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Summary

Conventional cognitive assessment is based on a

pencil-and-paper neuropsychological evaluation,

which is time consuming, expensive and requires the

involvement of several professionals. Information

and communication technology could be exploited to

allow the development of tools that are easy to use,

reduce the amount of data processing, and provide

controllable test conditions. Serious games (SGs)

have the potential to be new and effective tools in the

management and treatment of cognitive impairments

Serious games for screening pre-dementia
conditions: from virtuality to reality? A pilot
project

in the elderly. Moreover, by adopting SGs in 3D virtu-

al reality settings, cognitive functions might be eval-

uated using tasks that simulate daily activities,

increasing the “ecological validity” of the assess-

ment. In this commentary we report our experience in

the creation of the Smart Aging platform, a 3D SG-

and virtual environment-based platform for the early

identification and characterization of mild cognitive

impairment. 

KEY WORDS: dementia, mild cognitive impairment, neuropsycho-
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Introduction

Mild cognitive impairment (MCI) is an intermediate
stage between normal aging and dementia (Petersen
et al., 2001a,b; Petersen et al., 2009; Gauthier et al.,
2006; Scott and Barrett, 2007). Current conceptualiza-
tions of MCI recognize different subtypes, based on the
presence or absence of memory impairment, namely
amnestic (aMCI) and non-amnestic (naMCI). These, in
turn, may represent the prodromes of different demen-
tia types: patients who present with single-domain
naMCI can progress to non-AD dementing conditions
such as frontotemporal dementia, whereas multiple-
domain naMCI can progress to Lewy body dementia or
vascular dementia (Jak et al., 2009; Petersen et al.,
2009). Patients with aMCI often progress to AD with an
annual rate of conversion of approximately 10-15%,
compared with a rate of about 1-2% in healthy controls
(Schmidtke and Hermeneit, 2008).
Since there is not, as yet, a cure for dementia, strate-
gies designed to modify its onset or progression could
have a significant impact. Research is, indeed, now
focusing on the identification of at-risk populations, as
the early recognition of MCI opens up potential new
targets for therapeutic interventions: early diagnosis
offers the best opportunity to understand the disease
progression, to begin long-term planning, and ulti-
mately to implement a treatment regimen (Lopez et
al., 2005; Weimer and Sager, 2009; Emery, 2011).
Despite this, as the symptoms are often subtle and
patients maintain their independence in activities of
daily living, in many cases MCI goes unnoticed and
patients are frequently not identified until significant
loss of cognitive function has occurred (Magsi and
Malloy, 2005; Weimer and Sager, 2009).
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In view of these considerations, there is a crucial need
to develop efficient and reliable new screening tools;
these should also be easy to administer in order to
ensure their widespread dissemination. Conventional
cognitive assessment is based on a pencil-and-paper
neuropsychological evaluation, which is time consum-
ing, expensive and requires the involvement of sever-
al professionals (Kang et al., 2008). Information and
communication technology could be exploited to
develop tools that are easy to use, reduce the amount
of data processing, and provide controllable test con-
ditions (Caltagirone and Zannino, 2008). Serious
games (SGs) are computer games designed for pur-
poses other than pure leisure and their application has
recently been proposed in the health domain, in par-
ticular in the assessment and rehabilitation of psychi-
atric and neuropsychological conditions; they have the
potential to be new and effective tools in the manage-
ment and treatment of cognitive impairments in the
elderly (Cherniack, 2011).
Moreover, by adopting SGs in 3D virtual reality (VR)
settings, cognitive functions might be evaluated using
tasks that simulate daily activities, thereby increasing
the “ecological validity” of the assessment (Campbell
et al., 2009). These tasks could then be implemented
and used to “boost brain function”, as recently sug-
gested by Bavelier and Davidson (2013). 
In this commentary we describe the process by which
we created a 3D SG- and virtual environment-based
platform (the Smart Aging platform) for the early iden-
tification and characterization of MCI. This project pre-
sented us with two main challenges: i) to achieve sci-
entifically-driven transposition of tasks traditionally
evaluated with pencil-and-paper tests into tasks to be
performed in an ecologically valid virtual enrivonment,
and ii) to create a navigation system sufficiently user-
friendly to be satisfactorily used by subjects who are
potentially cognitively impaired and may have limited
experience of information technology (IT).

The Smart Aging platform

The roadmap

A multidisciplinary team was created, which included
neurologists, psychologists, neuropsychologists, biomed-
ical engineers, game designers and game developers.
On the basis of the published literature, the team of
neurologists, neuropsychologists and psychologists
(CZ, CT, ES, EC, SB, SB, TV, GS, GN) selected the bat-
tery of conventional tests to be used. These include two
short screening tests: the Mini-Mental State
Examination – MMSE (Folstein et al., 1975), which pro-
vides a global index of cognitive functioning, and the
Montreal Cognitive Assessment – MoCA (Nasreddine
et al., 2005). The MoCA is a cognitive screening test for
detection of MCI, but it is more oriented to executive
functions. To define more precisely the cognitive profile
of subjects and to increase the degree of correlational
validity and sensitivity, all subjects also performed the
following tests: Free and Cued Selective Reminding

Test – FCSRT (Frasson et al., 2011) for episodic mem-
ory assessment, Trail Making Test Parts A and B –
TMTA and TMTB (Giovagnoli et al., 1996) for the eval-
uation of divided attention and cognitive “shifting”, the
Wisconsin Card Sorting Test (WCST) (Laiacona et al.,
2000) for the evaluation of problem solving, planning
and cognitive flexibility, and phonological and semantic
fluency (Novelli et al., 1986; Spinnler and Tognoni,
1987) for the assessment of executive functions.
Subsequently they defined the setting and the tasks
that were to be developed within the VR environment in
order to be able to test the necessary cognitive func-
tions: reasoning and planning, attention, memory and
visuospatial orientation. 
Following the definition of these scientifically-based clin-
ical requisites, the next step, through interaction with the
technical team, was to develop the software and hard-
ware, as well as define the environment to be developed
(a loft apartment) and the actions to be created.
Particular attention was paid to the selection of the nav-
igation modalities and tools, which represented the most
critical aspect in the development of the system.
In the first instance, a mouse was used for navigation.
However, this technical solution proved to be unsuit-
able for those unfamiliar with computers. Indeed, diffi-
culty moving in the environment interfered with the
execution of tasks, making cognitive scores unreli-
able. To overcome this issue, and taking into consid-
eration data from the literature (Cernich et al., 2007),
the platform was then modeled for use with a touch
screen. In this way, movements within the environ-
ment are accomplished by clicking on red arrows posi-
tioned to the right, to the left, at the top and at the bot-
tom of the screen and selections are made directly on
the screen by physically touching the desired icons
and objects. For users with minimal computer experi-
ence or some level of cognitive impairment this modal-
ity was found to be easier to learn and more intuitive
than a mouse.
By means of a test-and-re-test approach, these IT
solutions were progressively refined and evaluated in
several subjects (see below), starting with healthy
young subjects who were familiar with IT, then adults
who were inexperienced IT users, and finally IT-naÏve
elderly people.
The exchanges between the different professionals in
the multidisciplinary team allowed us to define the
variables to be recorded and create a database of
patient scores calculated using specific algorithms
that take into account the time to perform each task,
the attempts to accomplish the correct action, the
number of wrong choices, and so on. 

The platform

The final VR system consists of a desktop personal
computer equipped with a sound card. Subjects navi-
gate through and interact with the environment using
a touch screen monitor.
The application is based on a first-person paradigm, so
there is no user 3D avatar. The environment and the vir-
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tual position of the user within the environment appear
as though they were being filmed front-on and the nav-
igation model allows users to move within the environ-
ment at a constant height in relation to the floor and to
rotate the “head” within a limited range of angles.

The virtual scenario

The 3D environment consists of a loft containing, in a
limited space, the basic elements, within a house, with
which one interacts: a kitchen area, a bedroom area,
a living room area and a bathroom (Fig. 1).
The virtual environment is equipped with the following
elements:
− fixed elements that do not allow any interaction:
walls, floor, ceiling, windows and decorative elements
such as paintings, curtains and carpets; 
− fixed elements that cannot be moved but can be
used as surfaces for putting down and picking up mov-
able objects: bed, table, couch, kitchen worktop,
shelves;
− container elements with doors that can be opened
and closed to allow things to be put in or taken out:
kitchen cupboards, fridge and wardrobe;
− interactive elements with specific functions: burners,
sink; 
− movable elements such as clothes, books and food.
A 2D frame able to show 2D information such as
instructions, scoring feedback and miniatures is
superimposed on the environment. The 2D frame also
allows 2D user interaction. 

The serious game tasks

The SG tasks to be implemented in the Smart Aging
platform (SASG tasks) have been designed to engage
subjects in task-specific scenarios where they are
asked to perform tasks simulating daily activities. Five
Smart Aging tasks have been developed in order to
evaluate different cognitive functions: executive func-
tions (reasoning and planning), attention (selected

and divided), memory (short- and long-term, prospec-
tive) and visuospatial orientation. 
Table I provides brief descriptions of these tasks and
also indicates the cognitive functions that are tested
by each of them. 
For each task the subject is provided with written instruc-
tions explaining what he/she is requested to do; these
are visible on the screen for up to 30 seconds and the
subjects can start the task when they are ready.
Before beginning the first task, the subjects perform a
10-minute familiarization task in order to familiarize
themselves with the environment and learn how to
move around and interact with the objects. No other
feedback is provided while the subjects are perform-
ing the tasks. 
The execution of all the SASG tasks, including the
familiarization task, can take up to 30 minutes. 
While the participant experiences the virtual environ-
ment and performs the tasks, the system records var-
ious measures (positions, times and actions). For
each task, a performance-based evaluation index has
been created. This index takes into account the follow-
ing parameters: the number of correct actions, the
number of errors, the number of false recognitions,
the number of omissions, the time needed to complete
the task, and the distance covered. 

The recording system

Before starting the tasks, each user must register in
the demographics section of the application, which is
where clinical and demographic information is collect-
ed; the subject is also asked to indicate how frequent-
ly he/she uses a computer (never, daily, weekly), how
frequently he/she uses a touch screen (never, some-
times, often), and his/her ease in using a touch screen
(poor, medium, good). 
After registering, each user is assigned a personal
identification number which he/she has to enter in
order to start the tasks. This procedure ensures cor-
rect matching of the user with his/her recorded per-
formances on the paper-and-pencil tests and on the
SASG tasks.
For pencil-and-paper tests, age-, gender- and educa-
tion-corrected scores are calculated from the raw per-
formance scores according to Italian population-based
norms. These scores provide a picture of the subject’s
cognitive profile. The score on each SASG task is
instead a composite score derived from constituent
variables, i.e. the number of successfully accom-
plished tasks, the time needed to accomplish them,
the number of errors, omissions and attempts, the
modality of navigation and the distance covered in the
loft during the performance of the tasks.

Pilot test of usability

The platform was tested in terms of usability in a group
of 50 healthy subjects with an age range of 24-78 years.

Serious games for screening pre-dementia
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Figure 1 - An example of the virtual environment used in the
Smart Aging platform.
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One of the major problems encountered was the diffi-
culty navigating with the mouse within the 2D and 3D
environments. To overcome this it was decided to
switch to a touch screen, which proved adequate for
the performance of the tasks in all the subjects.
Another issue was the unexpected greater complexity
of some tasks when performed in the virtual scenario.
For example task 2 (Water the flowers while listening
to the radio), which assesses executive functions,
requires sequential planning of actions and proved too
difficult even for healthy adult subjects. For this rea-
son the sequence of actions had to be simplified.
Finally, although the game tasks were originally
devised for self-administration, elderly people who
were inexperienced IT users were found to need some
minimal assistance in the familiarization phase.

The planning of the screening phase

In order to define the reliability of SASG tasks as a tool
for screening pre-dementia conditions, a test on a gener-
al population sample is mandatory. The study population
will consist of 1200 volunteers who will be stratified by
gender (female/male), age (50-60, 61-70, 71-80 years)
and education (primary, middle, high, university). These
subjects are currently being recruited through public enti-
ties, universities for the elderly, social clubs, etc. 
Among these subjects, “healthy” people will be
defined as those who have a negative history for neu-
rological and psychiatric disease and a performance
within normative ranges on all the neuropsychological
tests (MMSE, MoCA, FCSRT, TMTA and TMTB,
WCST, verbal fluency). Subjects who fail in at least
one of these tests will be considered “at risk” of devel-
oping cognitive disorders and will be referred to their
general practitioner.
All the enrolled subjects will undergo pencil-and-paper
tests and SASG tasks. To ensure that the provision of
instructions, the test administration and the scoring

are as homogeneous as possible, the neuropsycho-
logical tests and the SASG tasks will be administered
by psychologists who have received specific training. 
Once the collection of data from the normative sample
has been completed, the next step will be to evaluate
the validity (specificity and sensitivity) of the SASG
tasks as a screening test for cognitive impairment by
comparing the scores recorded on the traditional tests
with the scores obtained on the SASG tasks.
Furthermore, we will evaluate the validity of the SASG
tasks for the mnestic domain by comparing the scores
on tasks 1, 4 and 5 with the scores recorded on the
FCSRT and on semantic fluency. Finally, the validity of
the SASG tasks for assessing executive functions will
be evaluated by comparing the scores on tasks 2 and
3 with the scores recorded on TMTA, TMTB, WCST
and phonological fluency.

Discussion

Since the introduction of personal computers, neu-
ropsychology as a field has recognized the advantage
of computerization of various assessment measures.
By the mid-1980s, neuropsychologists had transferred
paper-and-pencil measures to computerized platforms
and started to explore the equivalence of these meas-
ures to traditional tests (Eckerman et al., 1985).
Computers offer several advantages over traditional
testing, including more rigorous standardization of
administration, more accurate timing of presentation
and response latencies, ease of administration and
potentially reduced assessment times. In addition,
computerized testing platforms yield easily accessible
data, particularly because scoring and data display
can be incorporated into the software program, allow-
ing automated data exporting for research purposes. 
As a further development, VR gaming and interactive
video gaming are new and promising tools for assess-
ing and training people with cognitive impairments

C. Zucchella et al.
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Table I - The Smart Aging tasks.

Task Cognitive functions tested

TASK 1 - OBJECT SEARCH
The subject is shown the contents of the kitchen and then required Memory, spatial orientation and 
to identify the location of a list of objects. attention

TASK 2 - WATER THE FLOWERS WHILE LISTENING TO THE RADIO Executive functions (planning), divided
The subject is asked to turn on the radio and press the spacebar every attention (dual task)
time the word “sun” is aired, while at the same time watering the flowers
on the windowsill in the dining area.

TASK 3 - MAKE A PHONE CALL
The person is asked to make a phone call using the phone book and the Executive functions, selective attention,
phone on the bedside table. The subject is asked to remember to turn the working memory, prospective memory
TV on after making the phone call.

TASK 4 - CHOOSE THE RIGHT OBJECT 
A 2D screen with 24 images of objects is shown. The subject has to identify Memory (recognition)
the 12 objects that he had to look for in Task 1.

TASK 5 - FIND THE OBJECTS
The subject is asked to find all the objects that he looked for in Task 1. Long-term memory (recall), spatial

orientation and attention
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(Christiansen et al., 1998; Davies et al., 1999; Riva et
al., 1999; Rizzo et al., 1998; Rose et al., 1999; Zhang
et al., 2001; Jack et al., 2001; Kang et al.,
2008).These tools involve the use of computer-based
programs that are designed to simulate real-life
objects and events. VR and interactive video gaming
may have some advantages over traditional therapeu-
tic approaches as they may give people an opportuni-
ty to practice, on a daily basis, activities that are not or
cannot be practiced within the hospital environment. 
The stimulating challenge will be to develop tools that,
while exploiting the latest technological solutions, are
fairly easy to use, even for those who have little famil-
iarity with computers, such as older people. In fact,
significant inter-individual differences exist in comput-
er use and familiarity (Iverson et al., 2009), and litera-
ture data suggest that results from computerized ver-
sus examiner-administered testing may be different in
computer-experienced versus computer-naïve popu-
lations (Feldstein et al., 1999). To address this issue,
in the Smart Aging platform a touch screen is used to
accomplish movements in the environment: this
choice is supported by the data gathered in our pilot
testing and by literature data showing that individuals
with minimal computer experience or some level of
cognitive impairment find it easier to learn to use a
touch screen than a mouse, and that touch screens
are more intuitive (Chernick et al., 2007).
Indeed, in clinical practice, it is essential to ensure
that individuals with less computer familiarity are not
misdiagnosed as having frank cognitive impairment;
for this reason it is very important to understand the
relationship between computer familiarity and test per-
formance in order to improve diagnostic accuracy
when using computerized neurocognitive testing. In
the demographics section of the application partici-
pants provided ratings based on their own assess-
ment of their computer familiarity; even though these
appraisals are subjective, it will be interesting to per-
form subgroup analyses in order to correlate comput-
er familiarity with performance on the SASG tasks.
Once validated, the Smart Aging platform will consti-
tute a powerful screening tool for the early detection of
cognitive impairments on a wide scale. Indeed, this
approach offers several advantages over the available
screening tools for MCI: it is more user-friendly, eco-
logical and motivating for end-users, while on a
healthcare level it is less time and resource consum-
ing. Furthermore, unlike other tools that investigate a
single cognitive function, this platform will allow the
evaluation of multiple cognitive domains (memory,
executive functions, divided and selective attention) in
order to characterize the different MCI subtypes. 
Finally, to further develop the platform, parallel forms
of the scenarios and tasks with different levels of com-
plexity will be defined so that the system may also be
used as a rehabilitation tool.
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