63–68. https://doi.org/10.7326/M17-
1531 

 
Caffarra, Paolo, G. Vezzadini, Dieci Francesca, F. Zonato, and A. Venneri. 2002. “A Short Version of the 

Stroop Test: Normative Data in an Italian Population Sample.” Nuova Rivista Di Neurologia 12 (July): 111–
15. 

 
Calzolari, E., Gallace, A., Moseley, G. L., & Vallar, G. (2016). Effect of prism adaptation on thermoregulatory 

control in humans. Behavioural Brain Research, 296, 339–350. https://doi.org/10.1016/j.bbr.2015.08.036 
 
Campbell, N. L., Unverzagt, F., LaMantia, M. A., Khan, B. A., & Boustani, M. A. (2013). Risk Factors for the 

Progression of Mild Cognitive Impairment to Dementia. Clinics in geriatric medicine, 29(4), 873–893. 
https://doi.org/10.1016/j.cger.2013.07.009 

 
Carlesimo, Giovanni A., Marco De Risi, Marco Monaco, Alberto Costa, Lucia Fadda, Angelo Picardi, Giancarlo 

Di Gennaro, Carlo Caltagirone, and Liliana Grammaldo. 2014. “Normative Data for Measuring Performance 
Change on Parallel Forms of a 15-Word List Recall Test.” Neurological Sciences 35 (5): 663–68. 
https://doi.org/10.1007/s10072-013-1573-8. 

 
Carlesimo, Giovanni, Ivana Buccione, L. Fadda, A. Graceffa, M. Mauri, Sebastiano Lorusso, G. Bevilacqua, 

and Carlo Caltagirone. 2002. “Normative Data of Two Memory Tasks: Short-Story Recall and Rey’s Figure.” 
Nuova Rivista Di Neurologia 12 (January): 1–13. 

 
Casarotti, A., Papagno, C., & Zarino, B. (2014). Modified Taylor Complex Figure: Normative data from 290 

adults. Journal of neuropsychology, 8(2), 186–198. 
 
Catricalà, Eleonora, Pasquale A. Della Rosa, Valeria Ginex, Zoe Mussetti, Valentina Plebani, and Stefano F. 

Cappa. 2013. “An Italian Battery for the Assessment of Semantic Memory Disorders.” Neurological 
Sciences: Official Journal of the Italian Neurological Society and of the Italian Society of Clinical 
Neurophysiology 34 (6): 985–93. https://doi.org/10.1007/s10072-012-1181-z. 

 
Chan, M. Y., Haber, S., Drew, L. M., & Park, D. C. (2016). Training older adults to use tablet computers: Does 

it enhance cognitive function? Gerontologist, 56(3), 475–484. Scopus. 
https://doi.org/10.1093/geront/gnu057 

 
Cherbuin, N., Sachdev, P., & Anstey, K. J. (2010). Neuropsychological predictors of transition from healthy 

cognitive aging to mild cognitive impairment: The PATH through life study. The American Journal of 
Geriatric Psychiatry: Official Journal of the American Association for Geriatric Psychiatry, 18(8), 723–733. 
https://doi.org/10.1097/jgp.0b013e3181cdecf1 

 
Christophe, L., Chabanat, E., Delporte, L., Revol, P., Volckmann, P., Jacquin-Courtois, S., & Rossetti, Y. 

(2016). Prisms to Shift Pain Away: Pathophysiological and Therapeutic Exploration of CRPS with Prism 
Adaptation. Neural Plasticity, 2016, 1694256. https://doi.org/10.1155/2016/1694256 

 
Claparède, É. (1899). Revue générale sur l’agnosie. L’Année psychologique, 6(1), 74–143. 

https://doi.org/10.3406/psy.1899.3111 



 80 

 
Clower, D. M., Hoffman, J. M., Votaw, J. R., Faber, T. L., Woods, R. P., & Alexander, G. E. (1996). Role of 

posterior parietal cortex in the recalibration of visually guided reaching. Nature, 383(6601), 618–621. 
https://doi.org/10.1038/383618a0 

 
Constantinides, V. C., Paraskevas, G. P., Efthymiopoulou, E., Stefanis, L., & Kapaki, E. (2019). Clinical, 

neuropsychological and imaging characteristics of Alzheimer’s disease patients presenting as corticobasal 
syndrome. Journal of the Neurological Sciences, 398, 142–147. https://doi.org/10.1016/j.jns.2019.01.046 

 
Conti, S., Bonazzi, S., Laiacona, M., Masina, M., & Coralli, M. V. (2015). Montreal Cognitive Assessment 

(MoCA)-Italian version: Regression based norms and equivalent scores. Neurological Sciences: Official 
Journal of the Italian Neurological Society and of the Italian Society of Clinical Neurophysiology, 36(2), 209–
214. https://doi.org/10.1007/s10072-014-1921-3 

 
Corbetta, M., & Shulman, G. L. (2002). Control of goal-directed and stimulus-driven attention in the brain. 

Nature Reviews. Neuroscience, 3(3), 201–215. https://doi.org/10.1038/nrn755 
 
Crook, T., Bahar, H., & Sudilovsky, A. (1987). Age-associated memory impairment: Diagnostic criteria and 

treatment strategies. International Journal of Neurology, 21–22, 73–82. 
 
Crutch, S. J., Warren, J. D., Harding, L., & Warrington, E. K. (2005). Computation of tactile object properties 

requires the integrity of praxic skills. Neuropsychologia, 43(12), 1792–1800. 
https://doi.org/10.1016/j.neuropsychologia.2005.02.002 

 
Cruz Gonzalez, P., Fong, K. N. K., Chung, R. C. K., Ting, K.-H., Law, L. L. F., & Brown, T. (2018). Can 

Transcranial Direct-Current Stimulation Alone or Combined With Cognitive Training Be Used as a Clinical 
Intervention to Improve Cognitive Functioning in Persons With Mild Cognitive Impairment and Dementia? 
A Systematic Review and Meta-Analysis. Frontiers in Human Neuroscience, 12, 416. 
https://doi.org/10.3389/fnhum.2018.00416 

 
De Wit, L., Ten Brink, A. F., Visser-Meily, J. M. A., & Nijboer, T. C. W. (2018). Does prism adaptation affect 

visual search in spatial neglect patients: A systematic review. Journal of Neuropsychology, 12(1), 53–77. 
https://doi.org/10.1111/jnp.12100 

 
Endo, K., Miyasaka, M., Makishita, H., Yanagisawa, N., & Sugishita, M. (1992). Tactile agnosia and tactile 

aphasia: Symptomatological and anatomical differences. Cortex; a Journal Devoted to the Study of the 
Nervous System and Behavior, 28(3), 445–469. https://doi.org/10.1016/s0010-9452(13)80154-2 

 
Esposito, R., Cieri, F., Chiacchiaretta, P., Cera, N., Lauriola, M., Di Giannantonio, M., Tartaro, A., & Ferretti, 

A. (2018). Modifications in resting state functional anticorrelation between default mode network and dorsal 
attention network: Comparison among young adults, healthy elders and mild cognitive impairment patients. 
Brain Imaging and Behavior, 12(1), 127–141. https://doi.org/10.1007/s11682-017-9686-y 

 
Estañol, B., Baizabal-Carvallo, J. F., & Sentíes-Madrid, H. (2008). A case of tactile agnosia with a lesion 

restricted to the post-central gyrus. Neurology India, 56(4), 471–473. https://doi.org/10.4103/0028-
3886.44829 

 
Eyler, L. T., Elman, J. A., Hatton, S. N., Gough, S., Mischel, A. K., Hagler, D. J., Franz, C. E., Docherty, A., 

Fennema-Notestine, C., Gillespie, N., Gustavson, D., Lyons, M. J., Neale, M. C., Panizzon, M. S., Dale, A. 
M., & Kremen, W. S. (2019). Resting State Abnormalities of the Default Mode Network in Mild Cognitive 
Impairment: A Systematic Review and Meta-Analysis. Journal of Alzheimer’s Disease: JAD, 70(1), 107–
120. https://doi.org/10.3233/JAD-180847 

 
Facci, L., Basilico, S., Sellitto, M., Gelosa, G., Gandola, M., Bottini, G. (manuscript in prep.) 
 
Fan, J., McCandliss, B. D., Fossella, J., Flombaum, J. I., & Posner, M. I. (2005). The activation of attentional 

networks. NeuroImage, 26(2), 471–479. https://doi.org/10.1016/j.neuroimage.2005.02.004 
 
Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. I. (2002b). Testing the efficiency and 

independence of attentional networks. Journal of cognitive neuroscience, 14(3), 340–347. 
 
Faucounau, V., Wu, Y. H., Boulay, M., De Rotrou, J., & Rigaud, A. S. (2010). Cognitive intervention 



 81 

programmes on patients affected by Mild Cognitive Impairment: A promising intervention tool for MCI? The 
Journal of Nutrition, Health & Aging, 14(1), 31–35. https://doi.org/10.1007/s12603-010-0006-0 

 
Fernandez-Duque, D., & Black, S. E. (2006). Attentional networks in normal aging and Alzheimer’s disease. 

Neuropsychology, 20(2), 133–143. https://doi.org/10.1037/0894-4105.20.2.133 
 
Fernández-Ruiz, J., Hall, C., Vergara, P., & Díiaz, R. (2000). Prism adaptation in normal aging: Slower 

adaptation rate and larger aftereffect. Brain Research. Cognitive Brain Research, 9(3), 223–226. 
https://doi.org/10.1016/s0926-6410(99)00057-9 

 
Fischer, P., Jungwirth, S., Zehetmayer, S., Weissgram, S., Hoenigschnabl, S., Gelpi, E., Krampla, W., & Tragl, 

K. H. (2007). Conversion from subtypes of mild cognitive impairment to Alzheimer dementia. Neurology, 
68(4), 288–291. https://doi.org/10.1212/01.wnl.0000252358.03285.9d 

 
Fox, M. D., Corbetta, M., Snyder, A. Z., Vincent, J. L., & Raichle, M. E. (2006). Spontaneous neuronal activity 

distinguishes human dorsal and ventral attention systems. Proceedings of the National Academy of 
Sciences of the United States of America, 103(26), 10046–10051. 
https://doi.org/10.1073/pnas.0604187103 

 
Fox, M. D., Snyder, A. Z., Vincent, J. L., Corbetta, M., Van Essen, D. C., & Raichle, M. E. (2005). The human 

brain is intrinsically organized into dynamic, anticorrelated functional networks. Proceedings of the National 
Academy of Sciences of the United States of America, 102(27), 9673–9678. 
https://doi.org/10.1073/pnas.0504136102 

 
Frassinetti, F., Angeli, V., Meneghello, F., Avanzi, S., & Làdavas, E. (2002). Long-lasting amelioration of 

visuospatial neglect by prism adaptation. Brain: A Journal of Neurology, 125(Pt 3), 608–623. 
https://doi.org/10.1093/brain/awf056 

 
Frasson, P., Ghiretti, R., Catricalà, E., Pomati, S., Marcone, A., Parisi, L., Rossini, P. M., Cappa, S. F., Mariani, 

C., Vanacore, N., & Clerici, F. (2011). Free and Cued Selective Reminding Test: An Italian normative study. 
Neurological Sciences: Official Journal of the Italian Neurological Society and of the Italian Society of 
Clinical Neurophysiology, 32(6), 1057–1062. https://doi.org/10.1007/s10072-011-0607-3 

 
Gamboz, N., Zamarian, S., & Cavallero, C. (2010). Age-related differences in the attention network test (ANT). 

Experimental Aging Research, 36(3), 287–305. https://doi.org/10.1080/0361073X.2010.484729 
 
Ge, S., Zhu, Z., Wu, B., & McConnell, E. S. (2018). Technology-based cognitive training and rehabilitation 

interventions for individuals with mild cognitive impairment: A systematic review. BMC Geriatrics, 18(1), 
213. https://doi.org/10.1186/s12877-018-0893-1 

 
Gillis, C., Mirzaei, F., Potashman, M., Ikram, M. A., & Maserejian, N. (2019). The incidence of mild cognitive 

impairment: A systematic review and data synthesis. Alzheimer’s & Dementia (Amsterdam, Netherlands), 
11, 248–256. https://doi.org/10.1016/j.dadm.2019.01.004 

Giovagnoli, A. R., M. Del Pesce, S. Mascheroni, M. Simoncelli, M. Laiacona, and E. Capitani. 1996. “Trail 
Making Test: Normative Values from 287 Normal Adult Controls.” The Italian Journal of Neurological 
Sciences 17 (4): 305–9. https://doi.org/10.1007/BF01997792. 

 
Girtler, N., De Carli, F., Amore, M., Arnaldi, D., Bosia, L. E., Bruzzaniti, C., Cappa, S. F., Cocito, L., Colazzo, 

G., & Ghio, L. (2015). A normative study of the Italian printed word version of the free and cued selective 
reminding test. Neurological Sciences, 36, 1127–1134. 

 
Gold, D. A. (2012). An examination of instrumental activities of daily living assessment in older adults and mild 

cognitive impairment. Journal of Clinical and Experimental Neuropsychology, 34(1), 11–34. 
https://doi.org/10.1080/13803395.2011.614598 

 
Golomb, J., Kluger, A., & Ferris, S. H. (2004). Mild cognitive impairment: Historical development and summary 

of research. Dialogues in Clinical Neuroscience, 6(4), 351–367. 
 
Gomar, J. J., Bobes-Bascaran, M. T., Conejero-Goldberg, C., Davies, P., Goldberg, T. E., & Alzheimer’s 

Disease Neuroimaging Initiative. (2011). Utility of combinations of biomarkers, cognitive markers, and risk 
factors to predict conversion from mild cognitive impairment to Alzheimer disease in patients in the 
Alzheimer’s disease neuroimaging initiative. Archives of General Psychiatry, 68(9), 961–969. 



 82 

https://doi.org/10.1001/archgenpsychiatry.2011.96 
 
Green, C. S., & Bavelier, D. (2012). Learning, attentional control and action video games. Current biology : 

CB, 22(6), R197–R206. https://doi.org/10.1016/j.cub.2012.02.012 
 
Greenaway, M. C., Hanna, S. M., Lepore, S. W., & Smith, G. E. (2008). A behavioral rehabilitation intervention 

for amnestic mild cognitive impairment. American Journal of Alzheimer’s Disease and Other Dementias, 
23(5), 451–461. https://doi.org/10.1177/1533317508320352 

 
Greenwood, P. M. (2007). Functional plasticity in cognitive aging: Review and hypothesis. Neuropsychology, 

21(6), 657–673. https://doi.org/10.1037/0894-4105.21.6.657 
 
Grober, E., & Buschke, H. (1987). Genuine Memory Deficits in Dementia. Developmental Neuropsychology - 

DEVELOP NEUROPSYCHOL, 3, 13–36. https://doi.org/10.1080/87565648709540361 
 
Grossi, D. e Trojano, L. (2011). Lineamenti di neuropsicologica clinica. 2º Edizione (p. 147-159). Carrocci 

Editore. 
 
Gutchess, A. H., Welsh, R. C., Hedden, T., Bangert, A., Minear, M., Liu, L. L., & Park, D. C. (2005). Aging and 

the neural correlates of successful picture encoding: Frontal activations compensate for decreased medial-
temporal activity. Journal of Cognitive Neuroscience, 17(1), 84–96. 
https://doi.org/10.1162/0898929052880048 

 
Hampson, M., Driesen, N., Roth, J. K., Gore, J. C., & Constable, R. T. (2010). Functional connectivity between 

task-positive and task-negative brain areas and its relation to working memory performance. Magnetic 
Resonance Imaging, 28(8), 1051–1057. https://doi.org/10.1016/j.mri.2010.03.021 

 
He, Y., Wang, L., Zang, Y., Tian, L., Zhang, X., Li, K., & Jiang, T. (2007). Regional coherence changes in the 

early stages of Alzheimer’s disease: A combined structural and resting-state functional MRI study. 
NeuroImage, 35(2), 488–500. Scopus. https://doi.org/10.1016/j.neuroimage.2006.11.042 

 
Hertzog, C., Kramer, A. F., Wilson, R. S., & Lindenberger, U. (2008). Enrichment Effects on Adult Cognitive 

Development: Can the Functional Capacity of Older Adults Be Preserved and Enhanced? Psychological 
Science in the Public Interest: A Journal of the American Psychological Society, 9(1), 1–65. 
https://doi.org/10.1111/j.1539-6053.2009.01034.x 

 
Hu, W. T., Rippon, G. W., Boeve, B. F., Knopman, D. S., Petersen, R. C., Parisi, J. E., & Josephs, K. A. (2009). 

Alzheimer’s disease and corticobasal degeneration presenting as corticobasal syndrome. Movement 
Disorders, 24(9), 1375–1379. https://doi.org/10.1002/mds.22574 

 
Huckans, M., Hutson, L., Twamley, E., Jak, A., Kaye, J., & Storzbach, D. (2013). Efficacy of cognitive 

rehabilitation therapies for mild cognitive impairment (MCI) in older adults: Working toward a theoretical 
model and evidence-based interventions. Neuropsychology Review, 23(1), 63–80. 
https://doi.org/10.1007/s11065-013-9230-9 

 
Isella, V., Villa, M. L., & Appollonio, I. M. (2002). Screening and Quantification of Depression in Mild-to-

Moderate Dementia Through the GDS Short Forms. Clinical Gerontologist, 24(3–4), 115–125. 
https://doi.org/10.1300/J018v24n03_10 

 
Ishigami, Y., & Klein, R. M. (2010). Repeated measurement of the components of attention using two versions 

of the Attention Network Test (ANT): Stability, isolability, robustness, and reliability. Journal of 
Neuroscience Methods, 190(1), 117–128. https://doi.org/10.1016/j.jneumeth.2010.04.019 

 
Jean, L., Simard, M., Wiederkehr, S., Bergeron, M.-E., Turgeon, Y., Hudon, C., Tremblay, I., & van Reekum, 

R. (2010). Efficacy of a cognitive training programme for mild cognitive impairment: Results of a randomised 
controlled study. Neuropsychological Rehabilitation, 20(3), 377–405. 
https://doi.org/10.1080/09602010903343012 

 
Jennings, J. M., Dagenbach, D., Engle, C. M., & Funke, L. J. (2007). Age-Related Changes and the Attention 

Network Task: An Examination of Alerting, Orienting, and Executive Function. Aging, Neuropsychology, 
and Cognition, 14(4), 353–369. https://doi.org/10.1080/13825580600788837 

 



 83 

Katz, S. (1983). Assessing self-maintenance: Activities of daily living, mobility, and instrumental activities of 
daily living. Journal of the American Geriatrics Society, 31(12), 721–727. https://doi.org/10.1111/j.1532-
5415.1983.tb03391.x 

 
Kaye, J. A., Swihart, T., Howieson, D., Dame, A., Moore, M. M., Karnos, T., Camicioli, R., Ball, M., Oken, B., 

& Sexton, G. (1997). Volume loss of the hippocampus and temporal lobe in healthy elderly persons destined 
to develop dementia. Neurology, 48(5), 1297–1304. https://doi.org/10.1212/WNL.48.5.1297 

 
Kim, Jong S. 2007. “Patterns of Sensory Abnormality in Cortical Stroke: Evidence for a Dichotomized Sensory 

System.” Neurology 68 (3): 174–80. https://doi.org/10.1212/01.wnl.0000251298.12763.9b. 
 
Kintzel, F., Ishigami, Y., & Eskes, G. A. (2015). Ready, set, point: The effects of alertness on prism adaptation 

in healthy adults. Experimental Brain Research, 233(5), 1441–1454. https://doi.org/10.1007/s00221-015-
4218-8 

 
Kubota, S., Yamada, M., Satoh, H., Satoh, A., & Tsujihata, M. (2017). Pure Amorphagnosia without Tactile 

Object Agnosia. Case Reports in Neurology, 9(1), 62–68. https://doi.org/10.1159/000466684 
 
Lee, M. H., Smyser, C. D., & Shimony, J. S. (2013). Resting-state fMRI: A review of methods and clinical 

applications. AJNR. American Journal of Neuroradiology, 34(10), 1866–1872. 
https://doi.org/10.3174/ajnr.A3263 

 
Levy, R. (1994). Aging-associated cognitive decline. Working Party of the International Psychogeriatric 

Association in collaboration with the World Health Organization. International Psychogeriatrics, 6(1), 63–
68. 

 
Lezak, M. D., Howieson, D. B., Bigler, E. D., Tranel, D., Lezak, M. D., Howieson, D. B., Bigler, E. D., & Tranel, 

D. (2012). Neuropsychological Assessment. Oxford University Press. 
 
Lincoln, N., Jackson, J., & Adams, S. (1998). Reliability and Revision of the Nottingham Sensory Assessment 

for Stroke Patients. Physiotherapy, 84(8), 358–365. https://doi.org/10.1016/S0031-9406(05)61454-X 
 
Lindenberger, U., Scherer, H., & Baltes, P. B. (2001). The strong connection between sensory and cognitive 

performance in old age: Not due to sensory acuity reductions operating during cognitive assessment. 
Psychology and Aging, 16(2), 196–205. https://doi.org/10.1037//0882-7974.16.2.196 

 
Lineweaver, T. T., & Hertzog, C. (1998). Adults’ efficacy and control beliefs regarding memory and aging: 

Separating general from personal beliefs. Aging, Neuropsychology, and Cognition, 5(4), 264–296. 
https://doi.org/10.1076/anec.5.4.264.771 

 
Lissauer, H. (1890). Ein Fall von Seelenblindheit nebst einem Beitrage zur Theorie derselben. Archiv für 

Psychiatrie und Nervenkrankheiten, 21(2), 222–270. https://doi.org/10.1007/BF02226765 
 
Loftus, A. M., Nicholls, M. E. R., Mattingley, J. B., & Bradshaw, J. L. (2008). Left to right: Representational 

biases for numbers and the effect of visuomotor adaptation. Cognition, 107(3), 1048–1058. 
https://doi.org/10.1016/j.cognition.2007.09.007 

 
Logsdon, R. G., Gibbons, L. E., McCurry, S. M., & Teri, L. (1999). Quality of life in Alzheimer’s disease: Patient 

and caregiver reports. Journal of Mental health and Aging, 5, 21–32. 
 
Luauté, J., Schwartz, S., Rossetti, Y., Spiridon, M., Rode, G., Boisson, D., & Vuilleumier, P. (2009). Dynamic 

Changes in Brain Activity during Prism Adaptation. The Journal of Neuroscience, 29(1), 169–178. 
https://doi.org/10.1523/JNEUROSCI.3054-08.2009 

 
Mahoney, J. R., Verghese, J., Goldin, Y., Lipton, R., & Holtzer, R. (2010). Alerting, orienting, and executive 

attention in older adults. Journal of the International Neuropsychological Society: JINS, 16(5), 877–889. 
https://doi.org/10.1017/S1355617710000767 

 
Manca, M., Paternò, F., Santoro, C., Zedda, E., Braschi, C., Franco, R., & Sale, A. (2021). The impact of 

serious games with humanoid robots on mild cognitive impairment older adults. International Journal of 
Human-Computer Studies, 145, 102509. https://doi.org/10.1016/j.ijhcs.2020.102509 

 



 84 

Manera, V., Petit, P.-D., Derreumaux, A., Orvieto, I., Romagnoli, M., Lyttle, G., David, R., & Robert, P. H. 
(2015). ‘Kitchen and cooking,’ a serious game for mild cognitive impairment and Alzheimer’s disease: A 
pilot study. Frontiers in Aging Neuroscience, 7. 
https://www.frontiersin.org/articles/10.3389/fnagi.2015.00024 

 
Marson, F., Lasaponara, S., & Cavallo, M. (2021). A Scoping Review of Neuromodulation Techniques in 

Neurodegenerative Diseases: A Useful Tool for Clinical Practice? Medicina (Kaunas, Lithuania), 57(3), 215. 
https://doi.org/10.3390/medicina57030215 

 
Mathew, R., Bak, T. H., & Hodges, J. R. (2012). Diagnostic criteria for corticobasal syndrome: A comparative 

study. Journal of Neurology, Neurosurgery, and Psychiatry, 83(4), 405–410. https://doi.org/10.1136/jnnp-
2011-300875 

 
Matsuda, K., Satoh, M., Tabei, K., Ueda, Y., Taniguchi, A., Matsuura, K., Asahi, M., Ii, Y., Niwa, A., & 

Tomimoto, H. (2020). Impairment of intermediate somatosensory function in corticobasal syndrome. 
Scientific Reports, 10, 11155. https://doi.org/10.1038/s41598-020-67991-7 

 
Mattsson, N. (2011). CSF biomarkers in neurodegenerative diseases. Clinical Chemistry and Laboratory 

Medicine, 49(3), 345–352. https://doi.org/10.1515/CCLM.2011.082 
 
McCallum, S., & Boletsis, C. (2013). Dementia Games: A Literature Review of Dementia-Related Serious 

Games. In M. Ma, M. F. Oliveira, S. Petersen, & J. B. Hauge (A c. Di), Serious Games Development and 
Applications (pp. 15–27). Springer. https://doi.org/10.1007/978-3-642-40790-1_2 

 
McDonough, I. M., Wood, M. M., & Miller, W. S. (2019). A Review on the Trajectory of Attentional Mechanisms 

in Aging and the Alzheimer’s Disease Continuum through the Attention Network Test. The Yale Journal of 
Biology and Medicine, 92(1), 37–51. 

 
McKhann, G. M., Knopman, D. S., Chertkow, H., Hyman, B. T., Jack Jr., C. R., Kawas, C. H., Klunk, W. E., 

Koroshetz, W. J., Manly, J. J., Mayeux, R., Mohs, R. C., Morris, J. C., Rossor, M. N., Scheltens, P., Carrillo, 
M. C., Thies, B., Weintraub, S., & Phelps, C. H. (2011). The diagnosis of dementia due to Alzheimer’s 
disease: Recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on 
diagnostic guidelines for Alzheimer’s disease. Alzheimer’s & Dementia, 7(3), 263–269. 
https://doi.org/10.1016/j.jalz.2011.03.005 

 
Measso, G., Cavarzeran, F., Zappalà, G., Lebowitz, B. D., Crook, T. H., Pirozzolo, F. J., Amaducci, L. A., 

Massari, D., & Grigoletto, F. (1993). The mini‐mental state examination: Normative study of an Italian 

random sample. Developmental Neuropsychology, 9(2), 77–85. 
https://doi.org/10.1080/87565649109540545 

 
Menon, V. (2023). 20 years of the default mode network: A review and synthesis. Neuron, 111(16), 2469–

2487. https://doi.org/10.1016/j.neuron.2023.04.023 
 
Misra, U. K., J. Kalita, B. R. Mittal, and B. K. Das. 1997. “Cortical Sensory Loss : Is It Always Cortical?” 

Neurology India 45 (2): 101–4 
 
Monaco, Marco, Alberto Costa, Carlo Caltagirone, and Giovanni Augusto Carlesimo. 2013. “Forward and 

Backward Span for Verbal and Visuo-Spatial Data: Standardization and Normative Data from an Italian 
Adult Population.” Neurological Sciences 34 (5): 749–54. https://doi.org/10.1007/s10072-012-1130-x. 

 
Muscio, C., Tiraboschi, P., Guerra, U. P., Defanti, C. A., & Frisoni, G. B. (2015). Clinical trial design of serious 

gaming in mild cognitive impairment. Frontiers in Aging Neuroscience, 7. 
https://www.frontiersin.org/articles/10.3389/fnagi.2015.00026 

 
Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, I., Cummings, J. L., & 

Chertkow, H. (2005). The Montreal Cognitive Assessment, MoCA: A brief screening tool for mild cognitive 
impairment. Journal of the American Geriatrics Society, 53(4), 695–699. https://doi.org/10.1111/j.1532-
5415.2005.53221.x 

 
Niu, H., Álvarez-Álvarez, I., Guillén-Grima, F., & Aguinaga-Ontoso, I. (2017). Prevalence and incidence of 

Alzheimer’s disease in Europe: A meta-analysis. Neurologia (Barcelona, Spain), 32(8), 523–532. 
https://doi.org/10.1016/j.nrl.2016.02.016 



 85 

 
Nocentini, Ugo, Angela Giordano, Sarah Vincenzo, Marta Panella, and Patrizio Pasqualetti. 2006. “The Symbol 

Digit Modalities Test - Oral Version: Italian Normative Data.” Functional Neurology 21 (April): 93–96. 
 
Novelli, G., C. Papagno, E. Capitani, M. Laiacona, and et al. 1986. “Tre Test Clinici Di Ricerca e Produzione 

Lessicale. Taratura Su Sogetti Normali. [Three Clinical Tests to Research and Rate the Lexical 
Performance of Normal Subjects.].” Archivio Di Psicologia, Neurologia e Psichiatria 47 (4): 477–506. 

 
Panico, F., Rossetti, Y., & Trojano, L. (2020). On the mechanisms underlying Prism Adaptation: A review of 

neuro-imaging and neuro-stimulation studies. Cortex; a Journal Devoted to the Study of the Nervous 
System and Behavior, 123, 57–71. https://doi.org/10.1016/j.cortex.2019.10.003 

 
Park, J.-H., & Park, J.-H. (2018). Does cognition-specific computer training have better clinical outcomes than 

non-specific computer training? A single-blind, randomized controlled trial. Clinical Rehabilitation, 32(2), 
213–222. https://doi.org/10.1177/0269215517719951 

 
Penny, W. D., Friston, K. J., Ashburner, J. T., Kiebel, S. J., & Nichols, T. E. (2011). Statistical Parametric 

Mapping: The Analysis of Functional Brain Images. Elsevier. 
 
Petersen, R. C. (2004). Mild cognitive impairment as a diagnostic entity. Journal of Internal Medicine, 256(3), 

183–194. https://doi.org/10.1111/j.1365-2796.2004.01388.x 
 
Petersen, R. C., & Morris, J. C. (2005). Mild cognitive impairment as a clinical entity and treatment target. 

Archives of Neurology, 62(7), 1160–1163; discussion 1167. https://doi.org/10.1001/archneur.62.7.1160 
 
Petersen, R. C., & Negash, S. (2008). Mild cognitive impairment: An overview. CNS Spectrums, 13(1), 45–53. 

https://doi.org/10.1017/s1092852900016151 
 
Petersen, R. C., Smith, G. E., Ivnik, R. J., Tangalos, E. G., Schaid, D. J., Thibodeau, S. N., Kokmen, E., 

Waring, S. C., & Kurland, L. T. (1995). Apolipoprotein E status as a predictor of the development of 
Alzheimer’s disease in memory-impaired individuals. JAMA, 273(16), 1274–1278. 

 
Petersen, R. C., Smith, G. E., Waring, S. C., Ivnik, R. J., Tangalos, E. G., & Kokmen, E. (1999). Mild cognitive 

impairment: Clinical characterization and outcome. Archives of Neurology, 56(3), 303–308. 
https://doi.org/10.1001/archneur.56.3.303 

 
Pisella, L., Rode, G., Farnè, A., Tilikete, C., & Rossetti, Y. (2006). Prism adaptation in the rehabilitation of 

patients with visuo-spatial cognitive disorders. Current Opinion in Neurology, 19(6), 534–542. 
https://doi.org/10.1097/WCO.0b013e328010924b 

 
Platz, T. (1996). Tactile agnosia. Casuistic evidence and theoretical remarks on modality-specific meaning 

representations and sensorimotor integration. Brain: A Journal of Neurology, 119 ( Pt 5), 1565–1574. 
https://doi.org/10.1093/brain/119.5.1565 

 
Posner, M. I., & Petersen, S. E. (1990). The attention system of the human brain. Annual Review of 

Neuroscience, 13, 25–42. https://doi.org/10.1146/annurev.ne.13.030190.000325 
 
Posner, M. I., & Rothbart, M. K. (2007). Research on attention networks as a model for the integration of 

psychological science. Annual Review of Psychology, 58, 1–23. 
https://doi.org/10.1146/annurev.psych.58.110405.085516 

 
Potter-Baker, K. A., Bonnett, C. E., Chabra, P., Roelle, S., Varnerin, N., Cunningham, D. A., 

Sankarasubramanian, V., Pundik, S., Conforto, A. B., Machado, A. G., & Plow, E. B. (2016). Challenges in 
Recruitment for the Study of Noninvasive Brain Stimulation in Stroke: Lessons from Deep Brain Stimulation. 
Journal of Stroke and Cerebrovascular Diseases, 25(4), 927–937. 
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.12.044 

 
Prevalence of dementia in Europe. (s.d.). Recuperato 21 ottobre 2023, da https://www.alzheimer-

europe.org/dementia/prevalence-dementia-europe 
 
Raichle, M. E., MacLeod, A. M., Snyder, A. Z., Powers, W. J., Gusnard, D. A., & Shulman, G. L. (2001). A 

default mode of brain function. Proceedings of the National Academy of Sciences, 98(2), 676–682. 



 86 

https://doi.org/10.1073/pnas.98.2.676 
 
Raichle, M. E., & Snyder, A. Z. (2007). A default mode of brain function: A brief history of an evolving idea. 

NeuroImage, 37(4), 1083–1090. https://doi.org/10.1016/j.neuroimage.2007.02.041 
 
Raz, N., Lindenberger, U., Rodrigue, K. M., Kennedy, K. M., Head, D., Williamson, A., Dahle, C., Gerstorf, D., 

& Acker, J. D. (2005). Regional brain changes in aging healthy adults: General trends, individual differences 
and modifiers. Cerebral Cortex (New York, N.Y.: 1991), 15(11), 1676–1689. 
https://doi.org/10.1093/cercor/bhi044 

 
Redding, G. M., Rossetti, Y., & Wallace, B. (2005). Applications of prism adaptation: A tutorial in theory and 

method. Neuroscience and Biobehavioral Reviews, 29(3), 431–444. 
https://doi.org/10.1016/j.neubiorev.2004.12.004 

 
Reed, C. L., Caselli, R. J., & Farah, M. J. (1996). Tactile agnosia. Underlying impairment and implications for 

normal tactile object recognition. Brain: A Journal of Neurology, 119 ( Pt 3), 875–888. 
https://doi.org/10.1093/brain/119.3.875 

 
Reed, C., & Ziat, M. (2018). Haptic Perception: From the Skin to the Brain. https://doi.org/10.1016/B978-0-12-

809324-5.03182-5 
 
Reinvang, I., Grambaite, R., & Espeseth, T. (2012). Executive Dysfunction in MCI: Subtype or Early Symptom. 

International Journal of Alzheimer’s Disease, 2012, 936272. https://doi.org/10.1155/2012/936272 
 
Ries, M. L., Carlsson, C., Rowley, H., Sager, M., Gleason, C., Asthana, S., & Johnson, S. (2008). MRI 

characterization of brain structure and function in Mild Cognitive Impairment: A review. Journal of the 
American Geriatrics Society, 56(5), 920–934. https://doi.org/10.1111/j.1532-5415.2008.01684.x 

 
Rinne, J. O., Lee, M. S., Thompson, P. D., & Marsden, C. D. (1994). Corticobasal degeneration. A clinical 

study of 36 cases. Brain: A Journal of Neurology, 117 ( Pt 5), 1183–1196. 
https://doi.org/10.1093/brain/117.5.1183 

 
Robert, P., König, A., Amieva, H., Andrieu, S., Bremond, F., Bullock, R., Ceccaldi, M., Dubois, B., Gauthier, 

S., Kenigsberg, P.-A., Nave, S., Orgogozo, J. M., Piano, J., Benoit, M., Touchon, J., Vellas, B., Yesavage, 
J., & Manera, V. (2014). Recommendations for the use of Serious Games in people with Alzheimer’s 
Disease, related disorders and frailty. Frontiers in Aging Neuroscience, 6. 
https://www.frontiersin.org/articles/10.3389/fnagi.2014.00054 

 
Rowe, J. W., & Kahn, R. L. (1997). Successful Aging1. The Gerontologist, 37(4), 433–440. 

https://doi.org/10.1093/geront/37.4.433 
 
Russo, C., Souza Carneiro, M. I., Bolognini, N., & Fregni, F. (2017). Safety Review of Transcranial Direct 

Current Stimulation in Stroke. Neuromodulation: Journal of the International Neuromodulation Society, 
20(3), 215–222. https://doi.org/10.1111/ner.12574 

 
Saetti, M. C., De Renzi, E., & Comper, M. (1999). Tactile morphagnosia secondary to spatial deficits. 

Neuropsychologia, 37(9), 1087–1100. https://doi.org/10.1016/S0028-3932(98)00157-2 
 
Sarrias-Arrabal, E., Izquierdo-Ayuso, G., & Vázquez-Marrufo, M. (2023). Attentional networks in 

neurodegenerative diseases: Anatomical and functional evidence from the Attention Network Test. 
Neurología (English Edition), 38(3), 206–217. https://doi.org/10.1016/j.nrleng.2020.05.022 

 
Sartori, G., & Job, R. (1988). The oyster with four legs: A neuropsychological study on the interaction of visual 

and semantic information. Cognitive Neuropsychology, 5(1), 105–132. 
 
Saunders, N. L. J., & Summers, M. J. (2011). Longitudinal deficits to attention, executive, and working memory 

in subtypes of mild cognitive impairment. Neuropsychology, 25(2), 237–248. 
https://doi.org/10.1037/a0021134 

 
Savulich, G., Piercy, T., Fox, C., Suckling, J., Rowe, J. B., O’brien, J. T., & Sahakian, B. J. (2017). Cognitive 

training using a novel memory game on an iPad in patients with amnestic mild cognitive impairment (aMCI). 
International Journal of Neuropsychopharmacology, 20(8), 624–633. Scopus. 



 87 

https://doi.org/10.1093/ijnp/pyx040 
 
Schintu, S., Freedberg, M., Gotts, S. J., Cunningham, C. A., Alam, Z. M., Shomstein, S., & Wassermann, E. 

M. (2020). Prism Adaptation Modulates Connectivity of the Intraparietal Sulcus with Multiple Brain 
Networks. Cerebral Cortex (New York, N.Y.: 1991), 30(9), 4747–4758. 
https://doi.org/10.1093/cercor/bhaa032 

 
Sheikh, J. I., & Yesavage, J. A. (1986). Geriatric Depression Scale (GDS): Recent evidence and development 

of a shorter version. Clinical Gerontologist: The Journal of Aging and Mental Health, 5(1–2), 165–173. 
https://doi.org/10.1300/J018v05n01_09 

 
Smith, G., Del Sala, S., Logie, R. H., & Maylor, E. A. (2000). Prospective and retrospective memory in normal 

ageing and dementia: A questionnaire study. Memory, 8(5), 311–321. 
 
Smith, G. E. (2016). Healthy cognitive aging and dementia prevention. The American Psychologist, 71(4), 

268–275. https://doi.org/10.1037/a0040250 
 
Sorg, C., Riedl, V., Mühlau, M., Calhoun, V. D., Eichele, T., Läer, L., Drzezga, A., Förstl, H., Kurz, A., Zimmer, 

C., & Wohlschläger, A. M. (2007). Selective changes of resting-state networks in individuals at risk for 
Alzheimer’s disease. Proceedings of the National Academy of Sciences, 104(47), 18760–18765. 
https://doi.org/10.1073/pnas.0708803104 

 
Spreng, R. N., Sepulcre, J., Turner, G. R., Stevens, W. D., & Schacter, D. L. (2013). Intrinsic Architecture 

Underlying the Relations among the Default, Dorsal Attention, and Frontoparietal Control Networks of the 
Human Brain. Journal of Cognitive Neuroscience, 25(1), 74–86. https://doi.org/10.1162/jocn_a_00281 

 
Spreng, R. N., Stevens, W. D., Viviano, J. D., & Schacter, D. L. (2016). Attenuated anticorrelation between the 

default and dorsal attention networks with aging: Evidence from task and rest. Neurobiology of Aging, 45, 
149–160. https://doi.org/10.1016/j.neurobiolaging.2016.05.020 

 
Storandt, M. (2008). Cognitive Deficits in the Early Stages of Alzheimer’s Disease. Current Directions in 

Psychological Science, 17(3), 198–202. https://doi.org/10.1111/j.1467-8721.2008.00574.x 
 
Summers, M. J., & Saunders, N. L. J. (2012). Neuropsychological measures predict decline to Alzheimer’s 

dementia from mild cognitive impairment. Neuropsychology, 26(4), 498–508. 
https://doi.org/10.1037/a0028576 

 
Svenningsson, P. (2019). Corticobasal degeneration: Advances in clinicopathology and biomarkers. Current 

Opinion in Neurology, 32(4), 597. https://doi.org/10.1097/WCO.0000000000000707 
 
Szczepanski, S. M., Pinsk, M. A., Douglas, M. M., Kastner, S., & Saalmann, Y. B. (2013). Functional and 

structural architecture of the human dorsal frontoparietal attention network. Proceedings of the National 
Academy of Sciences, 110(39), 15806–15811. https://doi.org/10.1073/pnas.1313903110 

 
Teng, E., Tassniyom, K., & Lu, P. H. (2012). Reduced quality-of-life ratings in mild cognitive impairment: 

Analyses of subject and informant responses. The American Journal of Geriatric Psychiatry: Official Journal 
of the American Association for Geriatric Psychiatry, 20(12), 1016–1025. 
https://doi.org/10.1097/JGP.0b013e31826ce640 

 
Tessari, Alessia, Alessio Toraldo, Alberta Lunardelli, Antonietta Zadini, and Raffaella Ida Rumiati. 2013. “Prova 

Standardizzata per La Diagnosi Del Disturbo Aprassico Ideomotorio Selettivo per Tipo Di Gesto e Tipo Di 
Effettore.” RICERCHE DI PSICOLOGIA, no. 3 (February): 311–39. https://doi.org/10.3280/RIP2011-
003001. 

 
Thair, H., Holloway, A. L., Newport, R., & Smith, A. D. (2017). Transcranial Direct Current Stimulation (tDCS): 

A Beginner’s Guide for Design and Implementation. Frontiers in Neuroscience, 11. 
https://www.frontiersin.org/articles/10.3389/fnins.2017.00641 

 
Tremblay, S., Lepage, J.-F., Latulipe-Loiselle, A., Fregni, F., Pascual-Leone, A., & Théoret, H. (2014). The 

uncertain outcome of prefrontal tDCS. Brain Stimulation, 7(6), 773–783. 
https://doi.org/10.1016/j.brs.2014.10.003 

 



 88 

Tsujimoto, K., Mizuno, K., Nishida, D., Tahara, M., Yamada, E., Shindo, S., Kasuga, S., & Liu, M. (2019). Prism 
adaptation changes resting-state functional connectivity in the dorsal stream of visual attention networks in 
healthy adults: A fMRI study. Cortex; a Journal Devoted to the Study of the Nervous System and Behavior, 
119, 594–605. https://doi.org/10.1016/j.cortex.2018.10.018 

 
Turriziani, P., Chiaramonte, G., Mangano, G. R., Bonaventura, R. E., Smirni, D., & Oliveri, M. (2021). 

Improvement of phonemic fluency following leftward prism adaptation. Scientific Reports, 11(1), Articolo 1. 
https://doi.org/10.1038/s41598-021-86625-0 

 
Uttl, Bob, and Carolyn Pilkenton-Taylor. 2001. “Letter Cancellation Performance Across the Adult Life Span.” 

The Clinical Neuropsychologist 15 (4): 521–30. https://doi.org/10.1076/clin.15.4.521.1881 
 
Utz, K. S., Dimova, V., Oppenländer, K., & Kerkhoff, G. (2010). Electrified minds: Transcranial direct current 

stimulation (tDCS) and Galvanic Vestibular Stimulation (GVS) as methods of non-invasive brain stimulation 
in neuropsychology—A review of current data and future implications. Neuropsychologia, 48(10), 2789–
2810. https://doi.org/10.1016/j.neuropsychologia.2010.06.002 

 
Valenza, N., Ptak, R., Zimine, I., Badan, M., Lazeyras, F., & Schnider, A. (2001). Dissociated active and 

passive tactile shape recognition: A case study of pure tactile apraxia. Brain, 124(11), 2287–2298. 
https://doi.org/10.1093/brain/124.11.2287 

 
Van Dam, N. T., Sano, M., Mitsis, E. M., Grossman, H. T., Gu, X., Park, Y., Hof, P. R., & Fan, J. (2013). 

Functional neural correlates of attentional deficits in amnestic mild cognitive impairment. PloS One, 8(1), 
e54035. https://doi.org/10.1371/journal.pone.0054035 

 
Vaportzis, E., Martin, M., & Gow, A. J. (2017). A Tablet for Healthy Ageing: The Effect of a Tablet Computer 

Training Intervention on Cognitive Abilities in Older Adults. American Journal of Geriatric Psychiatry, 25(8), 
841–851. Scopus. https://doi.org/10.1016/j.jagp.2016.11.015 

 
Veronelli, L., Ginex, V., Dinacci, D., Cappa, S. F., & Corbo, M. (2014). Pure associative tactile agnosia for the 

left hand: Clinical and anatomo-functional correlations. Cortex; a Journal Devoted to the Study of the 
Nervous System and Behavior, 58, 206–216. https://doi.org/10.1016/j.cortex.2014.06.015 

 
Vossel, S., Geng, J. J., & Fink, G. R. (2014). Dorsal and Ventral Attention Systems: Distinct Neural Circuits 

but Collaborative Roles. The Neuroscientist, 20(2), 150. https://doi.org/10.1177/1073858413494269 
 
Wang, J., Liu, J., Wang, Z., Sun, P., Li, K., & Liang, P. (2019). Dysfunctional interactions between the default 

mode network and the dorsal attention network in subtypes of amnestic mild cognitive impairment. Aging, 
11(20), 9147–9166. https://doi.org/10.18632/aging.102380 

 
Wang, K., Liang, M., Wang, L., Tian, L., Zhang, X., Li, K., & Jiang, T. (2007). Altered functional connectivity in 

early Alzheimer’s disease: A resting-state fMRI study. Human Brain Mapping, 28(10), 967–978. 
https://doi.org/10.1002/hbm.20324 

Welch, R. B., Choe, C. S., & Heinrich, D. R. (1974). Evidence for a three-component model of prism adaptation. 
Journal of Experimental Psychology, 103(4), 700–705. https://doi.org/10.1037/h0037152 

 
Whitfield-Gabrieli, S., & Nieto-Castanon, A. (2012). Conn: A functional connectivity toolbox for correlated and 

anticorrelated brain networks. Brain Connectivity, 2(3), 125–141. https://doi.org/10.1089/brain.2012.0073 
 
Wilf, M., Serino, A., Clarke, S., & Crottaz-Herbette, S. (2019). Prism adaptation enhances decoupling between 

the default mode network and the attentional networks. NeuroImage, 200, 210–220. 
https://doi.org/10.1016/j.neuroimage.2019.06.050 

 
Wilson, D., Heron, C. L., & Anderson, T. (2021). Corticobasal syndrome: A practical guide. Practical Neurology, 

21(4), 276–285. https://doi.org/10.1136/practneurol-2020-002835 
 
Wilson, R. S., Beckett, L. A., Barnes, L. L., Schneider, J. A., Bach, J., Evans, D. A., & Bennett, D. A. (2002). 

Individual differences in rates of change in cognitive abilities of older persons. Psychology and Aging, 17(2), 
179–193. 

 
Winblad, B., Palmer, K., Kivipelto, M., Jelic, V., Fratiglioni, L., Wahlund, L.-O., Nordberg, A., Bäckman, L., 

Albert, M., Almkvist, O., Arai, H., Basun, H., Blennow, K., de Leon, M., DeCarli, C., Erkinjuntti, T., Giacobini, 



 89 

E., Graff, C., Hardy, J., … Petersen, R. C. (2004). Mild cognitive impairment--beyond controversies, towards 
a consensus: Report of the International Working Group on Mild Cognitive Impairment. Journal of Internal 
Medicine, 256(3), 240–246. https://doi.org/10.1111/j.1365-2796.2004.01380.x 

 
Xu, Y., Qiu, Z., Zhu, J., Liu, J., Wu, J., Tao, J., & Chen, L. (2019). The modulation effect of non-invasive brain 

stimulation on cognitive function in patients with mild cognitive impairment: A systematic review and meta-
analysis of randomized controlled trials. BMC Neuroscience, 20(1), 2. https://doi.org/10.1186/s12868-018-
0484-2 

 
Zhang, Z., Zheng, H., Liang, K., Wang, H., Kong, S., Hu, J., Wu, F., & Sun, G. (2015). Functional degeneration 

in dorsal and ventral attention systems in amnestic mild cognitive impairment and Alzheimer’s disease: An 
fMRI study. Neuroscience Letters, 585, 160–165. https://doi.org/10.1016/j.neulet.2014.11.050 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 90 

ACKNOWLEDGMENT 

I want to express my gratitude to Professor Gabriella Bottini, for welcoming me into her 

research laboratory for my doctoral journey and providing me with the opportunity to learn 

at the Center of Neuropsychology of Niguarda Hospital. Similarly, I want to thank Professor 

Martina Gandola for the guidance and assistance provided over these three years. 

A special thanks goes also to Dr. Manuela Sellitto, who recently joined our laboratory but 

has been invaluable from the start in enriching my work. This thesis would not have been 

accomplished in the same way without her guidance and advice.  
 
I would like to thank all the colleagues and friends with whom I had the opportunity to work 

over these years, especially Alessandro Messina, the first to welcome me in Pavia, who has 

become one of my closest friends. Among the others, a deep thanks to Maura Simioni, 

Gabriele De Maio, Claudio Bertolotti, Valeria Peviani, Francesco Crottini, Damiano Crivelli, 

Gerardo Salvato, Stefania Basilico. 
 
I am indebted to the master's students I had the pleasure of supervising, and I can only 

express sincere gratitude, especially to Laura Sandrini for her constant assistance and for 

encouraging my professional growth, and to Ilaria Diserò for the effort and help in data 

collection. 
 
A heartfelt thanks also goes to my family and friends, both near and far, who have supported 

and endured this long journey. Special gratitude to my sister Roberta and my friend Anna, 

who always remain my number one fans and provide me with the energy to keep going when 

I lose it. 
 
Finally, I cannot express enough gratitude to all my patients and their families, who have 

chosen to trust me for their involvement in experimental projects. 


	ABSTRACT
	CHAPTER ONE -  From healthy to pathological aging
	1.1 Cognitive aging
	1.2 Mild Cognitive Impairment
	1.3 The Attention Network Test (ANT) as informative tool in MCI
	1.4 Neurofunctional aspects in MCI
	CHAPTER TWO - Cognitive intervention for MCI
	2.1 The importance of cognitive intervention
	2.2 Technology-based intervention
	2.3 Neuromodulation techniques and Prismatic Adaptation
	CHAPTER THREE -  Experimental Study 1
	3.1 Introduction and Rationale
	3.2 Procedure and Methods
	3.2.1 Participants
	3.2.2 Experimental procedure
	3.2.2.1 Functional data acquisition

	3.2.3 Materials: MindLenses protocol
	3.2.4 Behavioral outcome tests

	3.3 Statistical analysis
	3.3.1 Study design
	3.3.2 Behavioral data
	3.3.3 Functional data

	3.4 Results
	3.4.1 Behavioral results
	Cognitive tests
	Serious Games scores

	3.4.2 Neurofunctional results

	4. Discussion
	CHAPTER FOUR -  Experimental Study 2
	4.1 Introduction and Rationale
	STUDY 2.1
	4.2 Procedures and methods
	4.2.1 Participants
	4.2.2 Experimental procedure

	4.3 Statistical analysis
	4.4 Results
	Prismatic Adaptation.
	ANT.

	4.5 Interim discussion
	STUDY 2.2
	4.6 Procedures and methods
	4.7 Statistical analysis
	4.8 Results
	4.9 Discussion
	CHAPTER FIVE  - Experimental Study 3
	5.1 Introduction
	Case report

	5.2 Methods and procedures
	5.2.1 Control participants
	5.2.2. Tests
	5.2.2.1 Processing of elementary sensory data
	5.2.2.2 Assessment of Hyloagnosia
	5.2.2.3 Assessment of Morphoagnosia
	5.2.2.4 Assessment of Real Objects Recognition

	5.2.3 Follow-up

	5.3 Results
	5.3.1 First assessment
	5.3.2 Follow-up

	5.4 Discussion
	GENERAL CONCLUSIONS
	BIBLIOGRAPHY

