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Abstract

Background: Cognitive deficits are among the most disabling of neurological diseases and have a serious impact on the quality
of life of patientsand families. Cognitive training has been proven successful inimproving or compensating for neuropsychol ogical
deficits after acute brain injury, but its efficacy highly depends on the intensity of treatment over an extended period of time.
Therefore, cognitive training indicates expensive human resources and renders the rehabilitation process vulnerable to physical
and economic barriers for the majority of patients.

Objective: The aim of this study was to develop and test a new Web-based rehabilitation tool that provides intensive cognitive
training at home under clinical prescription and monitoring, at affordable costs.

Methods: From a pool of 60 origina exercises, designed and used over the past 10 years for cognitive training at our center,
we devel oped 27 exercises on a computer game format, with automatic increase or decrease of difficulty levels. These exercises
were assembled in aclean, user-friendly design and covered various cognitive domains such as attention (n=4), memory (n=11),
language (n=3), calculus (n=3), praxis (n=2), and executive functions (n=3). A Web 2.0 platform was also designed to provide
medical prescription of cognitivetraining sessions, performed at the patient’s home. These sessionsincluded continuous monitoring
of compliance, performance, and evolution; algorithms for automatic adjustment and long-term learning through use, and database
recording of all activities. The end-user interaction test included 80 patients from our memory clinic from several groupsincluding
subjective memory complaints (n=20), traumatic brain injury (n=20), stroke and other static brain lesions (n=20), and mild
Alzheimer's disease (n=20). During a 1-hour session, patients and their relatives were taught to use the system and allowed to
practice using it. At the end of the session, they were asked to complete a questionnaire.

Results: A total of 48/80 patients (60%) attended the training session. The mean age of the patients was 60 years (SD 13.3,
range 41-78), and the mean level of formal education was 6 years (range 4-16). Of all the participants, 32/48 patients (66%) have
previously used a computer. All patients and their relatives made a positive evaluation of the cognitive training tool. Only 2/48
patients (4%) were not interested in performing the exercises at home; 19/48 patients (39%) mentioned the need for further
coaching from a relative or health care professional. The patients who mentioned difficulties in performing the exercises have
not used the computer earlier.

Conclusions: This new Web-based system was very well accepted by patients and their relatives, who showed high levels of
motivation to use it on adaily basis at home. The simplicity of its use and comfort were especially outlined. This tool will have
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an important effect on human resource management, in increasing the patient access to specialized health care and improving the
quality and national health system costs of rehabilitation programs.

(JMIR Res Protoc 2013;2(2):e59) doi: 10.2196/resprot.2899
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Introduction

Overview

Neurological disorders are commonly associated with avariety
of cognitive and motor deficits that result in an ever increasing
demand for health services. Among al major groups of diseases,
neurological disorders constitute 6.3% of the global burden of
diseases worldwide [1]. This value may be as high as 10.9%
for high-income countries and 11.2% in the European region,
which corresponds to 15-30 years of life lost adjusted for
disability per 1000 inhabitants each year [1]. Irrespective of the
cause (eg, stroke, brain injury, or dementia), people with
cognitive impairments rarely recover spontaneously or
completely [2].

Once established, brain damage is difficult to revert and
pharmacol ogical toolswith aconfirmed positive result are scarce
[3-5]. The recovery process is typically slow, relies on the
remaining plastic properties of brain tissue, and is highly
dependent on complex and intensive assisted rehabilitation
programs [6]. Similar to other rehabilitation processes, the
results of the recovery process aso depend on the timely onset,
intensity, and specificity of the treatments [7,8].

The neurorehabilitation programs have proven efficacious in
the compensation, improvement, and stabilization of cognitive
deficits in several diseases and nosological models [9-17].
However, despite being accepted as a fundamental component
of current treatment plans, these programs often impose strong
restrictions on the patients’ access to such treatments [18,19].
These programs commonly require multidisciplinary teamsand
are usualy performed in hospital settings, away from the
patient’s home, in the presence of a relative (a huge effort by
patients, families, and institutions). Classic cognitive training
in particular requires pencil-and-paper tasks and object
manipulation under specialized supervision. These
characteristics result in a large economic burden to both the
health system and families[20,21]. Furthermore, they limit the
efficacy of the treatment by increasing the difficulty in coping
with rehabilitation sessions in due time (soon after injury) and
in attaining the high intensity of treatment necessary to foster
nervous system plasticity [8,22].

The computer has emerged as a tool for the training and
educating patients with brain injury, thus reducing the large
demand for human resources and increasing the motivation of
these patients[9,23]. However, the use of informatics programs
in cognitive training is arecent approach; hence well-designed
clinicd trialsare scarce, and the mgjority of them areinadequate
for efficient integration in current clinical practice [18,24].
Therefore, the sole reliance on repeated exposure to
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computer-based tasks without some involvement and

intervention by atherapist is not recommended [9].

To address these problems, we decided to develop a new
integrative Web-based tool “COGWEB” for home-based
cognitive training, centered not only on the patients’ needs but
also on professional sand institutional requests. Thisinstrument
takes advantage of the growing knowledge on computerized
training protocols for cognitive rehabilitation [18,25-29] and
combines a Web-based platform with computer exercises
devel oped over thelast few yearsin an outpatient memory clinic.
The aim of this tool is to increase the quality and overall
intensity of cognitive training programs.

This paper presents the main characteristics of the developed
system and the results of ausability testing of the online system
performed by patients suffering from highly prevalent
neurological diseases, and their relatives.

Previous Approaches

Over the past few years, severa solutions have been proposed
to increase the availability of cognitive training. In fact, the
market isflooded with commercial brain exercise programsthat
claim to improve cognition, have diagnostic ahilities, and even
replace the role of specialized health professionals along the
way [30]. However, extensive clinical validationisstill lacking
and only a few programs have undergone scientific inquiry
[26,27,31-33].

Previous approaches to cognitive training can be summarized
into 3 categories: (1) cognitive domain-specific programs, (2)
neuropsychological software programs, and (3) video games.

Cognitive domain-specific programs train specific cognitive
capacities, usualy under professional guidance at a health
institution, and rely on the repetition of standardized tasks on
a computer. Training of reaction time [34], processing speed
[35], selective attention [36], and working memory [37,38] are
some exampl es of these applications.

Neuropsychological software programs are designed to train
several cognitive domains using a variety of tasks. These
programs rely on immediate feedback and allow individualsto
evolve based on their performance. Most studies with these
tools analyze multiple cognitive domain interventions, either
in the lab or remotely, for example, the Posit Science Brain
Fitness Program [39], the Integrated Cognitive Stimulation and
Training Program [40], the Neuropsychological Training [41],
the CogniFit Personal Coach [42], and Lumosity [29]. Most of
these programs are commercialy available and especialy
designed for older people, as this age group is their biggest
target market [30]. Nonetheless, there is a specific growing
group dedicated to children and academic performance, usually
under the format of tutorials[43].
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Video gamesinclude computer or other el ectronic gameswhere
the players are enrolled in a set of activities oriented toward
achieving aspecific goal. Patients are given immediate feedback,
and these games allow for an automatic progression between
different levels of difficulty according to performance. The
cognitive domains in this category are more difficult to
individualize [18,44]. This category includes games originally
designed to improve cognition like Nintendo's Big Brain
Academy for Wii [45], classics like Pac Man, Donkey Kong,
or Tetristhat were studied for processing speed [46], and recent
commercia successes like Rise of Nations [47] and Medal of
Honor [48] that were assessed for attention, memory, executive
function, and visuospatial ahilities.

Unmet Needs and Problems

Computerized cognitivetraining offers several advantages over
traditional pencil-and-paper tasks mediated by a psychologist
or therapist at a health ingtitution. The human resource costs
per patient treated and the treatment time decrease, and
home-bound or remotely located persons can have easier access
tothetreatment. In spite of al the available alternatives, severa
important needs remain unanswered [49]. Most of the programs
available have a reductionist approach to brain conditioning or
rehabilitation, discourage human relations in favor of
self-executed exercises a home, and increase the distance
between individuals or patients and specialized health
professionals [30]. Furthermore, although all individuals may
benefit from the use of novel technologies, the acquisition of
regular training routines and computer skills is not
straightforward for older people or patients with cognitive
problems if we want to have an inclusive approach.

From the scientific point of view, research studies lack
well-conducted randomized clinical trials, and most importantly,
a clear definition of what a placebo is in these trials [50,51].
Furthermore, there is an absence of dose-finding studies that
could assess what is necessary to obtain effects on other
cognitive domains or improvement of daily living activities.
Another mgjor concern is the lack of studies to determine the
possible side effects of these interventions. Noninvasive brain
stimulation and cognitive enhancement strategies may have a
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mental cost on some abilities [52]. This feature is of utmost
importance to deal with brain injury models like stroke or
traumatic brain injury, where the rehabilitation of several brain
functions competes for the uninjured cortex plastic and
metabolic properties. Side effects are also important in
neurodegenerative disease models where intensive training
activities may have undesired effects if not controlled,
monitored, or integrated in the socia life and networks of
individuals [30,44,49].

Methods

End-User Interaction Study Design

Clinical Settings for Using COGWEB

Patients with changes in cognition attend different specialized
medical appointments, where their medical and therapeutic
needs are identified and assessed. Normally in the diagnosis
procedure, besides other examinations, the patient isfrequently
submitted to neuropsychol ogical assessments. Therapeutic plans
for cognitive intervention are defined in this multidisciplinary
clinical environment. The COGWEB appearsin this context as
awork tool, and the practitioner is responsible to manage and
usethe system, according to the clinical context and the patient’s
characteristics (Figure 1, Table 1). The mandatory prerequisites
for using the COGWEB arethe existence of amedical diagnosis,
adetailed neuropsychological characterization of the cognitive
impairments, and a health professional willing to manage the
treatment program, essential for aquality analysis of the system.
The therapist that handles the system plays a central role in
defining the degree of supervision and the type of patient
exposure to the treatment and the Web-based system. The
management of objectives, areas of cognitive intervention,
individual composition of training sessions, and duration and
intensity of treatment are al under the responsibility of the
health professional. Although the presence of therapists is not
continuously necessary for thetraining, they can actively direct
al activities via online interaction and periodic (eg, daily,
weekly, or monthly) meetings or telephone contact with the
patient and caregiver (Multimedia Appendix 1).
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Figure 1. Clinical context in which COGWEB was devel oped.
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Table 1. Target neurological conditions of the COGWEB system.

Cruz et a

Major subgroups of diseases

Most important diseases

Non progressive structural lesions

Stroke

Traumatic brain injury

Sequels of brain paralysis, anoxia, radiotherapy, encephalitis, brain surgery, and other
static brain lesions

Neurodegenerative diseases at an initia stage

Mild cognitive impairment

Alzheimer’s disease

Parkinson’s disease

Vascular dementia

Cognitive dysfunction of functional nature

Depression

Subjective memory complaints

Normal aging and active aging strategies

Other nosological models

Multiple sclerosis

Schizophrenia

Hyperactivity and attention deficit (adults and children)

Patient Selection

A group of 80 consecutive patientsfrom our outpatient memory
clinic were selected and grouped equally into 4 nosological
groups: 20/80 (25%) with subjective memory complaints, 25%
with traumatic brain injury, 25% with stroke and other static
brain lesions, and 25% with mild Alzheimer's disease. The
recruitment processtook 3 months, and the following cumulative
selection criteria were included: (1) a medical diagnosis
compatible with 1 of the 4 groups, (2) 4 years of formal
education completed, (3) favorable opinion of the attending
neurologist, (4) no sensoria or physical deficiency preventing
the use of regular computers unaided (eg, blindness, hemiplegia,
or amputation), and (5) informed consent from both the patient
and relative.

Table 2. Opinion questionnaire.

Group Sessions, Procedures, and Usability Questionnaire

Patients and caregivers (n<20) were scheduled for
psychoeducational group sessions at the hospital in aroom with
10 computerswith the Internet access. Two attempts per patient
were performed to schedul e the sessions at working hours. The
sessions were structured into 3 parts (20 minutes each): (1) a
psychologist provided an overview about the program and
individual credentials for each patient to assess the online
system; (2) the pair patient-caregiver was allowed to experiment
with the program unaided on 1 of the 10 computersin theroom;
and (3) after completing a regular training session with 8
different exercises, an opinion questionnaire on the easiness of
use and motivation for using it a home was answered
anonymously by both the patient and caregiver in the absence
of the psychologist (Table 2).

Question

Possible answers

Q1 Weretheinstructions easy to follow?
Q2 Werethe exercises interesting to you?
Q3 Didyou find the training useful to you?
Q4 Areyou motivated to use it at home?

Q5 Having completed this training session, do you feel aready independent to useit, or do you

need additional training?

Yes/No
Yes/No
Yes/No
Yes/No
Independent/Additiona training

Ethical 1ssues

All patients and caregivers understood the purpose of the study
and provided written informed consent. An approva from the
referring neurol ogist was also obtained to guarantee that patient
and caregiver expectations were properly managed after the
usability test. This study was approved by the hospital review
board and ethics commission.
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Rehabilitation Tool

Main Characteristics

The Integrated Cognitive Training System is composed of 2
components: (1) an online platform, COGWEB and (2) aseries
of toolsin the classic format of exercise books [53,54].

First, the COGWEB alows for the implementation of
personalized cognitive training programs remotely, in the
patient’s living environment. The tool isimplemented through
the professionally supervised prescription of exercise sessions,
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in computer game format, targeted to various cognitive
functions, such as attention, executive functions, memory,
language, praxis, gnosis, and calculus. Supervisionisconducted
by specialized practitioners without the loss of human contact
or management (Figure 2).

Second, the exercise books were designed in parallel with the
online platform and are useful during the initial stages of the
training (Table 3). They can aso be used to switch between
stimulation methodologies if deemed necessary by the health
professional, and to help people who, for various reasons, have
no regular access to the Internet. Thus, people who face
difficulty in using computers can start their training activities
with paper and pencil, acquire routines, and then move up to a
more intensive system (Multimedia Appendix 2).

Both system components are meant to be used as support for a
widerange of cognitiveinterventional approaches, or at distance,
under supervision with the neuropsychologist, being more or
less present depending on the case (Figure 1, Table 1). Themain

Figure 2. Global system scheme.
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structure of the online system is described in Figure 2 and its
principal functional characteristics, resulted from a set of
usability requirements defined by aboard of clinicians, and are
explained in the following text.

The online system was structured for modular cognitivetraining,
asexerciseswere grouped according to major cognitive function
stimulated (Table 4). This system covers different degrees of
impairment, from normal function to moderate deficits, given
that all exercises have sequential levels of difficulty and were
designed for use in a wide range of diseases and ages (Figure
3). The monitoring tool s coupled with biostatistics and long-term
system analysis tools and a storage system that records
performance continuously are incorporated into the system to
supervise clinical evolution and adjust programs according to
the patients' progression. This system can be used in supervised
group sessions with patients and can also be accessed at home
or a any other place in the community with an Internet
connection, only requiring alogin information (without software
installation or updates).

: B

PATIENTS
NEUROPSYCHOLOGICAL PLAN OF
MEDICAL FORM ASSESSMENT ACTION SESSIONS RESULTS
Identification Tests used Cognitive Exercises Assiduity
areas
Contacts and Results Duration and Effective
login info description Initial data order training time
Important Test’s scores Final data Initial and Rights and
clinical data expected level wrongs
Observations Observations
License data Standard or Achieved
advanced levels
programming
Progress
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Table 3. Exercise books available and their target population.

Exercise books Active ageing Degenerative diseases Static brain lesions
McCI2 Mild dementia Moderate dementia ~ Stroke  TBIP

Weekly notebooks, Volumes | to IV O 0O 0O 0 O O
Monthly notebooks Level 3, Volumes|to [ | d d

11

Monthly notebooks Level 2, Volumes| to g d d

11

Monthly notebooks Level 1, Volumes| to O d d

11

COGWEB Art, 3D pieces O O O O O

aMlild cognitive impairment.
B Traumatic brain injury.

Table 4. Available exercises per cognitive domain.

Cognitive domain Exercise Levels (N)

Attention Attention to the letter 5
Attention to the number 5
Find the letter 9
Water colors 10

Memory Attention to the news 3

[ee]

Fast eye

[e¢]

Fast memory

[any
N

Long memory

Numbersin order

Restless cubes

Reverse the stars

Supermarket

Who moved

Worms

Where were they
Language Arrange the words

Follow the orders

Startswith
Executive functions Match the color

Contrary

Inside or out

Logic mind
Calculus Fast mind

Let's go shopping

Mathematical table
Constructive capacity Puzzles

COGWEB Art

N O O W U1 © O N W oo W oo 00 N N 0o N N
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Figure 3. Examples of COGWEB exercises.

Online System Architecture

The medica system, accessible via Internet browser, was
designed to meet the requirements of health professionals and
patients. Both groups need specialized and usable interfacesto
access the system and introduce daily inputs. All data are
centralized, recorded, and acceded on a health record system.
During the cognitive training sessions performed by the patient,
al of the data is updated continuously in rea time via
Web-based system and is saved on a remote database that
furnishes al required information to be examined by the health
professional. The database contains information of all patients
and health professionals, and maintains arecord of all training
programs prescribed and patient performance. The system also
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includes a biostatistics analysis framework of unidentified data
generated by the users of the system. The main purpose of the
system is to analyze the quality of processes according to the
standards established by a board of consulting clinicians. All
data used for this computation remain unidentified and cannot
be linked to the professional or patient who generated it. This
policy was set according to the strict demands of the National
Commission for Data Protection, established in accordance with
European regulations (Directive 95/46/EC) [55]. The results
from these computational operations are used to assess the
application quality of the system by health professionals, to
perform benchmarks of clinical outcomes, and to aid in the
long-term improvement and context adaptation of the system.
Some changes occur automatically, according to machine
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learning algorithms based on the internal statistical analysis.
These tools provide additional evidence for the substitution of
a useless exercisg, the changing of system features that lead to
errors, setting new automatismslike alert signsfor someclinical
situations, or the preparation of specific educational campaigns
for professionals.

Network Operations and Coworking

The system is designed to become accessible to alarge number
of people, through a network of centers and practitioners
specialized in using it. Upon agreement by the professionals
and patients, anonymous data on the treatments prescribed and
clinical evolution are stored on a centralized application. The
analysis of these data allows the depiction of the trends and the
assessment of the quality of the tools and operative processes
throughout the time. Thus, the system can be evolved and
adapted to the needs of patients, professionals, and institutions.
All agents can share useful information and guidelines on
operational processes through a collaborative network.
Furthermore, al neuropsychologists and practitioners who
receivetraining on using the COGWEB system and share quality
criteria in operating the system are stimulated to develop
personal and team research projects. This step will improve the
quality of the projects, increase the size of possible samples
without incurring additional costs, and conduct multicenter trials
while shortening the required time to compl ete them.

Professional Console

Overview

The health professionals can access the rehabilitation program
by entering their username and password on the website [56].
Thewebsite, in addition to allowing accessto the onlinetraining
area, contains educational content targeting the general
population and ablog. Theaim of the siteisto provide scientific
and pedagogica information about cognitive functioning and
its changes, and the possibilities and indications for cognitive
training [56].

The most important menu isthe patient health record where the
professional may add patient’s information to the system and
manage it later. The patient menu includes several submenus:
medical form, neuropsychological assessment, intervention
plans, session programming, and results.

Medical Form

In this submenu, 3 types of data can be inserted: (1)
identification data, (2) clinical data, and (3) dataon the duration

http://www.researchprotocols.org/2013/2/e59/
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of the license to use the system and patients' credentials to
accessit.

Neuropsychological Assessment

Thismenu, alowing the entry of neuropsychological assessment
data on any patient, is organized into 2 parts. The first part
records general descriptive data of the eval uation and the second
part helpsrecord each test and the quantitative results (preferably
raw data) obtained in each neuropsychological test. Therefore,
several evaluations can be recorded over time.

Intervention Plans

Health professionals can use this option to enter the general
information of the treatment plan, like duration, main cognitive
domains, and the expected intensity of training. This option
allows to entering information on as many intervention plans
as needed. The data entered in this section can be used for the
detailed evaluation of the quality of the tasks prescribed to the
patient in the next session. If adecisionismadeto train working
memory or attention, the system provides information on all of
the exercises the patient is prescribed, in addition to their
duration.

Session Programming

The prescription system provides 2 waysto create sessions: (1)
the standard mode and (2) the advanced mode. These two work
modes share a set of prescription parameters, and the planning
of each session requiresthefollowing parameters: the selection
of exercises, their starting and compl etion dates, their order of
appearance, the duration of exposure to each exercise, and the
initial level and the level expected to be achieved at the end of
the plan. These two modes, however, differ in defining and
managing the training schedule. The standard mode is a faster
and simpler way to plan sessions in which the patient conducts
the same set of exercises in consecutive days. In the advanced
prescription mode, the prescribing health professionals select
the day on which they want a specific session to be active and
the intended activation period, that is, morning, afternoon, or
all day. Thus, the needsthat currently exist in sophisticated and
intensive rehabilitation or cognitive training methodologies in
specific areas can be met.

Results

The current system provides several kinds of progress graphs:
right answersversuswrong answers, global training time (actual
realized time vs planned time), game time in each exercise,
concluded levels, accesses (readlized accesses vs planned
accesses), and a progress summary per exercise (expected
performance vsrea performance) (Figure 4).

JMIR Res Protoc 2013 | vol. 2 | iss. 2| €59 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Figure 4. Examples of progress graphs.

Cruzeta

500

400

»
g
3 3
g 90
3
I~

200

100

, =

05/08/2012 - 11{08/2012 124082012 - 18,

@8 Certas @ Erradas |

—
19/08/2012 - 25/082012

Realizado
X value: 04/05/2011

26{08{2012 - 01/09/2012 Mente l6gica

sasa

Patient Console

Overview

The COGWERB is accessed through the website, similar to the
professional’slogin [56]. The entire login dynamic isidentical
in both the consoles with the only difference in the attributes
and areas associated to the username/password.

Training Sessions

As soon as the patient credentials are introduced, the training
session starts automatically. First, the patient views awelcome
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screen with the training session information (number of
exercises prescribed, total duration, and other genera
instructions) and a start button. When the patient feels ready,
the first exercise planned starts, with no need for additional
clicks or menu navigation. The simplicity of accessing the
program eliminates the obstacles that may hinder training
program compliance. Thetraining arenais presented, by default,
in a normal sized window. However, for added convenience
during the exercise, the user can switch to full screen, by
pressing the signed button (Figure 5).
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Figure5. Screen appearance of the patient training area and principal features of the game arena.

GameArena

Each exercise starts with a set of instructions, written on the
screen and spoken through the speakers, for 20 seconds before
the onset of the exercise. Instructions can be viewed at any time,
even during the exercise, by pressing the instructions button.
After the instructions, the exercise starts and the game arena
appears. However, astimeis an important factor in some of the
exercises (eg, trainings processing speed), it is crucia to
guarantee the patient’s attention to stimuli from the beginning.
For that reason, there is a start button on the screen. The game
arenais similar between various exercises making the learning
and adaptation process easier. It comprisesacentral area, where
the exercisetakes place and the answers are given, with aframe
around it. The exercise name is shown on the upper left hand
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corner of the frame, and the time remaining, the pause button,
and the full screen activation button appear on the upper right
hand corner. Thelower left hand corner showsthelevel indicator
and the bottom right the answer indicator (right and wrong)
(Figure 5). The bottom of the screen displays 2 buttons: (1) the
instructions button, which enables the patient to review the
instructions even during the exercise and (2) the fatigue button
(designated, skip game button), which can be activated if the
patient feels tired or discouraged with a specific game.

The pause button allows the session to be stopped in case of
unforeseen events that might distract the patient and hinder the
performance. This button should be used exceptionally.
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M otivation Tools

Upon successful completion of each level, a support message
appears that is expressed simultaneously on the screen and in
audio. When the performance by the end of the level does not
fulfill the criteriafor progression, the level is either maintained
or decreased, depending on the progression rulesfor each game
(see description of exercises). In this case, no information is
given to the patient, the instructions for that level are just
repeated, and the game continues. During the last exercise of
each session, at the bottom of the game arena, the buttons that
restart the session and end the session appear, which allow the
patient to repeat the session, if they feel up to it, or end the
session, in case they already feel fatigued. At the end of the
session, thisinformation is presented again.

Cognitive Exercises

Overview

The COGWEB system iscomposed of 27 independent exercises,
distributed by different cognitive areas (Table 4). All exercises
werefirst developed in aclassic format including paper, pencil,
cards, and other physical materials. Before being converted to
the current computer game format, which took aperiod of more
than 5 years, a pool of 60 original exercises were subject to
extensive clinical use, validation, and refinement at our
outpatient memory clinic [53,54]. These exercises share some
important characteristics.

Functional Organization

Each exerciseis organized around the stimulation of a specific
cognitive area. However, one exercise does not train only one
area, as other additional areas are also involved in solving the
tasks. This multiplicity of tasks is intimately related to the
integrated function characteristics of the human cognition.

Levels of Difficulty

The exercises were developed to train various degrees of
cognitive defects, from mild to more severe impairments.

Cruz et a

Exercise progression is automatic, by levels, becoming more
difficult or easier in responseto the patient’s performance, both
inside the same session or in consecutive sessions. Thedifferent
degrees of difficulty, depending on each game, are obtained
through manipulation of some of the features, either alone or
in combination: the number of items per level, their complexity,
and the interval between stimuli within the same level (game
vs patient’s paced rhythms). For choosing the stimuli for each
exercise (words, figures), special attention was given to various
aspects that contribute to the complexity of the items, such as
the extension of words, their degree of imageability, semantic
proximity, or, in the case of figures, the number of graphic
elements or graphic composition.

Random Stimuli

The structure of the exercises, at its base, is composed of sets
of stimuli grouped by difficulty. On the same level of an
exercise, the stimuli always appear in arandom, nonsequential
way to prevent memorization.

Information Sheets

For each exercise, the prescribing health professional has access
to an individua sheet including the following parameters:
general description, patient instructions, and multimedia
requirements; main cognitive function that the game stimul ates
and other secondary stimulated functions, cortical areas
recruited, according to anatomic-functional models of
bibliographic basis; principles behind the choice of items that
compose the game and the organization of their level of
difficulty; the number of levels for each game, rules of
progression between different levels and the number of testsin
each level; estimated average time required for a normal
individual to completelevels1, 2, and 3 of each game (important
for setting the minimum time of each game in sessions that
might demand a level increase); and special use suggestions
(Figure 6).

Figure 6. Example of an information sheet for the game exercise "Attention to the news'.

ATTENTION TO THE NEWS g

| 2
- MATERIALS LEVELS

(@]

T — @B O

=

DESCRIPTION

This exercise’s objective is to work certain
underlying aspects of episodic declarative
memory, through recovery by recognition.

By audio, a story is randomly presented for
the user to memorize. Immediately after
answering, questions are posed to the user.
The user must then select which one of the
presented  alternatives  answers  the

questions posed.

INSTRUCTIONS

“You will hear a story. Pay attention and try
to memorize everything that you can.
Afterwards, questions will appear in the
screen with multiple choices and you must

select the right one””

MAIN COGNITIVE FUNCTION

Auditory memory

OTHER STIMULATED FUNCTIONS

Language

CEREBRAL LOBE

Frontaland temporal

HEMISPHERE

Left

7|

DIFFICULTY PROGRESS

The differences in difficulties between levels
are determined by an increase in the
quantity of information that integrates the
“story”, which the user should memorize,
and the complexity and quantity of

questions regarding it.

RULES OF PROGRESS BETWEEN LEVELS

IN THE SAME SESSION
The progress between levels occurs
according to the number of mistakes, in the
following order:

Absence of errors— level increase

1 error - level increase

2 - Stays in the same level

=3 errors - level decrease
NOTE: It's not necessary for the errors to be

consecutive

7|

BETWEEN SESSIONS

In the automatic progression mode, the
starting level in a given session corresponds
to the level immediately prior to the one
concluded the last time the exercise was

performed.

TESTS BY LEVEL

10

LEVEL DURATION ESTIMATE
Level 1. 140 seconds

Level 2. 4 minutes

Level 3. 5 minutes

USE SUGGESTIONS
Reinforce that a quiet environment and

good speakers are needed to understand

the story. No note taking.
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Results

Of the 80 patientsinitially selected, 48 patients (60%) attended
the psychoeducational group sessions and completed the
usability test proposed. The mean age of the respondents was
60 years (SD 13.3, range 41-78). A total of 21/48 participants
(44%) were female. The mean level of formal education was 6
years (SD 4.3, range 4-17). Previous use of the computer was
shown by 32/48 patients (66%). Of al the participants, 32
patients (66%) did not complete the study because they were
not able to attend the assessment sessions at the hospital.
However, this did not differed between groups (P=.12).

Figure 7. Answersto the opinion questionnaire (Q1-5) (%).

Cruzeta

As shown in Figure 7, all patients in the presence of their
caregivers understood the instructions given in the training
session and during the execution of the 8 different exercises
(Q1). All patients found the exercises used in the training
sessions interesting to them (Q2). Only 2 of the 48 participants
(4%) did not find the exercises useful for their clinical condition
(Q3). The same percentage of respondents was not motivated
to use the system on their own at home (Q4). After the first
training session, 19/48 patients (39%) indicated the need for
further help from the caregiver to use it at home (Q5).

In the group of patients that mentioned the need for additional
training (n=19), 74% (14/19) were male, 79% (15/19) have not
used the computer earlier, and 16% (3/19) had only sporadic
exposure to computers.
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Discussion

Principal Findings

This new system was very well received by patients and their
relatives, who showed high levels of motivation to use it on a
daily basis at home. The simplicity of its use and comfort were
especially emphasized. Considering the mean age, the level of
instruction, and the cognitive deficits of the patients enrolled,
19/48 patients (39%) required some kind of coaching to achieve
independent use of the system. The forma evauation of
usability by both professionalsand patientswill be given further
attention in future studies.

Optimized Approaches

Compared to most related technologies available [18,43],
COGWEB characteristics were defined after thorough study of
existing cognitive training procedures in an outpatient memory
clinic. The improvement of the quality and access to treatment
by the patient were very important. Nonethel ess, the system has
the rehabilitation professional at its core as is recommended
[9]. Ultimately, it is a specialized working tool that improves
health decision making and time management per patient treated.
A significant part of cognitiveinterventions can be doneoutside
the health care units, by maintaining high quality levels of
therapy through bidirectional communication between patients
and professional s thus avoiding isolation. This step promotes
patient comfort and treatment adhesion while eliminating
economical and geographical barriers [30,44,49]. The impact
of several degrees of personal presence of the therapist on the
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overall quality of training and outcomes are currently being
evaluated in a prospective study.

Another significant feature of the system is its suitability for
coworking and multicenter use in collaborative networks of
professionals and institutions. This will foster investigation in
the field and position COGWEB as one of the most prepared
tools designed for clinical trials in cognitive interventional
approaches. In the field of neurorehabilitation, high-quality
scientific knowledge about several neurological and psychiatric
diseases will be very important for treatment decision in the
near future [5].

Finally, theincorporation of biostatistics and long-term system
analysis tools are at the cornerstone of the system’s ability to
improve quality and to adapt either to professionals, patients,
institutional, or various clinical context needs or trends. Thisis
similar to what can be achieved with some of the most advanced
medi cation management information technology [57].

Conclusions

We are now able to start clinical trials to test and measure
intensive cognitivetraining protocol s and to eval uateits positive
and also possibly negative effects on a variety of diseases and
settings[52,58]. The quantification of the economicimpact and
health gains of these strategies for health systems is aso a
priority [1]. The system will continue to evolve, basically with
the development of new exercises and featuresto accommodate
the needs from diverse populations and clinical settings of
operation.
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