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Abstract: The aim of this article is to present the research protocol for a study that will evaluate the
feasibility of implementation of Health Arcade prototype multidomain intervention based on physical
and cognitive training using gamification technologies at improving care for older people hospitalized
with an acute illness. A total of 40 older people will be recruited in a tertiary public hospital at
Pamplona, Spain. The intervention duration will be four to nine consecutive days. Additionally,
the patients will receive encouragement for maintaining active during hospital stay and for reducing
sedentary time. Primary implementation-related outcomes will be the adherence to treatment
(i.e., number of games and days completed during the intervention period), reaction or response
time, and number of success and failures in each game per day. Secondary implementation-related
outcomes will be self-perceived grade of difficulty, satisfaction, enjoyment per game and session,
and self-perceived difficulties in handling the prototype hardware. Other health-related outcomes
will also be assessed such as functional capacity in activities of daily living, mood status, quality of life,
handgrip strength, physical activity levels, and mobility. The current study will provide additional
evidence to support the implementation of multidomain interventions designed to target older
persons with an acute illness based on friendly technology. The proposed intervention will increase
accessibility of in-clinical geriatrics services, improve function, promote recovery of the health,
and reduce economic costs.
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1. Introduction

The risk of loss of independence and the likelihood of developing new disabilities that increases
with the ageing process is one of the major issues in developed countries. Such loss of functional
independence, coupled with a gradual impairment of cognitive and physical abilities, is associated with a
greater chance of institutionalization and mortality [1,2]. In this context, the World Health Organization
(WHO) published the first “World Report on Ageing and Health” [3] in 2015. This framework
emphasizes that care for older people must shift their main focus from disease to intrinsic capacity
(i.e., physical function). This becomes particularly important when dealing with old people at risk of
disability, also known as frail, to act on them early on.

One of the major events leading to disability in elderly adults is usually acute medical illness with
its subsequent hospitalization. Hospitalization-acquired disability incidence usually varies between 5%
and 60% [4,5]. Recent evidence has shed light on hospitalization-related iatrogenic disability in elderly
people, which is frequently characterized by lengthy periods of bedrest. Previous studies have observed
that the time that older adults spend outside of said bed, pacing or walking along available spaces in
the hospitals ranges from 7 to 43 min per day, reaching 83 min per day when also counting the time they
spend on their feet [6,7]. This phenomenon has been named “pyjama paralysis” [8]. The decrease in
mobility during hospital-stays in conjunction with the reduction of functional and physiological reserves
in elderly hospitalized patients may result in many adverse events. These adverse events include loss of
autonomy regarding activities of daily living (ADLs), a higher incidence of falls, cognitive impairment,
sarcopenia, reduced caloric intake and social isolation [9]. Thus, the hospitalization should turn
out to be the turning point and the appropriate place for establishing interventions to prevent
hospitalization-acquired disability [10].

In this scenario, serious games could present an innovative intervention. Serious games are
defined as games in which the final goal is to promote a change in the user, not the training in and of
itself. This change could range between the acquiring of new knowledge to changes in attitudes or
even changes in cognitive, physical, and/or social abilities [11]. The design of these games is based
exclusively on virtual and technological environments, comprising an important component of virtual
reality simulation. Furthermore, recent evidence has proposed the term “gamification,” which is used
to mention the gaming elements in non-gaming contexts with the aim of reaching a behaviour change
in the user [11–14]. These interventions have been proven to be effective in different settings, such as
children, teenagers, or young adults, mainly in education, commerce, and communication. [15–20].
However, current evidence suggests it is still necessary to redesign and adapt these technologies to the
characteristics and preferences of old patients in order to achieve maximum engagement [21].

The Health Arcade project has designed to promote a change in geriatric patients’ routines during
hospital stay by creating a favourable setting that will attract and motivate them for performing
physical and cognitive activities to prevent iatrogenic nosocomial disability [22]. The main aim of
this project is to validate the impact of a pilot-system of multidomain intervention (i.e., physical and
cognitive training) using gamification technologies to improve patients’ functional abilities (Figure 1),
while also encouraging personal motivation and internal locus of control, which have been shown to
be predictive variables in health promotion [16,23,24].
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2. Materials and Methods

2.1. Study Design and Setting 

The Health Arcade utilized an uncontrolled, pre-post-test trial to determine the implementation 
of the prototype multidomain intervention based on physical and cognitive training using 
gamification technologies. This design was suitable for establishing the feasibility, appeal, and 
potential implementation of an innovative intervention prior to launching into a more costly and 
intensive randomized controlled trial design. The study will be implemented in the acute care for 
elderly (ACE) unit of the department of geriatrics in a tertiary public hospital (Hospital Complex of 
Navarre [CHN], Pamplona, Spain). This department is constituted by 35 beds allocated to the unit 
and a staff of 12 geriatricians. Admissions in the ACE unit proceed mainly from the accident and 
emergency department. 

2.2. Study Participants and Eligibility Criteria 

Older adults aged 75 or over admitted to the Department of Geriatrics of the CHN between 
September 2020 and January 2021. Inclusion and exclusion criteria are described in Table 1. 

Table 1. Eligibility criteria. 

Inclusion Exclusion
Barthel Index score ≥60 points. Expected length of stay <6 days. 
Without major cognitive disorder or with mild 
cognitive impairment (Mini Mental State Examination 
≥19; Global Deterioration Scale score = 1–3). 

Uncontrolled arrhythmias, acute pulmonary 
embolism and myocardial infarction, or extremity 
bone fracture in the past 3 months. 

Able to ambulate (with/without assistance). 
Terminal illness. The participant must be able to communicate and 

collaborate with the researchers. 

2.3. Participant-Selection and Consent Process 

Participants will be identified during the geriatric assessment process at admission in the ACE 
unit. The geriatricians will conduct a screening interview to determine whether potentially eligible 
patients meet the inclusion criteria. Demographic characteristic (e.g., age, residence, and level of 
education, etc.) will be also included. 

2.4. Ethics and Dissemination 

The study followed the principles of the Declaration of Helsinki [25] and was approved by 
Hospital Complex of Navarre Clinical Research Ethics Committee on 6th November 2019 ID-
PI_2019/96). All patients or their legal representatives provided written informed consent. 

2.5. Interventions 

The intervention will consist in a supervised training including cognitive and physical 
stimulation using the games of the Health Arcade prototype (developed by OUIPLAY sl., Dundee, 
UK). This pilot-system is made up of a selection of technologies, such as movement detection through 
Near-Field Communication Sensors, wireless communication systems, feedback systems (i.e., LEDs 

Figure 1. Health Arcade conceptual framework.

2. Materials and Methods

2.1. Study Design and Setting

The Health Arcade utilized an uncontrolled, pre-post-test trial to determine the implementation
of the prototype multidomain intervention based on physical and cognitive training using gamification
technologies. This design was suitable for establishing the feasibility, appeal, and potential
implementation of an innovative intervention prior to launching into a more costly and intensive
randomized controlled trial design. The study will be implemented in the acute care for elderly
(ACE) unit of the department of geriatrics in a tertiary public hospital (Hospital Complex of Navarre
[CHN], Pamplona, Spain). This department is constituted by 35 beds allocated to the unit and
a staff of 12 geriatricians. Admissions in the ACE unit proceed mainly from the accident and
emergency department.

2.2. Study Participants and Eligibility Criteria

Older adults aged 75 or over admitted to the Department of Geriatrics of the CHN between
September 2020 and January 2021. Inclusion and exclusion criteria are described in Table 1.

Table 1. Eligibility criteria.

Inclusion Exclusion

Barthel Index score ≥60 points. Expected length of stay <6 days.
Without major cognitive disorder or with mild
cognitive impairment (Mini Mental State Examination
≥19; Global Deterioration Scale score = 1–3).

Uncontrolled arrhythmias, acute pulmonary
embolism and myocardial infarction, or extremity
bone fracture in the past 3 months.

Able to ambulate (with/without assistance).
Terminal illness.The participant must be able to communicate and

collaborate with the researchers.

2.3. Participant-Selection and Consent Process

Participants will be identified during the geriatric assessment process at admission in the ACE
unit. The geriatricians will conduct a screening interview to determine whether potentially eligible
patients meet the inclusion criteria. Demographic characteristic (e.g., age, residence, and level of
education, etc.) will be also included.

2.4. Ethics and Dissemination

The study followed the principles of the Declaration of Helsinki [25] and was approved by Hospital
Complex of Navarre Clinical Research Ethics Committee on 6th November 2019 ID-PI_2019/96).
All patients or their legal representatives provided written informed consent.

2.5. Interventions

The intervention will consist in a supervised training including cognitive and physical stimulation
using the games of the Health Arcade prototype (developed by OUIPLAY sl., Dundee, UK).
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This pilot-system is made up of a selection of technologies, such as movement detection through
Near-Field Communication Sensors, wireless communication systems, feedback systems (i.e., LEDs and
screens), and game engine programmes for the use of virtual reality. The games will focus on different
cognitive domains such as orientation, perception, attention span, working memory, language,
and coordination. The intervention duration will be four to nine consecutive days. Additionally,
the patients will receive encouragement for maintaining active during hospital stay and for reducing
sedentary time. The details of the intervention are described in the Figure 2 and Table 2.

Int. J. Environ. Res. Public Health 2020, 17, x 4 of 13 

. 

Figure 2. Health Arcade protocol.



Int. J. Environ. Res. Public Health 2020, 17, 8058 5 of 14

Table 2. Content of the training sessions.

Cognitive
Area Name of Game Description Sequences Goals Total

Score

Day 1 41
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on the clock. 
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Select the correct 
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20 s. 
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Which figure is it? 
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corresponds to the figure 
shown on the picture. 
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Select the correct 
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picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
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Synonyms 

Select the option that 
corresponds to the synonym of 
the word that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Sequence of 
functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 2 41 

Near or far 

Select the option that 
corresponds to the nearest or 
farthest object in the picture on 
the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Count the figures 

Select the option that 
corresponds to the total number 
of figures displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Follow the runner! 
Select the option that 
corresponds to the position that 
a certain runner has reached. 
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Select the correct 
option in less than 
20 s. 

6 

The proverb 
Select the option that correctly 
completes the proverb. 
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Select the correct 
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6 

What is it called? 
Select the option that 
corresponds to the utility of the 
object displayed on the screen. 
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Select the correct 
option in less than 
20 s. 

6 

Sequence of 
functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 3 41 

Calendar 
Select the option that 
corresponds to the date shown 
on the calendar. 
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6 
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Select the correct
option in less
than 20 s.

6
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What is it called? 
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corresponds to the utility of the 
object displayed on the screen. 
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Sequence of 
functional scopes 

Press the button with the 
number that appears on the 
screen. 
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Calendar 
Select the option that 
corresponds to the date shown 
on the calendar. 
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shown on the picture. 
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Select the option that 
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number displayed on the 
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Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 
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Select the correct 
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20 s. 

6 

Categories 

Select the option that 
corresponds to the word that is 
not related to that category of 
words. 

6 
Select the correct 
option in less than 
20 s. 

6 

Synonyms

Select the option that
corresponds to the
synonym of the word that
appears on the screen.

6
Select the correct
option in less
than 20 s.

6
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functional scopes

Press the button with the
number that appears on
the screen.

11
Select the correct
option in less
than 15 s.

11
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number of figures
displayed on the screen.

6
Select the correct
option in less
than 20 s.

6

Int. J. Environ. Res. Public Health 2020, 17, x 5 of 13 

Table 2. Content of the training sessions. 

Cognitive 
Area 

Name of Game Description Sequences Goals 
Total 
Score 

Day1 41 

Clock needles 
Select the option that 
corresponds to the time shown 
on the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

Which figure is it? 
Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

Word soup 
Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

Memorize the 
picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

Synonyms 

Select the option that 
corresponds to the synonym of 
the word that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Sequence of 
functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 2 41 

Near or far 

Select the option that 
corresponds to the nearest or 
farthest object in the picture on 
the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Count the figures 

Select the option that 
corresponds to the total number 
of figures displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Follow the runner! 
Select the option that 
corresponds to the position that 
a certain runner has reached. 

6 
Select the correct 
option in less than 
20 s. 

6 

The proverb 
Select the option that correctly 
completes the proverb. 

6 
Select the correct 
option in less than 
20 s. 

6 

What is it called? 
Select the option that 
corresponds to the utility of the 
object displayed on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Sequence of 
functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 3 41 

Calendar 
Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

Which figure is it? 
Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Categories 

Select the option that 
corresponds to the word that is 
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that a certain runner has
reached.

6
Select the correct
option in less
than 20 s.
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numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Categories 

Select the option that 
corresponds to the word that is 
not related to that category of 
words. 
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6 

The proverb
Select the option that
correctly completes the
proverb.
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Select the correct
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than 20 s.
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Select the option that
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the screen.

6
Select the correct
option in less
than 20 s.
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object displayed on the screen. 
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6 

Sequence of 
functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
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11 

Day 3 41 

Calendar 
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on the calendar. 
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Which figure is it? 
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corresponds to the figure 
shown on the picture. 
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The highest number 
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number displayed on the 
screen. 
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Count the boxes 
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option that corresponds to the 
numbers of boxes shown in the 
previous screen. 
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6 

Categories 

Select the option that 
corresponds to the word that is 
not related to that category of 
words. 

6 
Select the correct 
option in less than 
20 s. 

6 

Calendar
Select the option that
corresponds to the date
shown on the calendar.

6
Select the correct
option in less
than 20 s.

6
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the numbers of boxes
shown in the
previous screen.
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than 20 s.

6
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image shown in the previous 
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Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 Categories

Select the option that
corresponds to the word
that is not related to that
category of words.

6
Select the correct
option in less
than 20 s.

6
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the screen. 
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screen. 
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What would you 
take with you? 

Select the option that contains 
the most appropriate object for 
the proposed scenario or 
situation. 

6 
Select the correct 
option in less than 
20 s. 

6 

Sequence of
functional scopes

Press the button with the
number that appears on
the screen.

11
Select the correct
option in less
than 15 s.

11

Day 4 41
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Supermarket
shelves
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corresponds to the position
of the food of the picture
that appears on the screen.

6
Select the correct
option in less
than 20 s.

6
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shown on the picture.
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Select the correct
option in less
than 15 s.

6
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indicated in each sequence.
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than 20 s.

6
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Select the correct
option in less
than 15 s.
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Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 5 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
on the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 
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Select the correct 
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20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the photo 
previous. 
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Select the correct 
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15 s. 

6 

 
The lost word 

Select the option that contains 
the word that correctly 
completes the sentence. 

6 
Select the correct 
option in less than 
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6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 6 41 

 
Near or far 
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corresponds to the nearest or 
farthest object in the picture on 
the screen. 

6 
Select the correct 
option in less than 
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6 

 
Count the figures 

Select the option that 
corresponds to the total number 
of figures displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Follow the runner! 

Select the option that 
corresponds to the position that 
a certain runner has reached. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The proverb 

Select the option that correctly 
completes the proverb. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
What would you 
take with you? 

Select the option that contains 
the most appropriate object for 
the proposed scenario or 
situation. 

6 
Select the correct 
option in less than 
20 s. 

6 

The lost word

Select the option that
contains the word that
correctly completes the
sentence.

6
Select the correct
option in less
than 20 s.

6
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Sequence of
functional scopes

Press the button with the
number that appears on
the screen.

11
Select the correct
option in less
than 15 s.

11
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What would you 
take with you? 
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the proposed scenario or 
situation. 

6 
Select the correct 
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20 s. 

6 

Near or far

Select the option that
corresponds to the nearest
or farthest object in the
picture on the screen.

6
Select the correct
option in less
than 20 s.

6
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Day1 41 

Clock needles 
Select the option that 
corresponds to the time shown 
on the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

Which figure is it? 
Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

Word soup 
Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

Memorize the 
picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

Synonyms 

Select the option that 
corresponds to the synonym of 
the word that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Sequence of 
functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 2 41 

Near or far 

Select the option that 
corresponds to the nearest or 
farthest object in the picture on 
the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Count the figures 

Select the option that 
corresponds to the total number 
of figures displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Follow the runner! 
Select the option that 
corresponds to the position that 
a certain runner has reached. 

6 
Select the correct 
option in less than 
20 s. 

6 

The proverb 
Select the option that correctly 
completes the proverb. 

6 
Select the correct 
option in less than 
20 s. 

6 

What is it called? 
Select the option that 
corresponds to the utility of the 
object displayed on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Sequence of 
functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 3 41 

Calendar 
Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

Which figure is it? 
Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Categories 

Select the option that 
corresponds to the word that is 
not related to that category of 
words. 

6 
Select the correct 
option in less than 
20 s. 

6 

Count the figures

Select the option that
corresponds to the total
number of figures
displayed on the screen.

6
Select the correct
option in less
than 20 s.

6
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the screen. 
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screen. 
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20 s. 

6 

 
Follow the runner! 

Select the option that 
corresponds to the position that 
a certain runner has reached. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The proverb 

Select the option that correctly 
completes the proverb. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
What would you 
take with you? 

Select the option that contains 
the most appropriate object for 
the proposed scenario or 
situation. 

6 
Select the correct 
option in less than 
20 s. 

6 

Follow the runner!

Select the option that
corresponds to the position
that a certain runner has
reached.

6
Select the correct
option in less
than 20 s.

6
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Select the option that 
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a certain runner has reached. 
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6 
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Select the option that correctly 
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6 
Select the correct 
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20 s. 

6 

 
What would you 
take with you? 

Select the option that contains 
the most appropriate object for 
the proposed scenario or 
situation. 

6 
Select the correct 
option in less than 
20 s. 

6 

The proverb
Select the option that
correctly completes the
proverb.

6
Select the correct
option in less
than 20 s.

6
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screen. 
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Near or far 

Select the option that 
corresponds to the nearest or 
farthest object in the picture on 
the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the figures 

Select the option that 
corresponds to the total number 
of figures displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Follow the runner! 

Select the option that 
corresponds to the position that 
a certain runner has reached. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The proverb 

Select the option that correctly 
completes the proverb. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
What would you 
take with you? 

Select the option that contains 
the most appropriate object for 
the proposed scenario or 
situation. 

6 
Select the correct 
option in less than 
20 s. 

6 What would you
take with you?

Select the option that
contains the most
appropriate object for the
proposed scenario or
situation.

6
Select the correct
option in less
than 20 s.

6
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on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
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option in less than 
15 s. 
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each sequence. 
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picture that appears on the 
screen. 
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Select the correct 
option in less than 
20 s. 
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Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Sequence of
functional scopes

Press the button with the
number that appears on
the screen.

11
Select the correct
option in less
than 15 s.

11
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Table 2. Cont.

Cognitive
Area Name of Game Description Sequences Goals Total

Score

Day 7 41
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Table 2. Cont.
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Area Name of Game Description Sequences Goals Total
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option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Memorize the
picture

Remember and select the
option that corresponds to
the image shown in the
previous image.

6
Select the correct
option in less
than 15 s.

6
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Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 7 41 

 
Calendar 

Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Soup of Symbols 

Select the option that 
corresponds to the number of a 
certain symbol indicated in 
each sequence. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Fruit basket 

Select the option that 
corresponds to the fruits of the 
picture that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Categories 

Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 Ferris wheel of
letters

Select the word that can be
formed from the letters that
appear on the screen.

6
Select the correct
option in less
than 20 s.

6
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Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 7 41 

 
Calendar 

Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Soup of Symbols 

Select the option that 
corresponds to the number of a 
certain symbol indicated in 
each sequence. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Fruit basket 

Select the option that 
corresponds to the fruits of the 
picture that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Categories 

Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Sequence of
functional scopes

Press the button with the
number that appears on
the screen.

11
Select the correct
option in less
than 15 s.

11
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Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 7 41 

 
Calendar 

Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Soup of Symbols 

Select the option that 
corresponds to the number of a 
certain symbol indicated in 
each sequence. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Fruit basket 

Select the option that 
corresponds to the fruits of the 
picture that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Categories 

Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Temporal
orientation
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Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 7 41 

 
Calendar 

Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Soup of Symbols 

Select the option that 
corresponds to the number of a 
certain symbol indicated in 
each sequence. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Fruit basket 

Select the option that 
corresponds to the fruits of the 
picture that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Categories 

Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Visual
perception
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Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 7 41 

 
Calendar 

Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Soup of Symbols 

Select the option that 
corresponds to the number of a 
certain symbol indicated in 
each sequence. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Fruit basket 

Select the option that 
corresponds to the fruits of the 
picture that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Categories 

Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Selective
attention
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Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 7 41 

 
Calendar 

Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Soup of Symbols 

Select the option that 
corresponds to the number of a 
certain symbol indicated in 
each sequence. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Fruit basket 

Select the option that 
corresponds to the fruits of the 
picture that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Categories 

Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Short-term,
operational and

working memory
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Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 7 41 

 
Calendar 

Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Soup of Symbols 

Select the option that 
corresponds to the number of a 
certain symbol indicated in 
each sequence. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Fruit basket 

Select the option that 
corresponds to the fruits of the 
picture that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Categories 

Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 9 41 

 
Clock needles 

Select the option that 
corresponds to the time shown 
in the clock. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Word soup 

Select the option that 
corresponds to the word 
hidden in word soup. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Memorize the 

picture 

Remember and select the 
option that corresponds to the 
image shown in the previous 
image. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Ferris wheel of 

letters 

Select the word that can be 
formed from the letters that 
appear on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

Linguistic
expression

and
understanding
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Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 7 41 

 
Calendar 

Select the option that 
corresponds to the date shown 
on the calendar. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Which figure is it? 

Select the option that 
corresponds to the figure 
shown on the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
The highest number 

Select the option that 
corresponds to the highest 
number displayed on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Count the boxes 

Remember and select the 
option that corresponds to the 
numbers of boxes shown in the 
previous screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Situations 

Select the option that 
corresponds to the action or 
activity shown in the image. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 

Press the button with the 
number that appears on the 
screen. 

11 
Select the correct 
option in less than 
15 s. 

11 

Day 8 41 

 
Supermarket shelves 

Select the option that 
corresponds to the position of 
the food of the picture that 
appears on the screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
The architect 

Select the option that 
corresponds to the figure 
shown in the picture. 

6 
Select the correct 
option in less than 
15 s. 

6 

 
Soup of Symbols 

Select the option that 
corresponds to the number of a 
certain symbol indicated in 
each sequence. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Fruit basket 

Select the option that 
corresponds to the fruits of the 
picture that appears on the 
screen. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Categories 

Select the option that 
corresponds to the word that 
does not correspond to that 
category of words. 

6 
Select the correct 
option in less than 
20 s. 

6 

 
Sequence of 

functional scopes 
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2.6. Outcomes Assessment 

Feasibility will be considered in terms of the success of processes for recruiting and retaining 
participants and implementing the incentives program. The primary implementation-related 
outcome is the adherence to treatment (i.e., number of games and days completed during the 
intervention period), the reaction or response time and the number of success and failures in each 
game per day. These parameters are automatically recorded in real time by the Health Arcade 
prototype. We will consider as a measure of implementation success a score of at least 30 points per 
session. Secondary implementation-related outcomes are self-perceived grade of difficulty, 
satisfaction, enjoyment per game and session; perceived difficulties in handling the prototype 
hardware. These parameters are assessed by content validation questionnaire based on the Delphi 
Method. 

Effectiveness was evaluated by comparing functional capacity and cognitive status outcomes at 
pre- and immediately post-intervention (with a minimum intervention duration of three consecutive 
days) or when completing a maximum of nine days of intervention. The functional capacity of 
participants will be evaluated by the Short Physical Performance Battery (SPPB), the total score 
ranging from 0 (worst) to 12 points (best) [26] which includes balance, gait, and rising from a chair 
test. The standing balance test consists of the ability to maintain the standing position for 10 s with 
three different foot position: parallel, semi-tandem, and tandem. Measurement of walking speed, the 
time needed to progress for 4 linear meters at the patient’s usual speed, assigning a different score 
according to the speed. Chair sit-to-stand evaluates the ability to stand from a chair 5 times in a row 
without using the arms. The SPPB test is considered a valid instrument for detecting frailty and 
predicting disability, institutionalization, and mortality [27,28]. 

The cognitive function will be screened by the Mini Mental State Examination (MMSE) test [29], 
Spanish version [30], which has been widely used to determine cognitive decline. The principle 
cognitive domains assessed are orientation to time (5 points), orientation to place (5 points), 
registration of three words (3 points), attention and calculation (5 points), recalling the three words 
(3 points), language (8 points), and visuospatial ability (1 point). The MMSE is scored out of 30 points, 
with a score of ≤23 points indicating likely cognitive impairment [31]. The cognitive function will be 
quantified by the Cambridge Revised Screening Test for the Assessment of Mental Disorders in Old 
Age (CAMDEX-R) [32], Spanish version [33]. The cognitive domains assessed are: orientation (10 
points); language (30 points); memory (27 points); attention and calculation (9 points); praxis (12 
point); abstract thinking (8 points); and perception (9 points). The CAMDEX-R is scored out of 105 
points English version [32] and 107 points Spanish version [33]. 

In addition, the ADLs will be assessed using the Barthel Index, Spanish version; scale of 100 
[functional independence] to 0 [severe functional dependence]) [34], an international, validated, and 
the most used tool to measure disability [35]. The mood status will be assessed by the 15-item 
Yesavage Geriatric Depression Scale; Spanish version; contain ten affirmative items and five negative, 
a score between 0–5 is normal and a score greater than 5 suggests depression) [36]. The quality of life 
will be assessed using the quality of life measured by the questionnaires EQ-5D-3L [37]. This 
instrument measures 5 dimensions of health status: mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. Each dimension is rated according to the following levels: 
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2.6. Outcomes Assessment 

Feasibility will be considered in terms of the success of processes for recruiting and retaining 
participants and implementing the incentives program. The primary implementation-related 
outcome is the adherence to treatment (i.e., number of games and days completed during the 
intervention period), the reaction or response time and the number of success and failures in each 
game per day. These parameters are automatically recorded in real time by the Health Arcade 
prototype. We will consider as a measure of implementation success a score of at least 30 points per 
session. Secondary implementation-related outcomes are self-perceived grade of difficulty, 
satisfaction, enjoyment per game and session; perceived difficulties in handling the prototype 
hardware. These parameters are assessed by content validation questionnaire based on the Delphi 
Method. 

Effectiveness was evaluated by comparing functional capacity and cognitive status outcomes at 
pre- and immediately post-intervention (with a minimum intervention duration of three consecutive 
days) or when completing a maximum of nine days of intervention. The functional capacity of 
participants will be evaluated by the Short Physical Performance Battery (SPPB), the total score 
ranging from 0 (worst) to 12 points (best) [26] which includes balance, gait, and rising from a chair 
test. The standing balance test consists of the ability to maintain the standing position for 10 s with 
three different foot position: parallel, semi-tandem, and tandem. Measurement of walking speed, the 
time needed to progress for 4 linear meters at the patient’s usual speed, assigning a different score 
according to the speed. Chair sit-to-stand evaluates the ability to stand from a chair 5 times in a row 
without using the arms. The SPPB test is considered a valid instrument for detecting frailty and 
predicting disability, institutionalization, and mortality [27,28]. 

The cognitive function will be screened by the Mini Mental State Examination (MMSE) test [29], 
Spanish version [30], which has been widely used to determine cognitive decline. The principle 
cognitive domains assessed are orientation to time (5 points), orientation to place (5 points), 
registration of three words (3 points), attention and calculation (5 points), recalling the three words 
(3 points), language (8 points), and visuospatial ability (1 point). The MMSE is scored out of 30 points, 
with a score of ≤23 points indicating likely cognitive impairment [31]. The cognitive function will be 
quantified by the Cambridge Revised Screening Test for the Assessment of Mental Disorders in Old 
Age (CAMDEX-R) [32], Spanish version [33]. The cognitive domains assessed are: orientation (10 
points); language (30 points); memory (27 points); attention and calculation (9 points); praxis (12 
point); abstract thinking (8 points); and perception (9 points). The CAMDEX-R is scored out of 105 
points English version [32] and 107 points Spanish version [33]. 

In addition, the ADLs will be assessed using the Barthel Index, Spanish version; scale of 100 
[functional independence] to 0 [severe functional dependence]) [34], an international, validated, and 
the most used tool to measure disability [35]. The mood status will be assessed by the 15-item 
Yesavage Geriatric Depression Scale; Spanish version; contain ten affirmative items and five negative, 
a score between 0–5 is normal and a score greater than 5 suggests depression) [36]. The quality of life 
will be assessed using the quality of life measured by the questionnaires EQ-5D-3L [37]. This 
instrument measures 5 dimensions of health status: mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. Each dimension is rated according to the following levels: 
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2.6. Outcomes Assessment 

Feasibility will be considered in terms of the success of processes for recruiting and retaining 
participants and implementing the incentives program. The primary implementation-related 
outcome is the adherence to treatment (i.e., number of games and days completed during the 
intervention period), the reaction or response time and the number of success and failures in each 
game per day. These parameters are automatically recorded in real time by the Health Arcade 
prototype. We will consider as a measure of implementation success a score of at least 30 points per 
session. Secondary implementation-related outcomes are self-perceived grade of difficulty, 
satisfaction, enjoyment per game and session; perceived difficulties in handling the prototype 
hardware. These parameters are assessed by content validation questionnaire based on the Delphi 
Method. 

Effectiveness was evaluated by comparing functional capacity and cognitive status outcomes at 
pre- and immediately post-intervention (with a minimum intervention duration of three consecutive 
days) or when completing a maximum of nine days of intervention. The functional capacity of 
participants will be evaluated by the Short Physical Performance Battery (SPPB), the total score 
ranging from 0 (worst) to 12 points (best) [26] which includes balance, gait, and rising from a chair 
test. The standing balance test consists of the ability to maintain the standing position for 10 s with 
three different foot position: parallel, semi-tandem, and tandem. Measurement of walking speed, the 
time needed to progress for 4 linear meters at the patient’s usual speed, assigning a different score 
according to the speed. Chair sit-to-stand evaluates the ability to stand from a chair 5 times in a row 
without using the arms. The SPPB test is considered a valid instrument for detecting frailty and 
predicting disability, institutionalization, and mortality [27,28]. 

The cognitive function will be screened by the Mini Mental State Examination (MMSE) test [29], 
Spanish version [30], which has been widely used to determine cognitive decline. The principle 
cognitive domains assessed are orientation to time (5 points), orientation to place (5 points), 
registration of three words (3 points), attention and calculation (5 points), recalling the three words 
(3 points), language (8 points), and visuospatial ability (1 point). The MMSE is scored out of 30 points, 
with a score of ≤23 points indicating likely cognitive impairment [31]. The cognitive function will be 
quantified by the Cambridge Revised Screening Test for the Assessment of Mental Disorders in Old 
Age (CAMDEX-R) [32], Spanish version [33]. The cognitive domains assessed are: orientation (10 
points); language (30 points); memory (27 points); attention and calculation (9 points); praxis (12 
point); abstract thinking (8 points); and perception (9 points). The CAMDEX-R is scored out of 105 
points English version [32] and 107 points Spanish version [33]. 

In addition, the ADLs will be assessed using the Barthel Index, Spanish version; scale of 100 
[functional independence] to 0 [severe functional dependence]) [34], an international, validated, and 
the most used tool to measure disability [35]. The mood status will be assessed by the 15-item 
Yesavage Geriatric Depression Scale; Spanish version; contain ten affirmative items and five negative, 
a score between 0–5 is normal and a score greater than 5 suggests depression) [36]. The quality of life 
will be assessed using the quality of life measured by the questionnaires EQ-5D-3L [37]. This 
instrument measures 5 dimensions of health status: mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. Each dimension is rated according to the following levels: 
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2.6. Outcomes Assessment 

Feasibility will be considered in terms of the success of processes for recruiting and retaining 
participants and implementing the incentives program. The primary implementation-related 
outcome is the adherence to treatment (i.e., number of games and days completed during the 
intervention period), the reaction or response time and the number of success and failures in each 
game per day. These parameters are automatically recorded in real time by the Health Arcade 
prototype. We will consider as a measure of implementation success a score of at least 30 points per 
session. Secondary implementation-related outcomes are self-perceived grade of difficulty, 
satisfaction, enjoyment per game and session; perceived difficulties in handling the prototype 
hardware. These parameters are assessed by content validation questionnaire based on the Delphi 
Method. 

Effectiveness was evaluated by comparing functional capacity and cognitive status outcomes at 
pre- and immediately post-intervention (with a minimum intervention duration of three consecutive 
days) or when completing a maximum of nine days of intervention. The functional capacity of 
participants will be evaluated by the Short Physical Performance Battery (SPPB), the total score 
ranging from 0 (worst) to 12 points (best) [26] which includes balance, gait, and rising from a chair 
test. The standing balance test consists of the ability to maintain the standing position for 10 s with 
three different foot position: parallel, semi-tandem, and tandem. Measurement of walking speed, the 
time needed to progress for 4 linear meters at the patient’s usual speed, assigning a different score 
according to the speed. Chair sit-to-stand evaluates the ability to stand from a chair 5 times in a row 
without using the arms. The SPPB test is considered a valid instrument for detecting frailty and 
predicting disability, institutionalization, and mortality [27,28]. 

The cognitive function will be screened by the Mini Mental State Examination (MMSE) test [29], 
Spanish version [30], which has been widely used to determine cognitive decline. The principle 
cognitive domains assessed are orientation to time (5 points), orientation to place (5 points), 
registration of three words (3 points), attention and calculation (5 points), recalling the three words 
(3 points), language (8 points), and visuospatial ability (1 point). The MMSE is scored out of 30 points, 
with a score of ≤23 points indicating likely cognitive impairment [31]. The cognitive function will be 
quantified by the Cambridge Revised Screening Test for the Assessment of Mental Disorders in Old 
Age (CAMDEX-R) [32], Spanish version [33]. The cognitive domains assessed are: orientation (10 
points); language (30 points); memory (27 points); attention and calculation (9 points); praxis (12 
point); abstract thinking (8 points); and perception (9 points). The CAMDEX-R is scored out of 105 
points English version [32] and 107 points Spanish version [33]. 

In addition, the ADLs will be assessed using the Barthel Index, Spanish version; scale of 100 
[functional independence] to 0 [severe functional dependence]) [34], an international, validated, and 
the most used tool to measure disability [35]. The mood status will be assessed by the 15-item 
Yesavage Geriatric Depression Scale; Spanish version; contain ten affirmative items and five negative, 
a score between 0–5 is normal and a score greater than 5 suggests depression) [36]. The quality of life 
will be assessed using the quality of life measured by the questionnaires EQ-5D-3L [37]. This 
instrument measures 5 dimensions of health status: mobility, self-care, usual activities, 
pain/discomfort, and anxiety/depression. Each dimension is rated according to the following levels: 
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2.6. Outcomes Assessment

Feasibility will be considered in terms of the success of processes for recruiting and retaining
participants and implementing the incentives program. The primary implementation-related outcome
is the adherence to treatment (i.e., number of games and days completed during the intervention
period), the reaction or response time and the number of success and failures in each game per day.
These parameters are automatically recorded in real time by the Health Arcade prototype. We will
consider as a measure of implementation success a score of at least 30 points per session. Secondary
implementation-related outcomes are self-perceived grade of difficulty, satisfaction, enjoyment per
game and session; perceived difficulties in handling the prototype hardware. These parameters are
assessed by content validation questionnaire based on the Delphi Method.

Effectiveness was evaluated by comparing functional capacity and cognitive status outcomes at
pre- and immediately post-intervention (with a minimum intervention duration of three consecutive
days) or when completing a maximum of nine days of intervention. The functional capacity of
participants will be evaluated by the Short Physical Performance Battery (SPPB), the total score ranging
from 0 (worst) to 12 points (best) [26] which includes balance, gait, and rising from a chair test.
The standing balance test consists of the ability to maintain the standing position for 10 s with three
different foot position: parallel, semi-tandem, and tandem. Measurement of walking speed, the time
needed to progress for 4 linear meters at the patient’s usual speed, assigning a different score according
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to the speed. Chair sit-to-stand evaluates the ability to stand from a chair 5 times in a row without
using the arms. The SPPB test is considered a valid instrument for detecting frailty and predicting
disability, institutionalization, and mortality [27,28].

The cognitive function will be screened by the Mini Mental State Examination (MMSE) test [29],
Spanish version [30], which has been widely used to determine cognitive decline. The principle
cognitive domains assessed are orientation to time (5 points), orientation to place (5 points), registration
of three words (3 points), attention and calculation (5 points), recalling the three words (3 points),
language (8 points), and visuospatial ability (1 point). The MMSE is scored out of 30 points, with a
score of ≤23 points indicating likely cognitive impairment [31]. The cognitive function will be
quantified by the Cambridge Revised Screening Test for the Assessment of Mental Disorders in Old Age
(CAMDEX-R) [32], Spanish version [33]. The cognitive domains assessed are: orientation (10 points);
language (30 points); memory (27 points); attention and calculation (9 points); praxis (12 point); abstract
thinking (8 points); and perception (9 points). The CAMDEX-R is scored out of 105 points English
version [32] and 107 points Spanish version [33].

In addition, the ADLs will be assessed using the Barthel Index, Spanish version; scale of
100 [functional independence] to 0 [severe functional dependence]) [34], an international, validated,
and the most used tool to measure disability [35]. The mood status will be assessed by the 15-item
Yesavage Geriatric Depression Scale; Spanish version; contain ten affirmative items and five negative,
a score between 0–5 is normal and a score greater than 5 suggests depression) [36]. The quality of life
will be assessed using the quality of life measured by the questionnaires EQ-5D-3L [37]. This instrument
measures 5 dimensions of health status: mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression. Each dimension is rated according to the following levels: (a) no problems;
(b) some problems; (c) extreme problems. Additionally, it contains a visual analogy scale (VAS) to
quantify perceived health of 0 [worst health state imaginable] to 100 [best health state imaginable]
EuroQol–5 Dimension; Spanish version of the EQ-5D32) [37,38]. Development of delirium will be
assessed with the Confusion Assessment Method [39]. Changes in level of physical activity or mobility
(step count, walking, and sedentary time per day, will be measured by accelerometer Actigraph®

(ActiGraph LLC, Pensacola, Florida, EEUU) [40] and NFC system Health Arcade). Lastly, changes in
handgrip strength will be measured using a hand dynamometer (Takei 5401 Digital Dynamometer,
Takei scientific instruments CO., LTD, Niigata, Japan) [41]. The maximum value will be recorded after
two measurements in each hand. The measurement results are expressed in kilograms [42,43].

2.7. Planned Statistical Analysis

We will not report significance tests as the feasibility uncontrolled pre-post design was not designed
or powered to test hypotheses or to detect change. A convenience sample size of 40 participants will
be selected in accordance with published guidance for feasibility and acceptability of the technology
studies [44,45]. According to Hertzog [46], 10–40 subjects provide estimates precise enough to meet
a variety of possible aim be considered for pilot studies. In an initial analysis, we will calculate
the proportion of enrolled participants out of all eligible patients, participants who adhered to the
intervention, and the dropout rates. Besides, a patient satisfaction survey for the use of Health Arcade
will be collected and analyzed. Descriptive statistics will be used to summarise markers of feasibility
and appeal.

3. Expected Results/Discussion

Hospitalization is usually a sentinel event leading to disability, especially in older adults [1–4].
Although the hospitalization process gives the chance to solve the acute phases of the disease in order
to restore the state of health, it can considerably affect the functional capacity of old patients. A growing
number of studies are emerging focused on the iatrogenic effects and nosocomial disability developed
during hospitalization, and currently these consequences are relevant in clinical practice. The iatrogenic
nosocomial disability is mainly characterized by prolonged bed rest episodes, sedentary behaviours
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and little cognitive stimulation during the entire hospital stay. These low-mobility behaviours coupled
with the impaired intrinsic capacity of older people precipitate many adverse effects, such as loss of
independence of ADLs, cognitive impairment, reduced caloric intake, sarcopenia, higher risk of falls
and social isolation; thus, increasing the likelihood of developing new disabilities and death [4–9].

Accordingly, our research team has successfully demonstrated that a multi-component intervention
and early physical rehabilitation are a key element in preventing functional and cognitive impairment
usually associated with hospitalization in older adults [47,48]. Although the exercise benefits on
physical and cognitive function have been researched in hospitalized older medical patients, there is
a gap in the research on the role that serious games may have in acute hospital settings among this
population [21]. A gamification intervention which includes physical exercise and cognitive training
can be an effective strategy to achieve changes in the sedentary behavior of the patients, and that is
the reason for developing the validation of a pilot-system multidomain intervention for improving
functional abilities during hospital stay. This intervention has been designed focused on the physical
and cognitive abilities of the patients, the sociocultural context, and the preferences of older people;
as well as the setting in which it is intended to be developed.

4. Conclusions

This study’s final outcome is intended to be a robust protocol for a future RCT that will test
the effectiveness of a multidomain intervention system based on gamification technologies that will
aim to prevent the functional and cognitive decline that usually takes place in hospitalized elderly
patients in addition to exploring mechanisms of implementation. This intervention is a potentially
valuable benchmark in order to enable high-quality, collaborative discussions and eHealth offers
by doctors and other health professionals, along with empowerment for patients to make informed
decisions. Thus, if this intervention or “therapeutic decision aid” proves effective, it may set the
stage for the development of other decision-making aids that will enable informed choices regarding
other geriatric or non-pharmacological approaches, thereby allowing these interventions to be better
matched and targeted to what patients actually need or prefer. This knowledge is novel, as there are no
pragmatic studies that fills these gaps in the literature based on multi domain gamification strategies.
Further consideration of this issue is recommended.

5. Trial Status

Recruitment for testing the prototype Health Arcade started on September 2020 and is currently
open for recruitment. The research schedule to version 1.0 of the Health Arcade study protocol was
affected by the health emergency of COVID-19.

Author Contributions: N.M.-V. and C.C.-L. will have full access to all of the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis. Concept and design: N.M.-V., M.I., C.C.-L.,
F.Z.-F. (Fabiola Zambom-Ferraresi), M.L.S.d.A., and F.Z.-F. (Fabricio Zambom-Ferraresi) Acquisition, analysis,
or interpretation of data: Á.C.-H., A.C.-S., L.L.-V., I.C.-M., M.S.-L., C.A.-V., and N.M.-V. Drafting of the manuscript:
C.C.-L., M.I., F.Z.-F. (Fabiola Zambom-Ferraresi), M.L.S.d.A., F.Z.-F. (Fabricio Zambom-Ferraresi), I.M.-E., C.C.,
and N.M.-V. Critical revision of the manuscript for important intellectual content: M.L.S.d.A., R.R.-V., A.G.-H.,
and N.M.-V. Obtained funding: N.M.-V. and M.I. All authors have read and agreed to the published version of
the manuscript.

Funding: This study has been funded by a Gobierno de Navarra project grant (Resolución 81E/2019, de 19 de junio).
Expediente: 0011-1365-2019-000139; Sistema piloto de entrenamiento físico multicomponente basado en tecnologías
de gamificación para la prevención del deterioro funcional en ancianos hospitalizados “HEALTH ARCADE”.
N.M.-V. received funding from “la Caixa” Foundation (ID 100010434), under agreement LCF/PR/PR15/51100006.
R.R.-V. is funded in part by a Postdoctotal fellowship grant ID 420/2019 of the Universidad Pública de Navarra,
Spain. A.G.-H. is a Miguel Servet Fellow (Instituto de Salud Carlos III – FSE, CP18/0150).

Acknowledgments: We thank our patients and their families for their confidence in the research team.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.



Int. J. Environ. Res. Public Health 2020, 17, 8058 12 of 14

References

1. Wolinsky, F.D.; Callahan, C.M.; Fitzgerald, J.F.; Johnson, R.J. Changes in Functional Status and the Risks of
Subsequent Nursing Home Placement and Death. J. Gerontol. 1993, 48, S94–S101. [PubMed]

2. Goodwin, J.S.; Howrey, B.; Zhang, D.D.; Kuo, Y.-F. Risk of Continued Institutionalization After Hospitalization
in Older Adults. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2011, 66A, 1321–1327. [CrossRef] [PubMed]

3. World Health Organization. World Report on Ageing and Health. 2015. Available online: https://www.who.
int/ageing/events/world-report-2015-launch/en/ (accessed on 21 July 2020).

4. Villumsen, M.; Jorgensen, M.G.; Andreasen, J.; Rathleff, M.S.; Mølgaard, C.M. Very Low Levels of Physical
Activity in Older Patients During Hospitalization at an Acute Geriatric Ward: A Prospective Cohort Study.
J. Aging Phys. Act. 2015, 23, 542–549. [CrossRef] [PubMed]

5. Boyd, C.M.; Landefeld, C.S.; Counsell, S.R.; Palmer, R.M.; Fortinsky, R.H.; Rn, D.K.; Ma, C.B.; Covinsky, K.E.
Recovery of activities of daily living in older adults after hospitalization for acute medical illness. J. Am.
Geriatr. Soc. 2008, 56, e2179. [CrossRef] [PubMed]

6. Hoogerduijn, J.G.; Buurman, B.M.; Korevaar, J.C.; Grobbee, D.E.; De Rooij, S.E.; Schuurmans, M.J.
The prediction of functional decline in older hospitalised patients. Age Ageing 2012, 41, e387. [CrossRef]

7. Brown, C.J.; Redden, D.T.; Flood, K.L.; Allman, R.M. The Underrecognized Epidemic of Low Mobility During
Hospitalization of Older Adults. J. Am. Geriatr. Soc. 2009, 57, 1660–1665. [CrossRef]

8. Surkan, M.J.; Gibson, W. Interventions to Mobilize Elderly Patients and Reduce Length of Hospital Stay.
Can. J. Cardiol. 2018, 34, 881–888. [CrossRef]

9. Gill, T.M.; Allore, H.G.; Gahbauer, E.A.; Murphy, T.E. Change in Disability After Hospitalization or Restricted
Activity in Older Persons. JAMA 2010, 304, 1919. [CrossRef]

10. Cuevas-Lara, C.; Izquierdo, M.; Gutiérrez-Valencia, M.; Marín-Epelde, I.; Zambom-Ferraresi, F.;
Contreras-Escámez, B.; Martínez-Velilla, N.; Zambom-Ferrasi, F. Effectiveness of Occupational Therapy
Interventions in Acute Geriatric Wards: A Systematic Review. Maturitas 2019, 127, 43–50. [CrossRef]

11. Ali, Z.; Usman, M. A Framework for Game Engine Selection for Gamification and Serious Games. In
FTC 2016 Proceedings of Future Technologies Conference; Institute of Electrical and Electronics Engineers Inc.:
San Francisco, CA, USA, 2017; pp. 1199–1207. [CrossRef]

12. Bonnechère, B.; Bonnechère, B. Serious Games in Rehabilitation. In Serious Games in Physical Rehabilitation;
Springer International Publishing: Leuven, Belgium, 2018; pp. 41–109. [CrossRef]

13. Groh, F. Gamification: State of the Art Definition and Utilization. In Proceedings of the 4th Seminar on Research
Trends in Media Informatics; Institute of Media Informatics of the Ulm University: Ulm, Germany, 2012;
pp. 39–46.

14. Kapp, K. The Gamification of Learning and Instruction: Game-Based Methods and Strategies for Training and
Education; Wiley: Hoboken, NJ, USA, 2012.

15. Gupta, A.; Gomathi, S. A Review on Gamification and Its Potential to Motivate and Engage Employees and
Customers: Employee Engagement through Gamification. Int. J. Sociotechnology Knowl. Dev. 2017, 42–52.
[CrossRef]

16. Pereira, P.; Duarte, E.; Rebelo, F.; Noriega, P. A Review of Gamification for Health-Related Contexts. In Design,
User Experience, and Usability. User Experience Design for Diverse Interaction Platforms and Environments; (DUXU
2014); Marcus, A., Ed.; Springer: Cham, Switzerland, 2014; Volume 8518 LNCS, pp. 742–753. [CrossRef]

17. Gentry, S.V.; Gauthier, A.; L’Estrade Ehrstrom, B.; Wortley, D.; Lilienthal, A.; Tudor Car, L.; Dauwels-Okutsu, S.;
Nikolaou, C.K.; Zary, N.; Campbell, J.; et al. Serious Gaming and Gamification Education in Health Professions:
Systematic Review. J. Med. Internet Res. 2019, 21, e12994. [CrossRef] [PubMed]

18. Kolb, N.A.; Smith, A.G.; Singleton, J.R.; Beck, S.L.; Howard, D.; Dittus, K.; Karafiath, S.; Mooney, K.
Chemotherapy-Related Neuropathic Symptom Management: A Randomized Trial of an Automated
Symptom-Monitoring System Paired with Nurse Practitioner Follow-Up. Support. Care Cancer 2018, 26,
1607–1615. [CrossRef] [PubMed]

19. Theng, Y.-L.; Lee, J.W.Y.; Patinadan, P.V.; Foo, S.S.B. The Use of Videogames, Gamification, and Virtual
Environments in the Self-Management of Diabetes: A Systematic Review of Evidence. Games Health J. 2015,
4, 352–361. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/8482831
http://dx.doi.org/10.1093/gerona/glr171
http://www.ncbi.nlm.nih.gov/pubmed/21968285
https://www.who.int/ageing/events/world-report-2015-launch/en/
https://www.who.int/ageing/events/world-report-2015-launch/en/
http://dx.doi.org/10.1123/japa.2014-0115
http://www.ncbi.nlm.nih.gov/pubmed/25415513
http://dx.doi.org/10.1111/j.1532-5415.2008.02023.x
http://www.ncbi.nlm.nih.gov/pubmed/19093915
http://dx.doi.org/10.1093/ageing/afs015
http://dx.doi.org/10.1111/j.1532-5415.2009.02393.x
http://dx.doi.org/10.1016/j.cjca.2018.04.033
http://dx.doi.org/10.1001/jama.2010.1568
http://dx.doi.org/10.1016/j.maturitas.2019.06.005
http://dx.doi.org/10.1109/FTC.2016.7821753
http://dx.doi.org/10.1007/978-3-319-66122-3_4
http://dx.doi.org/10.4018/IJSKD.2017010103
http://dx.doi.org/10.1007/978-3-319-07626-3_70
http://dx.doi.org/10.2196/12994
http://www.ncbi.nlm.nih.gov/pubmed/30920375
http://dx.doi.org/10.1007/s00520-017-3970-7
http://www.ncbi.nlm.nih.gov/pubmed/29204710
http://dx.doi.org/10.1089/g4h.2014.0114
http://www.ncbi.nlm.nih.gov/pubmed/26287926


Int. J. Environ. Res. Public Health 2020, 17, 8058 13 of 14

20. Klompstra, L.V.; Jaarsma, T.; Strömberg, A. Exergaming in Older Adults: A Scoping Review and
Implementation Potential for Patients with Heart Failure. Eur. J. Cardiovasc. Nurs. 2014, 13, 388–398.
[CrossRef] [PubMed]

21. Cuevas-Lara, C.; Izquierdo, M.; De Asteasu, M.L.S.; Ramírez-Vélez, R.; Zambom-Ferraresi, F.;
Zambom-Ferraresi, F.; Martínez-Velilla, N. Impact of Game-Based Interventions on Health-Related Outcomes
in Hospitalized Older Patients: A Systematic Review. J. Am. Med. Dir. Assoc. 2020. [CrossRef] [PubMed]

22. Martínez-Velilla, N.; Herrero, A.C.; Cadore, E.L.; Sáez de Asteasu, M.L.; Izquierdo, M. Iatrogenic Nosocomial
Disability Diagnosis and Prevention. J. Am. Med. Dir. Assoc. 2016, 17, 762–764. [CrossRef] [PubMed]

23. Richter, G.; Raban, D.R.; Rafaeli, S. Studying Gamification: The Effect of Rewards and Incentives on
Motivation. In Gamification in Education and Business; Springer International Publishing: Cham, Switzerland,
2015; pp. 21–46. [CrossRef]

24. Edwards, E.A.; Lumsden, J.; Rivas, C.; Steed, L.; Edwards, L.A.; Thiyagarajan, A.; Sohanpal, R.; Caton, H.;
Griffiths, C.J.; Munafò, M.R.; et al. Gamification for Health Promotion: Systematic Review of Behaviour
Change Techniques in Smartphone Apps. BMJ Open 2016, e012447. [CrossRef]

25. World Medical Association Declaration of Helsinki: Ethical Principles for Medical Research Involving
Human Subjects. JAMA 2013, 2191–2194. [CrossRef]

26. Guralnik, J.M.; Simonsick, E.M.; Ferrucci, L.; Glynn, R.J.; Berkman, L.F.; Blazer, D.G.; Scherr, P.A.; Wallace, R.B.
A Short Physical Performance Battery Assessing Lower Extremity Function: Association with Self-Reported
Disability and Prediction of Mortality and Nursing Home Admission. J. Gerontol. 1994, 49. [CrossRef]

27. Guralnik, J.M.; Ferrucci, L.; Simonsick, E.M.; Salive, M.E.; Wallace, R.B. Lower-Extremity Function in Persons
over the Age of 70 Years as a Predictor of Subsequent Disability. N. Engl. J. Med. 1995, 332, 556–562.
[CrossRef]

28. Guralnik, J.M.; Ferrucci, L.; Pieper, C.F.; Leveille, S.G.; Markides, K.S.; Ostir, G.V.; Studenski, S.; Berkman, L.F.;
Wallace, R.B. Lower Extremity Function and Subsequent Disability: Consistency Across Studies, Predictive
Models, and Value of Gait Speed Alone Compared With the Short Physical Performance Battery. Journals
Gerontol. Ser. A 2000, 55, M221–M231. [CrossRef] [PubMed]

29. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-Mental State”. A Practical Method for Grading the
Cognitive State of Patients for the Clinician. J. Psychiatr. Res. 1975, 12, 189–198. [CrossRef]

30. Pi, J.; Olivé, J.M.; Esteban, M. Mini Mental State Examination: Asociación de la puntuación obtenida con la
edad y grado de alfabetización en una población anciana. Med. Clin. 1994, 103, 641–644.

31. Brodaty, H.; Connors, M.H.; Loy, C.; Teixeira-Pinto, A.; Stocks, N.; Gunn, J.; Mate, K.E.; Pond, C.D. Screening
for Dementia in Primary Care: A Comparison of the GPCOG and the MMSE. Dement. Geriatr. Cogn. Disord.
2016, 42, 323–330. [CrossRef] [PubMed]

32. Roth, M.; Tym, E.; Mountjoy, C.; Huppert, F.; Hendrie, H.; Vema, S.; Goddard, R. CAMDEX: A standardized
instrument for the diagnosis of mental disorders in teh Elderly with the Special referente to the early detection
of dementia. Br. J. Psychiatry 1986, 149, 698–709. [CrossRef] [PubMed]

33. Vilalta, J.; Llinà, J.; López-Pousa, S.; Amiel, J.; Vidal, C. CAMDEX, validación de la adaptación española.
Neurologia 1990, 5, 117–120.

34. Van Bennekom, C.A.M.; Jelles, F.; Lankhorst, G.J.; Bouter, L.M. Responsiveness of the Rehabilitation Activities
Profile and the Barthel Index. J. Clin. Epidemiol. 1996, 49, 39–44. [CrossRef]

35. Mahoney, F.I.; Barthel, D.W. Functional Evaluation: The Barthel Index. Md. State Med. J. 1965, 14, 61–65.
36. Martínez de la Iglesia, J.; Onís Vilches, M.C.; Dueñas Herrero, R.; Albert Colomer, C.; Aguado Taberné, C.;

Luque Luque, R. Versión Española Del Cuestionario de Yesavage Abreviado (GDS) Para El Despistaje de
Depresión En Mayores de 65 Años: Adaptación y Validación. MEDIFAM Rev. Med. Fam. y Comunitaria 2002,
12, 620–630. [CrossRef]

37. García-Gordillo, M.Á.; del Pozo-Cruz, B.; Adsuar, J.C.; Cordero-Ferrera, J.M.; Abellán-Perpiñán, J.M.;
Sánchez-Martínez, F.I. Validation and Comparison of EQ-5D-3L and SF-6D Instruments in a Spanish
Parkinson’s Disease Population Sample. Nutr. Hosp. 2015, 2808–2821.

38. Badia, X.; Roset, M.; Montserrat, S.; Herdman, M.; Segura, A. The Spanish version of EuroQol: A description
and its applications. European Quality of Life scale. Med. Clin. (Barc). 1999, 112, 79–85. [PubMed]

39. Inouye, S.K.; van Dyck, C.H.; Alessi, C.A.; Balkin, S.; Siegal, A.P.; Horwitz, R.I. Clarifying Confusion: The
Confusion Assessment Method. A New Method for Detection of Delirium. Ann. Intern. Med. 1990, 113,
941–948. [CrossRef] [PubMed]

http://dx.doi.org/10.1177/1474515113512203
http://www.ncbi.nlm.nih.gov/pubmed/24198306
http://dx.doi.org/10.1016/j.jamda.2020.07.027
http://www.ncbi.nlm.nih.gov/pubmed/32873472
http://dx.doi.org/10.1016/j.jamda.2016.05.019
http://www.ncbi.nlm.nih.gov/pubmed/27349623
http://dx.doi.org/10.1007/978-3-319-10208-5_2
http://dx.doi.org/10.1136/bmjopen-2016-012447
http://dx.doi.org/10.1001/jama.2013.281053
http://dx.doi.org/10.1093/GERONJ/49.2.M85
http://dx.doi.org/10.1056/NEJM199503023320902
http://dx.doi.org/10.1093/gerona/55.4.M221
http://www.ncbi.nlm.nih.gov/pubmed/10811152
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1159/000450992
http://www.ncbi.nlm.nih.gov/pubmed/27811463
http://dx.doi.org/10.1192/bjp.149.6.698
http://www.ncbi.nlm.nih.gov/pubmed/3790869
http://dx.doi.org/10.1016/0895-4356(95)00559-5
http://dx.doi.org/10.4321/S1131-57682002001000003
http://www.ncbi.nlm.nih.gov/pubmed/10618804
http://dx.doi.org/10.7326/0003-4819-113-12-941
http://www.ncbi.nlm.nih.gov/pubmed/2240918


Int. J. Environ. Res. Public Health 2020, 17, 8058 14 of 14

40. Migueles, J.H.; Cadenas-Sanchez, C.; Ekelund, U.; Delisle Nyström, C.; Mora-Gonzalez, J.; Löf, M.; Labayen, I.;
Ruiz, J.R.; Ortega, F.B. Accelerometer Data Collection and Processing Criteria to Assess Physical Activity
and Other Outcomes: A Systematic Review and Practical Considerations. Sports Medicine 2017, 1821–1845.
[CrossRef] [PubMed]

41. Rantanen, T.; Guralnik, J.M.; Foley, D.; Masaki, K.; Leveille, S.; Curb, J.D.; White, L. Midlife Hand Grip
Strength as a Predictor of Old Age Disability. J. Am. Med. Assoc. 1999, 281, 558–560. [CrossRef]

42. Laukkanen, P.; Heikkinen, E.; Kauppinen, M. Muscle Strength and Mobility as Predictors of Survival in
75-84-Year-Old People. Age Ageing 1995, 24, 468–473. [CrossRef]

43. Roberts, H.C.; Denison, H.J.; Martin, H.J.; Patel, H.P.; Syddall, H.; Cooper, C.; Sayer, A.A. A Review of the
Measurement of Grip Strength in Clinical and Epidemiological Studies: Towards a Standardised Approach.
Age Ageing 2011, 40, 423–429. [CrossRef]

44. Lancaster, G.A.; Dodd, S.; Williamson, P.R. Design and Analysis of Pilot Studies: Recommendations for
Good Practice. J. Eval. Clin. Pract. 2004, 307–312. [CrossRef]

45. Sim, J.; Lewis, M. The Size of a Pilot Study for a Clinical Trial Should Be Calculated in Relation to
Considerations of Precision and Efficiency. J. Clin. Epidemiol. 2012, 65, 301–308. [CrossRef]

46. Hertzog, M.A. Considerations in Determining Sample Size for Pilot Studies. Res. Nurs. Heal. 2008, 31,
180–191. [CrossRef] [PubMed]

47. Sáez de Asteasu, M.L.; Martínez-Velilla, N.; Zambom-Ferraresi, F.; Casas-Herrero, Á.; Cadore, E.L.; Galbete, A.;
Izquierdo, M. Assessing the Impact of Physical Exercise on Cognitive Function in Older Medical Patients
during Acute Hospitalization: Secondary Analysis of a Randomized Trial. PLOS Med. 2019, 16, e1002852.
[CrossRef]

48. Martínez-Velilla, N.; Casas-Herrero, A.; Zambom-Ferraresi, F.; Sáez De Asteasu, M.L.; Lucia, A.; Galbete, A.;
García-Baztán, A.; Alonso-Renedo, J.; González-Glaría, B.; Gonzalo-Lázaro, M.; et al. Effect of Exercise
Intervention on Functional Decline in Very Elderly Patients During Acute Hospitalization: A Randomized
Clinical Trial. JAMA Intern. Med. 2019, 179, 28–36. [CrossRef] [PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1007/s40279-017-0716-0
http://www.ncbi.nlm.nih.gov/pubmed/28303543
http://dx.doi.org/10.1001/jama.281.6.558
http://dx.doi.org/10.1093/ageing/24.6.468
http://dx.doi.org/10.1093/ageing/afr051
http://dx.doi.org/10.1111/j..2002.384.doc.x
http://dx.doi.org/10.1016/j.jclinepi.2011.07.011
http://dx.doi.org/10.1002/nur.20247
http://www.ncbi.nlm.nih.gov/pubmed/18183564
http://dx.doi.org/10.1371/journal.pmed.1002852
http://dx.doi.org/10.1001/jamainternmed.2018.4869
http://www.ncbi.nlm.nih.gov/pubmed/30419096
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Study Participants and Eligibility Criteria 
	Participant-Selection and Consent Process 
	Ethics and Dissemination 
	Interventions 
	Outcomes Assessment 
	Planned Statistical Analysis 

	Expected Results/Discussion 
	Conclusions 
	Trial Status 
	References

