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Abstract: Changes of cognitive and physical skills are a fundamental aspect of
normal aging, but these personal skills fundamentally influence the quality of life
and independency of a person. This is even more critical when the changes are de-
creasing in an above-average or even a pathologic manner. Keeping an individu-
al’s cognitive skills at a certain level is therefore an individual as well as a societal
goal. Accompanying the demographic change, however, the number of people
with Mild Cognitive Impairments (MCI) rapidly increases. One intervention ap-
proach for the stabilization of the personal skill level and a deferment of possible
further degradation are specialized cognitive and physical training programs. In
order to increase the effectiveness and efficiency of such training programs, con-
cepts for the adaption and personalization of such systems constitute the focus of
the scientific discussion. In this publication, a new approach for the realization of
digital dementia screening as well as technological solutions for the creation of
adaptive and personalized training systems are presented. These approaches and
solutions build the basis for the scientifically founded creation of effective and us-
er-centered cognitive training modules within the research project NeuroCare,
funded by the German Federal Ministry of Education and Research.
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Introduction and Motivation

The diagnosis of dementia and the medical intervention at an early stage are
strongly demanded nationally and internationally. Today, only 12% of the MCI-
patients [8] and 51% of the people with early dementia [15] are recognized by
doctors. Accordingly, there is a great demand for easily available cognitive
screening instruments that can be used in doctor’s offices as well as hospitals,
nursing houses for the elderly, and at home by potential patients.
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Fig. 1. General architecture for adaptive personalized train-
ing systems based on [5]

First approaches exist, but are not common in clinical praxis. Holistic concepts
and recommendations for patients and relatives based on the screenings are also
lacking. Non-pharmacological as well as neuropsychological-therapeutic ap-
proaches for dementia are moving in the focus of scientific discussion [4] but it is
fundamentally agreed that the actual evaluation results are still insufficient —
standardized and dementia-level-dependent programs and randomized, controlled
clinical studies are still lacking [17].

The approach presented in this paper is based on the holistic concept for the
technology assisted creation, adaptation and assessment of motivating physical
training programs shown in Fig. 1, which is an extended version of an application
context model for exergames [5]. The main idea is to create a set of Health Games
according to the requirements of different domains with the help of an authoring
tool which integrates mechanisms for the adaptation and personalization of the
games. These games are then stored in a so called “Health Games Repository”.
For a specific user, the appropriate game is taken and adapted according to as-
sessments before and during the gameplay in real time. A telemedical service cen-
ter is an optional possibility to assist the usage of the system and to allow manual
adaptation. Information retrieved from a context framework might improve the
adaptation process as well [7]. The connection of Social Networks allows the in-
terchange with other users and the access of an online system can provide addi-



tional information, not only to the end user themselves, but also to their social en-
vironment. The possibility of integrating user created content by using an online
authoring system can increase the curiosity and diversity of provided exercises.

Background and Related Work

The main challenges are the practical realization of scientifically founded and
effective training methodologies for mild cognitive impairments, to fulfill the
therapeutic requirements from dementia research, the development of technologi-
cal methodologies (,,NeuroCare-Trainer*, ,,NeuroCare-Assistant”) for the cost-
efficient creation, adaptation and personalization of training programs (,,Neuro-
Care-Configurator®) and the provision accompanying information for users and
their relatives (,,NeuroCare-Portal). Therefore in this chapter we sum up the re-
quirements from the domain experts as well as technical approaches of configura-
tion and authoring tools and information portals.

A major goal of NeuroCare is an early detection of dementia. This is supported
by the ,.first screening®“-procedure. This first screening is available for interested
people worrying about themselves and having the feeling that they may be im-
pacted in their cognitive capacity. As a second target group, family members may
want to check the cognitive capabilities of relatives for negative impacts preemp-
tively. The first screening process is the entrance to the NeuroCare system and
therefore accessible from the NeuroCare-Portal, which represents the first contact
in the use of NeuroCare.

The first screening is conceptualized by neurological experts und consists of a
succession of tests that check the cognitive capabilities of the user. For this pur-
pose, the user is supposed to solve the tests sequentially and anonymously. After-
wards, the user receives a statement (dependent on his results) about his estimated
cognitive constraints.

An additional screening procedure is provided by the NeuroCare-Assistant.
This assistant is (unlike the first screening) only available for registered Neuro-
Care users and it has to be repeated at several specific times. The assistant consists
of many tests that challenge a specific part of the brain (memory, attention, execu-
tives, space cognition and language). These tests have to be solved multiple times
and are afterwards send to the backend of NeuroCare in an encrypted way. This
allows NeuroCare to realize a training which reacts to the strengths and weakness-
es of each user. Those tests are referred to as a ,,test battery* in NeuroCare.

For the creation and rapid prototyping of story- or process-oriented applications
such as training programs or educational games, the authoring framework Story-
Tec is one of the leading technologies [11].

To support the easy creation of interactive application without programming
skills and without deeper knowledge of technology, devices or platforms, Story-
Tec contains a well-elaborated template system in combination with so-called
“expert views”. This allows the specialized support of domain experts from the



diverse application fields. This system also contains support for collaborative au-
thoring processes [12] as well as the configuration of games in the area of health
prevention and rehabilitation [6].

In NeuroCare a portal is planned as an interface for interested users to discover
information about the project itself and the NeuroCare modules to support care-
givers of dementia patients. A portal is an application that is realized based on
web technologys; it offers a central access to personalized content and processes as
needed [14]. Portals which focus on a specific topic are called vertical portals and
medicine portals take a place in this category. These medical portals like the Neu-
roCare-Portal are focused on topics around healthcare and medicine [2], in this
case cognitive impairments and dementia. Typically they provide different content
from information about diseases and expert search to live recordings from surger-
ies [2]. In the field of dementia various portals like “Alzheimer.de”!, “Wegweiser
Demenz’?, “Alzheimer Wissensportal” exist. The internet usage of the target
group (50+) increases as well, with the application fields of learning, information
search, online buying and networking [9]. The technical realization of portals is
often done by Content Management Systems (CMS). Web CMS are used for man-
agement and distribution of information [3]. Their main advantage is an easy pub-
lication of content and only few requirements about programming knowledge in
daily use.

Approach and Concept

The specific architecture for the NeuroCare project consists of four different
modules contributing to the overall system (Fig. 2). The process chain of the Neu-
roCare system starts with a MCI-screening within the NeuroCare-Portal or the
NeuroCare-Assisstant. As a result of the screening a cognitive skill rating for the
user is provided. Based on this assessment data a recommendation is provided,
which might, if necessary, contain the advice to consult a doctor and/or to start
cognitive training. This training contains modules which are created by experts us-
ing the NeuroCare-Configurator. The NeuroCare-Configurator offers the ability to
implement fine-grained adaptation mechanisms which adapt the difficulty of the
training modules according to the training progress of the user, keeping him at an
optimal training load. Based on the pre-configuration, the adaptive game engine
adjusts different parameters at runtime i.e. while the user is training.

! http://alzheimer.de

2 http://www.wegweiser-demenz.de

3 http://www.alzheimer-wissensportal.de
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Fig. 2. NeuroCare Modules and Interfaces

The training results and the progress of the user are recorded and stored in the
NeuroCare-Backend to allow their doctor to monitor the training. A special focus
of the NeuroCare project is the inclusion of the social environment of the users.
Relatives as well as caregivers can retrieve specialized information from the Neu-
roCare-Portal and gain assistance by using the NeuroCare-Assisstant. In the end,
the approach and concepts developed within the project NeuroCare will be as-
sessed regarding suitability for daily use, technical feasibility and ethical issues.
While these aspects will be discussed and documented in detail during the project,
they are not included in the technical focus of this paper.

NeuroCare-Portal

The NeuroCare-Portal provides a starting point into NeuroCare, offering func-
tionalities for exchanging information or communicating with other affected and
interested persons like their caregiver. Thereby a special challenge is to provide
the information multilingual and to give recommendations geared to specific tar-
get groups. Within the scope of the project the following realization areas are de-
tected and addressed:

The public area of the NeuroCare-Portal should offer information about demen-
tia, care at home or other related training issues. The content is multilingual with a
focus to the languages of German, English, Turkish and Russian, thus addressing
people with a migration background in Germany as well. A well-structured design
and navigation provides an easy way for finding the right content. A public forum
is aspired for exchanging topics, discussion points and questions around the dis-
eases and the care situation. For being up-to-date about new developments, group
appointments or other aspects, a newsletter function is planned.

Next to the content of the portal and its newsletter function, news about Neu-
roCare will be published via official Social Media channels like Facebook or



Twitter. For the simultaneous publication in the different channels a special mid-
dleware is to be incorporated [10].

Via a login function, the user will be able to access the private area of the por-
tal. The login information is identical for all features of NeuroCare thus offering
the users easy access to all features (e.g. NeuroCare-Assistant or Trainer). Based
on the target group of MCI or starting dementia patients, it is possible to link an
account of a (family) caregiver to the account of the patient, thus making it more
convenient for the care situation. For communication of patients and (profession-
al) caregivers, an internal social network is integrated into the portal. This way it
will be possible for the family caregivers to get in contact with other persons in a
similar situation or to receive remote help from a medical professional. Different
contact functions are incorporated like sending direct messages, chat, blogs, ex-
changing contacts or creating a group. Every function is explained with an addi-
tional text, thus making it user friendly. The user profile itself is different for pa-
tients, family caregivers or people working professionally in the care sector. The
user may decide which information is made public for the network or used for
recommendation functions inside the network. The recommendation function rec-
ommends not only content, but also persons or groups related to the current user
situation or search request.

For enhancing the other NeuroCare modules, the user may upload media data
like photos via the internal area of the Portal. This personal media, as well as the
content and the profiles are stored in the NeuroCare-Backend. For organizing a
group meeting or a public event, a calendar function is part of the portal. The user
may decide to add these appointments to their personal calendar.

As already mentioned in the introductory part, the NeuroCare-Portal is the en-
try point for all NeuroCare modules. Accordingly the portal offers information
about all NeuroCare modules as well as e.g. a trial version of the NeuroCare
Trainer, screening as part of the NeuroCare Assistant, training courses of Neuro-
Care LeMo or AAL services for the care at home.

For the realization of the NeuroCare-Portal , the CMS Drupal* will be applied.
The technology has been chosen after a structured requirement analysis at the first
stage of the project. The middleware for publishing content in different social me-
dia channels is named SoCom [10]. The internal social network will be realized
via an open source social networking engine, which has also been selected based
on a formal requirements analysis. It will be integrated in the Drupal realization.
For storage of all content and profiles the NeuroCare backend will be used.

NeuroCare Assistant

The NeuroCare-Assistant supports caring relatives and caregivers in the execu-
tion of the screening in cooperation with the impaired person. As of today, most

4 https://drupal.org/




screening processes are still realized based on paper and pencil. In contrast to this,
NeuroCare provides a very simple and intuitive digital procedure to acquire and
process screening results. This process is easier to use, since the impacted person
does not need to physically move to an establishment for performing the screening
processes. Instead, the user may perform the screening at home together with a
family member or caregiver. The process is designed to work intuitively, because
the whole screening process runs as an application on a tablet PC and consequent-
ly provides familiar gestures (like touch, wipe and move) with a low barrier of en-
trany. Another advantage of the NeuroCare-Assistant is the rapid processing of
captured data during the screening session. Whereas the paper and pencil version
produces a heap of papers that must be processed from the experts and stored in
archives that will gradually grow, the NeuroCare-Assistant fetches only relevant
data from the whole screening procedure, processes it digitally on the basis of
computer logic developed by experts and stores the results distinctly into a main
storage at the NeuroCare-Backend. This way the results of every screening session
will be available for doctors or caregivers in order to look at the progress in case
for which they are authorized to do so.

The NeuroCare-Assistant interchanges data via the backend with other Neuro-
Care components like the NeuroCare-Trainer, the Configurator and the Portal. The
aim of this data exchange is to enable these components to use the results achieved
by executing the screening. For example the tasks of the NeuroCare-Trainer have
to be adapted to the current cognitive capabilities of the patient. Those are cap-
tured by the NeuroCare-Assistant during a screening session and passed to the
backend so that the NeuroCare-Trainer is able to adapt its task difficulty to the
cognitive status of the user according to the performance during the training.

NeuroCare Trainer

The NeuroCare-Trainer is a cognitive training instrument for personalized
training at home or in geriatric facilities. It consists of a six-week program with
three lessons per week (18 units in total), each of them has a duration of about 40
minutes. Three variants of the training exist depending on the individual’s cogni-
tive state. The assignment to one of three difficulty levels is based on a cognitive
profile assessed with a digital neuropsychological test battery (i.e. the NeuroCare-
Assistant) which classifies whether a person’s performance indicates “age-
adequate cognition”, “possible mild cognitive dysfunction”, or “cognitive impair-
ment”. Training elements which are individually tailored to this assessment are:
psycho-education explaining important knowledge about the aging brain, lifestyle
factors influencing cognitive functions and explanation of cognitive compensa-
tional strategies, cognitive exercises and recommendations for everyday life (“dai-
ly tip for promoting cognition”) as well as individual feedback on training success.
The program is adaptive so that the level of difficulty in cognitive exercises
changes based on the individual levels of performance. A comprehensive database



of stimulus material enables repetitions of cognitive exercises with new items each
time time the training is processed.

Individuals without cognitive impairments can use the program independently
with different choice options in regard to the selection of the exercises and train-
ing intensity. Individuals with cognitive impairment scan be supported by their
relatives or medical staff and are guided through the training in a well-structured
way that is easy to follow. For patients with clear cognitive impairments, the pro-
gram also offers facilities to do biography work.

The NeuroCare-Trainer is different from other existing programs in the way
that it is specifically designed to enhance cognition in aging subjects without and
with cognitive impairment and that difficulty levels are directly related to the lev-
els of performance indicated above. Furthermore, the NeuroCare-Trainer offers
psycho-education that is again matched to the topic of cognitive aging and cogni-
tive impairment in senior patients. The efficacy of the basis of the program, the al-
ready existing non-digital group programme NEUROVvitalis [1], has been evaluat-
ed in scientific studies (Petrelli et al., under review).

NeuroCare-Configurator

The NeuroCare-Trainer as well as the learning modules created for the project
will be implemented using the NeuroCare-Configurator, which is based on the au-
thoring tool StoryTec [11]. This approach offers several advantages. On the one
hand, the tool can be used by authors without programming skills, who are then
able to edit the training or learning modules on their own. This allows them to up-
date the content of these modules immediately without the need for programming
support. Possible users are neurologists who want to modify the training based on
evaluation results or other new scientific results in their field. On the other hand,
even expert users can use the tool to implement the modules more quickly, speed-
ing up the process while also making it cheaper.
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Fig. 3. Authoring Workflow: Concept, Configurator and Application

The decision to use an authoring tool resulted in the following development
process: In order to allow the configuration of complex user interactions like the
individual practice units from the NeuroCare-Trainer, these interactions must be
implemented as templates first. For this step, a textual description provided by the
subject matter experts (here: neurologists) is separated into constant and variable



aspects. While the basic task definition (e.g. “click all items with a specific color™)
is fixed, other aspects (e.g. the number of items presented to the user) are kept var-
iable. This allows authors to change these variables later easily and without the
need to know the exact technical implementation of the user interaction template
[13].

After these templates are created, the modules can be implemented by non-
programmers completely. Their basic structure is created first by defining screens
(scenes) and how the user is able to navigate between them (transitions). This task
is often done by media designers, i.e. experts on how a specific content should be
presented to the user. These designers also define the general “look & feel” of the
module by adding fonts and graphical elements to the scenes. This basic structure
is then set to read-only in order to prevent accidental modifications in later steps.

After that, subject matter experts are able to insert the previously defined inter-
action templates into the scenes and change the variables connected to them at
will, for example to offer different levels of difficulty for a single practice unit.
They are also able to add further multimedia elements like texts, images or videos,
which can be used in order to explain the tasks to the players.

When a module is defined completely, it is exported to be playable by the users
— in this case, patients with mild cognitive impairments. Since the export-function
was built for cross-platform-support, the modules can be realized as native iOS or
Android-Apps and work in web-based or PC-based (HTMLY) settings as well.

Additionally some of the training tasks are designed to include personal infor-
mation from the patient’s past, which is meant to be inserted by their relatives or
caregivers. This is done via a web-based version of the NeuroCare-Configurator,
which is able to insert information into the training module after it is exported. For
security reasons the web-based version is restricted to specific information marked
as editable by the designers or subject matter experts and provides only a subset of
the functions provided by the configurator used during development. Since the na-
ture of the authoring tools makes it easy to change the module created with it, an
iterative development process is supported. When early usability tests for example
showed that the font was too small when viewed on tablets, the designers where
able to update the module quickly.

Summary and Outlook

The demographic change increased the demand for solutions, which allow early
diagnosis and alleviation of age-related decrements of cognitive and physical
skills. In this publication approaches for the creation of personalized and adaptive
training systems for these skills as well as their integration in the social environ-
ment of the end users are presented. Within the research project NeuroCare, these
concepts and approaches will be implemented and evaluated together with end-
users. This way NeuroCare provides an essential contribution for the research in
the field of human-technology-interaction.
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