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Rehabilitation is constantly being improved both conceptually and functionally. 
But over time and optimizing functionality, we have forgotten who it is all about:

the human being.

- analogously, from a talk at the GNP Conference 2017 -
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Zusammenfassung
Softwarebasierte kognitive Trainings werden 
effektiv bei Patienten mit erworbenen Hirn-
schädigungen in der kognitiven Rehabilitati-
on eingesetzt. Jedoch können besonders in 
der selbstständigen Nutzung zuhause sowohl 
Motivationsprobleme als auch eine ungenü-
gende Durchführung des Trainings auftreten.

Die Motivation und Durchführung kann 
durch Ansätze wie Gamification oder unter-
schiedliche Nutzungs- und Erinnerungsme-
chanismen angesprochen werden. Für eine 
nutzerorientierte Umsetzung im spezifischen 
Kontext der kognitiven Rehabilitation werden 
detaillierte Kenntnisse zu Design, Entwick-
lung und Effekten benötigt.
Dafür werden in dieser Arbeit zur Erweite-
rung bestehender softwarebasierter kogniti-
ver Trainings drei Schritte unterteilt:

1. Zuerst wird die Art betrachtet, wie Ga-
mification Elemente für Patienten mo-
tivierend ausgewählt, entworfen und 
entwickelt werden können. 

2. Als zweites wird betrachtet, welche Ef-
fekte sich bei der Implementierung von 
(angepasster) Gamification auf die Moti-
vation in Wahrnehmung und Emotionen, 
sowie der Trainingsdauer ergeben. 

3. Abschließend werden Möglichkeiten zur 
externen Ergänzung des Trainings am 
Computer betrachtet. 

In der Art der Implementierung zeigen die Er-
gebnisse anhand von Interactive Storytelling 
und Quest initial die potentielle Eignung der 
Implementierung von Gamification und das 
Interesse der Patienten an der Nutzung ohne 
zusätzlich zu erschöpfen. Es zeigt sich in der 
Machbarkeit, dass die ergänzende Gamifica-
tion unabhängig von der kognitiven Trainings-
aufgabe entwickelt und umgesetzt werden 
kann ohne diese zu verändern. Vertiefend 
wird eine Orientierung für die Umsetzung ei-

nes Nicht-Spieler Charakters zur Begleitung 
von Patienten in softwarebasierten kognitiven 
Trainings präsentiert.  
Übergreifend wird die Nachfrage von Pati-
enten nach verschiedenen Gamification Ele-
menten in Verbindung mit dem Charaktertyp 
basierend auf Marczewski’s Player and User 
Types Hexad analysiert. Dabei zeigen sich von 
allen Typen gefragte oder abgelehnte und 
individuell je nach Typ gemischt betrachte-
te Elemente. Besonders gefragt ist die Kate-
gorien Progression, aber auch die Assistance, 
welche für Patienten relevanter als für gesun-
de Spieler ist. Das gefragteste Element ist 
‘Meaning/Purpose’. Am wenigstens gefragt 
ist die Kategorie Socialisation. 

Zur Unterstützung für die Auswahl von Gami-
fication und Umsetzung in der Praxis werden 
folgende Ansätze vorgestellt:
• Eine visuelle Aufbereitung der Verbin-

dung in der Nachfrage zwischen Charak-
tertyp der Nutzer und Elementen. 

• Ein Tool-Prototyp für einen interaktiven  
‘Gamification Guide’, der die Auswahl an-
gepasster Elemente entsprechend einer 
individuell definierten Zielgruppe ermög-
licht und einen Wissenstransfer zwischen 
Forschung und Praxis unterstützen kann. 

• Die Anwendung einer Methode zur  
Zusammenfassung von Nutzereigen-
schaften im Mittel zur Zuweisung zu be-
stehenden Gamification Umsetzungen 
oder Auswahl von geeigneten Elementen. 

Als Effekt von (angepasster) Gamification er-
gibt sich in der Arbeit in der Gesamtbetrach-
tung in der Trainingsdauer kein signifikanter 
Unterschied zwischen gamifizierten und 
nicht gamifizierten Trainings. Jedoch zeig-
ten sich Hinweise auf die Hypothese, dass 
in den mittleren Trainingszeiten angepasste 
Gamification zu einer höheren Trainingsdauer 
führen könnte. Zudem zeigen sich in der ver-
tiefenden Betrachtung teilweise signifikante 

Unterschiede je nach (nicht) primären Cha-
raktereigenschaften der Nutzer. 
In der Wahrnehmung weisen die Ergebnisse 
in der Nutzung von browserbasierten gami-
fizierten Trainings auf unterschiedliche mög-
liche Effekte hin, wie: Teilweise höherer Spaß 
oder höhere Kompetenz in Abhängigkeit des 
einzelnen Nutzertypen oder einen höheren 
Glauben an den Effekt von Trainings am Com-
puter und Smartphones. 

In der externen Software-Ergänzung wird die 
Ergänzung des (gamifizierten) Trainings am 
Computer durch eine Serious Game Smart-
phone App und die Weiterentwicklung eines 
Smart Home Reminder-Feedbackobjekts be-
trachtet. Es zeigt sich durch die hohe Varianz 
der Nutzungsbedürfnisse die Relevanz des 
Angebots angepasster Nutzungsvariationen. 
Nach der Anbindung des Feedbackobjekts 
an den Trainingsserver zur selbstständigen 
Nutzung werden Möglichkeiten zur Anpas-
sung an den Charaktertyp vorgestellt, die das 
durch Nutzer als primär relevant beschriebe-
ne Feedback unterstützen sollen.

Basierend auf den Ergebnissen der Arbeit 
wird für zukünftige Methoden zur Betrach-
tung vorgeschlagen, als Basis generell ge-
fragte Elemente einzusetzen und darauf 
aufbauend gezielt Elemente auf Effekt und 
Typ ausgerichtet zu ergänzen. Dadurch soll 
ein Kompromiss zwischen Entwicklungsauf-
wand in der Praxis und der Höhe des Effekts 
angestrebt werden.

Die Arbeit trägt Methoden und Vertiefung des 
Wissens zur Unterstützung von Design und 
Entwicklung zur Anwendung softwareba-
sierter motivationsfördernder Elemente in 
kognitiven Trainings bei. Sie bietet, erweitert 
und vertieft dabei die Möglichkeiten zur ge-
zielten Auswahl in der Entwicklung zur Un-
terstützung der Motivation, Emotionen und 
Adhärenz der Nutzer. 
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Abstract
Software-based cognitive training is used 
effectively for patients with acquired brain 
damage in cognitive rehabilitation. However, 
especially in the independent use at home, 
both motivation problems as well as an insuf-
ficient conduct of the training can occur.

Motivation and conduct can be addressed 
by methods such as gamification or differ-
ent usage and reminder mechanisms. For a 
user-centered implementation in the specif-
ic context of cognitive rehabilitation, detailed 
knowledge about design, development and 
effects is needed.
For this purpose, three steps are presented in 
this work to complement existing software-
based cognitive training:

1. First, the way gamification elements can 
be selected, designed and developed in 
a motivating way for patients will be con-
sidered. 

2. Secondly, the effects of the implementa-
tion of (tailored) gamification on the moti-
vation in perception and emotions, as well 
as on the training duration will be con-
sidered.

3. Finally, ways to externally complement 
training on the computer are considered. 

In regards to implementation, the results us-
ing Interactive Storytelling and Quest initially 
show the potential suitability of implement-
ing gamification and patient interest in using it 
without additional exhaustion. Regarding fea-
sibility, it is shown that complementary gami-
fication can be developed and implemented 
independently from the cognitive training 
task without changing it. 
In depth, an orientation for the implementa-
tion of a Non-Player Character to accompany 
patients in software-based cognitive training 
is presented.  

Comprehensively, the request of patients 
for different gamification elements is ana-
lyzed in connection with the character type 
based on Marczewski‘s Player and User 
Types Hexad. This shows elements request-
ed or rejected by all types, or considered 
mixed, depending on the type. Particularly 
requested are categories Progression, but 
also Assistance, which is more relevant for 
patients than for healthy players. The most 
requested element is ‘Meaning/Purpose‘. 
The least requested category is Socialization.  

To support the selection of gamification and 
implementation in practice, the following 
methods are presented:
• A visual presentation of the connection in 

request between user type and elements. 
• A tool prototype for an interactive ‘Gami-

fication Guide‘ that allows the selection 
of tailored elements according to an in-
dividually defined target group and can 
support a knowledge transfer between 
research and industry. 

• The application of a method to group 
user characteristics in the mean for the 
assignment to existing gamification im-
plementations or selection of appropri-
ate elements. 

In regards to the effect of (tailored) gamifi-
cation, there is no significant difference be-
tween gamified and non-gamified trainings in 
the overall training duration. However, there 
were indications for the hypothesis that in the 
middle training durations, grouped tailored 
gamification might lead to a higher training 
duration. In addition, a more in-depth analysis 
revealed significant differences depending on 
the (non-)primary characteristics of the users.  

In regards to the perception, the results in 
the use of browser-based gamified training 
indicate different possible effects, such as: 
Partially higher fun or higher competence 

depending on the individual user type, or a 
higher belief in the effect of trainings on com-
puters and smartphones. 

In regards to the external software comple-
ment, the addition of a serious game smart-
phone app to the (gamified) training on the 
coputer and the further development of a 
smart home reminder feedback object are 
considered. The high variance of usage needs 
shows the relevance of offering tailored us-
age variations. 
After connecting the feedback object to the 
training server for independent use, possibili-
ties for tailoring to the user type are presented 
to support the feedback, which is described 
by users as primarily relevant.

Based on the results of this work, future 
methods should consider using generally 
requested elements as a basis, and expand-
ing additional elements targeted to effect and 
user type. This is intended to achieve a com-
promise between development effort in prac-
tice and the level of effect.

The work contributes methods and deepen-
ing knowledge to support design and devel-
opment for the application of software-based 
motivation-enhancing elements in cognitive 
training. Thereby, it provides, broadens and 
deepens possibilities for targeted selection 
in development to support users‘ motivation, 
emotions and adherence. 
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Summary of Key Results
Methods for development and design to pro-
mote motivation in the conduct of software-
based cognitive training were considered. Key 
results of this work indicate for the individual 
thesis research questions (TRQ):

TRQ 1: Implementation 
of Elements

Feasibility of the integration and deepening 
of specific elements:
• The integration of interactive storytelling 

shows, on the one hand, the feasibility of 
the method of wrapping training tasks 
through gamification over several ses-
sions, and on the other hand, the inter-
est of patients in using gamification and 
the usage without exhaustion and with-
out subjectively perceived high distrac-
tion from training.

• A Non-Player Character (NPC) as a meth-
od to accompany in the browser-based 
training is requested in the type male and 
young or female and middle-aged and 
should be emotional and friendly, but also 
competent and taking the leading role. 
For the rehabilitation, different classical 
roles are included, like friend and men-
tor, but also aspects of the therapist.  

Comparison of requests for elements: 
• The differentiation of user types shows 

elements that are requested, mixed and 
not requested by all types. This indicates 
elements that might be used in general, 
but also elements that should be tailored 
to the target group resp. their subgroups 
for use.

• The primary requested element by 
patients in cognitive rehabilitation is 
‘Meaning/Purpose’, which includes a 
meaningful goal. The primary requested 
element categories are Progression, fol-
lowed by Assistance. The least requested 
element is Anchor Juxtaposition (do the 
training task or pay money to level up) and 
least requested category is Socialization.

Methods for assistance in the development, 
design and application in practice:
• The visualization as assistance for choos-

ing appropriate elements for all types, or 
individually. resulting from the request for 
elements related to the user type.

• A proposed prototype for the browser-
based tool ‘Gamification Guide‘. Accord-
ing to an individual definition for the target 
group, the ‘Gamifiction Guide‘ is intend-
ed to visually present research results on 
gamification elements, whereby the user 
gets the competence to select appropri-
ate elements for the application in prac-
tice. Furthermore, it is intended to support 
the interconnection of research and in-
dustry and the presentation of research 
results.

• The method of grouping parts of the 
scores of user characteristics based on 
player and user types hexad in mean 
allows for the assignment to existing 
gamification approaches based on the 
suitability for the user and potentially a 
simplification of the development.

TRQ 2: Effects

Gamified training can create effects in per-
ception, such as
• A higher perceived fun or competence, 

emerging differently for different user 
types or implementations.

• Within grouped user types in mean a 
higher belief in the positive effects on 
personal skills, the effect of a training us-
ing a computer and subsequently com-
plementary a smartphone, but not of 
playing a game. 

• There are indications that need to be 
considered further that A) the level of 
responsibility conferred by the comple-
mentary methods should be integrat-
ed with caution and B) complementary 
goals can be integrated through motiva-
tional methods.

(Tailored) Gamified training shows for behav-
ior in training duration:
• There are no overall differences between 

gamified and non-gamified training, but 
there are differences in the details:
• In consideration of the user charac-

teristic, in a combination of socializa-
tion and progression elements, partial 
differences in the duration of training 
were found within gamified training. 

• Indications emerge for the hypoth-
esis that training duration can be in-
creased in the medium range through 
the integration of gamification.

TRQ 3: Complementing 
Browser-Based Training 

on the Computer

• In the combination of browser-based 
(gamified) training and smartphone game 
app, the presumed most reasonable use 
(combined use) and the presumed per-
sonal use (increase of individual possibili-
ties) differ from each other. A high need 
for individual selection of the version to 
be used becomes apparent.

• Feedback as a complementary object 
can be implemented as a smart home 
system for independent use and con-
nected with the server for browser-based 
training to be able to react directly to the 
user‘s interaction with the training, de-
pending on the personal training plan. 

• Further, a meaningful integration tailored 
to the user types and a possible evalua-
tion are proposed.

Abstract
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Notes
• For ethical reasons, 1) the training in the 

studies in this work use, are based on or 
inspired by medically confirmed software 
used in practice and / or use further de-
veloped approaches based on this and 2) 
in studies with patients, elements that are 
considered as promising for use and as-
sumed positive effects are implemented.

• Gender note: Care has been taken in this 
work to use neutral wording as often as 
possible when referring to gender. This in-
cludes all genders (female, male, trans*, 
non-binary, undefined, or other forms of 
self-identification) unless explicitly stated 
otherwise. Section 3.2.2 differentiates be-
tween female and male due to relevance 
to the research question.

• Parts of this work are based on the pre-
vious master thesis of the author [129], 
deepening and extending it. 

• This work includes, in addition to the au-
thor‘s own publications, parts of the thesis 
proposal and the presentation at the 
‘Doktorandentag‘ at the faculty of com-
puter science at the Otto von Guericke 
University of Magdeburg. Contents and 
formulations of the already published pa-
pers are integrated. An overview can be 
found at the end of the work in the appen-
dix in the list of own publications. Some of 
the formulations and content in the own 
publications were adapted, shortened or 
expanded for this thesis.

• This work was realized within a cooper-
ation with HASOMED GmbH and the Ta-
gesklinik für Kognitive Neurologie of the 
Universitätsklinik Leipzig. Parts of the 
emerging results are integrated. 

• Through the cooperation with the com-
pany HASOMED GmbH and the use of 
the RehaCom software they developed, 
they have partially supported the soft-
ware development and the integration 
into existing training modules / web train-
ing, or realized parts.

• For this work, the german rehabilitation 
system is considered. Procedures in other 
countries may differ.
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1Introduction

1.1 Situation of Patients in Cognitive Rehabilitation and Problem
1.2 Focus and Contribution

1.3 Challenges, Restrictions and Requirements
1.4 Structure

This chapter introduces the focus and pur-
pose of this work, its contents and main con-
tribution.
It introduces the challenges, restrictions and 
requirements and gives an overview of the 
structure.

This section contains texts from the author‘s 
own publications (see ‘List of own publica-
tions’ in the appendix).
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1.1 Situation of Patients in Cognitive 
Rehabilitation and Problem 

Acquired brain damage can lead to various 
deficits, such as limitations to, or loss of, cog-
nitive abilities. However, neither survival nor 
complete recovery of lost abilities can be 
ensured [312]. With the higher age of the pa-
tients, the need for treatment in clinics also 
increases [67, 352]. Neurological deficits can 
have a high impact on the patient‘s life and 
restrictions on activity and participation [175]. 
Following acute hospitalization, software-
based cognitive training is used effectively 
[402, 416] in inpatient or outpatient treatment, 
and plans are created, which are tailored to 
patients and their deficits [181]. 

For improvement to the skills, various factors 
such as the repetitions, number or intensity of 
the training are relevant [182, 214, 403]. If mo-
tivation is low, there is only a small probability 
of successful therapy [276, 294]. The conduct 
of the training can be controlled extrinsical-
ly by the supervisors on-site. However, train-
ing tasks are sometimes perceived as boring 
[392]. In complementary or subsequent train-
ing at home, lower motivation [361], lack of 
direct guidance or control by therapists is a 
problem [178]. Patients tend to neglect their 
at-home training [178]. In electronic health 
(eHealth), it is also a problem to drop out too 
early before the goal has been reached [120]. 
An observational study in cognitive home 
training indicates that more than half of the 
patients do not train sufficiently [217]. 

Methods are needed to address motivation 
in software-based training, especially in in-
dependent use. Different possibilities are 
available for this, such as external control, 
reminders or support of the user‘s interest. 
In this work, two approaches are considered, 
which can be used individually or comple-

mentarily, depending on the patient and situ-
ation. 

In health care [7, 192, 219, 379, 282] and spe-
cifically in cognitive training [329, 361, 392], 
to address perception, behavior or behavior 
change [329] and motivation, the use of ele-
ments from games [228] is promising in cog-
nitive rehabilitation [106]. They can maintain 
engagement with the tool, increase com-
pliance with health interventions, and con-
vey positive emotions [329]. This is of interest 
to both research and industry [180, 405]. In 
practice, however, the context of use is crucial 
[156, 160, 388]. A transfer of results between 
different application areas is not guaranteed. 

Research results in the field of gamification 
often range between mixed and positive 
[219], but negative side effects may also arise 
[54, 334, 392]. In use, the goal should be to 
strengthen positive effects and avoid nega-
tive effects [199, 281, 320], which is particu-
larly relevant for patients and the conduct of 
training. 

In rehabilitation, a challenging and meaning-
ful approach is particularly relevant [60]. How-
ever, the use of different game elements is 
differently appropriate for different types of 
users. Thus, not only general use is impor-
tant, but also a tailored approach [372, 284], 
especially for addressing the long process of 
rehabilitation [379]. 

Gamification frameworks therefore require 
knowledge about the user, their character-
istics and needs as a basis for the develop-
ment of gamification solutions [258, 262]. The 
therapeutic elements are an additional rel-
evant factor for the use in cognitive impair-

ments [228]. However, in the general research 
on gamification, but also in gamification in 
computerized cognitive training, the lack 
of theoretical foundations and approaches, 
empirical studies and issues is evident [329, 
392]. In computerized cognitive training, there 
is also a lack of consideration to individual, 
group, and more broadly ranged elements 
and tailoring [392]. 

One goal of the research is to transfer solu-
tions and effects into practical applications. 
However, the use of gamification is challeng-
ing, and poor design can result in missing the 
target [293]. Thus, further methods are need-
ed to create easy access to the results for the 
industry and to support the applicability of the 
research results. 

The motivation for training can be addressed 
through direct integration within the soft-
ware, such as through gamification on the 
one hand, but also outside the computer on 
the other [129]. 
In practice, software-based cognitive train-
ing is offered for different devices, such as 
personal computer / laptop, browser-based 
or mobile devices [181]. According to Jokela 
et al. different devices are used for different 
purposes and situations, and based on differ-
ent preferences [194]. Smart objects can pro-
vide additional support at home in everyday 
life [381, 393]. For the use in cognitive thera-
py, therefore, not only the suitability of de-
velopments for individual devices within the 
training, but also the effects of their combina-
tion and complementation possibilities of the 
basic training are relevant to deepen under-
standing and to address the tailoring to the 
usage scenario.

Therefore, this work focuses on motivational 
and meaningful methods for the user. This in-
cludes the way of implementing gamification 
and effects within the training and comple-
menting the training software through con-
nected devices. In this context, ways and 
methods for application and to support de-
sign and development for use in practice are 
presented.
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1.2 Focus and Contribution
1.2.1 Focus

1.2.2. Goal and Main Contribution

1.2.1 Focus

In rehabilitation, a differentiation is made be-
tween cognitive and motor impairment [361]. 
This work focuses on motivational methods 
for a target group of adult users in the spe-
cific context of independently used software-
based training for cognitive abilities after 
acquired brain damage. The target group is 
already undergoing outpatient therapy and 
can perform supplementary or sole home 
training. Thus, training situations in outpatient 
training or home training are considered. 

According to Ferreira-Brito et al., commercial 
as well as adjusted and specially developed 
games are used in trainings [123]. Games for 
entertainment used for therapy, well-being 
e.g., brain training games for healthy users 
for fun, training for motor functions, as well 
as for brain damage existing from birth are 
not considered in depth. 

For the personalization of gamified eHealth 
youth mental healthcare, van Dooren sug-
gests examining the overall system as well 
as individual effects [388]. According to them, 
it is relevant to focus research on how a gami-
fied eHealth application can support both pa-
tients and therapists.
 
In the field of common mental disorders and 
well-being, Brown et al. describe various ap-
proaches, such as persuasive technology, 
personalized reminders, tracking, interac-
tion, or social networks, for use in web-based 
health interventions to promote adherence 
[56]. These are used to address motivation in 

this work for application in cognitive rehabili-
tation on the basis of gamification.

The focus is on motivation through gamifica-
tion, and complementary methods, as well 
as the complementation of existing training, 
but not on the novel development of serious 
games.
Measuring motivation is a typical factor in 
considering the impact of gamification [379]. 
In this work, user requests, perceived emo-
tions, and behaviors such as self-selected 
training duration are considered as indicators 
of user motivation. Important aspects are un-
derlying meaningfulness [60], the possibility 
of tailoring to the user [372, 284] and the per-
sonal situation. The results are intended to 
serve as guidance in design, development, 
and implementation and are aimed at prac-
tical application. 

De la Hera Conde-Pumpido proposes differ-
ent strategies of persuasiveness in games, 
which include exocentric strategies, or those 
which change attitudes outside of the game, 
and endocentric strategies, which attempt to 
keep the player playing [94]. The goal of reha-
bilitation is exocentric outside the conduct of 
the software-based training to maintain or re-
gain skills. The goal of gamification and moti-
vation used in this work is an endocentric one 
for conducting the training. The focus of this 
work is therefore in the endocentric domain. 
For this purpose, an existing training software 
[162] was expanded in different training mod-
ules and complemented with gamification 
and external elements. Neither existing soft-
ware-based training concepts nor sessions 
with the therapist are to be replaced. 

Training and motivational methods are con-
sidered as two different components. This 
is to ensure that a) the effectiveness of the 
existing training, or training based on it, is 
maintained, b) the motivational methods can 
also be used flexibly for other training, and 
c) training and motivational components can 
be connected in the development but con-
sidered independently of each other. Based 
on this, the following Thesis Research Ques-
tions (TRQ) are considered. They are intended 
to consider the basis for motivation in the fur-
ther development of software-based training 
to strengthen perceived emotions, behavior 
and long-term training adherence.

1. How can gamification elements be im-
plemented in the development and 
design of software-based cognitive 
training on the computer in a motiva-
tionally supportive way for patients with 
acquired brain damage? 

2. What are the effects of implementing 
(tailored) gamification on motivation in 
terms of perception and usage behavior 
in self-selected training duration?

3. How can motivation-supporting ele-
ments complement browser-based 
training tailored to the user? 

TRQ 1 includes the initial consideration of the 
feasibility and suitability of combining gami-
fication elements and software-based cogni-
tive training. For this, the elements ‘Interactive 
storytelling‘ combined with ‘Quests‘ and ‘Non-
Player Characters‘ (NPCs) were considered in 
depth. For broader possibilities of implemen-
tation, the request for different elements were 
considered in general and in dependence of 
the character traits of patients. This offers an 
orientation for the selection of appropriate 
elements. To further support the design and 
development, a browser-based gamification 
knowledge transfer tool between research 
and industry is proposed, which supports 
the selection of possible elements tailored 
to the user group. Moreover, the grouping of 
different character traits of a user for the as-
signment to existing gamification options is 
considered. 

For TRQ 2, (tailored) gamification scenarios 
created within the work, which were com-
bined with existing [162, 168] or based on ex-
isting training, were evaluated in their use. 
Effects on perception and training behavior  
in the duration of training were considered. 
TRQ 3 includes the consideration of differ-
ent complements for training in different us-
age scenarios  for combinations and devices. 
The basis for this is browser-based training 
on the computer. In addition, the difference 
of gamified or non-gamified training and the 
(complementary) use of a serious game on a 
smartphone were considered. Furthermore, 
the further development of an existing smart 
home feedback object, which was developed 
prior to this work [129, 135], software-based 
connection to an existing training server and 
the possibility for a meaningful tailoring were 
considered.  
Based on Vermeir et al. [392], this work uses 
both qualitative and quantitative approaches 
to evaluate perception, behavior and tailoring 
to the target group.
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1.2.2 Goal and 
Main Contribution

Successful rehabilitation is the long-term 
overarching goal, which is to be addressed 
by supporting patients‘ motivation to perform 
cognitive training independently. By address-
ing the TRQs and steps described above, this 
work contributes methods and implementa-
tions to support design and development of 
software-based training in cognitive rehabili-
tation and make research results applicable in 
practice. Therefore, the elements in this work 
are implemented in the context of cognitive 
training for practical use. This work thereby 
deepens the knowledge about the selection, 
implementation and effects and in the appli-
cation of motivational software-based meth-
ods in cognitive training. For this purpose, 
specific application purposes are examined 
in depth on the one hand, and elements are 
compared in an overarching view on the oth-
er hand. The results contribute to the selec-
tion of motivational methods in the specific 
context of cognitive rehabilitation, specifically 
tailoring to the user and the intended effect 
[202, 373], and to integrate them into the train-
ing software.
The work offers concluding implications of 
the results and possibilities for applying the 
results in practice for integration into existing 
software-based therapies.

1.3 Challenges, Restrictions              
and Requirements

There are several challenges, restrictions and 
requirements for this work. 

With regard to design-based research in the 
development of cognitive training for elderly, 
Lu et al. point out that the development of re-
search approaches requires interdisciplinary 
collaboration and the integration of, among 
others, interaction designers, engineering sci-
entists, mechanism experts, and stakehold-
ers [235]. Khaleghi et al. also point out the 
relevance of interdisciplinary teams in their 
framework for the development of cognitive 
training [211]. For Parkinson‘s disease, van de 
Weijer et al. also point out the need for col-
laboration between researchers, health pro-
fessionals, patients, and the industry in the 
development of training [387]. Regarding the 
development of mobile training, Dicianno et 
al. point out the relevance of including reha-
bilitation professionals to serve standards of 
rehabilitation in these technologies [102].
Since an interdisciplinary perspective is nec-
essary [301], interaction and game back-
grounds are included into the development 
in addition to the application and implemen-
tation in computer science. For the suitability 
for therapy, neuropsychologists from the field 
of cognitive rehabilitation are involved, as well 
as experts from the development of training 
software from the industry for the implemen-
tation. This is complemented by the inclusion 
of patients from cognitive rehabilitation and 
participants for the use of the home training 
for the user-centered approach and to ad-
dress motivation.

Tamayo-Serrano et al. point out the problem 
that systems for in-home use are sometimes 
only tested in the laboratory or at the hospital 
[361]. Van Dooren points out the relevance of 
aligning studies with the context of use [388]. 

By considering the outpatient phase respec-
tively primarily the home training, the target 
group should primarily carry out the training 
independently. This results in the requirement 
to develop prototypes and evaluation scenar-
ios in this work, which are close to the real ap-
plication purpose and technically usable by 
participants independently.
Sardi et al. point out in a review in eHealth 
that in the use of game methods the selec-
tion and suitability for the situation of use and 
the target group is challenging [329]. Transfer-
ring or using game metaphors in a different 
context can be difficult, thus easily under-
standable elements that do not require pri-
or knowledge should be used. Furthermore, 
they point out that gamification should not 
only prolong tasks, but also add meaning-
ful and entertaining value for longer user en-
gagement. Gamification, however, may not be 
perceived as meaningful in terms of serving 
the health purpose in some cases. Partly, the 
user adaptation is missing or the interest in 
the elements decreases over time. Vermeir 
et al. point out that the game features used in 
complex systems must be well thought out to 
achieve the intended outcomes [392]. There-
fore, the selection of the elements should be 
oriented towards their effect suitable for the 
user [201, 202]. 

This results in the challenge of supporting de-
velopment, as well as the requirement of de-
signing long-term motivational approaches 
due to the longer training duration and mean-
ingful scenarios.

Further requirements for development are 
maintaining the effectiveness and conveying 
this to the user [329]. Existing effective train-
ing designed for therapeutic purposes in re-
habilitation, or versions based on them, are to 
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be integrated into the motivational settings to 
be developed in this work.
The cognitive resources required for the mo-
tivation elements should be kept low. This 
should reduce the risk of increased difficul-
ty [392] or overwhelming and enable a high 
training performance. Patients require cost-
effective systems and preferably standard 
hardware for home training [178]. Further-
more, the results should be supporting and 
applicable in the software development of 
rehabilitation tools in the future.

1.4 Structure
After the introduction, the work is divided into 
the following sections:

• Chapter 2: Fundamentals of medical 
background, software background in 
cognitive training, motivation and gamifi-
cation in rehabilitation and usage of soft-
ware. 

• Chapter 3: Focus on gamification with-
in the computer-based training. Imple-
mentation and usage of game elements 
in combination with cognitive training in 
rehabilitation: In-depth and overarch-
ing integration, its tailoring and effect 
on patients, as well as a proposed tool-
prototype to foster knowledge transfer 
between industry and research to sup-
port the design and development in prac-
tice.

 
• Chapter 4: Focus on gamification integra-

tion and motivation in combined multi-
ple training settings to complement the 
computer-based training externally: The 
application of a method of integrating 
(grouped) gamification within the soft-
ware. Also, the effect and combination 
of (tailored) browser-based training and 
a subsequent mobile serious game. Fur-
thermore, the implementation, software-
based interconnection with a cognitive 
training and possible tailoring of a training 
feedback object as a reminder in home 
environment.

• Chapter 5: Summary of this work, discus-
sion of the thesis research questions and 
approaches, implications and pointing 
out limitations.

• Chapter 6: Conclusion of this work and 
research agenda for future work. 

Chapters 2 and 3, after the individual studies, 
provide a concluding summary in take-away 
information of the respective key aspects. This 
work is complemented by implications of the 
results also for use in practice, which can be 
found in chapter 5. A list of the author‘s own 
publications, the bibliography, further notes 
on this work and parts of the questionnaires 
and graphics can be found in the appendix. 
Further questionnaires can be found on the 
attached storage medium.
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2Background

Following the first surgical openings of the 
skull more than 10,000 years ago and contin-
ued research, it was possible to assign func-
tions to the individual brain regions [204]. To 
regain abilities after brain damage, therapies 
were developed that can be carried out anal-
ogously and later on also software-based. To 
motivate patients in their therapy, various ap-
proaches exist, such as the use of tokens as 
positive reinforcement and rewards for de-
sired behavior in behavior therapy. 
In 2002, the term gamification was coined 
and game elements were used to address 
motivation. This has been used, researched 
and tailored to users in a wide range of fields, 
also in software-based cognitive rehabilita-
tion training for patients. 

This chapter describes the fundamentals 
and background for this work. Different spe-
cialist areas are included. First, an overview 
of anatomical fundamentals, acquired brain 
damage, and neurological rehabilitation is 
provided. This is secondly followed by an 
overview of clinical practice, Human-Com-
puter-Interaction (HCI) in software-based 
training, training software and its implemen-
tation. Thirdly, it is extended by fundamen-
tals of motivation, use of gamification and its 
tailoring to users. Lastly, their combination is 
considered, the use of gamification in reha-
bilitation and software used.

This section contains texts from the author‘s 
own publications (see ‘List of own publica-
tions’ in the appendix).

2.1 Medical Background
2.2 Software: Clinical Practice in HCI in Software-Based Training,

 Software and Development
2.3 Motivation and Gamification (in Rehabilitation)
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2.1 Medical Background
2.1.1 Anatomy

2.1.2 Acquired Brain Damage
2.1.3 Rehabilitation and Cognitive Therapy

2.1.1 Anatomy

The central nervous system controls cognitive 
and action processes and includes the spinal 
cord and the brain (anatomically: encepha-
lon) [36]. It is embedded in liquor to protect 
it from shocks [36]. Viewed from the outside, 
the brain is divided into two connected cere-
bral hemispheres [38, 302]. A folded structure 
increases the size of the surface. The struc-
ture of the brain can be divided into different 
areas, such as the midbrain, cerebellum, di-
encephalon and cerebrum [37, 38].  The large 
area of the cerebral cortex can be divided into 
frontal lobe, temporal lobe, parietal lobe and 
occipital lobe. 

The blood and oxygen supply to the brain is 
provided by the main arteries and the ves-
sels branching off from them [400]. These 
supply different areas, so that in diagnostics, 
a suspicion can be drawn from the patient‘s 
symptoms which area is affected by damage. 
Imaging techniques can be used to diagnose 
and localize problems, for example CT (com-
puted tomography), angio-CT (angio-com-
puted tomography; examination of the blood 
vessels, often with the use of contrast me-
dium) or MRI (magnetic resonance imaging) 
[147]. However, due to the faster availability 
of results and time-critical treatments, CT-
based procedures are used more frequent-
ly. For example, lysis, a treatment for blood 
clots, should be performed within 3-6 hours, 
but this requires the exclusion of a cerebral 
hemorrhage. 

An interruption of the blood supply in the 
brain of already 2-3 minutes can lead to a 
permanent damage of brain tissue and nerve 
cells [302]. 

2.1.2 Acquired Brain     
Damage

Acquired brain damage can have various 
causes, such as [74, 204]: Traumatic Brain in-
jury (sudden traumatic injury, such as from 
an accident), infections (e.g., of the brain or 
meninges), tumors, strokes (ischemic (lack of 
blood flow to the brain / occlusion of ves-
sels) or hemorrhagic (bleeding in the brain)), 
aneurysm (bulging of the vessel wall) or an-
oxia (lack of oxygen). The definition does not 
include developmental disorders or diseases 
that gradually damage the brain [376].
Beginning at the age of 45, the risk of suf-
fering a stroke doubles every year [208]. Ac-
cidents can also cause injuries at an earlier 
age. Causes such as strokes [208] or traumatic 
brain injuries [65] are reasons for long-term 
disability, morbidity or death.
Acquired brain damage can result in various 
cognitive deficits in addition to, for example, 
physical deficits, such as in the areas of [162,   
376]: Attention, speed of processing, memo-
ry, executive functions or language skills. In 
diagnostics, cognitive functions should be 
considered in the context of other cognitive 
functions, behavior and psyche [368]. The 
following describes in detail the deficits for 
which trainings are integrated into the con-
cepts and prototypes in this work:

• Divided attention: Divided attention is the 
ability to simultaneously perceive differ-
ent information and/or perform differ-
ent tasks, for which one or more senses 
can be used [20]. Attention is divided 
into different channels, where practice 
is required and skills can be developed 
[346]. In this regard, training studies for 
executive functions with older adults in 
dual-task performance showed to be 
successful [127]. Patients with these defi-
cits in divided attention describe difficulty 
accomplishing multiple things simultane-
ously [358]. The ability of divided atten-
tion is needed in various situations and 
tasks in the management of everyday life 
[127]. In the diagnosis of deficits in atten-
tion, computer-assisted procedures have 
proven to be useful, as they allow exact 
time measurements and thus an estima-
tion of the user‘s processing speed, which 
is related to attentional performance 
[358]. In computer-assisted therapy for at-
tention, specific training situations similar 
to everyday life are shown to be suitable. 

• Verbal memory: Verbal memory enables 
the ability to retrieve learned spoken or 
written information [23]. For this deficit, 
various tasks exist in which patients are 
asked to learn items such as word lists, 
stories, or word pairs that are to be re-
produced immediately afterward or with 
a delay [365]. For patients with mild to 
moderate memory impairment, training 
should be oriented toward function- or 
strategy-oriented tasks [368]. Smart-
phones or other digital tools can be used 
in everyday life as compensation and 
support for memory. 

• Logical thinking: Logical thinking involves 
drawing logical conclusions from existing 
information [216]. In neurological reports 
abstract-logical thinking can be consid-
ered as a partial aspect of intelligence 
[268]. Problem solving requires various 
sub-areas such as skills in attention and 
memory, as well as presence of the action 
goal and self-control, among others [165]. 

• Calculation skills: Everyday life involves 
various demands for which arithmetic 
skills are required at different levels of 
complexity. These can be from differ-
ent areas, such as number concepts and 

quantities, arithmetic operations, or con-
nections between mathematical relation-
ships and reality [163]. For understanding 
and implementing abstract calculation 
processes, the understanding of basic re-
lationships such as quantity and size rela-
tionships (large / small, equal / unequal) 
is relevant [163]. Furthermore, the han-
dling of money, time, lengths or weights 
is critical [204]. 

2.1.3 Rehabilitation and 
Cognitive Therapy

Considering various causes overall, almost 
two million people in Germany were in pre-
ventive care or rehabilitation facilities in 2016 
[351]. With a higher average age, the number 
of rehabilitations increases [99]. Especially 
from the age of 45, patients are more often 
in preventive care and rehabilitation facilities 
[352]. In 2018, the average age of women in 
medical rehabilitation in Germany was 53.5 
years and 53.4 years for men [99]. Chan et al. 
indicate that among older adults, hospitaliza-
tion increased with age [67]. The same ap-
plies to the percentage requiring subsequent 
(long-term) care. The highest bed occupan-
cy rates in preventive care or rehabilitation 
facilities (88% in each case) in 2016 were in 
the specialist departments ‘Neurology‘ and 
‘Psychiatry and Psychology‘ [351]. If there are 
disorders in the function of cognitive and/
or emotional functions, if these are to be ex-
pected or if necessary within the overall as-
sessment, neuropsychological reports are 
prepared to ascertain the extent of possible 
disorders in the central nervous system [268]. 
The goal of rehabilitation is to regain or main-
tain abilities as far as possible and to enable 
independence and participation [175]. World-
wide, there are no uniform conversions or 
classifications for rehabilitation. According to 
the system used in Germany (based on Ver-
band Deutscher Rentenversicherungsträger 
(VDR) and Bundesarbeitsgemeinschaft für 
Rehabilitation (BAR)), rehabilitation is subdi-
vided and described according to the phase 
model of neurological rehabilitation as de-
scribed in  Table 1 [98, 175].
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Table 1. Description of the phases of neurological rehabilitation [98, 175]

Acute phase
A) Acute treatment: medical treatment of the acute medical condition

Phases of treatment/rehabilitation:
B) Provision of intensive medical care: Acute treatment is completed, further medical care for se-

verely affected patients without the possibility of cooperation, with stable cardiovascular and 
respiratory systems. The aim is, among other things, the improvement of the state of conscious-
ness, beginning mobilization, assessment of rehabilitation potential with corresponding further 
planning

C) Curative medical care (high level of care): Partially mobilized, patients who are predominantly 
able to interact, with the possibility of participating in therapies (30 min. daily). The aim is, among 
other things, the restoration of basic functions and consideration of the long-term process.

D) After completion of early mobilization: Ability to be independent in daily life and participate in 
therapies (4-6 hours daily).

E) Follow-up and vocational rehabilitation: Vocational reintegration and further existing rehabilita-
tion potential.

F) Permanent support and / or maintenance of the condition: Need for permanent care / 
assistance

Within this interlocking system, patients 
pass through the different phases according 
to their limitations and abilities. On the one 
hand, it allows a uniform and structured pro-
cess, and on the other hand, the flexibility to 
skip or downgrade phases according to the 
patient‘s situation.

When patients are able to learn, learning 
strategies for detouring or re-learning func-
tions are strategies for therapy in neurologi-
cal rehabilitation to address impaired abilities 
in mental processing [19, 175]. Due to neu-
ronal plasticity, the brain is able to change 
and compensate for lost structures [17]. This 
supports new learning and relearning in the 
context of rehabilitation. Through targeted 
training of the working memory, its capac-
ity can be increased, and there is potential 
for transfer effects and general cognitive en-
hancement [261]. The duration of rehabilita-
tion depends on the individual patient, can 
last from months to years, and cannot always 
be fully completed [74]. 

In cognitive therapy of patients, software-
based training is effectively used for re-
habilitation of skills in acquired cognitive 
impairment [122, 402, 416]. Considering the ef-
fectiveness of the training, a high number of 
training sessions has a high effect on it [403].  
Considering, for example, working memory, 
the recommended number of trainings for ef-
fectiveness is at least 10 trainings [368]. With 
respect to attention deficit disorders, Sturm 
et al. point out that in addition to the num-
ber required, their close temporal proximity 
is also relevant for positive outcomes [358]. 
Training can be carried out in the clinic as an 
inpatient or as a substitute or subsequently on 
an outpatient basis [98]. This may depend on 
the individual situation of the patient. Another 
option is the use of training as home train-
ing [171]. In an observational study of patients 
in outpatient neuropsychology and super-
vised home training, three groups emerged 
in terms of duration of use [217]: 

• High performers (>50 hours / 2.5 hours 
per week): 28.17%.

• Middle usage (30-49 hours / 1.5 hours per 
week) : 12.68%.

• Low usage (<30 hours / 0.45 hours per 
week): 59.15%.

For the conduct of the training, the coopera-
tion and motivation of the patient is relevant, 
which is a main problem in the training at 
home. Trainings are often conducted face-
to-face in the presence of the therapist [105]. 
Computer-based cognitive training can be 
used to increase the flexibility of conduction 
[105]. If training in clinics can still be super-
vised and externally encouraged, the patient 
is responsible for it at home. In the eHealth 
sector, early drop-out or inadequate training 
is a problem [120]. 

Colzato and Hommel also point out that a 
‘one-size-fits-all‘ approach is often used in 
cognitive training, but they suggest that train-
ing that is tailored to the user and their needs 
and abilities may be more effective [79]. Lent-
ferink et al. point out that in eHealth in com-
bined self-tracking and persuasive eCoaching 
for healthy lifestyle support, among other 
things, personalization in development is a 
key component [230]. 
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2.2 Software: Clinical Practice in  
HCI in Software-Based Training,  

Software and Development
2.2.1 Software-Based Solutions

2.2.2 Software Development

2.2.1 Software-Based 
Solutions

Mainly paper-pencil tasks or computer-based 
tests are used in the study of cognitive func-
tions [368]. In the development of trainings to 
enable greater dissemination and accessibil-
ity of the trainings, audio and video recordings 
have been used as alternatives [307]. Further 
development of software-based practices 
show, among other things, the use of virtual 
reality [368]. 

Software-based training has been shown to 
be beneficial in mild cognitive impairment in 
a systematic review of older adults by Hill et 
al. [174]. According to Jaeggi et al. in a study 
with children using a video game-like work-
ing memory task, cognitive training is effec-
tive and long-lasting, but there are limiting 
factors such as type and differences in train-
ing performance [182]. In a review, Bogdanova 
et al. point to the improvement of cognitive 
functions through computer-assisted training 
after acquired brain damage [48]. In people 
with dementia, García-Casal et al. have shown 
that they benefit more from computer-assist-
ed than non-computer-assisted cognitive in-
terventions [141]. In a software-based training 
setting in a three-dimensional city (Reh@City), 
Faria et al. show significantly higher glob-
al cognitive functions, attention and execu-

tive functions in stroke patients compared to 
conventional therapy [121]. Ge et al.‘s review of 
the use of technology-based cognitive train-
ing, including computer-assisted software, 
tablets, game consoles, and virtual reality, 
among others, points to promising but mixed 
results and the need for more standardized 
methods for comparison [143]. 

In a review of patients with traumatic brain 
damage, for cognitive and cognitive-com-
munication skills, Politis and Norman point to 
inconsistent results on the efficacy of comput-
er-based cognitive rehabilitation, but also to a 
range of limitations in the studies [299].

For interaction, mouse and keyboard or touch 
screens are frequently used as input devic-
es [181]. When using mobile devices, such 
as tablets, care should be taken to simplify 
implementation for older people, especially 
those with cognitive or physical impairments, 
such as few icons or flat hierarchies in the app 
structure [265]. Patients often perceive tasks 
on tablets as more attractive than on paper 
[105]. 

The term digital health encompasses the use 
of digital technologies to improve health and 
includes not only electronic health (eHealth) 
but also mobile health (mHealth) [409]. 
eHealth describes the use of information and 
communication technologies in the treatment 
of patients or prevention of diseases [58]. Tele-
medicine is a field of eHealth and describes 

the medical care (e.g., consultation, diagno-
sis, therapy, etc.) of a patient by specialists 
at a distance [409] and corresponding com-
munication channels such as telephone or in-
ternet. This can also be used for teletherapy 
or telerehabilitation [171]. Advantages are the 
bridging of spatial distances, availability of dif-
ferent offers, the possibility for more frequent 
and / or long-term training and individual 
motivation approaches within the software. 
However, the technical knowledge and re-
quirements must be available or affordable 
for the users [171]. 
However, How et al. point out that the effect of 
telerehabilitation depends on both the con-
tent of the intervention and the technology 
modalities, which may also produce different 
results according to the literature [178]. 
Furthermore, the need for technical support 
or further explanations may arise [80, 217]. At 
the same time, problems can arise, such as 
not being able to intervene adequately when 
there are motivational problems or low usage 
[217]. Also, challenges can arise in the imple-
mentation in clinics and practices [171]. 

mHealth specifies the use of medical inter-
ventions via mobile and wireless technologies 
[246]. In a review of adherence to online and 
mobile technologies for people with psycho-
sis, Killikelly et al. described a drop-out rate of 
11.4% and found no associations in the major-
ity of studies, but in some studies indications 
of individual predictors of drop-outs, such as 
‘symptom severity‘ or ‘male‘ / ‘younger age‘ 
[212]. Furthermore, adherence was higher in 
the first week than in the second week. 

For the future use of cognitive telerehabilita-
tion, How et al. point out the adaptability of 
pervasive technologies to the user‘s life situ-
ation, physical, cognitive, and emotional situ-
ation, and changes in rehabilitation [178].

Telerehabilitation can be used for different 
fields, such as motor or cognitive training for 
patients with stroke [220]. Web-based cog-
nitive training has been shown to be feasi-
ble and positively evaluated by patients, with 
high interest in performing the tasks at home 
[80]. In their review of patients with traumat-
ic brain damage, Politis and Norman point to 
inconsistent results for cognitive and cogni-

tive-communication skills with regard to the 
effectiveness of computer-based cognitive 
rehabilitation, but also to a range of limita-
tions in the studies [299]. In a literature review 
on telerehabilitation after stroke, Sarfo et al. 
also point to different results in the measured 
significance, but also conclude that telereha-
bilitation has equivalent or better effects than 
conventional therapy with face-to-face con-
tact [330]. For example, the software ‘Rehabili-
ty‘ offers an interlocking system that connects 
the training between clinic and home and can 
be used at home on the pc, tv or mobile [308]. 

In this work, a training that can be conducted 
independently at home is also referred to as 
‘home training‘. 

Various software-based solutions are avail-
able for software-based training in inpatient 
treatment in clinics, outpatient treatment, and 
in some cases also as home training. They ad-
dress various restrictions and possible uses, 
such as extended use of the software in home 
training or on mobile devices. These can often 
be tailored by the therapist to the needs of 
use [181]. Table 2 shows an excerpt of various 
software for cognitive therapy and training. 
The focus is on software that is used with the 
supervision of a therapist or within the ther-
apy. The contents of Table 2 are based on a 
web search and are extended by review re-
sults of Irazoki et al. [181].
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Name Description Game/ 
Gamification 
(full / partly)

Complementa-
ry Home / Re-
mote training

Mobile      
devices

RehaCom 
[162]

Modular cognitive therapy with 
targeted training, usable for all 
phases of rehabilitation

yes (partly) yes partly 

CogniPlus 
[337]

Training set for cognitive func-
tions with linking of diagnosis, 
training and evaluation

- - -

Fresh 
Minder [128]

Training using different exercises 
to address a wide range of men-
tal skills for all ages

- yes yes

Cogpack 
[245]

Cognitive training with differ-
ent exercise programs and task 
variations

- yes -

MyBrain-
Training [269] 

Online based cognitive training 
for clinic and teletherapy for dif-
ferent fields of application

yes yes yes

Rehability 
[308]

Game based tele-rehabilita-
tion with cognitive and physical 
games

yes yes yes

HeadApp 
[172]

Various therapy modules for use 
in different phases of rehabilita-
tion

yes (partly) yes yes

Cogmed [76] Cognitive training with integrat-
ed reward-based incentive sys-
tem to motivate users

yes yes yes

KoCo [218] Cognitive training for different 
skills with games implemented 
in an appropriate way for adults

yes (partly) yes (practice or 
single)

-

Brainer [52] Cognitive training with various 
exercises and presentation of 
results

- yes yes

Captain’s Log 
MindPower 
Builder [53]

Cognitive training with the prep-
aration of a training plan and 
games

yes yes -

CogniFit [77] Cognitive training with different 
exercises, games and result pre-
sentation

yes yes yes

Table 2.  Therapy software and functionalities: Excerpt of various software for cognitive ther-
apy and training, including parts of Irazoki et al. [181]. (Note: Description based on information 
from distributors / websites; no guarantee of completeness; yes = available according to the 
distributor; - = no or no further information found)

Figure 1. Exemplary structure for training software with 
connected use of therapist and patient area, also described as 
gamified version by Jung et al. [196] or Oliver et al. [278]

The software included can be used on the 
computer, some of them web-based and / or 
mobile. Most of them can be individualized in 
the tasks and present the results.
Among other things, everyday situations are 
used for skills training (e.g., Rehacom [162], 
Rehability [308], Cogniplus [337]). In this way, 
training environments are used that are both 
familiar to the patients and illustrate the use 
and relevance for the tasks to be trained.

2.2.1 Software 
Development

In the implementation of the software, differ-
ent usage scenarios with different focus can 
be considered: 1) use on computers / hard-
ware in inpatient or outpatient therapy on 
hardware of the facility/therapist, 2) indepen-
dent conduction at home as a complement to 
therapy based on supervision by therapists, 3) 
independent training with optional therapeu-
tic supervision. Offered software can address 
one or more usage scenarios. 

In independent use linked to therapy, as in 
scenario 2, the training is supervised and man-
aged by therapists and often used in combi-

nation with patient and therapist accounts. As 
described in Rehability‘s Hometraining pro-
cess [308], a connection to the clinic‘s / ther-
apist‘s system enables direct data exchange. 
Web-based telerehabilitation uses a cloud- 
or server-based architecture for this purpose, 
for example [379]. In the backend, system 
data and databases are provided. In the web 
frontend, the structure of the software, such 
as in the ‘Cogmed‘ [76] or ‘MyBrainTraining‘ 
[269], can be divided into two sections, one for 
patients and one for therapists. An exemplary 
schematic structure is shown in Figure 1. The 
areas enable different functions:

• Administration area for therapists: This 
area allows therapists to create and or-
ganize patients, e.g., create individual 
training plans, times or difficulties, define 
functions for training monitoring or view 
results and statistics 

• Training area for patients: Personal train-
ing interface for the patient, accessible 
through personal login data. Here, train-
ing sessions assigned by the therapist or 
other training sessions can be accessed. 
In some cases, results are displayed and/
or transmitted to the supervising therapist 
to whose account the patient‘s training is 
linked.
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Jung et al. propose a web-based ubiquitous 
gamification framework as an extension of 
this system [196]. This demonstrates the per-
sonalization via a rehab central server based 
on data and behavior of the patients and 
connection through web-services, whereby 
challengeable levels can be provided. Pa-
tients can give input via a Local Rehab Hub 
connected to the central server via control 
devices and receive feedback/rewards as 
output. In smart home systems, Bennett et 
al. describe the central hub as a key compo-
nent in telerehabilitation systems for collect-
ing, distributing, and making decisions in the 
processing of data [40]. In cloud-based solu-
tions, they point out the problem of higher 
latencies when time-critical decisions are re-
quired. Different devices or sensors can be 
connected.
For decentralized processing, in physical re-
habilitation, Calvaresi et al. propose a decen-
tralized multi-agent architecture [63]. They 
enable autonomous coordination and plan-
ning with data between each other in real 
time. In this context, sensors are regarded as 
autonomous agents. 

Dynamic adjustments can allow for automat-
ed alignment to the user‘s needs and abili-
ties in difficulty and level, among other things 
[269]. However, according to Perry et al., the 
best approach is a balance between dynam-
ic adjustment generated by the system and 
manual adjustment generated by the thera-
pist [294]. 

However, medical support is not only screen-
based, but also supported by objects net-
worked in software. Technologies from the 
Internet of Things (IoT) are also being used 
with a special focus in the healthcare sector, 
which is described by the Internet of Medical 
Things (IoMT). A typical use case is monitor-
ing based on biomedical data collected by 
sensors [393]. The data of patients at home 
can be collected, sent to a central server and 
monitored remotely or cloud-based from the 
clinic, for example. 

To enable this in cognitive telerehabilitation, 
Oliver et al. describe the extension of the pa-
tient application by sensor systems for stress 
detection, motion capturing or haptic stimu-

lus [278]. They add a viewer that allows the 
therapist to monitor videos recorded during 
training and stored in the cloud.

The server connection to the training thus 
enables the implementation of mobile and 
smart systems. 

2.3 Motivation and Gamification      
(in Rehabilitation)

2.3.1 Motivation - Fundamentals and Rehabilitation
2.3.2 Gamification and Tailoring

2.3.3 Motivation and Gamified Software-Based Training in Rehabilitation

2.3.1 Motivation  
- Fundamentals  

and Rehabilitation

In the process of motivation and behavior, 
various approaches and theories exist in psy-
chology, which consider the reasons, goals 
and criteria. According to the principles of Epi-
kur, actions have a hedonistic basis and aim to 
achieve positive states and prevent negative 
ones [199, 281, 320]. According to the basic 
model of ‘classical‘ motivation psychology by 
Rheinberg, motivation is influenced by both 
the motives of a person and the potential in-
centives in a situation [311]. A person‘s behav-
ior results from the resulting motivation.

Motives describe characteristics of a situa-
tion for the expected achieving or failing to 
achieve a goal [111]. Sociogenic motives in-
clude, for example, the achievement motive, 
the affiliation motive, the power motive, or 
the curiosity motive. The needs expressed in 
the motives can be stimulated by incentives. 
Based on the expectation-value principle, the 
action option that is subjectively expected to 
have the highest value is selected. According 
to Rheinberg, motivation can be addressed, 
for example, by ‘pressure‘ (drive stimulus/
lack) or ‘pull‘ (satisfaction possibility/goal) 
[311]. The Rubicon model of action phases de-
scribes the development of desires through 
to realization in the four phases of consider-

ation (1), concrete planning (2), execution (3) 
and evaluation (4) [1]. Thereby the first and 
fourth phase are based on motivation and the 
second and third on volition (determined by 
the will). Volitionally chosen actions contain as 
characteristics of motivated actions the pos-
sibility of choice between action alternatives, 
possibility of latency, variability of intensity, as 
well as duration over a certain period of time 
[320].

According to goal-setting theory, human be-
havior is influenced by individual goals [227, 
233]. Assuming that the appropriate skills 
are available, performance is related to the 
difficulty of the goal and goal commitment, 
whereby specific goals have a positive in-
fluence on performance [227]. Latham and 
Locke state that both the setting of distant 
goals or an overarching vision and near and 
concrete goals are relevant [227]. 

McClelland distinguishes between implicit 
and self-attributed/explicit motives in mo-
tivation [249]. Implicit motives are affectively 
controlled and can maintain behavior over a 
longer period of time, e.g., through perceived 
pleasure. Self-attributed motives are based 
on cognitively developed constructions. They 
represent a self-generated image and can de-
viate from the motives that actually underlie 
the action [349]. Discrepancies between the 
two can lead to motivational conflicts and a 
high level of self-regulation required. Based 
on research findings in the area of physical 
activity, a five-week rehabilitation program 
showed that implicit attitudes increased, were 
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associated with post-rehabilitation behavior, 
and should be targeted in the future [72]. Ra-
wolle et al. found no correlation of personal 
goals commitments with implicit motives, but 
a substantial positive correlation of personal 
goals with self-attributed motives [306]. 
In the development of motivation, a distinc-
tion can also be made between extrinsic and 
intrinsic motivation. Extrinsic motivation arises 
from an external incentive that reinforces a 
behavior [21, 320]. This can be, for example, 
a reward given by others or oneself. Intrinsic 
motivation arises from the enjoyment of an 
activity itself [22]. Emotions can thus be an im-
portant basis for developing motivation. Thus, 
motivation can arise both from goal orienta-
tion, but also from enjoyment of an action, 
which is felt in the action itself, on the way 
to a goal, or when the goal is reached [320]. 
Therefore, it is assumed that emotions and 
motivation are closely linked.

Deci and Ryan‘s Self-Determination Theory 
[88, 321] is a relevant basis for considering be-
havior in the health sector [192] and is based 
on three basic principles for the development 
of intrinsic motivation: perceived competence 
(useful skills and the opportunity to use them 
effectively), relatedness (connectedness / 
belonging between others and oneself) and 
autonomy (determine one‘s behavior / vol-
untariness). In cognitive behavioral therapy, 
Dwyer et al. show in anxious and depressed 
patients that higher satisfaction of autonomy 
is associated with better outcomes in therapy 
[112]. 

The meaning of events and the development 
of perceived meaningfulness are important 
aspects for the development of intrinsic mo-
tivation [322]. However, it should be taken into 
account that an existing intrinsic motivation 
can be weakened by extrinsic reinforcement, 
which is referred to as the overjustification ef-
fect or crowding effect [110]. This is also point-
ed out by Schmidt-Kraepelin et al. in their 
review for the use of gamification for health 
behavior change [334].
Such an effect can occur, for example, through 
tangible expected rewards associated to the 
task (e.g., material gifts or symbolic awards on 
paper) [87, 271]. However, a negative influence 
by verbal, unexpected or task-independent 

rewards has not emerged. A subsequent ab-
sence of extrinsic reinforcement can lead to 
a negative effect and absence or decrease 
in comparison to the previous behavior [110, 
334]. Therefore, instead of using rewards as an 
incentive, the development of intrinsic moti-
vation can be supported instead [87]. 

Motivation in Rehabilitation

According to Nübling et al., patient motivation 
is a relevant aspect of therapy [276]. Thera-
py motivation describes an active coopera-
tive behavior of the patient directed towards 
a certain goal, compliance describes the ad-
herence to the instructions in the therapy. 
Approximately half of the patients in the re-
habilitative setting show a lack of persever-
ance. They differentiate different motivational 
factors in motivation: ‘Experience of illness‘, 
‘General expectations of and attitudes to-
wards therapy‘, ‘Consequence expectations‘ 
‘Attribution of causes‘, ‘Experience of compe-
tence‘ and ‘External influences‘ [276]. 
A basis of motivation in rehabilitation is the 
need for change of the current state, where-
by empathy with the patient, strengthening 
the patient‘s sense of self-efficacy and setting 
and continuously specifying the patient‘s own 
goals are relevant in the course of rehabilita-
tion [190]. Goals should not be too high and 
should be adapted to the patient [417]. 
How et al. also show that setting person-
al goals is relevant [178]. Furthermore, they 
point to a required meaningfulness and that 
every small success should be positively ac-
knowledged, as development involves both 
progress and regression. However, they also 
point out that supporting motivation is not just 
rewarding success, but technological support 
involves empathy for the patient‘s develop-
mental journey. 
Yoshida et al. show that patient motivation in 
the clinic is primarily based on extrinsic fac-
tors such as personal factors (Patients‘ Goals, 
Experiences of Success and Failure, Physical 
Condition and Cognitive Function, Resilience) 
and social relationship factors (Influence of 
Rehabilitation Professionals, Relationships 
Between Patients, Patients‘ Supporters) [417]. 
However, there was no focus on intrinsic moti-
vation such as enjoyment in therapy. Compre-

hensively, high motivation is associated with 
increased activity.
The health belief model describes a person‘s 
preventive health behavior, which is influ-
enced by the perceived threat and the level 
of expectation of the preventive method [109]. 
According to the trans-theoretical model, 
motivation changes in different phases during 
the course of rehabilitation: 1. intentionless-
ness / precontemplation (being at the mercy 
of others and experiencing low self-efficacy), 
2. intention formation / contemplation (un-
derstanding the personal efficacy), 3. action 
/ cooperation, 4. maintenance and termina-
tion [75, 190, 300]. According to Nübling et al. 
questionnaires do exist, but motivational di-
agnostics are neither adequately carried out 
nor included in the therapy [276]. Eysenbach 
suggests several possible reasons for drop-
outs in eHealth studies, such as lack of push 
factor (e.g., reminders and resulting sense 
of obligation), lack of positive feedback/en-
couragement or personal contact, positive/
negative sense of community, barriers to en-
try, ease to drop out, and usability/interface 
problems [120]. A three-phase drop-out mod-
el is proposed by Eysenbach in which users 
first perform the task out of curiosity, followed 
by a high drop out rate, and finally the highly 
motivated users remain.

2.3.2 Gamification  
and Tailoring

The term ‘Gamification‘ was coined by Nick 
Pelling in 2002, as he states [291]. Accord-
ing to Deterding‘s definition, gamification is 
the use of elements of games in different, 
non-game contexts [97]. Inspired by games, 
motivation and commitment are to be ad-
dressed [219]. To include the academic and 
practitioner perspective, Werbach describes 
gamification as a process that approximates 
activities to games [406]. It is pointed out that 
the mere use of individual elements, such as 
points in school, does not constitute gamifi-
cation. Within the process, the aspects of the 
game can be deepened instead. Huotari and 
Hamari extend the process to support the 

creation of value and the user‘s experience 
in a service while creating a gameful experi-
ence [180]. The focus is not on the method or 
the element, but on the goal, and the results 
are psychological outcomes and emotions, 
and thus behavioral patterns. According to 
them, a gameful experience is based on the 
fact that it is, among other things, voluntary 
and intrinsically driven. 
Landers et al. use the example of gamified 
learning to show that this is based on different 
theoretical principles, how game elements 
can be used to address these theories, and 
how different outcomes can be stimulated 
through the use of specific elements [225].
Kaptein et al. show that it can be beneficial for 
compliance to involve the user personally in 
the selection of strategies [201].
According to Tuah et al., the challenge for 
successful integration is to develop a balance 
of gameful experience, interaction, and de-
sign to create a game-like experience rather 
than just integrating individual elements [379]. 
In contrast to gamification, serious games are 
complete games which do not only use indi-
vidual elements and which have a goal be-
yond the classic playful characteristics and 
fun of the game [97, 254, 359, 392], such as 
therapy [61]. However, the border between 
the two categories is blurred [193, 392]. Seri-
ous games can improve the effectiveness of 
conventional training, as has been shown, for 
example, in motor rehabilitation [366]. 
In a review, Krath et al. highlight the various 
theories on the effects of gamification and 
how it addresses motivation, behavior and 
learning [221]. From this, they derive different 
ways in which gamification works, e.g., rel-
evant or individual goals, feedback, positive 
reinforcement, adaption, simplification or so-
cial aspects.

Elements

According to Bostan and Marsh, there is 
a wide range of interaction possibilities in 
games: with the system (objects, second self, 
environment), with other users (players, virtual 
agents or communities, social groups) or with 
the content (participatory design, interactive 
storytelling) [49]. For the implementation of 
gamification, different elements can be used 
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and clustered into e.g., categories, mechanics 
or goals [372, 407]. For example, in the Octaly-
sis Framework, Chou shows the subdivision of 
eight Core Drives (e.g., epic meaning or so-
cial influence) which are addressed by asso-
ciated subordinate elements (e.g., narrative or 
mentorship) [73]. According to Robson et al., 
mechanics are created by designers, the be-
havior of the players within the mechanics is 
reflected in the dynamics, and emotions are 
generated by the influence of both aspects 
[313]. 

To address motivation, Sailer et al. propose 
the following system, according to which dif-
ferent aspects can be linked to the use of 
gamification from different perspectives of 
motivation research [325]: 

1. Trait (achievement (achievement, success 
and progress), power (status, control and 
competition), affiliation (membership), 
e.g., badges, leaderboards), 

2. Behaviorist learning (immediate feed-
back (positive/negative reinforcement), 
rewards, e.g., points), 

3. Cognitive (clear and achievable goals 
and resulting consequences, relevance 
of personal action, gamification supports 
achievement of goals, e.g., badges, prog-
ress bars /performance graphs, quests), 

4. Self-determination (competence, auton-
omy, social relatedness, e.g., badges, lea-
derboards, meaningful stories, avatars  / 
profile  development)

5. Interest (situational context, flow by feed-
back, goal and adequate difficulty, e.g., 
points, badges, progress bars / perfor-
mance graphs, quests, meaningful sto-
ries, avatars  / profile  development), 

6. Emotion (negative/positive feelings, e.g., 
meaningful stories). 

According to Muangsrinoon and Boonbrahm, 
leaderboards, levels and points are used par-
ticularly frequently in gamification research 
[264]. According to McGonigal a differentia-
tion can be made between extrinsic gamifi-
cation elements (points, levels, leaderboards, 
achievements, badges) and intrinsic reward 
oriented gameful design (positive emotions, 
relationships, meaning, accomplishments) 
[250]. According to Nicholson, external re-

wards (BLAP Gamification (Badges, Levels 
/ Leaderboards, Achievements, and Points 
[272])) may be appropriate for onboarding, lack 
of or inability to develop intrinsic motivation, 
or short-term engagement [271]. For interac-
tion with virtual rewards, communication and 
goal setting are relevant aspects [154]. Virtu-
al rewards can trigger pleasure, achievement 
and pride or set alternative goals [154]. How-
ever, Ha et al. also point to problems such as 
lack of alignment with personal health goals, 
novelty effects, and poor design [154]. In the 
use of fitness trackers, they show that a large 
proportion of users do not share rewards be-
cause tracking is a personal matter. They are 
valuable to the user when they are challeng-
ing to achieve or validate the effort made. 
They suggest a meaningful implementation 
of virtual rewards, such as the integration of 
health-related information or personalization 
to the user.

Nicholson points out that gamification should 
be meaningful and rewarding for the user 
even without external rewards. To create a 
reward that is not external but meaningful 
for the user, elements adapted to the type of 
user are suggested [272]. For this, the inclu-
sion of the user‘s goals is relevant. Therefore, 
instead of using rewards as an incentive, the 
development of intrinsic motivation can be 
supported instead [87]. 

According to Nicholson, meaningful elements 
that provide intrinsic motivation (e.g., play, 
exposure, choice, information, engagement, 
reflection) should be used to develop long-
term motivation [271]. This is particularly rel-
evant when intrinsic motivation already exists, 
as it can otherwise be replaced by extrinsic 
motivation [89]. The development of mean-
ingful gamification should be user-centered, 
should focus on play rather than scoring ele-
ments, and should be tailorable to the differ-
ent needs of the users [271, 272]. According to 
Yang and Chen, gamification and game ele-
ments should support the perception and val-
ue, which support motivation and promotes 
the intended goal behavior [414]. Gamification, 
however, also requires the integration of an 
end to strive for changes in long-term and to 
promote interaction with the real world and 
release them into it [271]. 

Effects on Motivation

For the motivation and effects of gamifica-
tion, different aspects, such as behavior or 
perceived emotions, can be considered [239, 
323,  329, 379]. Various effects and interrela-
tionships can be observed, as the following 
examples show.
Groening and Binnewies show, based on cog-
nitive tasks, that achievements can increase 
performance and only partially increase mo-
tivation (persistance, but not enjoyment and 
self-reports) [152]. For effectiveness, they rec-
ommend high difficulty and low quantity. In 
comparison to goal setting, they indicate a 
higher increase in performance for achieve-
ments. 
According to Mazarakis and Bräuer, using the 
example of how many quiz questions were 
answered, it is shown that the use of individual 
gamification elements supports motivation, 
but is particularly increased in a combination 
of feedback with progressibility [247]. Darzi et 
al. show for the perceived enjoyment in affec-
tive games among others the relation to cur-
rent speed (of the example games), learning 
goal and in-game score [83]. Ryan et al. show 
the connection of Self-Determination Theo-
ry to emotions perceived in the game [323]. 
Thus, based on the consideration of short-
term effects in pre- and post-tests, perceived 
competence, autonomy, and social related-
ness are independently related to perceived 
enjoyment and future game play. Van Roy and 
Zamen point to the addressing  of the Self-
Determination Theory through the integration 
of gamification elements, such as for auton-
omy through meaningful options or feed-
back, competence through achievable goals 
[318], and relatedness through social interac-
tions. These aspects will be taken up within 
this work. According to Werbach and Hunt-
er, individual elements can also be assigned 
to the three components, e.g., achievements 
and points to competence or level and quest 
to all three [407].

De Vries et al. show that high intrinsic moti-
vation also results from different mechanics 
[100]. Relevant was among others visual and 
positive feedback to increase drive to perform 
and variance e.g., to stay focused. For elderly 
people, they point out the relevance to ad-

justments, e.g., in the speed of the game.
Sailer et al. show that badges, leaderboards, 
and performance graphs affect competence 
and task meaningfulness, while avatars, me-
aningful stories, and teammates affect social 
relatedness, suggesting that gamification is 
not generally effective, but that different ele-
ments have different effects [325, 326]. Hallifax 
et al. also show that there are different effects 
on motivation depending on the type of im-
plementation of an element [156]. 

According to Bostan and Marsh, individual ac-
tions can be based on several needs, com-
bine them or contradict each other [49]. Sailer 
et al. point out that while individual elements 
may be linked to different effects, their com-
bination can lead to complex and varying mo-
tivational effects [325]. According to Pereira, 
gamification is a process and interaction of, 
among others, several mechanics to get an 
effective solution, so it can be more useful to 
combine several elements instead of using a 
single one [292]. 

Negative Effects on Motivation

When considering e-learning, Rapti points 
out that gamification can generate a vari-
ety of emotions, both positive and nega-
tive, such as disappointment or sorrow [304]. 
Vermeir et al. point out, among other things, 
possible distractions [392]. Bräuer and Maz-
arakis show that the use of gamification can 
also have negative side effects, such as re-
duced perception of competence or social 
relatedness in the use of leaderboards [54]. 
However, in the context of Self-Determination 
Theory [321], both are the basis for the emer-
gence of intrinsic motivation. In health behav-
ior change, Schmidt-Kraepelin et al. analyze 
five categories with different emerging side 
effects, which can for instance adversely af-
fect motivation or weaken morale [334].
In addition, Bräuer and Mazarakis point to dif-
ferent effects of the elements between per-
ceived emotions and performance [54]. 
In a comparison, Boendermaker et al. find in-
dicators that gamified training is less easy to 
use than non-gamified training [44]. Lopez 
and Tucker point out a possibly negative im-
pact of a main task on performance through 
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the implementation of an indirect task such 
as game features [234]. 
Kaptein et al. point out that the integration of 
multiple strategies can also be a disadvan-
tage compared to an appropriate strategy 
[201]. 

Other works point out that in addition to ad-
dressing positive aspects, the use of gamifi-
cation should also include the avoidance of 
negative effects [199, 281, 320].

Tailoring Gamification

Not only the individualization of cognitive 
training programs [79], but also that of gami-
fication [158, 215, 290, 294, 309, 388] is relevant 
to support users and achieve the intended ef-
fect [373]. According to Hamari et al, the ef-
fect of gamification is highly linked to the user 
[160]. In the use of gamification, the higher 
suitability of tailored systems, rather than a 
one-size-fits-all approach, is pointed out [79, 
234]. In the adaptivity of systems, different lev-
els between partially adaptive and fully adap-
tive are used according to Böckle et al. [43]. 

According to Klock et al., tailoring most fre-
quently involves user models and associated 
game elements, personalization (individual 
tailoring of content by the system within the 
use model), adaptation (individualized inter-
action within a context), and individualized 
recommendations [215]. They refer to auto-
mated personalization, not customization 
chosen by users themselves. According to 
them, frequently considered aspects of the 
user profile as a basis for tailored gamification 
are player preferences, gender, and personal-
ity traits. Factors such as these, including, for 
example, context [43, 156, 160, 388], user type 
[372], age [243] or gender [215], may influence 
perception, impact and/or preferences. 
For motivation, Klock et al. also describe a dif-
ferent view of goal orientation in connection 
with game elements and a focus on mastery 
or performance [215]. 
Altmeyer proposes a framework for the se-
lection of gamification elements based on 
personal factors and the context with the 
corresponding needs [12]. Utomo and Santo-
so propose to tailor based on performance/

activities [385]. Using the example of student 
learners, they suggest encouragement in ac-
tivities for low scorers and the possibility for 
high scorers to offer personal social support.
It is shown that different determinants and 
game elements are perceived differently by 
users with different character-derived user 
types [281, 372]. 
There are various examples and further de-
velopments for taxonomies, approaches and 
models and their use. Malone has identified 
several categories of motivation in games 
(challenge, fantasy, and curiosity) and de-
veloped the theory of intrinsically motivating 
instruction [241]. Bartle defined a model for 
types of players based on their behavior and 
what they enjoy [34]. Yee et al. created a typol-
ogy for players in massively multiplayer on-
line role-playing games [415]. The ‘BrainHex’ 
by Nacke et al. connects playing preferences 
in games with neurobiological insights to de-
fine user types [266]. Tondello et al. address 
in their model the problem that players can 
have different traits and record the preferenc-
es in a player profile [371]. Upshall points out 
in his work that gamification should be devel-
oped based on the psychological needs of 
users. The work also shows pairs for combin-
ing elements derived from user suggestions, 
such as Avatar and Adaptability [384]. 
For the design of gamification, Marczewski 
defines in the ‘Player and User Types Hexad‘ 
a framework which includes six types with 
different motivational aspects: philanthropist 
(meaning and purpose / altruism), free spir-
it (autonomy and self-expression), achiever 
(mastery / competence), socialiser (related-
ness), player (rewards), and disruptor (change) 
[244, 371, 372, 374]. However, the percentage 
distribution of the types is not equal [374]. In 
addition, the proportion of philanthropists in-
creases with age, whereas the proportion of 
players decreases [243]. 
Tondello and Nacke show within the exam-
ple of an image tagging task a relation of 
the hexad user type and the self-selected 
game elements [373]. However, the subse-
quent evaluation deviates from this, so they 
suspect further influencing factors. They also 
show that personalized gamification results in 
higher performance in terms of the number 
of images and higher experience than in the 
generic system.

However, Klock et al. point out that there is a 
lack of recommendations for tailoring game 
elements for older people (over 30) [215]. 
Studies on the Player and User Types Hexad 
have shown that the percentage of philantro-
pists increases with age [12, 243]. In a study by 
Altmeyer et al., collaboration and virtual char-
acters were rated positively by older people, 
customization and progress bars in the mid-
dle range, and points, badges and competi-
tion negatively [12]. 
Altmeyer et al. have developed gameful ap-
plications through which the types in the 
Player and User Types Hexad can be analyzed 
by a selection system or interaction with the 
elements instead of by a questionnaire [16]. 
Preferences in categories of game elements 
can be assigned to the individual types [215, 
372, 374]. Lopez and Tucker show, using the 
example of physical activity with a Kinect, that 
the use of reward-customization strategies 
results in different performance of the user 
types in this system [234].
Santos et al. show that the user type is dy-
namic and can change in primary and sub-
scales over the course of six months, thus no 
static assignment should be used in the im-
plementation, but continuous adjustment is 
relevant [328].
According to Hallifax et al., the Player and 
User Types Hexad is best suited for tailoring 
gamification [156]. In the Hexad model, Lopez 
and Tucker show that gamification adapted to 
the user‘s type leads to higher performance, 
while unsuitable gamification leads to lower 
performance [234].
In the example of youth mental healthcare 
in eHealth, van Dooren points out the rele-
vance of involving stakeholders in the devel-
opment process for tailoring [388]. Among 
other things, they also point out the possibil-
ity of using the ‚Player and User Types Hexad‘ 
[244]. Further, they point out the relevance of 
the possibility to set goals and the adaptation 
to the context of use [388].
Furthermore, effects and results are depen-
dent on the context in which gamification is 
used [156, 160, 325, 388], also in rehabilitation 
[301].  Hallifax et al. also point out that it is not 
sufficient to consider the dominant user type, 
but to consider the player profile as a com-
bination of the types [156]. In the use of the 
elements they point out badges and sched-

ules as suitable for all types. Progress ele-
ments appear to be more motivating to them, 
whereas socializing elements are perceived 
as less motivating (with the exception of the 
socialiser type). Lentferink et al. point out that 
even if it is viewed rather negatively, it is more 
likely to be accepted through friends or fam-
ily [230].
In a review, Hallifax et al. point out the dif-
ferent results in duration: long term studies 
show mixed results more often than short 
term studies. They suspect a weakening of 
the novelty effect as reason [155]. They as-
sume the emergence of mixed results in use 
is due to the complexity of learner preferenc-
es and point to the need for better adjust-
ment to learner profiles, as well as dynamic 
tailoring. Lavoué  et al. differentiate in terms 
of motivation between achievement-orient-
ed engagement for high achiever or initially 
intrinsically motivated and for low achievers 
with perfection-oriented engagement [229]. 
To enable dynamic tailoring, they point out 
the relevance of tracking different factors of 
engaged behavior due to the different en-
gagement and purpose of gamification. In 
another work by Hallifax et al., in the applica-
tion for learners, they show a positive effect 
on motivation and engaged behavior in tai-
loring by learner model and initial motivation. 
Furthermore, they show that in comparison to 
individual tailoring, tailoring to both user type 
and motivation profiles can increase intrinsic 
motivation [158]. 
Loria et al. show with the use of the PEAS 
framework a possibility to use the behavior 
within the game and to enable adaptation, 
consideration of the effect and dynamic han-
dling [235].

Studies show various applications for the use 
of tailored gamification, such as: 
Zhao et al. use a fitness recommender system 
for permanent use, which provides dynamic 
personalized recommendations and gamified 
content [418]. They show long-term positive 
effects for gamification and personalization 
on increasing user motivation.
Altmeyer et al. use a booking system for fit-
ness courses and integrate different game el-
ements (activity points, level, badges, social 
competition / leaderboard) and relate the us-
ers to the ‚Player and User Types Hexad‘. [15]. 
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They show that users book more when they 
receive elements that are suitable for their 
type than without or with unsuitable gami-
fication. This indicates the effect of tailored 
gamification. 

Passalacqua et al. implemented gamification 
in a warehouse management setting. They 
mapped users to the Player and User Types 
Hexad, compared performance time and er-
rors, and found that the effect of personalized 
gamification was higher than non-personal-
ized gamification [290]. 

Behavior Change

Beyond the effect during use, gamification 
is an effective strategy to support behavioral 
changes, for which, to address e.g., healthy 
living, different strategies such as goalsetting, 
feedback, reinforcements/rewards, progress 
or social elements are implemented [82, 283]. 
Hervas et al. propose a taxonomy for the ap-
plication of gamification for behavior change 
[173]. They assign different gamification ele-
ments to different mechanic categories (goals, 
status, randomness, appointment, scoring, 
immersion) as subcategories.
Further, the relevance of tailoring persua-
sive strategies to the user is shown: in the 
big five personality model, e.g., competition 
is suitable for open people, goal setting and 
suggestion for conscientious people, many 
different elements for extraversion, but none 
for neuroticism [283]. For physical activity, Ad-
ams et al. show that user-adapted goals lead 
to significantly higher performance relative to 
the baseline [3]. 
For the Player and User Types Hexad, the dif-
ferent tendencies and influenceability of the 
different character types are confirmed: while 
socialisers are addressed by all strategies in-
cluded, achievers are not addressed by any of 
them in the work of Orji et al. [284]. Altmeyer 
et al. confirm the influenceability in physical 
activity, but found differences in the address-
ability of the types [14].

Physical Gamification

Gamification is primarily used as a digital con-
struct based entirely on software, but it can 
also be translated into physical elements. 
Degraen et al. transfer gamification elements 
to a Japanese mini garden [92]. Points and 
progress are represented by water elements 
and badges and unlockables by nature ele-
ments. In terms of persuasiveness, however, 
the implementation was not perceived to be 
better than the digital version. In the evalua-
tion, a digital gamified version was preferred, 
with reasons given including greater accuracy, 
simplicity and ubiquitous availability. Reasons 
for choosing the garden included its physi-
cal implementation, aesthetics, and relaxing 
effect.
Altmeyer et al. developed a physical pro-
totype in which points and leaderboard are 
represented by marbles [13]. They use the 
riding of a stationary bicycle as a basic task 
and showed a higher persuasiveness and 
meaningfulness of the physical implemen-
tation than in the digital presentation of the 
elements when gamification was added in 
comparison. 

2.3.3 Motivation  
and Gamified  

Software-Based Training 
in Rehabilitation

Application, Advantages and Challenges

Maintaining motivation and engagement over 
time is a core challenge in rehabilitation ac-
cording to Perry et al. [294]. Due to the differ-
ent causes, the development of motivation 
and varies a lot between different people, 
which should also be taken into account in the 
offer of games in rehabilitation. They point out 
that if motivation is not maintained, rehabilita-
tion will fail due to insufficient training.

An advantage of games in therapy is motiva-
tional support [294]. Games can be a success-

ful therapeutic tool [32]. Health gamification, 
according to Johnson et al., aims to sup-
port specific experience and behavior [192]. 
They describe the combination of persuasive 
technologies (addressing behavior), serious 
games (supporting intrinsic motivation) and 
personal informatics (individual behavior: in-
tegration and tracking). In the health sector, 
three categories are usually differentiated for 
the use of gamification: physical health, cog-
nitive and well-being [234]. 

Various goals can be addressed through the 
use of gamification, such as behavioral change 
or motivation [192, 282]. However, Boender-
maker et al. point out that the use of gamifi-
cation targets the motivation to train, which 
is different from the motivation to change 
[47]. De la Hera Conde-Pumpido differenti-
ates here between different persuasive strat-
egies [94]. In contrast to exocentric persuasive 
goals, which seek to change attitudes outside 
of play, endocentric ones support continuing 
play [94], which is in line with the conduct of 
the training.

Hung et al. identified advantages and disad-
vantages of in-clinic and home training and 
the use of gamification [178]. Stroke patients 
see advantages of in-clinic delivery in e.g., 
detailed therapists‘ instructions and better 
facility modalities, whereas advantages of 
home-based training are, e.g., flexible sched-
ule and more comfortable. However, home-
based training can also be less motivating 
and less focused and lead to neglect training. 
They perceive the use of game-based reha-
bilitation training as novel and fun and more 
effective, but criticize the limited choice on 
games in the conducted training version and 
that it is easy to get bored. They would like 
additional and more games, customized for 
home rehabilitation and that they are more 
related to real life.

In eHealth, according to Sardi et al., gamifica-
tion is often studied in chronic disease man-
agement / rehabilitation [329]. According to 
Tuah et al., gamification is mostly considered 
in physical rehabilitation, customization, out-
comes (motivation/engagement, individual 
behavior and health outcomes) and integra-
tion of external devices. Proposed solutions 

are frequently considered in research on 
gamification in eHealth, but a lack of empiri-
cal evaluation is apparent [379]. According to 
Klock et al., tailored gamification is the third 
most frequently studied area in health after 
education and generic, but only accounts for 
7.1% in their review [215]. 

Frequently used in cognitive rehabilitation are 
serious-game based and web-based applica-
tions [379]. According to Lumsden et al., the 
reasons for the use in cognitive training are an 
increase in motivation, usability/ intuitiveness, 
long-term engagement, suitability for the tar-
get disorder and ecological validity to inves-
tigate the effects and brain stimulation [239]. 
Advantages of using gamification in eHealth 
include maintaining engagement, address-
ing extrinsic and intrinsic motivation, sup-
porting fun, enjoyment and comprehension, 
and healthy behavior and behavior change 
[329]. Gamification is also used to reduce the 
drop-out rate [239, 388]. Gerling et al. point to 
potentials for older people, but also the chal-
lenges of the target group‘s lack of game ex-
perience and the need to complement daily 
tasks with entertaining and meaningful tasks 
for long-term engagement [146]. Low com-
plexity solutions should be offered to enable 
use despite cognitive or physical limitations 
[145]. For use in training, it is challenging to 
go beyond initial motivation to address and 
maintain motivation over the longer term for 
the long duration of rehabilitation [47, 379], for 
which appropriate mechanisms should be in-
cluded [329]. In addition to generating motiva-
tion, adjustments may be needed to maintain 
it, also user customization is lacking and re-
wards may sometimes be considered as ir-
relevant [329]. 

For patients, important selection criteria when 
choosing games in rehabilitation include in-
tuitive use and that they are recommended 
by therapists [178]. Perry et al. point out the 
specific principles for using games for elderly 
and stroke patients, such as that they are often 
unable to see or understand complicated text 
and instructions, and when elderly people are 
not familiar with games, games should incor-
porate familiar content from daily life, and  fur-
ther that collaborative rather than competitive 
approaches should be preferred [294]. 
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Element Description Example 
of use in 
Rehabilitation

Rewards Rewards are benefits obtained through actions [234], e.g., Polak 
et al. give points for correct results in the interaction with objects 
[298]

RehaCom (Working 
Memory) [167]

Level Levels indicate progress [215 234, 263] and intermediate goals 
[392] and include progressively increasing levels of difficulty [379] 
and visualization of progress [215]. Adjusting the difficulty in le-
vels addresses both performance and motivation in rehabilitation 
[294]. 

RehaCom [162], Cog-
med [76]

Feedback 
(loops)

Feedback provides the user with relevant information and can 
also be described as self-monitoring or a game state overview 
[215]. It enables the user to draw conclusions about e.g., personal 
performance [379] and encourages them to observe the personal 
behavior and outcomes [82]. It enables the adjustment of perso-
nal behavior through the information received [392]. Feedback 
can be given as a direct reaction to a behavior or as an overview 
afterwards, as in the interface, by digital characters or therapists 
[379], The presentation of feedback on the training, e.g., based on 
graphs, is relevant both for the patient for information and sup-
port and for the therapist for therapy planning and patient assis-
tance [361]. It should always have a meaning for the patient [361].

RehaCom [162]

Progression Progression highlights the current situation and the progress in a 
task [379, 392]. It allows the user to adapt his behavior so that the 
progress can be enhanced [379]. Progress can be represented in 
different ways, such as progress bars [329] or progressing in in-
creasing levels and/or difficulties [379]. 

City Builder Game [45], 
HeadApp [172]

Theme / 
Narrative / 
Story

Themes are real or fictional [372]. Stories / Themes can address 
the interests of patients, but also the learning from real world 
[379]. Themes are often combined with other elements, but can 
also be applied individually [409]. Stories allow the user to parti-
cipate [372]. 

Meister Cody [253]

Points Points can be awarded as a reward [372, 379]. They can be coll-
ected and used for other goals [379].

HeadApp [172]

Socialization Socialization describes the possibility of direct or indirect interac-
tion with other individuals. There is a wide range of possibilities, 
such as the use of comparisons, e.g., through leaderboards, com-
munication, e.g., via direct messages, or the integration of social 
media [329]. It enables social influence [82]. 

City Builder Game [45],  
Cogmed [76]

Table 3. Description of an excerpt of gamification elements relevant in rehabilitation

However, using the example of attention train-
ing, Navarro et al. show that competition can 
increase effectiveness and enjoyment with-
out increasing pressure [267]. Competition is, 
however, less suitable for older adults [258]. 

Furthermore, Perry et al. suggest using as-
pects such as appropriate challenge (motor 
and cognitive), simple interfaces, social ele-
ments, new learnings, promotion of cognitive 

skills and consideration of limitations such as 
slowed reactions [294]. In the process, they 
should be geared towards the development 
of intrinsic motivation. 

For example, Boendermaker et al. warn that 
the term ‘game‘ should be used with caution, 
as the perceived fun of training integration 
may not match the fun of an entertainment 
game, leading to disappointment and/or de-

motivation [47], which is also mentioned by 
Schmidt-Kraepelin et al. [334]. Similarly, the 
findings of Wiley et al. point to the emergence 
of disappointment created by the integration 
of a story into a task and the labeling and ex-
pectation of a game [409].
In another work, Boendermaker et al. suggest 
using elements for fun to support the mainte-
nance of motivation rather than to generate 
it [44]. They also note that there is a risk that 
with longer-term training and decreasing fun, 
motivation could also drop below the level 
that would exist if no additional gamification 
elements were used [47]. In addition, it should 
be considered which elements can be used in 
a supportive manner and which ones should 
not be used in order to prevent a decrease in 
task performance. According to Sardi et al., 
when gamification or games are integrated, 
there is also a risk that training will be per-
ceived less seriously, against which highlight-
ing the effectiveness of training in medical use 
can be helpful [329]. 

Elements

For the depth of the implementation of game 
approaches, Boendermaker et al. describe six 
stages starting from the basic training task, 
ranging from extrinsic and intrinsic moti-
vators to the development of a game shell 
to a complete game development [47]. Ac-
cording to Johnson et al. the integration of 
gamification into existing health systems 
offers an opportunity for faster and more 
cost-saving software developments as com-
pared to serious games for health [192]. The 
integration of elements into existing train-
ing tasks is also termed ‘game-up‘ [211].  
Kapp et al. distinguish between structur-
al gamification, the adaptation of structures 
outside the content such as points for com-
pleting a task, and content gamification, the 
adaptation of content for a game-like feel-
ing such as a story [199]. They point out that 
instead of single uses, their combination has 
the most impact.

Gamification elements may have specific re-
quirements for rehabilitation [60]. Burke et al. 
point out that the goal should be to encour-
age and reward engagement [60]. Thus, as 

described also by Jung et al., mistakes should 
not lead to game over and demotivation due 
to the missing skills as in a classic game, but 
to a positive reinforcement for the conduct of 
the rehabilitation [196]. Burke et al. also de-
scribe, in addition to common rewards, the 
possibility of rewarding rehabilitation-typical 
aspects such as playtime [60]. 
In behavioral therapy, even before the devel-
opment of software-based gamification sys-
tems, physical tokens were used as elements 
for operant conditioning to a desired behavior 
[350]. In rehabilitation, rewards should be giv-
en when the patient has made an effort, rath-
er than when a goal is reached [32]. Rewards 
are frequently used gamification elements in 
cognitive training, as well as feedback (loops) 
and story/themes [392].
However, Ferreira-Brito et al. point out that 
game elements for extrinsic motivation threat-
en adherence to interventions in the long run 
[123]. Intrinsic support, although more difficult 
to implement, has been shown to be better 
in the use of gamification, although the ques-
tion is whether a combination of extrinsic and 
intrinsic approaches may be appropriate due 
to the different nature of the motivators [47]. 
Complementing intrinsic with extrinsic ele-
ments can be helpful in rehabilitation when 
the intrinsic elements cannot be adequately 
understood cognitively [32]. 

According to a review by Brown et al. in the 
area of common mental disorders and well-
being, elements from the category ‘Story/ 
Theme‘ in web-based interventions are used 
particularly frequently [56]. Alexiou et al. show 
for serious games in learning that narrative 
and aesthetics have positive effects on flow 
and perceived learning [7].

Another relevant aspect is the possible need 
for assistance. Tran et al. demonstrate the as-
sistance of an avatar within a serious game for 
performing movements in front of a screen 
[377].

For cognitive tasks, Wiley et al. confirmed 
the different effects of different elements in 
healthy participants [409]. Their work shows 
an increased reaction time but also error rate. 
However, this was not shown with the inte-
gration of a theme. In the perception, fun de-
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creased from before to after the task. With the 
integration of a theme, fun was higher during 
the task in relation to the basic control task 
and lower after the task. With points, the ef-
fect was the opposite.
Considering the use of gamification in gen-
eral in rehabilitation, Caliskan et al. show that 
quest, level, story, or points are often used, 
in descending order of importance [62]. So-
cial elements or leaderboards, in contrast, are 
less used.

Tamayo-Serrano et al. point out in the im-
plementation for stroke rehabilitation that in 
the consideration of motivational rewards, 
primarily points systems are used and ap-
proaches beyond that are very few [361]. In 
general consideration of rehabilitation, be-
sides feedback, the frequent use of, among 
others, level, progression and leaderboards is 
pointed out [379]. Social interaction is a rele-
vant motivational aspect in rehabilitation [361], 
but social elements are rarely used in cogni-
tive training [392] and are less requested by 
users in eHealth and eCoaching interventions 
[230]. Social interaction can occur, for exam-
ple, between player and player or between 
player and Non-Player Character (NPC) [49]. 
The description of these elements is shown in 
Table 3 with reference to practical examples. 
Relevant in the area of health is the address-
ing of various aspects such as meaningful 
interaction/play, purposeful goals [137, 237, 
361], variety, appropriate challenges and dif-
ficulty [32], and visual feedback [206] on per-
sonal progress [230]. To address long-term 
goals and long-term motivation, gamifica-
tion goals are often set over a series of train-
ings [239]. 

Burke et al. describe it as relevant for use in 
rehabilitation to integrate aspects of mean-
ingful play and challenges [60]. To support the 
perception of meaningful play, feedback on 
individual actions, performance and progress 
and their relation to the larger context is rel-
evant, as well as the setting of short and long 
term goals [32] and the advantages and dis-
advantages of personal actions [361]. Nega-
tive feedback is important to present, but it 
should be presented in an encouraging way 
so as not to demotivate [361]. 

Tuah et al. propose a grouping of elements 
into blocks based on the following tech-
niques for rehabilitation [379]: Motivational 
Narratives, Goal-Oriented Tasks, Responsive 
Feedback, Rewards, Fantasy, Personalization, 
Personal Informatics, Visual Feedback, Itera-
tive Feedback. According to Cugelman, dif-
ferent gamification strategies show different 
validated effects on behavior change [82]. 

Effects

Gamified cognitive training shows e.g., effects 
on perception like higher engagement/moti-
vation, enjoyment, effort or higher demand/
difficulty [45, 239, 256, 392], but also healthy 
behavior, possible behavioral changes [329] 
and adherence in therapy [361]. In use, ac-
cording to Koivisto and Hamari in general [219] 
and Vermeir et al. in cognitive rehabilitation 
[392], there is a high degree of heterogeneity 
and mixed results, in addition to many posi-
tive ones. 
In a review for the application of gamification 
for health and wellbeing, Johnson et al. indi-
cate rather positive results in terms of health 
behavior and rather mixed results for cog-
nitive outcomes [192]. Also, Lumsden et al. 
indicate a highly engaging effect for cogni-
tive training, but mixed results in task perfor-
mance [239]. Vermeir et al. report a lack of 
differences in cognitive performance due to 
gamification and a lack of significant correla-
tion between the number of gamification el-
ements and the number of training sessions 
on motivation/engagement. Here a deeper 
consideration of the reasons and effects is 
necessary [392]. 
Välimäki et al. found no significant difference 
in rehabilitation effect between ‘Rehabilita-
tion Gaming‘, ‘Entertainment Gaming‘ and ‘No 
Gamining‘ in people with traumatic brain in-
jury [386]. Katz et al. indicate a lack of positive 
effects in performance when integrating vari-
ous gamification elements and combinations 
after a three-day training session [205]. They 
point out that especially in the initial phase 
additional elements could be distracting. Ac-
cording to them, a balance should be found 
between avoiding elements that are distract-
ing and implementing motivating elements. 
Lumsden et al. also found no increase in per-

formance when gamelike features (points, 
cowboy setting) were integrated into cog-
nitive tests [239]. Despite having fun in a 
cowboy theme setting, participants instead 
showed decreased performance in behav-
ior compared to the control task. At the same 
time, they indicate that the non-gamified ver-
sion is perceived as more boring, less enter-
taining and less stimulating compared to the 
integration of game elements. Lumsden et al. 
suggest that points may be particularly ap-
propriate for cognitive testing, because the 
data is not affected and engagegement is still 
addressed [239].
Ninaus et al., in contrast, show that when 
game elements (progress bar, level indicator, 
and a thematic setting) are used in a work-
ing memory task, their integration leads to 
increased performance in higher scores and 
reaches closer to the maximum performance 
[275]. Similarly, Boendermaker et al. showed 
a longer training duration in a working mem-
ory training with added game elements [45]. 
Higher performance was also found by Mo-
hammed et al. but a difference was only ap-
parent starting on the fourth training session 
[256]. They also indicate that gamification may 
be beneficial only for longer interventions. 
However, they still point to a lack of difference 
in the training effect for higher performance. 

Development

For the implementation of gamification, the 
weighing of costs and benefits is relevant 
[292]. Gamification can be added to exist-
ing software as a complementary element 
to the main task [256]. Besides increasing 
complexity in carrying out, Lopez and Tucker 
also point to increasing complexity in imple-
mentation, for which time and resources are 
needed for development [234]. Van Dooren 
questions how high the personalization can 
be while maintaining a balance between cost 
and effect [388]. Lopez and Tucker propose 
a compromise between development and 
impact on motivation and, for this purpose, a 
method for the selection of elements based 
on evaluation of the complexity of the imple-
mentation in physically-interactive gamified 
applications.  

In the development it is relevant to know the 
needs of the patients to be able to apply ap-
propriate game elements for motivation [379]. 
However, it requires guidance in the develop-
ment of gamification for rehabilitation [379]. 
According to Calvaresi et al., games for reha-
bilitation include professional expertise and 
motivational aspects for rehabilitation and 
therefore include more complex variables 
in the development than normal games [63]. 
Furthermore, they need to address aspects 
such as compliance and progress in reha-
bilitation. For the design of cognitive train-
ing games for older people, Lu et al. propose 
principles such as multisensory implementa-
tion, closeness to daily life, different tasks and 
exercises, integration of feedback, and the in-
volvement of users and stakeholders [235]. 
Van de Weijer et al. propose various factors as 
a basis for the development of gamified cogni-
tive training, using the example of Parkinson‘s 
disease, as for the gameplay (e.g., increasing 
complexity in levels, (long-term) goals, clear 
interfaces, personalization to needs in real-
time, dynamic adjustment of the difficulty, fun 
factors, integration of positive feedback and 
avoidance of negative feedback), the devel-
opment (e.g., Integration of validated (motiva-
tion) theories), the procedure (e.g., Guidance, 
cross-platform availability, or the methodol-
ogy (e.g., comparisons, measurements, feasi-
bility, adherence) [387].

Khaleghi et al. propose a framework for de-
veloping cognitive assessment and cognitive 
training [211]. It includes typical user-centered 
design and development steps such as user 
analysis, idea development, and implemen-
tation, but also the analysis of appropriate 
implementation options for the context and 
techniques such as game-up and mapping. 
They point to the relevance of subsequent 
monitoring to identify potential adaptations 
to maintain intrinsic motivation for long-term 
use.
Shapi‘i et al. propose a framework for design-
ing games for cognitive rehabilitation [339]. 
This involves tailoring tools for the therapist 
for the game characteristics and rehabilitation 
objectives. The adjusted games are provided 
to the patient individually. In the use, a game 
cycle is created to support engagement and 
cognitive and affective outcomes. Outcomes 
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can be used for monitoring and readjustment.  
Afyouni et al. present a framework through 
which, based on different input modalities, a 
serious game can be adapted to hand reha-
bilitation [4]. 
Tuah et al. propose a classification of gam-
ification in rehabilitation that includes the 
domains of physiotherapy, neurology, and 
psychology, as well as gamification tech-
niques and commonly used elements [379]. 
When using gamification in rehabilitation, 
they point out that the connection to the re-
habilitation process and procedure, as well as 
the requirements and effectiveness, have to 
be considered [379]. Lau and Agius propose 
a framework in the development of serious 
games for mild cognitive impairments that in-
corporates four different aspects for develop-
ment: the mild cognitive impairment player 
profile (capabilities of a player), core gaming 
elements, therapeutic elements, and motiva-
tional elements [228].

Technology 

In the technical consideration of platforms, 
Caliskan et al. point for use of gamification 
in general rehabilitation to a frequent use of 
smartphones and tablets in studies, followed 
by computers [62]. However, in studies on 
gamified cognitive training, computer-based 
systems are used most frequently, followed 
by tablets and only to a very small extent 
smartphones [392]. In practice, the use of all 
three platforms is sometimes offered, e.g., by 
‘Cogmed‘ [76]. Due to the positive results of 
gamification on the pc, it should also be con-
sidered in mobile versions in the future [44]. 
Lumsden et al. point out the potential for us-
ing gamification to support engagement in 
studies conducted on pc or mobile devices 
rather than in the laboratory [239]. Lugmayr et 
al. also point out the suitability of smartphone 
apps to address patient self-management. In 
addition to web-based applications, mobile 
applications are being used more and more 
frequently in rehabilitation [237]. This is also 
reflected in the analysis of offers from practice 
(see Table 2). They show potential in health 
and wellbeing due to broad accessibility and 
appeal in mobile systems, among other things 
[192]. Boendermaker et al. point out that with 

increased use in the future, there should be 
no difference in training effects compared to 
the computer [44]. However, the use of smart-
phones offers only a small available screen 
and in the environment potentially distract-
ing stimuli [76].
Dobosz et al. have developed ‘RehaMob‘, an 
app for adapting rehabilitation exercises to 
tablets and enabling the practice of cogni-
tive tasks despite motor problems, and have 
shown that tablets can be successfully used 
in cognitive therapy [103, 105]. Schlosser et al. 
developed ‘PRIME‘, an app designed to sup-
port motivation and quality of life in schizo-
phrenia, which was shown to be feasible to 
develop and acceptable to the target group 
[333].  
White et al. point out that devices are often 
used for different purposes, but also show the 
cloud-based combined usage for multi-de-
vice usage using the example of a tablet and 
a smart speaker as an assistance tool [408]. 

Gamified Software-Based Training 
resp. Training Software

In practical implementation, the use of games 
and gamification is widespread. Various de-
velopments can be found in the use of soft-
ware-based cognitive training in commercial 
use, research or commercial games used for 
training [32, 123, 379]. Off-the-shelf games, 
however, sometimes require too fast reac-
tions, which are partly limited in patients [361]. 
In addition, required interactions can lead to 
higher difficulty in use due to physical limita-
tions [303]. Therefore, user-driven approaches 
may be more appropriate [361]. For location 
flexible use or home training for rehabilitation, 
e.g., websites or web apps can be used [196]. 

In the following, examples of gamified cogni-
tive training or training games are described. 
In commercial applications, Table 2 shows the 
use of gamification in various tools. 
The web-based training for working mem-
ory ‘Cogmed‘ [76], for example, has an inte-
grated reward-based incentive system. In the 
training, gold and jewels can be collected as 
rewards, through a world builder, in which a 
unique personal world can be created, the 
progress is visualized. 

‘RehaCom‘s working memory training uses 
a card game for training tasks. Among other 
things, it includes a level system integrated 
into increasing leagues with trophies, rewards 
through bonus games or jokers, and perfor-
mance feedback [167]. 
The tool ‘Rehability‘ offers different training 
games to address motivation and adherence, 
besides physical training there is a prototype 
for cognitive training in the area of ‘Rehability 
cogni‘ for android tablets [308]. 
‘Meister Cody‘ offers training in math and Ger-
man for children with weaknesses or dyscal-
culia or dyslexia [253]. In these learning games, 
exercises are integrated into the course of a 
story. ‘EndeavorRx‘ [115] / ‘Project Evo‘ [84] of-
fers as a serious game a racer for training chil-
dren with ADHD. On different race courses, for 
example, objects or markers are collected or 
avoided on the track. Among other things, new 
worlds and characters can be unlocked in the 
game. For older users and for training mul-
titasking, the game ‘Neuroracer‘ is used [24]. 
Also for older adults, but for the maintenance 
of cognitive skills and in the case of dementia, 
Mora et al. designed a web-based gamified 
training with a collaborative crowdsourcing 
approach, adjusted to the characteristics of 
the target group [258].
In research, different implementations of gam-
ified software-based cognitive training are 
emerging. For example, in ‘RehabCity‘ [396] 
/ ‘Reh@City‘ [121] (implemented in Unity 3D 
[383]), a three-dimensional city is presented 
where the user navigates through and per-
forms various exercise tasks at different loca-
tions. This is intended to adapt the tasks to 
real-life situations and environments in a sim-
ulation instead of on paper.
‘Rehamob‘ was extended as an existing 
mobile training app with various gamifica-
tion elements, including levels, awards and 
achievements, time measuring, hints and tips, 
and collecting and storing statistics [104, 105]. 
In the ‘City Builder Game‘, a working memo-
ry capacity training is conducted. Within this 
training the users receive points which can 
be exchanged between the training blocks 
as game money. To build up a virtual world, 
different objects such as houses or trees can 
be bought [45]. 

Prior Approach

In a previous work of the author, first concepts 
for an interlocking approach to integrate gam-
ification and complementing elements into 
software-based training were created with the 
focus on visual neglect [129]. Initial prototypes 
and first qualitative evaluations indicate a po-
tential suitability for addressing motivation. 
However, the prior step lacks further devel-
opment, implementation in existing software-
based training, deepening, and substantial 
evaluation. 
The prior findings encourage the next steps 
and new approaches in this work to use gam-
ification in a tailored and targeted way and 
further to provide support for design and de-
velopment in practice.

Background
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Gamification is often used to address motiva-
tion, emotions or desired behavior [192, 329]. 
When implementing gamification, due to the 
dependency on context [156, 160, 325], the use 
of gamification in the specific context of soft-
ware-based cognitive rehabilitation is consid-
ered in this chapter. The possibility and way 
of software-based use, the implementation 
of individual elements and element combi-
nations is examined in depth, and effects are 
considered. Overarching the request for vari-
ous elements and possibilities for tailoring 
are analyzed, and the possibility of support in 
the development of the training software in 
the implementation of tailored gamification in 
practice are considered.

This section contains texts from the author‘s 
own publications (see ‘List of own publica-
tions’ in the appendix) and partially extends 
prior work. The chapter is based primarily on 
the following publications:

3.1 Focus and Purpose
3.2 Game Elements to Complement  Cognitive Training

3.3 User Requests, Effects and Ways of Tailored Gamification
 in Software-Based Training

3.4 Outlook: Potentials of a Web-based Gamification Guide 
for Knowledge Transfer between Research and Industry 

- A Method to Support Design and Development
3.5 Discussion
3.6 Summary

Section 3.2.1 (Interactive Storytelling / Quest)
• P. 16: Gabele et al. (GamiFIN 2019)

Section 3.2.2 (NPC)
• P. 15: Gabele et al. (GamiFIN 2019)

Section 3.3 (Implementation: Effects & Ways)
• P. 4: Weicker et al. (Jahrestagung GNP 2020): Clini-

cal part of the study by J. Weicker. Extension and 
in-depth consideration of gamification by M. Gabe-
le. Line chart by S. Wagner. Implementation, training 
software and web interface by HASOMED GmbH.

• P. 3: Gabele et al. (UMAP 2021), based on and 
deepens P.4

• P. 8: Gabele et al. (IEEE EMBS ISC 2019) 

Section 3.4 (Gamification Guidance)
• P. 2: Gabele and Fischer et al. (UMAP 2021): Joint pri-

mary authorship: Idea and supervision by M. Gabele. 
Design and implementation within a team project by 
V. Fischer, M. Steinbrügge and D. Thiemke (Fischer 
et al. [124])
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3.1 Focus and Purpose
Software-based training is frequently used 
in the rehabilitation of acquired cognitive im-
pairments. For a positive effect in therapy, its 
frequent conduct is relevant [368, 403], for 
which, however, a high level of motivation 
is required [361], which can be addressed 
through gamification [44, 239, 361, 392]. Here, 
a requirement is to create a long-term sup-
port based on meaningfulness and purpose-
ful goals [32, 146, 237].
However, research regarding the use of gami-
fication in cognitive training needs further in-
depth analysis [392] and consideration of the 
factors that influence adherence [212]. In their 
review, Vermeir et al. suggest examining in-
dividual elements for the individual effects, 
but also combinations, as these are more 
closely oriented to real-life use [392]. How-
ever, a one-size-fits-all approach [290, 372] is 
not advisable, because individual approaches 
and knowledge of the target group are rel-
evant for supporting the effects by tailoring 
[258, 262, 388]. However, for the transfer of re-
search results to the practical implementation 
of gamification in cognitive therapy tools, sup-
port for knowledge transfer is needed [379]. 
Therefore, the following aspects are consid-
ered in this chapter:

1.  Feasibility and way of using gamification el-
ements in software-based cognitive train-
ing by:

a. The general potential of integration and 
interaction in cognitive training software, 
using the example of the elements ‘Inter-
active Storytelling‘ and ‘Quest‘. 

b.  In-depth analysis of the requirements for 
an accompanying Non-Player Character 
(NPC) and thereby targeted digital social 
support and resulting recommendations 
for the development.

c. Requests for game elements in training 
depending on patient‘s character for an 
overarching comparison as a basis for tai-
lored implementation.

d. The usage of a gamification scenario in 
cognitive training over several weeks. 

e. A knowledge transfer tool prototype for 
gamification between research and in-
dustry to support the selection of appro-
priate gamification elements in practice.

 
2.  Effects of the training methods in the use 

of gamification through
a. Perception of the gamified training in the 

elements ‘interactive storytelling and 
quest‘ generally or in the possibility of 
influencing the content through interac-
tion,

b.  Effects in perception and training be-
havior through gamification in training in 
general and depending on the character 
of the patients.

The focus is on supporting and optimizing 
the implementation of (tailored) gamification 
in the development of cognit129 trai1129 soft-
ware. Thus, in this step, the overall questions 
TRQ 1 (Implementation of elements) and TRQ 
2 (Effects in perception and training duration) 
are addressed, which is intended to further 
support the addressing of the motivation of 
patients.

3.2 Game Elements to  
Complement Cognitive Training

3.2.1 Complementarity, Effects and Deepening in the Use of 
Interactive Storytelling and Quest

3.2.2. In-Depth Designs and Development of 
Accompanying Non-Player Characters

3.2.1 Complementarity, 
Effects and Deepening 

in the Use of Interactive 
Storytelling and Quest

Stories are a typical element used in games 
and can support meaningfulness. Quests ad-
dress the basis for the development of intrin-
sic motivation.
In this step, the initial effects and feasibility 
of combining an existing medically approved 
cognitive therapy software training and inter-
active storytelling and quests for patients with 
acquired brain damage in outpatient rehabili-
tation are considered. Based on the require-
ments (section 1.3), a practical combination 
is implemented and an exploratory study 
with patients was conducted. A subjective-
ly perceived motivational tendency without 
exhausting or losing concentration due to ex-
tension has been shown. Patients stated inter-
est in further use.
Lastly, the feasibility, potential, effect, and 
aspects for software development are dis-
cussed. The results lay a basis to implement 
gamification, influence motivation, further 
clinical evaluations, and show feasibility and 
importance for further research.

Focus and Purpose

The focus of this step is on the initial testing 
of the integration of gamification and involv-
ing the patient through personal interaction  
(here by means of interactive storytelling and 
a quest) in software-based therapy in cogni-
tive rehabilitation. The focus is on application 
and interaction in the context of rehabilitation. 
The following research questions (RQ) will be 
considered:

• RQ 1: How can interactive storytelling and 
quest be implemented in concept and 
development to support motivation as a 
complement to cognitive training for pa-
tients? 

• RQ2: How do patients in cognitive reha-
bilitation perceive the complementation 
of software-based cognitive training with 
interactive storytelling and quest?

Requirements for the use of gamification are 
to motivate patients without restricting their 
work during training. Therefore, the focus is 
on the method of implementation on the one 
hand, and on the perception by the patients 
including factors such as motivation, ex-
haustion and distraction on the other hand. 
The purpose of the chapter is to deepen the 
knowledge on the implementation and effect 
of the combination of interactive storytelling 
and quest. Thus, the use for patients in prac-
tice is to be facilitated. 

Game Elements in Cognitive Rehabilitation Software Training
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Background and Related Work

According to Nicholson, the successful devel-
opment of meaningful gamification and long-
term motivation involves ‘exposure‘ (here the 
integration of a story into a real setting) and 
‘choice’ as relevant subconcepts [271]. Con-
sidering healthy players, ‘Narrative or Story‘ 
and ‘Meaningful choices‘ are rather request-
ed gamification elements [372]. In the field of 
learning, Toda et al. point to the relevance 
of considering narrative and storytelling as 
possible elements in gamification, follow-
ing a survey of experts [369]. Palomino et al. 
point out that for the use of narrative in edu-
cation, aspects are relevant such as: an actor, 
choice, interactivity, events as sequences, as 
well as addressing motivation and user expe-
rience [288]. Zhou et al. show in their review 
that narrative game-based interventions have 
an effect on changing behavior, knowledge, 
self-efficacy, and enjoyment [419]. However, 
they point out that this is influenced by fac-
tors such as genre or age.  
As a gamification element, stories are fre-
quently linked to and wrapped around other 
tasks [325]. Based on this, in this step, an ex-
isting medically approved cognitive training 
software [164] is complemented with interac-
tive storytelling to wrap it around the training 
task. Boendermaker describes a process that 
persists a task which is expanded with a game 
as a game shell [47]. Thus, the training task 
remains unchanged in this method [47, 388]. 
However, there is a connection between the 
content of the task and the additional game 
elements. In software-based training, gamifi-
cation is used in various applications and im-
plementations [392] (see Table 2).

Different interpretations of the term ‘storytell-
ing‘ can be found in several fields (e.g., as a 
therapeutic technique, narration or branding). 
In the following, it is used as mechanics for 
a fictional story, with the extension to inter-
act and intervene in the storyline [347]. Au-
thoring tools can assist in the development 
of structures such as complex non-linear 
stories, offering both new development and 
customizable templates [197], supported also 
by artificial intelligence to plan network struc-
tures [69]. 

According to a review by Vermeir et al., stories 
/ themes are frequently used gamification el-
ements for computer-based cognitive training 
in research [392]. The selection of the theme 
is partly based on its suitability for address-
ing the target group. The basis of immersion 
is described as potentially supporting intrinsic 
motivation, especially in relation to autonomy 
and Self-Determination Theory.

By integrating serious storytelling, for exam-
ple, meaningful interaction and purposeful 
goals can be addressed, as Lugmayr et al. 
suggest for health and wellbeing [237]. This 
is also suggested by Day for long-term mo-
tivation and fun rather than competition and 
performance-enhancing goals within fitness 
apps [85]. Storytelling is used, for example, in 
the fitness apps ‘The Walk‘ [341] or ‘Zombies, 
Run‘ [343] for adults to support long-term 
performance of sporting activity. In ‘Zom-
bies, Run’ a story is experienced in real time 
and combined with real running training and 
current goals. In healthcare, for example, the 
serious game Re-Mission 2 [177] is used, in 
which children in cancer therapy control an 
avatar that fights cancer cells through a body.

Storytelling is also implemented in cognitive 
training. Dörrenbacher et al. complements a 
cognitive-control training for children with a 
story of an astronaut who lands on a plan-
et and has to train the creatures Watermons 
living there to repair his damaged space-
ship [107]. They increased intrinsic motivation 
through the complementation of game ele-
ments.

The dyscalculia training for children ‘Meister 
Cody’ includes different tasks, whose execu-
tion is in the foreground in terms of time, but 
are embedded in a background story to ad-
dress the motivation [253]. Gellner and Bu-
chem let elderly people recreate lost health 
data in ‘Find & Fill the Golden Record‘ [144]. 

The description and / or integration of set-
tings also appears in cognitive training for 
adults, which can be seen, for example, in 
realistic but fictitious scenarios. Executive 
functions are trained in ‘RehaCom‘ [162] by 
planning processes during a vacation [169], 
or for example in a shopping scenario [28]. In 

‘HAPPYneuron‘ [331], cocktails are mixed and 
recipes are memorized to train verbal mem-
ory, visual analysis and concentration [332]. 
In the approach ‘RehabCity‘, the user moves 
through a three-dimensional city in which 
various real-world training tasks have to be 
solved [396]. Stories are read and memorized 
for verbal memory training in ‘RehaCom‘ [170]. 

As a game element, stories can be assigned 
to the category ‘Immersion‘ according to Ton-
dello et al. [372]. They have the potential to 
create the feeling of emotional immersion 
[237]. They can arouse the interest of users 
and promote positive feelings [325]. Accord-
ing to McGonigal, positive emotions, along 
with meaningfulness, are aspects of intrinsic 
rewards and gameful design [250].
The use of narrative architectures can be 
found in many games in different ways [188]. 
It incorporates a pre-designed story, but also 
includes integration of the player and enables 
freedom of interaction during the action. It in-
volves engagement and decisions in narrative 
progression [237]. Within four weeks, the ex-
ample of various physical-activity games that 
highlight the physical activity showed a de-
crease in usage and a perception of boredom 
[28]. Here, the lack of a story is suggested as a 
possible reason. The perceived meaning and 
interaction with the system are related in in-
teractive storytelling to a feeling of presence 
in the situation presented [49]. 

In a prior work [129], a cognitive training was 
modified with stories that can be selected by 
patients out of four themes. The training was 
adapted within the training task according 
to the selected theme. An initial qualitative 
evaluation of the click prototype showed its 
potential suitability for supporting motivation, 
which encourages further in-depth investiga-
tion in this work.

Beyond the integration of stories, interactivity 
can likely support the feeling of the personal 
contribution to the result [28]. Gong et al. have 
analyzed eleven factors that are relevant for 
the successful development of game story-
telling [149]. These include ‘Engage & Explore‘, 
and ‘Autonomy‘, among others. ‘Choice’ can 
give users choices in engagement with the 
system and thus a sense of autonomy [271]. 

Although autonomy and decision freedom 
are associated with each other, a lack of ef-
fect in practice could be due to the fact that 
a game process is not or too little influenced, 
and a possible effect may therefore also de-
pend on the consequences of the decision 
[326]. 

By implementing quests, tasks can be inte-
grated for the user. They offer motivational 
mechanisms such as the possibility to clear-
ly define the goal of the user‘s action, as well 
as showing the relevance, but also the con-
sequences of one‘s own actions [325]. The 
smaller incremental tasks and interactions 
within build up to the larger and long-term 
goal of solving the game [49]. According to 
Muangsrinoon et al., quests address all three 
dimensions of the Self-Determination Theory 
[263]. Through the selection options, the play-
er has the possibility and responsibility to con-
trol the game. Thereby it is in the result partly 
tailored to the preferences of the user [49].

Concept and Prototype Development

An existing medically approved software for 
cognitive training of divided attention in reha-
bilitation was used as a basis [164]. According 
to the developer, it is a frequently used train-
ing program due to its relation to the everyday 
life of patients. The task is to drive a car on 
the screen (Figure 2c) and to react correctly 
to visual and acoustic environmental stimuli. 
A connection between existing training in the 
form of a simulation (car drive) and gamifica-
tion (interactive storytelling / quest) results 
in a single-player game and interaction with 
Non-Player Characters (NPC). NPCs can, for 
example, enable communication and social 
interaction or provide support during quests 
[49]. The approach is intended to address the 
various dimensions of Self-Determination 
Theory [263, 318].
Important for concept design is that the train-
ing should be motivating over several training 
sessions [129]. Thus, two car rides were inte-
grated exemplary. Dividing the story into short 
sections can be used to adjust the duration of 
the training individually for each patient [239]. 

Game Elements in Cognitive Rehabilitation Software Training
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Figure 2. Story and quest in which cognitive training is integrated: 
a) Selection of the detective to work with. On screen: Left: female, Right: 
male. b) Selection of the route to be driven. c) Task for cognitive train-
ing of divided attention by the means of a car ride. d) Resolution of the 
story. Figure from Gabele et al. [131].

To complement the car rides, a criminal cases 
setting was chosen. Since the group of pa-
tients includes both gamers and non-gam-
ers, the selection for this is based on books 
in daily live, in which the genres ‘Thriller‘ and 
‘Crime‘ are read the most [348, 356]. It allows 
to integrate a fictional main story with shorter 
quests and to justify the car trips. This wraps 
the story around the main task of training [47, 
253, 311]. Thus, the training task is not modi-
fied compared to the previous approach [129] 
in order to maintain its effect.
In the overall concept, patients can support 
and solve several cases in the course of ther-
apy. Each criminal case is intended to have its 
own main story and quests and they do not 
build on each other. The prototype exemplar-
ily shows one criminal case to be solved. Here, 
the patient takes the role of a new employ-
ee in a detective agency and supports a se-
nior detective (selectable between female or 
male, Figure 2a). In the game, the quest giver, 
a woman, calls the patient and tells about a 
mysterious note found on the doorstep. The 
patient selects one of two possible routes and 
drives with the car to the woman. The woman 
gives some clues to solve the case. One of 
two possible clues can be selected (Figure 

2b) and thus the patient chooses the route to 
follow with the car (Figure 2c). 
The story ends with a visit to a carrier pigeon 
breeder (Figure 2d) whose pigeon has lost 
the note. In the end, the case turns out to be 
more humorous than expected. Finally, a hint 
about the next case is given. This is intended 
to arouse interest for the next session.

Since ‘scriptwriting‘ is an important factor for 
successful game storytelling [149], the suit-
ability of the overall story was evaluated in a 
preliminary study based on a questionnaire / 
structured interview with seven patients with 
acquired brain damage (average age: 65, age 
range: 56-74 years) in outpatient rehabilita-
tion. All patients stated to have understood 
the story content and to want to get to know 
more cases. According to the German school 
grading system (1: very good - 6: poor) the 
story was rated by 71% with ‘2‘ and 29% with ‘3‘. 
The story was rated as rather exciting (yes: 
57%, no, 29%, no answer: 14%) and the solu-
tion as rather amusing (yes: 57%, no: 14%, don‘t 
know: 29%). This implies that the story is pre-
dominantly appropriate for the target group, 
and an evaluation through a prototype is rea-
sonable.

Figure 3. Decision tree of the detective story, based on a simple fake choice 
architecture.

For the design and development of the pro-
totype, the interactive story was created as 
one story with a simple fake choice architec-
ture (Figure 3). 

The case is always resolved in the same 
way based on a linear main story, but can be 
solved by variation at different branches. The 
decision tree for the prototype was limited to 
three decisions, each with two options: the 
selection of the detective to work with, the 
route to the woman who called and the hint 
to follow. The structure of the story is based 
on a classical drama with exposition, climax 
and resolution (Figure 4). In game design, lev-
el structures and stories based on these are 
also used [197].

A flat 2D visualization with low complexity 
and focus on the story elements was chosen 
due to the limited cognitive abilities of the 
patients. For this, a low level of detail of the 
background and a higher level of the persons,  
objects and interactive elements that are im-
portant for telling the story was used. 
The detectives were selected by three ex-
perts (clinical, technical and interaction / 
game background) based on a resolute but  
friendly appearance and photopgraphed and  
integrated in different poses in the story.

Technically, the prototype uses an existing 
Unity 3D [383] based version of the training 
for divided attention. Through wrappers it is 
linked to a low fidelity click prototype for the 
integration of the story, with which the patient 
can interact. The story is enhanced with au-
dio files for speakers and background sound. 
Keyboard and mouse are used as input de-

vices, which are familiar and probably do not 
influence the effect of the prototype.

Explorative Study

Method

Note: Since the thesis focuses on the use of 
gamification for training in outpatient clinics 

or at home, the method / results of patients 
that are undergoing this cognitive rehabilita-

tion are considered, who used the training 
with gamification extension. Respective parts 
of the method are described below. Those of 
healthy participants or patients from other re-
habilitation phases and those without gamifi-
cation are not integrated further in this work.

In an explorative study, trends of possible 
effects (positive, negative and feedback) on 
cognitive performance and perception and 
perception of interactive storytelling and 
quests of patients are considered. In the con-
sideration of patients and the use of gamified 
cognitive training, patients in an outpatient 
clinic for cognitive neurology in Germany with 
heterogeneous causes of cognitive impair-
ment (stroke, craniocerebral trauma, cerebral 
hemorrhage) are considered. Due to the qual-
itative exploratory character of the conducted 
study, a small sample was chosen, which may 
provide starting points for further research. 
The prototype was used in overall approx. 
30-minute training sessions, divided into two 
sections, which were carried out one after the 
other by the patients (Figure 4). 
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Figure 4. Procedure of one training session with two sections 
based on the presented prototype and based on the combination of 
a cognitive training for divided attention, interactive storytelling and 
quest. Figure oriented to Gabele et al. [131] and extended.

This allows an additional measuring point be-
tween the sections and a future connection of 
the content for conduction on different days 
[239]. The cliffhanger between is generated 
when the caller shows the note she has found.

The structure was as follows: 
a) After an explanation of the study, the 
participants gave their written consent, b) 
Demographic data, prior experience and dis-
ease-related data were collected, c) Partici-
pants stated how motivated and exhausted 
they were before, between the sections and 
after the training session (5-point Likert scale: 
1=not at all -  5=very), extended by a first per-
ception after both sections (closed questions), 
d) After the training session, the outcomes 
regarding perception of the interaction and 
combination of story and training, effects and 
interest in use were evaluated (closed ques-
tions), e) Participants were asked to describe 
aspects such as the goal of the section, the 
goal they had in mind during the training, or 

positive aspects, criticism or comments (open 
questions).

The questions on a 5-point Likert scale allow 
a comparison between the answers. It pro-
vides the opportunity to give neutral answers, 
whereby ratings out of the neutral range can 
be considered more relevant. The possible 
answers are mainly divided into 1 (not at all), 
2 (hardly), 3 (a bit), 4 (predominantly), 5 (very). 
Additionally, open qualitative questions were 
asked about the subjective experience of the 
training session. Thus, reasons for rating and 
feedback for optimization can be obtained 
without influencing the respondent with giv-
en answers. For interest in further usage, three 
choices were offered: 1 (no), 2 (maybe), 3 (yes). 
The core results of the study are summarized 
and presented in excerpts in the following.

ID Age Gender Educa-
tion

Using computers 
in everyday life

Experience 
with system 
RehaCom

Experience with 
training ‘Divided 
Attention’

P1 52 female Secondary 
School

(almost) daily yes no

P2 51 male Secondary 
School

rare yes yes

P3 31 male Grammar 
School 

(almost) never yes yes

P4 44 female Secondary 
School

rare yes no

Table 4.  Demographic data of the patients. Table from Gabele et al. [131].

Training

Questions Before Middle After

How motivated are you currently? 3.75 4.25 4.25

How exhausted are you currently? 3 3 3

Was it possible for you to concentrate and stay focused? - 4.25 4.25

Table 5.  Subjective perception of physical and mental condition before, in the middle 
and after the training session. Items were rated on a 5-point Likert scale (1=not at all, 5 
= very). Table from Gabele et al. [131].

Results

Four patients with cognitive impairment, 
around phase D, based on the German reha-
bilitation system, participated in the study (re-
lated to b), Table 4). The average age was 44.5 
years and the age range 31-52 years. They 
suffered from cognitive impairments, were in 
cognitive rehabilitation and participated in ad-
dition to their standard therapy. 

They were from European cultures, took part 
voluntarily in the study and were not reward-
ed. In order not to influence their perception, 
they were not previously integrated into the 
design process. In the following, relevant re-
sults are presented in excerpts.

Table 5 shows in relation to c) the progres-
sion of perception from before the training, 
between the sections and after the training. 
Figure 5 shows excerpts of the results of the 
closed questions d). Furthermore, conspicu-

ous aspects of the data are described in de-
tail. Aspects from the open questions are 
described subsequently in relation to e).

Further usage at home (1 (no), 2 (maybe), 3 
(yes)), was rather desired (2.75) (P1, P2, P4: yes 
/ P3: maybe). On average, the responsibility 
transferred to the patient was assessed as 
rather not unpleasant (2.25). In detail, however, 
large differences are shown: While P2, P3 (1) 
and P4 (2) perceived it to be less unpleasant, 
it was very unpleasant for P1 (5).
Based on open questions e), being attentive 
(P2, P4) and working on the detective case 
(P1, P3) were described as the task. The goal 
in mind during the session was described 
as driving correctly (P1), solving the detec-
tive case (P3) and achieving all the required 
things (P4).  
The combination of driving and other things 
/ story was rated positively (P1, P2, P4). P3 
would like to have an increased difficulty, also 
in the story quest. 
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Figure 5. Results of the questions after the explorative study with patients and control 
group (1 (not at all) - 5 (very)). Figure based on Gabele et al. [131].

P1 rated the prototype as less boring and re-
ported from experiences in the personal en-
vironment that patients have lost their interest 
in training after several training sessions. P1 
expects that the story will be very motivating 
to stay longer at the training.

Discussion and Conclusion

In this step, a practical combination of an ex-
isting computer-based cognitive training for 
divided attention and interactive storytelling 
and quest in a prototypical gamified training 
with high driving content was implemented. 
This was evaluated qualitatively in an ex-
ploratory study, focused on the subjectively 
perceived effect to initially consider the con-
nection between gamification, interaction and 
cognitive training in rehabilitation.
According to RQ 1, in line with other work [325] 
and the previous developments in research 
and practice, the feasibility of wrapping a task 
[47] is confirmed, here by complementing the 
cognitive training with interaction storytelling 
and quest. The implementation combines the 
existing training without changing the basic 
principles and therapeutic training concept. 
By the structure, goals could be achieved 
over several sessions as suggested by Lums-

den et al. to address long-term motivation 
[239]. An overarching story is also used, for 
example, in ‘Master Cody‘ for children [253].
In this way, the story can be extended to sev-
eral training sessions by adding more content, 
or it can be divided into short quests depend-
ing on the patient‘s abilities. However, it is 
still questionable how in-depth a retrospec-
tive summary needs to be for patients with 
cognitive impairments, as there are potential 
memory problems. Thus, it should be consid-
ered whether stories and quests for specific 
patients need to be implemented in a par-
ticular way, e.g., for patients with limitations 
in memory by supplementing long-term with 
more short-term gamification [271] or retro-
spection, such as in TV or game series.

In development, training and interactive story 
and quest, although meaningfully connect-
ed, the areas can be treated independently of 
each other through the game shell [47]. This 
supports the creation of a game shell, as in 
other software-based eHealth trainings and 
domains, such as van Dooren‘s [388]. 
The use of a wrapper in the development of 
the prototype in this step points to the advan-
tage that in independent development, e.g., 
different teams may be involved or interactive 
behaviors, stories or quests may be replaced 

or changed independently of training. In the 
long run, this might support a dynamic tailor-
ing to the player and their needs to, e.g., genre 
or to their character traits, e.g., in user types 
[49, 129, 284, 374]. Possible individualizations 
and adaptations to the patients needs in the 
situation of rehabilitation should be consid-
ered to further develop the user-centered ap-
proach [49].

However, the development of video games 
[28] or gamification takes a lot of time, which 
is often not available in practice [234, 292]. 
Moreover, the duration of using the software is 
extended by the addition of the story. The lon-
ger overall duration per training session may 
be problematic for use in (outpatient) clinics, 
since there are mainly predefined training 
schedules with corresponding limited time 
frames. However, this probably influences 
home training less. 

Currently, the session is designed not to be 
repeated. However, this can be enabled by 
a more complex subdivision of the decision 
tree and branches and different endings. 
Here, the question is whether a positive dis-
solution of the training session is necessary 
for motivating patients or not. 
The developed story is currently primarily 
focused on its motivation and entertainment 
value. The results show that it is rather impor-
tant for patients that the training is embed-
ded in a meaningful story, what supports the 
relevance of the integration of meaningful-
ness [60]. 

In further developments, and to support 
health-related desired behavior, the content 
of the story could be more oriented to the real 
subject matter of the situation [28], for exam-
ple, by making personal meaningful choices 
or mirroring reality, as well as through anal-
ogies [271, 379]. Further it is shown by Shen 
et al., that in health communication narra-
tive messages in digital formats (audio/vid-
eo) have the potential to address persuasive 
effects [340]. Besides the scriptwriting of the 
story [149], the integrated characters can also 
have an influencing effect [191, 285, 326, 378]. 
Thus, it should be further considered which 
characteristics of digital characters are rele-
vant for patients in gamified software-based 

training. This is considered in the next step in 
section 3.2.2.
According to RQ 2, the results and effects in-
dicate that interactive storytelling and quests 
may have the potential to support motivation 
for adult patients with acquired brain dam-
age in rehabilitation. Thus, they support the 
intended motivational approach in training 
[253]. 
The results are in line with the system pro-
posed by Sailer et al. for connecting mo-
tivation research and gamification, which 
associates meaningful stories with interest 
and emotions [325]. The positive highlighting 
of the combination and the slight increase 
of motivation perceived in the course of the 
training might be due to the interest in it, but 
also result from a comparison with the basic 
or other training known to patients which may 
be considered as less interesting. Although 
there is no significant increase in perceived 
motivation here, there is a preservation of mo-
tivation, as suggested by Boendermaker et al. 
[44]. The fact, that neither perceived exhaus-
tion nor concentration decreased, indicates 
that there is no cognitive overload in cognitive 
abilities required for therapy, which is also re-
flected in the perceived low distraction from 
training, which addresses the requirements 
defined (section 1.3). De Vries et al. further 
point out that staying focused is supported by 
variation [100], which might also be addressed 
by interactive storytelling.

Both the cognitive task and the detective task 
were mentioned for the goal of the training 
and for the goal that was kept in mind dur-
ing the training. This indicates, that with the 
solving of the detective quest, a new goal has 
been integrated [325]. The different distribu-
tion and partial change of objectives between 
the questions suggests that there could be a 
different degree of individual goals [227, 233] 
and focus on the goals or also incentives. The 
integration of additional goals based on a tai-
lored concept according to the character of 
the users is further considered in section 4.3. 

Interest in getting to know further cases 
confirms interest in this scenario, but leaves 
open whether interest in other scenarios or 
thematic areas would be higher or lower. Ad-
ditionally, the effect should be critically in-
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vestigated that in the interaction, transferred 
responsibility can also be perceived as very 
unpleasant. For corresponding patients, this 
may result from an overload of choices [271]. 
In this context, factors that foster this could 
be considered further such as the degree of 
interactivity and control [49] or degree of im-
pairment. 

Some limitations of the study are to be men-
tioned. Due to the small number of partici-
pants, the results should be considered as 
a trend and not be generalized. The results 
show starting points for further research fo-
cused on individual aspects. 
For comparability, the effect should be further 
evaluated quantitatively with a higher number 
of patients, a control group and more stan-
dardized questionnaires. The results refer to 
patients with limitations in divided attention 
in rehabilitation phases around D. 
For other limitations and other phases, they 
may differ. The study was conducted in Ger-
many and can thus not be directly transferred 
to other countries or cultural groups. Likewise, 
a different method of implementation may 
lead to different results [156]. 

Take-away & Key aspects

•	 Wrapping	of	cognitive	training	by	storytelling	and	quest	as	gamifica-
tion elements is possible without changing the training 

•	 In development, training and story can be developed and handled 
independently and connected with a wrapper 

•	 Patients show interest in current and future use of training at home 
with complementation of meaningful interactive storytelling and 
quest

•	 Neither the subjectively perceived motivation and concentration de-
creased nor the exhaustion increased in the course of the training 
due to the complementation

•	 Through the story, another goal, besides the training task, can be 
created

•	 The level of responsibility transferred by involving the user in inter-
active storytelling and questing should be taken into account and 
handled with caution

In the prototype the difficulty of training and 
quest was set to a low level in order not to 
overstrain and thereby falsify the effect. In a 
further approach, as is common in software-
based training, this should be adapted to the 
patient‘s abilities based on the assessment of 
therapists to enable flow [81]. 

Overall, for patients with acquired brain dam-
age in cognitive rehabilitation, the overall 
approach of the presented concept and pro-
totype has been shown to be rather appro-
priate. The potential for motivational support 
and also the desire to use this kind of training 
at home supports the intended use. This step 
contributes to the feasibility and deeper un-
derstanding in the application of gamification 
in the combination of interactive storytelling 
and quest in cognitive rehabilitation.
It supports the deepening of the implemen-
tation of gamification for cognitive training in 
the next steps of this work. 

3.2.2 In-Depth Design 
and Development of 

Accompanying 
Non-Player Characters

Existing social cognitive functions can be af-
fected by brain injuries and can lead to se-
clude oneself [207]. Social isolation is a risk 
for poor rehabilitation outcomes [119, 148], or 
higher mortality rate [318]. Existing social con-
tacts can be reduced considerably by the stay 
in the clinic, the temporary or complete leav-
ing of the workplace, and motor and cognitive 
restrictions. Therefore, fostering consistent 
social contacts is relevant and human needs 
for consistency and motivational social relat-
edness and support are to be addressed. This 
is intended by the integration of a Non-Player 
Character (NPC, also called digital / virtual 
agent) as a companion. In this step, possible 
representations based on required charac-
teristics, age and gender will be considered. 
These were set in relation to age and gen-
der of the user. Three female and three male 
companions in three age groups were cre-
ated and subsequently tested in an explor-
ative feasibility study with 40 participants. 50% 
preferred a female middle-aged companion, 
25% a younger male. Older companions were 
chosen only by women. Preferred character-
istics include friendly, empathetic and moti-
vating, but also competent and authoritative 
behavior. The results present an orientation 
for developing NPCs as companions in soft-
ware-based training for cognitive rehabilita-
tion.

Focus and Purpose

The NPC integrated into the software-based 
training should neither replace the therapist 
nor real social interaction, but offer a stable 
companion. In examining the relationship 
between therapist and patient, effectiveness 
factors such as the therapist‘s empathy or 
appreciation [295, 314], are often considered. 

Similar characteristics may be assumed for 
a companion. However, the requirements for 
the characteristics of a companion and how 
it is perceived may vary, due to the large de-
mographic differences between patients. 
Therefore, different questions regarding this 
are considered in the following:

1. Which characteristics are desired for a 
companion? 

2. Which age of the companion is preferred 
and why? 

3. Which gender of the companion is pre-
ferred and why? 

4. Does the reason for the selection match 
the previously desired characteristics? 

5. What are the characteristics of the choice 
of a companion in terms of the age and 
gender of the participants?

There are various aspects available for the 
realization of an NPC (e.g., appearance and 
behavior), but the effect of an NPC evolves 
from the entirety of its individual aspects [324]. 
Therefore, it is relevant to consider the goal 
and the characteristics more in detail to align 
the designs to it. 
The purpose of this step is to analyze which 
characteristics are required for a compan-
ion in cognitive rehabilitation therapy, and to 
which age and gender of NPCs these char-
acteristics are attributed to, by which partic-
ipants. If there is a trend, it can be used in 
development to support the patient‘s behav-
ior positively in the use of the software-based 
training.

Background and Related work

Social relatedness, along with autonomy and 
competence, is one of the central factors of 
Self-Determination Theory, which describes 
the psychological needs for intrinsic motiva-
tion [88] (see section 2.3). Social relatedness 
describes the human need for integration 
into a social environment and belongingness 
[90]. Reinforcing this feeling results in feel-
ing more involved and encourages people 
to become more involved themselves [39]. 
Common goals [326] and appropriately used 
game elements can support this motivation 
mechanism [325].
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According to Yoshida et al., social relatedness 
factors are relevant extrinsic factors for sup-
porting patients‘ motivation in the clinic in re-
habilitation [417]. Coleman proposes the use 
of multi-player games for cognitive rehabili-
tation and a corresponding framework and 
approach [78].
Contact with the therapist is a relevant as-
pect of rehabilitation and can, among other 
things, provide motivational support on the 
way to the goal through feedback [301]. When 
considering social support, Lentferink et al. 
point out that in eHealth and eCoaching in-
terventions, strategies such as face-to-face 
instructions are relevant to health outcomes 
and usability [230]. Despite the motivational 
relevance [361], they are rarely used in cogni-
tive training [392]. 
Social structures can arise on interpersonal 
contacts in the real or virtual world, but also 
on contact with non-realistic characters [326].   
Digital characters are used in rehabilitation to 
give feedback, for example [301]. The coop-
eration with teammates (for example NPCs) 
successfully affects the sense of social relat-
edness [326]. Different game elements are 
included in the area of socialization, such as 
social comparison, competition or networks, 
guilds or teams [372]. They are particular-
ly preferred by male users, albeit character 
traits such as extraversion are also associ-
ated with the tendency to socialization and 
can explain this [372]. Digital characters are 
frequently used in rehabilitation and can have 
various tasks [379]. 
Avatars are successfully used in current soft-
ware-based training for self-representation. 
Agopyan et al., for example, have used them 
for patients to mirror a virtually improved ver-
sion to increased the individual movement [5]. 
In cognitive trainings, avatars are used, for ex-
ample, for children with attention deficit hy-
peractivity disorder (ADHD) in serious games 
as in ‘Harvest Challenge’ as player-character 
[42]. 

However, digital characters can also be NPCs 
that don’t represent the user. For this they can 
have different tasks [33] and roles as for exam-
ple according to Warpefelt in functions, adver-
saries, friends and providers [398]. Manavalan 
and Bulitko point out the relevance of believ-
ability of NPCs and propose an algorithm that 

automatically generates emotional respons-
es from NPCs [242]. Social companions can, 
according to Nijholt, e.g., motivate or provide 
social and mental support [274]. 
In hand motor rehabilitation, Gago et al. sug-
gest the use of a digital agent to motivate and 
provide verbal and nonverbal feedback to pa-
tients during home training [138]. 
Based on a review, Tropea et al. point out that 
in motor rehabilitation, virtual coaches pro-
mote physical activity [378], but this cannot 
be compared to real-life training. At the same 
time, they also pointed out the potential for 
continuity in long-term care and for improv-
ing rehabilitation and treatment adherence. 

Ortiz et al. have shown for elderly people 
that a digital character can help to follow in-
structions better [285]. Emotions shown on 
the face could be recognized both by peo-
ple with and without cognitive impairments. 
Tran et al. show in a cognitive concentration 
game for the elderly, that there is no loss of 
performance with a digital agent compared 
to a therapist [377]. In the dyscalculia therapy 
game for kids ‘Meister Cody - Talasia‘, users 
join NPCs through the game and help them 
save their world [253]. Here, users immerse 
themselves in the story of the world with the 
characters. According to Bartle, the level of 
immersion describes the degree to which the 
player considers themself to be part of the 
virtual world and is a relevant contribution to 
the experience [33]. The relationship between 
player and NPC can support this [33]. Johans-
son proposes the consideration of ‘social im-
mersion‘, which can arise in the interaction of 
players with NPCs in the game [191]. 
In an initial qualitative evaluation, a previous 
approach indicates the potential suitability of 
a digital trainer to accompany the patient dur-
ing the process of rehabilitation [129]. Howev-
er, guidelines for design and implementation 
are needed. 

Believability is a relevant aspect in the devel-
opment of NPCs [398] and can be addressed 
by different aspects in the realization [191]. It 
is reinforced by the fulfillment of the user‘s 
expectations, which are related, among other 
things, on the NPC‘s visible appearance as-
pects such as age or gender [114, 398]. 

Figure 6. Visualization of the six different companions used in the study, 
A-C Female (age young to old), D - F Male (age young to old). Figure from Ga-
bele et al. [132].

The roles of an NPC can be identified by users 
through its representation, which is supported 
by the environment and placement in the dig-
ital world [398, 399]. Besides the visual repre-
sentation, the interactive component, such as 
reactions and the expression of emotions, is 
also relevant for the development of an NPC 
[225, 398]. Bostan and Marsh point out that 
digital characters can also be seen as hav-
ing human characteristics by the players [49].
An emotional connection to the NPC is con-
sidered important by players, which can 
create the feeling of not being alone in single-
player games [114]. If expectations and NPC 
do not match, this can lead to a negative per-
ception [114]. 
Therefore in this step of the work, it is ana-
lyzed whether there is a trend for expecta-
tions on the characteristics, age and gender 
of an NPC that can act as a digital compan-
ion in software-based cognitive rehabilitation. 
The behavior model of the NPC is intended to  
base in the programming on the principle that 
they do not independently remain stationary 
in one place or a specific area or path, but 
move along with the player, e.g., to a certain 
destination [187]. To accompany or assist the 
player is one role that NPCs can take. There 
are several categories for this, for example ac-
cording to Warpefelt for friends the subdivi-
sions into sidekick, ally, companion, pet and 
minion [398] and furthermore roles like tutors, 

goal-givers or mentor [114, 316]. For example, 
they can be used when something is too dif-
ficult for a single player or designed as too 
difficult to foster interactions [49].

Pedagogical agents support the user by pro-
viding guidance. Schroeder et al. suggest that 
in learning, the use of pedagogical agents can 
make systems more effective [335]. 
Regarding the use of educational agents in a 
learning environment, Baylor and PALS show 
that different role models are perceived dif-
ferently [35]. 
While a motivator was perceived as engag-
ing and an expert was perceived as credible, 
a mentor combines both and leads to better 
learning transfer. This indicates that several 
characteristics can be relevant. 

In line with Emmerich et al., a companion is 
defined in this work as a character that accom-
panies and supports the player throughout 
the game, but does not need to be controlled 
by the player [114]. 
The behavior of an NPC should be aligned 
with the player‘s expectation of him / her 
and provide support in achieving the player‘s 
goal [114, 153]. In computer games, compan-
ions are expected to have the basic attributes 
skilled, helpful, nice, attractive and naive [316]. 
Bouquet et al. indicate that NPCs could take 
on leading roles beyond an accompanying 
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role [50]. The way of realizing NPCs for pa-
tients in cognitive rehabilitation will therefore 
be considered in the following. 

Explorative Feasibility Study

In this part, the focus is on the excerpts re-
garding aspects of characteristics, age and 
gender representation, which are considered 
according to the research question. Due to 
the explorative procedure, considerations of 
different graphic styles are not taken into ac-
count.

Design of the Appearance in Age 
and Gender

Social interaction is intended to address re-
latedness in the long term [318]. In this step, 
the design of age and gender of different 
NPCs is considered. For this, the visual rep-
resentations of three female and three male 
companions (Figure 6) were designed: One 
companion each in the range under 35 years 
(young), 35 - 49 years (middle aged) and over 
50 years (older). These were developed itera-
tively in collaboration of a psychologist and a 
project manager from the field of cognitive 
rehabilitation, and a designer.
A consistent style and clothing is used to min-
imize further influences by personal prefer-
ences, e.g., in the color or clothing style and 
a thereby possible bias. The choice of the skin 
color of the NPC is based on the reason that 
the study was carried out in Germany and that 
the participants are most accustomed to it in 
their everyday life. Primarily the head is modi-
fied by the change of the age and age-appro-
priate representation of the hair, secondarily 
the age- and gender-appropriate body form. 

Method

An explorative feasibility study was conduc-
ted based on a structured interview. First, the 
participants were informed about the volun-
tary participation, goals and background of 
the study. As a theme, the metaphor of a long 
hike with the possibility of taking a companion 
was described. Closed questions were asked 
about representations to bring about a deci-

sion. Open questions on characteristics and 
the reasons for the selection were asked. With 
regard to the research questions the follow-
ing items and results are considered:

Characteristics (RQ 1):
a) Which characteristics a companion needs 

to have in order to take the companion on 
the long rehabilitation trail (open)

Age (RQ 2) and Gender (RQ 3):
b) Selection of one of three possible female 

avatars as companions (A, B, C) based on 
pictures (closed) and the reason for the se-
lection (open) 

c) Selection of one of three possible male 
avatars as companions (D, E, F) based on 
pictures (closed) and the reasons for the 
selection (open) 

d) Selection between the two avatars previ-
ously selected in b) and c) as final selection 
and the reasons for the selection (open) 
(RQ3 and in discussion RQ4)

Relation of the selection to the age and gen-
der of the participants (RQ 5):
e) Demographic data: age group (<20, 20-29, 

30-39, 40-49, 50-59, 60-69, 70-79, >80), 
gender and existence of acquired brain 
damage (RQ5)

With regard to the open questions, similar 
answers were summarized, the frequency of 
naming was counted and the answers were 
sorted based on this. Afterwards, for a), simi-
lar characteristics were clustered. Concerning 
b), c) and d), the occurrence for conspicuities 
with regard to age and gender of the partici-
pants were analyzed.

Participants

The study was conducted at the Open Day 
of a German University Hospital with at-
tached outpatients clinic for cognitive neu-
rology in September 2018. 40 participants 
took part in the study (female: 24; male: 16). 
They are composed of patients in cognitive 
rehabilitation (n=5) and persons with profes-
sional or personal knowledge and connec-
tion to the topic and / or interest in (n=35). 

Figure 7. Age distribution of participants in the study. Figure from Gabele et al. [132].

Character (44): friendly (4), authoritative (4), empathetic (4), relaxed (3), patient (3), clear (3), charismatic 
(smile / be positive) (2), open-natured (2), demanding (2), serious (2), nice, considerate, understanding, un-
complicated, not too soft, energetic, assertive, distinct, strict, resolute, not so serious but funny sometimes 
as well, also sometimes sarcastic / black humor, objective, helpful, honest

Type / Optical (4): beeing able to walk well, sporty, more dynamic than oneself, both feet on the ground

Behavior / Knowledge (23): competent (7), knows what the best way is especially for me (giving feedback) 
(5), knows the situation and knows what it is like and how to deal with the situation (2), someone who has 
gone through this himself, able to give expert advice, giving feedback even if it is negative, explain what 
makes sense / what doesn't, giving background information, open to questions, interested in the field, 
bringing the goals I have in line with the therapy, dealing with it individually

Interpersonal (27): motivating (6), when I don't feel like it / have a low point, motivate me to do it (3), must 
be able to talk to him (2), must be able and willing to listen (to one's own problems) (2), friend (2), relaxed 
atmosphere, person in a position of trust, right chemistry, says what to do, takes the lead, pays attention if 
one does the tasks, supporting, doesn't force you, calming, provide security, able to catch me, get to know 
each other on a neutral basis

Table 6.  Sorted and clustered answers for requested characteristics for a companion on 
the (hiking) path of rehabilitation. The number in brackets shows the frequency of naming 
by all participants. Characteristics without brackets were mentioned once. Table from 
Gabele et al. [132].

The age groups ranged in steps of ten from 
under 20 to over 70. 
According to the experts with whom were 
collaborated during realization of this chap-
ter, the age distribution curve reflects the ap-
proximate distribution of patients in cognitive 
rehabilitation and is shown in Figure 7.

The participants were personally asked about 
their interest in participating in the study. They 
were selected on the basis of their age, which 
fits approximately to this distribution, and oth-
erwise without further selection criteria. All 
participants took part voluntarily in the study 
and were not rewarded.

Results, Clustering and 
Analytical Procedure

Table 6 shows the required characteristics for 
an NPC companion, clustered in Character, 
Type/Optical, Behavior/Knowledge and In-
terpersonal. Figure 8 shows the results for se-
lection of female and male companions and 
the final selection. For female companions the 
middle-aged (B) is preferred. For male com-
panions the younger male (D) is preferred. A 
final selection was made between the previ-
ously selected female and male companion. 
50% of the participants preferred the middle-
aged female companion B. Additionally, Fig-
ure 8 lists the reasons for the selection on
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Figure 8. Percentwise 1) selection of female companion and reasons for 
selection, 2) selection of male companion and reasons for selection, 3) selec-
tion of the final companion. Figure from Gabele et al. [132].

the right axis, or below. The relations between 
the chosen companion and the age and gen-
der of the participant are described in Table 7 
and at the end of this section. The focus here 
is on conspicuities that emerged in the data 
analysis.

With regard to Figure 8.3, the reasons for 
selection after clustering by frequency of 
naming are as follows: sex (11), animating / 
supporting (6), competence (6), sympathy (6), 
empathy (5), sense of security (5), trust (4), as-
sertiveness (4).

Chosen female and male companion

Partici-
pants

female 
A

female 
B

female 
C

male D male E male F

7.1) age
Young 
(<30)

5% 7,5% 2,5% 12,5% 2,5% 0%

middle 
aged 
(30-59)

7,5% 42,5% 5% 32,5% 17,5% 5%

old (>60) 7,5% 15% 7,5% 27,5% 2,5% 0%

Overall 20% 65% 15% 72,5% 22,5% 5%

7.2) gender
women 20,83% 54,17% 25% 83,33% 8,33% 8,33%

men 18,75% 81,25% 0% 56,25% 43,75% 0%

Chosen final companion

Partici-
pants

female 
A

female 
B

female 
C

female
overall

male D male E male F male 
overall

7.3) age

Young 
(<30)

0% 2,5% 0% 0% 2,5% 0%

middle 
aged 
(30-59)

5% 32,5% 2,5% 15% 7,5% 2,5%

Old (>60) 2,5% 15% 2,5% 10% 0% 0%

Overall 7,5% 50% 5% 25% 10% 2,5%

7.4) gender

women 8,33% 45,83% 8,33% 62,5% 33,33% 0% 4,17% 37,5%

men 6,25% 56,25% 0% 62,5% 12,5% 25% 0% 37,5%

Table 7.  Percentwise 7.1) selection of female and male companions based on age group of 
the participants, 7.2) selection of female and male companions based on gender of partici-
pants, 7.3) final selection based on age group of the participants, 7.4) final selection based 
on gender of participants. Table from Gabele et al. [132].
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Taking account of the demographic data, only 
7.5% prefer the oldest companion (female C 
and male F) in the final selection (Table 7.3). 
Of these, all were female in the age range be-
tween 40 and 69. The young female compan-
ion (A) was chosen by 7.5%, of whom 5% were 
female in the age range between 50 and 69 
and 2.5% male in the age range between 20 
and 29. The middle-aged male companion (E) 
was chosen in the final selection exclusively 
by men (Table 7.4), who were equally distrib-
uted between the age ranges from under 20 
to the ages of 50 - 59. The older man (F) was 
chosen exclusively by women between the 
ages of 50 and 59.

Regarding only the participants with brain 
damage and cognitive rehabilitation, 60% 
chose the middle-aged female companion 
(B), 20% the younger female companion (A) 
and 20% the younger male companion (D). 
This results in 80% of the participants with 
brain damage who chose a female compan-
ion.

Discussion and Conclusion

In a subsequent review of this step for the 
general consideration of the implementation 
of an NPC by Wittmann and Morschheuser, 
various requirements for the attributes such 
as empathy and giving feedback were con-
firmed [410]. They further point out the rele-
vance of appearance, as it can influence the 
user‘s behavior.

Previous research has shown the different 
expectations of the roles of NPCs ]114, 316, 
398]. In the presented study, the requested 
NPC is predominantly described as an empa-
thetic friend and competent at the same time 
(RQ1). It has to be motivating, but also strict if 
necessary. This results in a combination of dif-
ferent characteristics, as described by Baylor 
et al. for the role of the mentor in Pedagogi-
cal Agents [35]. The requested characteristics 
and that being naive is no requirement, differs 
from the expectations of a classic companion 
in computer games [316]. Rather, a combina-
tion of companion and mentor is the result, 
which also includes behavioral aspects that 
are expected from therapists [295]. Moreover, 
the assumption of Bouquet et al. is supported, 

that companions can not only take on sup-
porting roles, but also leading ones [50]. This 
may indicate a need for trust and guidance 
in a situation that cannot be assessed by the 
individual where necessary skills are lacking.

Thus, in the development of NPCs as com-
panions in software-based cognitive rehabili-
tation, the characteristics shown should be in 
the foreground. And the role can be support-
ed by appropriate realizations of appearance 
and behavior [114, 398].

A mentor is additionally described by Rogers 
et al. as wise and intelligent, but also old [316]. 
Regarding the age (RQ 2), this does not cor-
respond to the expectations for a companion 
in rehabilitation. The selection of the younger 
to middle-aged companion might be based 
on a need for strength for long-term support. 
If older NPCs are chosen, patients frequently 
stated that the reason is due to the closeness 
to one‘s own age. This may indicate the need 
to bring up empathy for the personal situation.

Existing classifications [316, 398] are an impor-
tant basis for comparing these systems with 
the needs of patients and possibly extend-
ing them.

Regarding gender (RQ3), the middle-aged (B) 
is preferred for the female companions and 
among others described as pleasant and 
competent. Among male companions, the 
younger one (D) is preferred and described 
as sympathetic and dynamic. However, in the 
overall selection in particular the woman was 
requested. 

In learning, Shiban et al. found that a female 
virtual agent, who was rated as young and 
attractive, had a positive impact on partici-
pants‘ interest compared to the male agent 
presented [341]. Previous research on gender 
has shown gender expectation due to stereo-
types and that selection criteria in learning 
are partly associated with the assignment of 
characteristics to a gender or individual gen-
der [209]. Also in the presented study, desired 
characteristics, which were stated previously 
by each participant, were later often linked to 
the choice of gender when the reasons for the 
final selection were stated. 

Compared to the previously stated require-
ments (RQ4), no gender-specific require-
ments were specified for the NPC. The final 
selected NPCs attributed comparable char-
acteristics as requested for characteristics 
before. These were thus confirmed based on 
the representation of the companions. Fur-
thermore, this may indicate that certain char-
acteristics are requested on the one hand. On 
the other hand, it may indicate stereotypi-
cal expectations [316], rather than individual 
characteristics, for realization [367]. This is a 
relevant aspect, since the design of the ap-
pearance of a companion is relevant for the 
development of the expectation of its role 
and characteristics [114]. 

In the study, only two gender role models 
(male and female) with light skin color were 
tested. Further diverse gender roles, ap-
pearance, and interpretations should also 
be evaluated [129]. The resulting diversity of 
characters can be adapted to the diversity of 
players and their needs, as suggested by To 
et al. [367]. 
Moreover, Bouquet et al. point to other di-
verse ways of representing NPCs in addition 
to humans, such as animals or fantasy crea-
tures, among others [50]. 

Regarding the choice of age and gender of 
participants (RQ5), it was found that women 
also chose the older characters, while men 
did not. Women were more likely to choose 
the younger male companion, men also the 
middle-aged. The younger female compan-
ion is preferred by older women and younger 
men. Here various aspects, such as the pro-
tective instinct of the older participants or 
the sexuality of the younger participants may 
be involved. Due to the low final selection of 
some of the companions, this can only be in-
terpreted as an indication.

Some further limitations and further steps 
should be considered. An influence on the 
data can be assumed by the unequal distri-
bution of the participants between men and 
women. However, if the percentual distribu-
tion of the final selection is compared between 
female and male participants, it is exactly the 
same. From this, it can be assumed that the 
gender of the participants does not influence 

the distribution of the selection of the gender 
according to the companion. 
Both healthy and patients were included. The 
comparison of data between participants 
with and without brain damage shows that 
the distribution of the selection is similar. That 
is apparent in the trends in the selection of 
companions, both female and male, and the 
final selection. This indicates that the pres-
ence of brain damage does not change the 
needs in the presented situation, because all 
participants were asked about their person-
al preferences. However, the observed trend 
should be treated with caution in general-
ization due to the small sample of patients. 
Participants without acquired brain damage 
know the situation, but are not in the same 
emotional situation. The acquired brain dam-
age and the resulting experience may lead to 
further effects in the use of NPCs. This should 
be examined more closely in further studies. 
The participants come exclusively from the 
European cultural area, so the results can only 
be related to this particular demographic. Due 
to the exploratory approach of the feasibil-
ity study, the results should be considered 
as trends. Deviations from the trend can arise 
due to individual personalities and resulting 
needs [231, 372]. Therefore, the results provide 
a basis for further studies to consider the con-
spicuous results fo und here in detail. 

Overall, this step shows the requested as-
pects of an NPC in terms of character, age 
and gender to support patients in software-
based cognitive rehabilitation. The results 
propose an approach for the use of compan-
ionship by NPCs in software-based cognitive 
training in rehabilitation. For further usage, this 
is intended to promote the feeling of social 
relatedness and intrinsic motivation [321] and 
support the patient mentally during the reha-
bilitation process in the long-term. Through 
an NPC as a partial aspect of the storytelling 
[49] (see section 3.2.1), a part of the autonomy 
[271, 321] in a metaphor might be addressed 
by extending interaction and decision possi-
bilities to the integrated NPC.

Paradeda et al. use a robotic NPC and show 
that they can influence the decision of players 
[288]. However, NPCs with low assertiveness 
are perceived more positively in emotional re-
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gard [288]. This indicates that the needs of the 
users should be considered as a basis and the 
implementation of the NPC in the intended 
effect should be directed to them. 
Nijholt suggests using a social companion in 
augmented reality, which could also be test-
ed for patient support and motivation in the 
next step [274].

The results provide a design basis for the fur-
ther implementation of existing frameworks 
and further developments [50], or technical 
integrations, such as for personalization [4, 
196] or Artificial Intelligence [49]. This enables 
a more individual tailoring to the character-
istics of the user [288], which may result in 
different weightings in the various roles. The 
tailoring of various elements is addressed in 
the next step in section 3.3.

Due to the intended emotional impact, it is 
important that the NPC reacts according to 
the patient‘s behavior and needs. Beyond 
non- or hand-scripted implementations, e.g., 
Manavalan and Bulitko propose an algorithm 
for emotionally appropriate reactions of NPCs 
[242]. Appropriate behavior in an easy way for 
development should be further considered 
based on the characteristics analyzed in this 
step in the implementation of different re-
sponses suitable for the specific situation of 
rehabilitation. 

Take-away & Key aspects

•	 An NPC for rehabilitation combines various classic role models
•	 Middle-aged female or a younger male companion are preferred, in 

the overall selection rather a woman 
•	 Emotional, friendly but also competence-oriented characteristics and 

taking the leading role are requested
•	 Requirements	for	characteristics	are	reflected	in	the	selection	of	the	

offered	NPCs
•	 As	a	result	for	an	accompanying	NPC,	the	connection	of	different	

roles, as friend, mentor and aspects of therapist is indicated

In conclusion, the results show a trend to in-
tegrate a middle-aged female or a younger 
male companion. The relevant characteristics 
include emotional empathy as well as com-
petence and authority, which implies that 
different characteristics should be included. 
This knowledge of the target group supports 
the development process of NPCs, which 
are intended to provide emotionally wanted 
support and are based on needs-oriented 
realization. The results also indicate the rel-
evance of tailoring gamification elements in 
use to the needs of patients in the situation 
of rehabilitation. Thus, this step contributes 
to deepening and specifying the use of NPCs 
in cognitive rehabilitation and provides guid-
ance for their development in practice. 

3.3 User Requests, Effects and 
Ways of Tailored Gamification in 

Software-Based Training

3.3.1 Focus and Purpose
3.3.2 Research Questions and Background

3.3.3 Steps and Method
3.3.4 Results

3.3.5 Discussion and Conclusion

Note: This step is related to a larger clinical 
study [401] and includes only partial results of 
it as its exploratory extension and deepening

Motivation can be addressed beyond an one-
size-fits-all approach through tailored gamifi-
cation elements individualized to the user. To 
consider requests for elements and effects in 
cognitive training, a clinical study (N=83, with 
outpatients undergoing three weeks of cog-
nitive training in their home environment) was 
deepened with questionnaires and further ex-
ploratory questions. 
The use of gamification in relation to the pa-
tient’s user type was explored in three steps. 
First, the individual user types and related 
requests for specific game elements were 
determined by means of questionnaires. Af-
terwards, the effect of gamified training based 
on a Non-Player Character and training prog-
ress within a metaphor was examined. Sec-
ondly the individual perception and emotional 
effect and thirdly the performance based on 
training duration were considered. 
The results showed that 37 elements were re-
quested by patients of all types, 18 elements 
were partially requested, and 4 elements 
were rejected. A comparison shows that the 
requests partly differ between healthy per-

sons and patients. Overall, gamification was 
perceived positively and gamified training 
lead to an increase in enjoyment compared 
to non-gamified training. In detail, however, 
there were different effects on the individu-
al user types: socialisers experienced more 
enjoyment while achievers perceived higher 
competence throughout gamified cognitive 
training. Also, differences in performance in 
training duration were found. Within gami-
fied training, socialisers trained significantly 
more than patients not primarily assigned to 
this type. In contrast, no significant difference 
was found for achievers. This supports user-
centered tailoring of game elements in the 
development of software-based cognitive 
training in rehabilitation and provides guid-
ance for the selection and use of elements 
in practice. 

3.3.1 Focus and Purpose

Gamification may lead to an increase in moti-
vation [392], but effects and requests cannot 
be generalized for every element and user 
[15, 215, 281, 290, 325, 326, 372] (see section 
2.3). For its integration, it is important to stim-
ulate positive effects while avoiding negative 
effects [199, 281, 320]. At the same time, over-
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loading the user by introducing too many as-
pects and strategies should be avoided [210], 
especially for clinical use. Thus, knowledge 
about requests and effects is relevant. There-
fore, the focus in this step is on the consid-
eration of individualization and tailoring of 
gamification for selection of elements for pa-
tients in cognitive therapy. 
This is addressed by the consideration of us-
er-centered individual requests for game el-
ements as a supplement to software-based 
training in cognitive rehabilitation (RQ1), the 
subjectively perceived emotions and motiva-
tion (RQ2) and the behavior of two user types 
based on the performance in training dura-
tion (RQ 3). 

The integration of a software-based progress 
map as a game element in cognitive thera-
py has initially shown to be promising in prior 
work [129]. Also, in the previous steps of this 
work (section 3.3.1 and 3.3.2), the use of the el-
ements story, metaphor and NPC in software-
based cognitive rehabilitation is examined. 
Corresponding aspects can be found in the 
following part and were developed further.
For this, for a low complex frame story, the 
hiking trail metaphor was used as a setting 
(see 3.3.2, and as further development of a 
prior concept [129]). Beside simulation of real-
world settings, also, e.g., analogies to the real 
world can, according to Nicholson, contrib-
ute to the development of meaningfulness in 
stories [271]. They can assist the user in bring-
ing the situation closer and integrating per-
sonal interests [379]. Lugmayr et al. propose 
the definition ‘serious storytelling’ for stories 
that are connected with a serious context out-
side entertainment [237]. Based on this, the 
designed metaphor is intended to create a 
mental model [273] of the rehabilitation path 
and goal, and support the development of a 
relationship and emotional and cognitive re-
sponse. This basis is intended to support the 
motivation, goals set [227] and thereby reach 
the goal of rehabilitation [190, 276]. 

The results of this step contribute to a more 
targeted and tailored selection of gamifi-
cation elements for implementation in the 
development of software-based cognitive 
rehabilitation and an understanding of their 
effects on patients. The research questions 

(RQ1-3) were investigated by expanding a 
clinical study [401] in patients with acquired 
brain damage that underwent three weeks of 
computer-based training with or without ad-
ditional game elements.

3.3.2 Research Questions 
and Background

Tailoring Gamification in Health

Based on their character, users can be as-
signed to different user types [34, 241, 266, 
415]. Different user types can be assigned 
to different game elements in terms of type 
and quantity [215]. Tailored elements can 
have a positive impact on perception, task 
performance and user engagement [280]. In 
health-related behavioral changes, tailored 
game elements depending on the players’ 
character are ways to influence the effective-
ness of training or, e.g., healthy eating [199, 
281]. It is highly relevant to select specific el-
ements suitable for the user to achieve the 
desired effects and compliance [202]. There-
fore, knowing the target group, their charac-
teristics, needs and behavior are essential for 
most gamification frameworks [258, 262]. In 
this vein, the context in which gamification 
is used is relevant for its effect on user mo-
tivation [156, 160]. To create a user-centred 
approach for patients in rehabilitation, the re-
quest for game elements in cognitive rehabili-
tation will be investigated in

• RQ 1: Which game elements are request-
ed by patients in software-based training 
in cognitive rehabilitation depending on 
their user type? 

For this the request for gamification elements 
depending on the patient’s user type are re-
corded and compared in the average with the 
existing data of healthy persons.

Emotions and Behavior in Training

Visualization and positive feedback are, 
among others, mechanics and important for 
the drive to perform [100]. In sports, health 
programs and apps, usually the user’s prog-
ress is visualized. In health apps, tracking and 
presentation of personal physical or perfor-
mance data is used for self-improvement 
[85]. According to Tondello et al., regarding 
healthy players, progression and immersion 
are suitable to address self-efficacy and in-
dividual motivation [372]. Feedback on prog-
ress shows success in achieving the goal and 
can support repetition of a behavior [313]. User 
performance increases significantly by im-
plementing the combination of progress bar 
and feedback [247]. Performance graphs as 
a game element measure and show among 
others performance development of players 
[325]. 
In a prior approach, the concept was intro-
duced to illustrate step-by-step the level of 
performance within a visualized pathway [129]. 
An initial qualitative evaluation indicates the 
potential suitability to address motivation. 
However, both a goal and the implementa-
tion within a software-based cognitive train-
ing were lacking. 
According to goal setting theory, the behavior 
is related to goals and the feedback given for 
them [118, 233]. Based on the received feed-
back, behavior can be regulated according-
ly to foster progress towards this goal [198]. 
Research showed that progression is among 
others related to a meaningful goal [372]. Ac-
cording to Sailer et al., performance graphs as 
one component can help to increase the per-
ception of competence need satisfaction and 
meaningfulness, as well as meaningful sto-
ries and teammates social relatedness [325, 
326]. Also in eHealth, progression is a rather 
common element in gamified apps / serious 
games [329]. In current cognitive rehabilita-
tion trainings for adults, progress is for ex-
ample frequently visualized in classic charts, 
such as lines or bars [162]. Furthermore, in the 
style of games, stars are used, for example, to 
represent progress in levels [172]. Such visu-
alizations represent past progress and partly 
further tasks based on the training software, 
but provide a limited basis for future steps in 
personal rehabilitation and thus a less mean-

ingful user-oriented integration of the overall 
goal. Based on serious games, a case study 
suggests that seeing one’s improvements may 
increase the motivation for training [6]. 
Within a story, the user can see connections 
between past, present and future [271]. Prog-
ress visualizations that enable to track one’s 
improvements have been successfully real-
ized by a metaphor (using a map or a path) and 
avatars or NPCs, who walk along such paths to 
illustrate the progress in various games. Simi-
larly, the presentation of progress by a moun-
tain [388] or a path through a landscape for 
use in software based cognitive therapy [129] 
are shown as a possibility promising potential. 
Furthermore, digital characters show the 
possibility of supporting behavioral chang-
es through feedback [232]. In games, there 
are corresponding opportunities for use, 
such as giving the player hints, informing or 
helping [398]. For software based interven-
tions, Schlosser et al. have shown, based on 
a mobile app for patients with schizophrenia, 
that frequent shorter communications with a 
coach can increase engagement (e.g., login, 
peer and coach interaction, active use rate) 
[333]. 
The requests for the characteristics of an NPC 
to accompany in cognitive rehabilitation were 
considered in section 3.3.2. However, it is un-
clear how an NPC and combined progression 
metaphors are perceived in clinical conditions 
during use by users with cognitive impair-
ments. This leads to

• RQ 2: How is the integration of a gamified 
metaphor using a combined social NPC 
and progression in software-based train-
ing in cognitive rehabilitation a) perceived 
in its implementation and b) does it affect 
emotional or motivational perceptions de-
pending on corresponding user type? 

For this, as a basis the general perceived ef-
fect of the gamified training used and in detail 
on two user types is considered.

In learning, gamification led to significant in-
creases in cognitive, motivational and behav-
ioral outcomes [327]. In motoric rehabilitation 
in home training, indications are found that 
addressing motivation may have a positively 
affect on motivation, adherence and training 
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results [125, 361]. In cognitive rehabilitation, 
positive effects are shown on motivation / 
engagement [392], and mixed results on cog-
nitive outcomes [192] and task performance 
[239].

As described in section 2.1.3, a lot of cognitive 
training has a positive impact on effectiveness 
[368, 403]. Therefore, it is important to exam-
ine how the use of elements affects training 
behavior, depending on whether the integrat-
ed elements fit the patient’s type. This may 
have both a positive but also a negative in-
fluence on the training duration. This leads to:

• RQ 3: Does the implementation of the 
gamification elements NPC and prog-
ress influence the training duration in 
software-based training in cognitive re-
habilitation depending on user type?

For this, the effect of the gamified training on 
training duration on two user types is con-
sidered.

3.3.3 Steps and Method

Initially, with the integration of strategies, one 
aspect of the feasibility of the approach was 
considered. Extending this, a browser-based 
training approach, based on a training for ver-
bal memory [170], was developed with, among 
other things, the implementation of gamifica-
tion as a part of it. In a following clinical study, 
different aspects of effects, implementation 
and behavior were assessed. Based on this, 
a deeper analysis was conducted, which is in 
focus below. In it, parts of the clinical study are 
considered in more depth with regard to the 
effect and perception of gamification, which 
is wrapped around training tasks [325]. 

Feasibility of including strategies 
in training

One actual goal is to improve and use the 
personal skills in daily life [48]. For this, tips 
for everyday life can be obtained from other 
patients [129] or therapists, or strategies can 

be used. One approach in rehabilitation is re-
learning or retraining [19, 175]. In cognitive 
training for patients, strategy-oriented train-
ing and / or compensation strategies are rec-
ommended [368].  
In the field of software-based cognitive be-
havioral therapy, in the mobile app ‘Mood-
Mission‘, strategies were implemented that 
patients receive when they feel low or anx-
ious [26]. This partially increased mental well-
being and addressed self-efficacy.
For the clinical study of the next step, in an 
initial feasibility study [133], it was considered 
how a strategy can be combined brows-
er-based with an existing training for verbal 
memory [170] to transfer the training into the 
daily life of the patients. 
In the training task, the patient read texts, 
memorized it and answered multiple-choice 
questions about the text. For the approach 
created, these were combined with the exist-
ing ‘Visual Imagery‘ strategy [27] in a browser-
based click prototype: 
The patient imagines a picture of the ele-
ments in the text or information received. For 
usage in software, the strategy is explained in 
three steps: (1) at the beginning of the training 
the use of the strategy, (2) after half of train-
ing an extension of the strategy and (3) at the 
end how to train or use it in daily life. Between 
the steps, the strategy was practiced with ex-
amples.

In a qualitative evaluation (N=4 patients with 
acquired brain damage), it was shown that the 
strategy was understood and that there was 
interest in learning strategies and wanting to 
use them in everyday life. It was mentioned 
that the strategy is not helpful in all situations. 
However, the enjoyment in this way of train-
ing was described as higher than in current 
training. The division into three steps was per-
ceived as meaningful. 

The results initially indicate the feasibility and 
interest of integration into the training. This in-
dicates the possibility for use in the next step. 

External to the training task via the web interface in the training 
account (metaphor ‘rehabilitation as a hike‘).

Within the trai-
ning task (me-
mory strategies 
and practical 
tips for every-
day life)

No complement (in the fol-
lowing deepening part 
‘Group A’)

With complement (in the fol-
lowing deepening part 
‘Group B’)

No complement 1 3

With complement 2 4

Table 8.  Study design of the clinical study. Table based on Weicker et al. [401]. 

Procedure and Method

Within the cooperative project, the approach 
was realized in an interdisciplinary team with 
different responsibilities and focus.

Clinical Study

The data presented below in this step were 
collected within a larger clinical study [401] 
targeting motivation in cognitive therapy af-
ter aquired brain damage. Initial results of the 
clinical study indicate that gamification does 
not seem to influence behavior in general. 
However, indications of motivational effects 
and differences in requests of motivational 
gamification elements were found. 

Study Design of the Clinical Study
N=83 patients suffering from cognitive im-
pairments after acquired brain damage gave 
written informed consent to participate in 
the study. They underwent outpatient cogni-
tive rehabilitation and were able to conduct 
the study in terms of language, communica-
tion, cognitive and motor skills at home. They 
were in phase D to E based on the German 
rehabilitation system [388] and had mild to 
moderate cognitive impairments according 
to clinical and neuropsychological assess-
ments (Montreal Cognitive Assessment [195]: 
M= 25.98, SD= 2.61; no significant differences 
between groups). Patients with severe defi-
cits were not allowed to participate, as for 
them independent computer based training 
at home would not be reasonably possible. 
Participating patients were provided with ac-
cess to a medically approved software-based 

training for three weeks. The number and du-
ration of the training sessions were not fixed 
and could be chosen individually. 
However, it was recommended to train for 
15 minutes at least twice a week, preferably 
more often. 64 patients completed the train-
ing phase successfully. 

The study included four phases (and parts of 
the data collected therein): 

1. Information and written consent, 
2. Pre-test and pre-survey (demographic 

data, disease-related data, abilities / dis-
abilities, various character-related mea-
surements incl. identifying user types, 
requested game elements), 

3. Individual training phase (incl. interim sur-
vey with, among others, perception and 
(technical) execution, incentives / own 
motivation to conduct the training, per-
ception and assessment of the NPC), and 

4. Post-test and post-survey (abilities / dis-
abilities, perception of execution, incen-
tives / own motivation to conduct the 
training, requested elements / aspects 
in the training, perception of integrated 
training aspects (e.g., strategies), different 
aspects of possible / integrated gamifi-
cation, intrinsic motivation, game experi-
ence, perception and assessment of the 
NPC, presentation of the training, usabil-
ity, own behavior, professional situation, 
positive and negative aspects as well as 
study execution), and determining the ef-
fect of the gamification elements. 
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Figure 9. Training for verbal memory (A), line chart (B), mountain ridge (C) for progress 
visualization and hiking path (D). Figure from Gabele et al. [136].

The study was conducted multicentre and 
double-blind and was approved by the local 
ethics committee (297/19-ek). A follow-up 
survey was additionally conducted to deter-
mine which content was seen and perceived 
or remembered.

Based on the basic training, different ele-
ments in two areas (within the training and 
external across the training within the train-
ing account) were integrated and considered 
in the clinical study in four versions (Table 8). 

Basic and Gamified Cognitive Training on the 
Online Platform in the Clinical Study

Within the clinical study, a basic training and 
different complements in four groups were 
used (Table 8). For a deeper insight and fo-
cus on the effect of the game elements used 
(required for RQ 1-3), two groups are differ-
entiated for the following step: Patients who 
used cognitive training without (group A) and 
cognitive training complemented with game 
elements integrated in a metaphor (group 
B). Therefore, in this part the training imple-
mented is described with a focus on these 
two components.

Both groups conducted during the training 
task the same training for verbal memory, 
based on an enhanced existing medically ap-
proved software training [170] as a web appli-
cation (Figure 9 A). Within the training, texts 
were shown to the patient. The related infor-
mation has to be memorized and reproduced 
in multiple-choice questions. Depending on 
the percentage of correct answers, the dif-
ficulty is adapted by adjusting the difficulty 
level from one to ten. The integrated con-
cept complements the training and does not 
change the type of tasks. This is intended to 
ensure the therapeutic effectiveness of train-
ing.
As a possible additional element, memory 
strategies, and practical tips for everyday life 
among others were integrated. The feasibil-
ity of a similar approach has already been 
considered qualitatively earlier (see above). 
These elements were provided to parts of 
Group A and B (see Table 8). 
Also, visualizations of their progress were 
shown to the patients. The requirement in 
the visualization of progress is based on a re-
alistic, not embellished presentation to pro-
vide self-assessment. The information must 
not be presented in a too complicated way, 

not to overwhelm patients with cognitive im-
pairments. As a basis and following current 
visualizations [162], a line chart (Figure 9 B) 
of training performance was used. The green 
dots show the results of a specific task and 
the green line shows the overall performance 
and the progress of the training level. The 
grey area marks the levels below the current 
performance level, the white area marks the 
level in which the patient is classified, and the 
blue area marks the levels above. This visual-
ization was presented to both groups. 
According to Hamari and Koivisto [159], the 
acceptance of gamification is influenced by 
both utilitarian and hedonic aspects. Based 
on the line visualization, and as further de-
velopment of a prior concept [129], the gami-
fied metaphor of a hiking path and NPC was 
chosen in several brainstorming sessions by 
a multidisciplinary team of psychologists, 
computer scientists, and interaction designer 
focusing on gamification. Reasons for decid-
ing on this metaphor included the transfer-
ability to the rehabilitation process and the 
accessibility for a wide range of patients. Na-
ture tourism, especially hiking, offers oppor-
tunities for different age groups and abilities. 
In addition, according to Hung et al., based 
on a survey among stroke patients regard-
ing game-based rehabilitation systems, a 
connection to real life is requested [178]. To 
address both, with the hiking path, a setting 
between a simulation of everyday activities 
like in, e.g., RehabCity [396] and a fictional sto-
ry like in ‘Meister Cody’ [253] or section 3.2.1 
is chosen. 
In an analogy [271], the metaphor of the hiking 
path illustrates the patient’s situation in a pic-
torial language in a meaningful way through a 
path towards a goal, mountain peak and suc-
cessful rehabilitation. In contrast to the prior 
approach [129], a goal is represented by the 
mountain peak. Van Dooren also uses this 
analogy of a mountain to be climbed step by 
step for gamifying and setting goals in ev-
eryday life in the mobile application ‚Ready-
SetGoals‘ for eHealth therapy in youth mental 
healthcare [388].
Thus meaningfulness is intended to be ad-
dressed, according to Barrett et al., by per-
formance, progress and the relation to the 
overall context [361]. Within the therapy, the 
patient follows progress for which stamina, ef-

fort and small steps are necessary. As in re-
habilitation, this involves setting a goal, but 
the process of achieving it is the largest part. 
A comparison between users or networking 
was not integrated because of data privacy 
and the different rehabilitation potentials. The 
metaphor uses the core game elements of 
progress, integrated feedback, goal setting 
and a supporting NPC. Thus, core domains 
of progression and digital socialization are 
used. The metaphor-gamified training was 
only used in group B. To implement the met-
aphor, the line of the chart described above 
(Figure 9 B) was transferred to a mountain 
ridge’s corresponding setting (Figure 9 D). 
Both will be referred to in the following as the 
performance curve. 
Setting a gamification goal to address long-
term motivation over several sessions in line 
with other work [239] is thereby addressed 
in the form of the mountain peak as a goal. 
To reinforce the feedback, patients can see 
in a second visualization how the landscape 
changes as they progress (Figure 9 C). This is 
independent of performance and shown after 
each training session. Thus, despite the pos-
sibility of negative feedback in mountain ridge 
(Figure 9 D), according to the approach of 
Tamayo-Serrano et al., an encouraging com-
ponent is integrated [361]. For positive influ-
ence through goal-setting, concrete, as well 
as the setting of overarching and close goals 
are relevant [227, 233]. Thus, in addition to the 
overarching goal of reaching the rehabilita-
tion goal / mountain ridge, milestones can be 
achieved along the way. Some are set by the 
system (e.g., completion of the 10th training 
session), but patients can also set personal 
goals to allow for individual and personally 
meaningful tailoring. In contrast to the first, 
this second visualization is not performance-
related. Each training session results in prog-
ress along the path. This addresses the point 
of view of Jung et al. [196] and Burke et al. 
[60], which is to reinforce the positive aspect 
of execution instead of highlighting a lack of 
abilities.
The visualization of ridge or path can be 
switched by using the orange arrow (Fig-
ure 9 D). The patient is accompanied by an 
NPC who walks along the path (Figure 9 C). 
The NPC does not represent the patient like 
an avatar, but is a person who accompanies 
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the patient (see section 3.2.2). The NPC is in-
tended to help the patient to identify with the 
metaphor, support involvement in the training 
and to build up an emotional bond. With ava-
tars, character identification has been shown 
to be related to the development of flow and 
openness to experience [345]. The concept of 
the NPC was based on desired characteristics 
of a digital companion in rehabilitation, such 
as ’competent’, ’motivating’ or ’empathic’ (see 
previous results in section 3.2.2) [132]. Patients 
can choose a woman or a man. The NPC in-
teracts with the patient, e.g., by greeting and 
commenting on performance. In training, step 
by step, the patient can select equipment for 
the NPC from various objects for the hike to 
reach the mountain peak, symbolizing suc-
cessful rehabilitation. NPC and complemen-
tary elements are introduced step by step to 
avoid distraction or overload by too many el-
ements, following Katz et al. [205]. 
The elements used are intended to address 
the aspects of the Self-Determination Theory 
[88, 321, 318]: competence (achievable goals), 
relatedness (interaction with the NPC), auton-
omy (positive feedback, immersion).

Methods RQ1 - RQ3

Based on indications found during the first ex-
amination of the results in the clinical study 
[401] on motivational effects and different re-
quests for gamification elements, the ques-
tion arises about possible individual effects. 
Therefore, a further exploratory approach 
was conducted to consider the individual re-
quests, effects and possible tailoring of gami-
fication elements, which considered different 
types of players. For this, only partial aspects 
and results of the clinical study are consid-
ered. Through this procedure, the focus is 
on addressing TRQ1 (Implementation of ele-
ments) and TRQ2 (Effects in perception and 
training duration) of this thesis. 
In the following, the methods for RQ1 - RQ3 of 
this step are described. Due to drop-outs of 
patients at different points in the study (e.g., 
due to technical and medical reasons), differ-
ent numbers of patients are included in the 
analysis of the research questions. The re-
spective number of patients included is stat-
ed in the results section for each research 
question. Exclusions are mainly based on 

missing data or anomalies / schematic an-
swers or technical problems.

RQ 1: User Types and Game Elements:
User types and requested game elements 
were identified during the pre-survey. The 
Gamification Player and User Types Hexad 
[244] and the corresponding existing ques-
tionnaire [374] (7-point Likert scale (1 (do not 
agree at all) - 7 (agree completely))) were used 
to identify the patient’s user types. Although 
there are also classifications of gamification in 
rehabilitation, such as according to Tuah et al., 
this only includes the structuring of the rehab 
domain, application and elements [379]. Gam-
ification Player and User Types Hexad allows 
for the classification of users into types, de-
scriptions and linking to game elements and 
comparative data of healthy persons [372], a 
link to persuasive game strategies [284] and is 
particularly appropriate for gamification [156]. 
For the study, the questionnaire was translat-
ed into the language of the participants (Ger-
man). Participants can be assigned to several 
types based on equivalent results of the high-
est propensity. The user types identified per-
mit the classification of patients as follows: 

• primary type (highest score is in this type), 
• non-primary type (highest score is not in 

this type and instead between second 
highest and lowest score) and 

• least suitable type (lowest score is in this 
type)

For distribution, primary and least suitable 
type were considered. For request of game 
elements, a version of the questionnaire 
on Elements of Gameful Design (59 items, 
5-point Likert scale (1 (I do not like it at all) - 5 
(I like it very much)) [372] was used as a basis. 
For this, a cluster of eight categories (Social-
ization, Assistance, Immersion, Risk/Reward, 
Customization, Progression, Altruism and In-
centive) showed the correlation between user 
types and categories [372]. For usage in the 
study, the questionnaire was adapted to the 
context of rehabilitation because some items 
were difficult to understand for non-players. 
Three iterations assured the adaption qual-
ity with three middle-aged non-players and 
two cognitive rehabilitation experts to en-
sure comprehensibility and suitability. The 

changed items were compared to the origi-
nal questionnaire to ensure that their meaning 
was preserved. One item (Social Competi-
tion) was transferred to the individual’s per-
formance (Self Competition). 
For the rating of the elements depending on 
the user type, the primary user type was used. 
For each element, the average ratings of all 
user types are stated. Then it was examined 
how many elements were rated exclusively 
positive, mixed (positive, neutral or negative) 
or exclusively negative by the user types. 
For the request in categories, the four top 
loading elements per category [372] were 
used. For ’Socialization’, the fifth element 
(Social Status) was used due to the change 
of ’Social Competition’ to ’Self Competition’. 
The average rating of the patients was com-
pared with existing data of healthy persons 
[243, 372].

RQ2 - Emotions and Motivation
To determine the effect on the perception 
of individual user types of a gamified meta-
phor using a social NPC and progress visu-
alization, ratings from parts of the questions 
in the post-survey were considered. All be-
tween-group comparisons were analyzed 
with the Mann-Whitney-U-test to detect sig-
nificant differences (two-tailed, alpha = 0.05). 
The perception of the performance curves in 
comparison between group A and B in terms 
of comprehension, self-assessment and in-
formation content was collected. The effect 
of gamification is context- and realization-de-
pendent [156]. Therefore, one of the items per 
and of different aspects describing emotional 
effect or the perception of the aspects rele-
vant to the implementation of the metaphor 
were considered (one item per: Metaphor, 
Goal, Visualization, Progress, Milestone). As a 
basis, the impact of the elements in general 
was considered. In detail, two primary types 
were analyzed: socialiser (because one core 
element of the gamified metaphor is based on 
social interaction with the NPC and socializa-
tion elements correlate most with socialisers) 
and achiever (as it correlates with progression 
in healthy persons and is primarily motivated 
by competence perception [372]). 
Collecting items or equipping an avatar or 
NPC are typical elements in games. In rehabil-
itation, however, the success of the patient is 

in the focus. Therefore and due to socialiser, it 
was considered whether supporting the NPC 
or receiving support was perceived as more 
positive by ratings in group B on a 5-point Lik-
ert scale (1=Not at all true, 5=Completely true). 
Based on collected elements orientated on 
the Intrinsic Motivation Inventory (IMI; 7-point 
Likert scale: 1=not at all true; 7=very true) [198], 
the perceived competence contained therein 
was considered due to achiever. Enjoyment 
and effort were considered in both groups in 
the training phase based on a 5-point Likert 
scale (1=none; 5=a lot).

RQ3 - Performance in Training Duration
To evaluate the effect of user-centered gami-
fication on the behavioral level, the individ-
ual training duration was analyzed. For user 
types socialiser and achiever, the training 
duration for both, within and between group 
A and B was compared. For this, the primary 
user types were considered. The training du-
ration is represented by median time spent 
with the cognitive training tasks. An unpaired 
t-test was used for significance analysis. The 
threshold for significance was set to 0.05.

3.3.4 Results

User Types and Game Elements

Results of Patient Data

68 patients completed the user type ques-
tionnaire according to the Gamification Play-
er and User Types Hexad in the pre-survey (f 
(female)=29; m (male)=38; d (divers)=1, mean 
age=47 years, age range=18-78 years). Philan-
thropists are most (27.59%), and disruptors are 
least represented in primary type (1.38%). Re-
garding the least suitable type, the most are 
disruptors (53.33%) and the least is free spirits 
(1.11%). The distribution of all user types in pa-
tients is shown in Figure 10. 
Data from 61 patients were analyzed regard-
ing the adapted version of the questionnaire 
on Elements of Gameful Design (f=28, m=32, 
d=1, mean age=47 years, age range=18-78 
years). The detailed results can be found in 
Figure 11. 
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Figure 10. Distribution of Primary and Least Suitable User Type in Patients. Figure from 
Gabele et al. [136].

Figure 11.  Ratings of Game Elements depending on User Type in Patients. Figure from 
Gabele et al. [136]. For better readability: graphic enlarged in the appendix.

Name Overall 
(SD)

Ph (SD) FS (SD) A (SD) S (SD) Pl (SD) D (SD)

Progression 4,27 (0,22) 4,20 (0,25) 3,94 (0,19) 4,05 (0,30) 4,18 (0,08) 4,36 (0,23) 4,75 (0,43)

Assistance 3,67 (0,82) 3,67 (0,83) 3,54 (0,70) 3,49 (0,81) 3,68 (0,76) 3,69 (0,81) 3,50 (0,87)

Immersion 3,62 (0,18) 3,54 (0,22) 3,38 (0,31) 3,60 (0,25) 3,56 (0,27) 3,78 (0,32) 3,75 (0,43)

Risk/Reward 3,61 (0,44) 3,60 (0,56) 3,51 (0,62) 3,68 (0,52) 3,45 (0,51) 3,53 (0,40) 3,63 (1,24)

Incentive 3,59 (0,06) 3,54 (0,12) 3,42 (0,07) 3,73 (0,15) 3,35 (0,08) 3,83 (0,23) 3,50 (0,35)

Altruism 3,36 (0,05) 3,34 (0,07) 3,23 (0,07) 3,51 (0,20) 3,40 (0,12) 3,39 (0,24) 3,75 (0,25)

Customization 3,22 (0,34) 3,19 (0,41) 3,07 (0,31) 3,29 (0,35) 3,09 (0,28) 3,44 (0,45) 2,75 (0,25)

Socialization 2,89 (0,41) 2,81 (0,42) 2,69 (0,32) 3,06 (0,46) 2,92 (0,37) 3,22 (0,47) 3,38 (0,41)

Table 9. Requested game elements of patients by categories. Highest ratings are printed in 
bold, lowest in italic. Philanthropist (Ph), Free Spirit (FS), Achiever (A), Socialiser (S), Player (Pl), 
Disruptor (D). Values are stated in mean (standard deviation). Table from Gabele et al. [136].

Figure 12.  Main difference and similarities (mean value on a 5-point Likert Scale) of 
game elements and categories of healthy persons [372] and patients in cognitive rehabilita-
tion. Figure from Gabele et al. [136].

The overall most requested element is ’Mean-
ing/Purpose’ (M=4.44, SD=0.64) and the least 
’Anchor juxtaposition’ (M=2.26, SD=0.96). For 
each element, the average ratings per user 
type are presented. 37 elements were rated 
higher than M=3.0 (neutral) by all types and 
are rather requested. 18 elements are neither 
clearly requested nor rejected. They received 
mixed ratings (positive, neutral, negative). 4 
elements were rated lower than M=3.0 by 
all types and are rather rejected. The as-
signment of the elements to the categories 
(based on [372]) is illustrated by icons. The 

ratings per category are shown in Table 9. 
The most requested category is ’Progression’ 
(M=4.27, SD=0.22) and the least is ’Socialization’ 
(M=2.89, SD=0.41). 

Analysis: Comparison of Patient and
 Healthy Persons Data

The results of RQ 1 (distribution of user types 
and requested game elements) were com-
pared to existing data of healthy persons. The 
distribution of user types of patients was com-
pared to existing data of healthy persons in a
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Item Overall 
Group A

Overall 
Group B

Group dif-
ference p-
value

Training progress: I have paid a lot of attention to the vi-
sualization of my current training progress in the perfor-
mance curve.

4.00 (0.88) 3.72 (1.00) 0.42372

Comprehension: It was easy for me to comprehend the 
information shown in the performance curve.

4.00 (1.03) 3.88 (0.82) 0.4593

Assess: Information shown in the performance curve hel-
ped me to better assess my own performance.

3.94 (0.97) 3.72 (0.83) 0.37346

Details: I would like to receive detailed information about 
my current training to be able to better assess my cur-
rent performance.

4.11 (0.81) 4.04 (0.77) 0.7414

Table 10. Rating and p-values of the Performance Curve as a Line Chart (Group A) 
and additional Mountain Ridge (Group B). Significant values (p<.05) are printed in bold. Items 
were rated on a 5-point Likert scale (1=Not at all true, 5=Completely true). Values (A and B) 
are stated in mean (standard deviation), p-value is based on the difference between group A 
and B. Table from Gabele et al. [136].

Item Overall Primary Socia-
liser

Primary Achie-
ver

Metaphor: I like the idea of seeing my 
rehabilitation as a hike.

4.16 (0.78) 4.17 (0.80) 4.33 (0.75)

Goal: It felt good to formulate a goal 
and work towards it.

4.32 (0.68) 4.33 (0.75) 4.50 (0.65)

Visualization: I liked that the perfor-
mance curve was shown as a mountain 
ridge.

4.08 (0.80) 4.08 (0.86) 4.33 (0.75)

Progress: The trail was a good way to 
see what I have already achieved.

3.88 (1.11) 4.25 (0.60) 4.42 (0.86)

Milestones: I was very happy about re-
aching milestones.

4.36 (0.69) 4.42 (0.76) 4.50 (0.65)

NPC: It was pleasant to have the person 
by my side.

3.56 (0.75) 3.67 (0.62) 3.75 (0.83)

NPC: It was great to support the person 
through the clothes / equipment we 
got in training.

3.00 (1.10) 3.67 (0.75) 3.34 (1.03)

NPC: It was great to get support from 
the person.

3.52 (0.90) 3.83 (0.80) 3.92 (0.76)

Table 11. Rating of the elements of the gamified metaphor in group B. Items were 
rated on a 5-point Likert scale (1=Not at all true, 5=Completely true). Values are stated in 
mean (standard deviation). Table from Gabele et al. [136].

Overall Primary Socialiser Primary Achiever

Item Group 
A

Group 
B

p-va-
lue

Group 
A

Group 
B

p-va-
lue

Group 
A

Group 
B

p-va-
lue

Enjoy-
ment

3.61 
(0.95) 

 4.28 
(0.72) 

0.03156 3.63 
(0.70) 

4.50 
(0.65) 

0.0251 3.56 
(1.17) 

4.33 
(0.85) 

0.13622

Effort 3.56 
(0.60) 

3.36 
(0.89) 

0.71138 3.38 
(0.48) 

3.42 
(0.64) 

0.8181 3.67 
(0.67) 

3.58 
(0.64) 

0.9681

Compe-
tence

4.61 
(1.16) 

5.00 
(0.87) 

0.33204 5.00 
(0.75) 

5.04 
(0.88) 

0.8181 4.28 
(0.89) 

5.17 
(0.85) 

0.0394

Table 12. Perceived emotions. Significant values (p<.05) are printed in bold. Values are 
stated in mean (standard deviation), p-value is based on the difference between group A 
and B for: overall, primary socialisers and primary achievers. Table from Gabele et al. [136].

similar age group (40-49 years) according to 
Marczewski [243]. Deviations in the percent-
age distribution of primary user types are very 
low, at maximum about 5%. Furthermore, the 
results of the requested game elements of 
patients with acquired cognitive impairment 
were compared to existing data from healthy 
persons, according to Tondello et al. [372]. The 
main differences and similarities in categories 
and elements are shown in Figure 12.

RQ 2: Emotions and Motivation

53 patients filled out the pre- and post-sur-
vey questionnaires and completed the train-
ing phase and 43 are included in the analysis. 
25 patients were in group B (f=12, m=13; mean 
age=51 years; age range=18-78 years, 12 pri-
mary socialisers, 12 primary achievers). 18 pa-
tients were in group A (f=7; m=11; mean age=48 
years, age range=23-63, 8 primary socialisers, 
9 primary achievers). The rating of the per-
formance curve’s progress element (group A: 
line chart, group B: mountain ridge) is shown 
in Table 10. Both were rated positively con-
cerning training progress, comprehension, 
assess and details. No significant differences 
were found between the conditions. However, 
the mountain ridge was rated slightly lower. 
The perception of the gamified metaphor and 
the integrated elements (presented in group 
B) were rated positively. Detailed ratings are 
shown in Table 11.

Significant differences were found within the 
items between primary and non-primary type. 
Within socialisers a difference arose in the 
perception of supporting the NPC through 
clothes/equipment (U=29, Z=-2.63805, 
p=0.0083). Primary socialisers perceived this 
as rather pleasant (M=3.67, SD=0.75), non-pri-
mary socialisers rather not (M=2.38, SD=1.00). 
In contrast, the difference of perception of 
getting support by the NPC was not signifi-
cant (U=54.5, Z=-1.25104, p=0.2113). 
Within achievers, a difference arose in the 
perception of progression, displayed by the 
hike (U=32.5, Z=-.2.44768, p=0.01428). Prima-
ry achievers perceive this as more pleasant 
(M=4.42, SD=0.86) than non-primary (M=3.38, 
SD=1.08). 
Regarding emotions and motivation, the 
overall perceived enjoyment was signifi-
cantly higher in the gamified version of the 
cognitive training. Perceived effort and com-
petence were not significantly different. In de-
tail, however, primary socialisers perceived 
significantly more enjoyment and primary 
achievers significantly more competence 
in gamified than in the non-gamified train-
ing. The p-values of the significance analysis 
overall and for individual user types are pre-
sented in Table 12.
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Figure 13. Training Duration depending on Primary User Type Socialiser and 
Achiever. Figure from Gabele et al. [136].

RQ 3: Performance in Training Duration

59 patients filled out the user type question-
naires, completed the training phase and 
were included in the analysis. 29 patients 
were in group B (f=10; m=19; mean age=49 
years, age range=18 - 78 years, 12 prima-
ry socialisers, 14 are primary achievers). 30 
patients were in group A (f=14, m=16; mean 
age=48 years, age range= 19-70 years, 13 pri-
mary socialisers, 13 primary achievers). Com-
paring the overall training duration revealed 
no significant differences between group A 
and B (group A: md=207 min; group B: md=194 
min.; t=-0.42827, p=0.670069). For an exami-
nation of user type dependent behavior, so-
cialisers and achievers were considered. 
The median training duration of both types 
in groups A and B is shown in Figure 13. So-
cialisers with the gamified metaphor and NPC 
trained the most (md=267.5 min, R=792). There 
was a significant difference in training dura-
tion in group B between primary and non-pri-
mary socialisers (t=-2.19206; p=0.037176). No 
significant differences were found between 
primary and non-primary achievers in group 
B (t=-1.26938, p=0.21514) or within the types.

3.3.5 Discussion
and Conclusion

RQ 1: User Types and Game Elements

The results indicate that patients and healthy 
persons show similar distributions of user 
types, and cognitive impairment does not 
lead to substantial changes in motivational 
processes after brain damage. ‘Progression‘ 
is rather more requested by both and ‘Social-
ization‘ rather less, which is in line with other 
work [156, 372]. Social support is also often  
low requested in eHealth and eCoachig in-
terventions. The use of social comparison 
between employees in practice can create 
negative feelings and fear of losing perfor-
mance [10]. For older people, the social as-
pect ‘Collaboration‘ and also interaction with 
virtual characters are a particularly positively 
perceived aspects, as Altmeyer et al. show 
[12]. Also, elderly people prefer collaborative 
rather than competitive approaches. This, as 
well as the reduced cognitive abilities, might 
be an explanation for the low demand for so-
cial game elements. However, ’Assistance’ is 
requested more by patients than by healthy 
persons, which may be due to the acquired 
limitations. 
The results also address the research gap 
that few results exist on tailored gamification 
for people over 30 years [215]. The healthy 
persons were younger on average (27 years) 

than the patients (47 years). Usually, the pro-
portion of philantropists increases with in-
creasing age [243]. However, if the difference 
found were only due to age, categories that 
correlate with philantropists (such as Immer-
sion, Progression or Altruism [372]) should be 
more requested by patients. This is not the 
case. In contrast, the element ’Narrative or 
Story’, which is assigned to immersion, is re-
quested less by patients than by healthy per-
sons. This reinforces the contextual relevance 
when using gamification [156, 160]. However, 
other factors such as the way of using digital 
media [194] may also influence the requests. 
The combination of different realizations and 
devices is considered in section 4.2. 
The development of serious games [192] or 
new software requires time and financial re-
sources. Therefore, gamification elements 
are usually additionally integrated into exist-
ing software [256], if possible in the early de-
velopment phase [262, 284]. The 37 elements, 
requested by all user types, can generally be 
used as a basis. In a second step of devel-
opment, these and additional 18 mixed-rated 
elements may be implemented for individual 
user types. According to Morschheuser et al., 
through step-by-step integration, it is possi-
ble to focus on an iterative implementation 
and optimization of elements [262]. However, 
for use in practice, it should be kept in mind 
that the use of several similar strategies prob-
ably won’t reinforce behavioral change [201]. 
Also, elements may be rejected even though 
they correspond to the user type. According 
to Lessel at al., the option to turn them off 
can motivate instead [231]. This shows that the 
evaluation of individual gamification elements 
should not be considered entirely based on 
the overall average of mixed participants. Rat-
ings of different types, individual evaluations 
or use-specific evaluations may deviate.

RQ 2: Emotions and Motivation

Both the visualization of the line chart and 
the transfer to a mountain ridge were rated 
rather positively. No significant differences 
were found, indicating that the integration 
of the metaphor may not affect the percep-
tion of feedback. However, descriptively, the 
mountain ridge was rated slightly lower. Here, 

a relation to the increased difficulty of gami-
fied tasks found by Vermeir et al. [392] or a 
reduced usability, mentioned by Schmidt-
Kraepelin et al. [334] could be an explana-
tion. This should be considered further in 
detail and with a larger sample size. Thereby 
it also should be analyzed whether and if so 
which aspects (such as type of visualization 
or diagrams or complexity) might influence. 
However, the perceived effort was similar in 
the gamified and non-gamified versions, indi-
cating that gamification elements neither re-
duce nor increase exertion in task execution. 
This is in line with the results of section 3.2.1, 
however, differs from the results of Vermeir et 
al. [392] or Mohammed et al. [256]. 
The gamified metaphor was rated positively 
overall and led to more enjoyment. This con-
firms the results of other work (e.g., [239, 329]) 
on higher perceived fun in gamified cognitive 
applications. 
A closer look at the user types when using 
the gamified training revealed that perceived 
changes in emotions (i.e., enjoyment) and mo-
tivation (i.e., competence) were limited to the 
respective user type and did not influence 
the patients in general (i.e., despite improved 
competence, achievers did not feel more en-
joyment). However, this does not confirm the 
relationship between competence and fun 
shown by Ryan et al. [323]. 
The findings replicate and support parts of 
observations in healthy persons for learn-
ing [327], games for change [280] and also 
cognitive training [392] or other rehabilitation 
domains [86], showing that perceived emo-
tion and motivation can be influenced by 
gamification. The different effects within the 
user types highlight the relevance of tailor-
ing game elements to the characteristics of 
the users [372]. The study’s gamified meta-
phor was designed as a system with elements 
connected to each other to create a holistic 
valuable user experience [159]. Jagušt et al. 
suggest that the effect of gamification also 
depends on the combination of elements 
[183], what should be considered in the inter-
pretation and further application and possible 
elements particularly suitable for combina-
tion according to Upshall [384]. The results 
show that the use of gamification elements 
may be planned specifically to address differ-
ent emotions in different types [373]. 
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RQ 3: Performance in Training Duration

Despite the increased emotions (RQ2), no sig-
nificant effect was found regarding the per-
formance in training duration in the gamified 
vs. non-gamified version. There were no dif-
ferences, neither in the overall comparison, 
which confirms the initial results of the clini-
cal study [401], nor in the individual consid-
eration of the user types. Here the question 
arises whether the content-related stimulus 
of the training and the integrated game ele-
ments were not intense enough or the ulti-
mate goal of the intervention - improvement 
of cognitive functions - may be so crucial that 
the patients executed the tasks motivated 
even without reinforcement through game 
elements [224]. Also, in gamified rehabilita-
tion, no [86] or mixed [192, 239] effects on ef-
ficacy were found. However, partly evidence 
was found that game elements, which match 
the individual user type, are able to actually 
increase perseverance and training perfor-
mance within gamified training. This is in line 
with  other results [373] and similar to those 
found in other domains, such as sports in the 
gym [15].
However, this has not been the case for both 
user types. Social elements are rather low 
requested (RQ1). These primarily refer to in-
teractions with real persons and the digi-
tal NPC implemented in this study seems 
to have left a different impression, resulting 
in a relevant impact on motivation [156, 417]. 
Tamayo-Serrano suspect in the low use of so-
cial interaction in rehabilitation that it was not 
hypothesized to increase the effectiveness of 
therapy [361]. The present results confirm the 
lack of increase and even show a decrease 
when not appropriate for the user.
Within training with the gamified metaphor, 
patients trained significantly longer, if they 
were primarily socialisers than if they are not. 
Although they are less in request overall, the 
suitability of socializing elements for the so-
cialiser type is also shown in other works [156, 
372]. 

As training duration represents one of the 
main reasons for efficacy [403], it was shown 
that the tailoring of game elements in cogni-
tive rehabilitation is highly relevant. In terms 
of desired behavioral changes, the emer-

gence of such effects should be considered 
more closely to achieve positive and avoid 
negative effects [199, 281, 320]. This should 
not only be considered between gamified 
and non-gamified, but also within gamified 
systems. However, achievers who usually re-
quest progression, but also socialization, did 
not differ significantly regarding their overall 
training duration. The following explanations 
for the missing impact on the behavioral mea-
sure might be suggested: First, the gamified 
metaphor included two elements requested 
differently by all patients before the training. 
While socialization was classified as least ap-
pealing, progression was the most wanted. 
That implies that user-centered tailoring may 
be particularly relevant for low-requested or 
polarizing elements. Second, for persuasive 
strategies, Orji et al. found for socialisers sig-
nificant relationships between user type and 
among others goalsetting, cooperation and 
self-monitoring / feedback [284], but not for 
achievers. However, other works show ef-
fects on achievers through gamification, e.g., 
according to Lopez and Tucker through re-
ward-customization strategies [234], which, 
according to Reyssier, vary depending on 
the element used and do not show any ef-
fect through progression [309]. Third, both 
categories are suitable for them, but not as 
high as socialization for socializers. Here, the 
level of the request might make a difference. 
Fourth, the group of non-primary types partly 
contains types with partial inclination to these 
elements. This might affect a possible differ-
ence. Here, instead of comparing the single 
types, a comparison might be made between 
the group of types that are appropriate or in-
appropriate for an object.
The results of this step support that within 
gamified applications, elements suitable for 
the type and intended effect should be used 
[373].

General Discussion

Gamification in health is intended to improve 
perceived emotions and motivation on the 
one hand and the targeted behavior on the 
other. The highest request for ’Progression’ 
and ’Assistance’ is in line with patients’ situ-
ation to get support and improve their cog-

nitive abilities. The possibility of impaired 
social cognitive functioning due to acquired 
brain damage [207] may have had a concomi-
tant effect on the rejection of ’Socialization’ 
elements. However, positive emotions and 
motivation have been shown in socialisers. 
Gamified training using elements of prog-
ress visualization and socialization showed 
relevant impact on emotions, motivation, 
and behavior for patients in software-based 
training during cognitive rehabilitation. No-
tably, the effects were mostly dependent on 
the individual user type, indicating that user-
centered tailoring is particularly important in 
this user group. This has been shown in the 
different emotional effect in enjoyment and 
competence on socialisers and achievers and 
in detail by the example that primary socialis-
ers tend to perceive it as rather pleasant to 
support the NPC, whereas non-primary so-
cialisers find it rather unpleasant. The results 
address the research gap on neutral or nega-
tive requests and effects of tailored gamifi-
cation in relation to user characteristics [215]. 
However, in rehabilitation, the focus is on re-
ceiving support. Thus, tailored elements may 
potentially address additional user needs that 
are not the focus of therapy, but are individu-
ally relevant for the patient’s motivation. Goals 
of gamification, perceived emotions and mo-
tivation, and behavior are relevant for training 
efficacy [107]. This corroborates the approach 
to focus on the patients’ needs in the concep-
tion of gamification frameworks [262]. Hallifax 
et al. point out that when planning gamifica-
tion, the dominant user type may not be suf-
ficient to categorize the users’ preferences 
[158]. 
The user’s initial motivation profile may also 
be used for dual adaptation, according to Hal-
lifax et al., to optimize the tailoring of the ele-
ments [158]. Due to the observed differences 
in training duration depending on requested 
and declined game elements, it may be rel-
evant to consider least represented types or 
elements that are low requested but fit to the 
type. Like in cognitive rehabilitation, addi-
tional factors such awareness of the disease, 
general compliance or goals could be consid-
ered. For user type-related effects other user 
type models that consider goal setting may 
be included [371]. 

For the acceptance of gamification in the con-
text of rehabilitation, further aspects, such as 
visual style, onboarding, or depth of serious 
or gameful to playful elements, complexity 
should be considered. 
The results support the relevance to define 
in the conception of gamification whether the 
requests of the users, emotions, motivation 
and/or the effectiveness shall be addressed.

Limitations and Future Work

In this study, patients from Germany in outpa-
tient therapy with mild to moderate cognitive 
impairment were recruited. The results pro-
vide orientation, but generalization or trans-
ferability to other countries, rehabilitation 
systems, or application fields cannot be en-
sured. The questionnaires used were adapted 
to the patients’ language and the rehabilita-
tion context. This should be considered when 
interpreting the comparison with data of 
healthy persons. Due to the small number of 
the user type ’Disruptor’ among the patients, 
corresponding results can only be consid-
ered to a limited extent. The questionnaires 
(RQ1) demonstrate only the request of game 
elements, not the actual effect on motivation 
during training. Also, by answering the ques-
tionnaire on gamification elements, there is 
the possibility of influencing the expectations 
regarding the training. 

The sample of the study was rather small 
within the subdivision into the individu-
al groups and in RQ 2 and 3 only two user 
types (socialiser and achiever) were consid-
ered. Furthermore, an exploratory approach 
based on parts of the data of the clinical study 
was applied. A different study design, consid-
eration, or a different way of implementing a 
metaphor may affect the results. Further data 
from the clinical study should be related to 
the deepened analysis obtained here and 
analyzed. Further research is needed to in-
vestigate the differential impact of user types 
on performance in patients. Due to reporting 
averaged data, individual preferences may 
deviate from these results. Due to the combi-
nation of the elements’ progression and NPC, 
separating their distinctive effects is not pos-
sible. The combination of elements can lead 
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to other varying motivational effects in com-
parison to single usage [325]. 
Likewise, some overlap between various user 
types is given because patients can tend to 
several types [371], even if they have partly 
different intensity levels. In line with Hallifax 
et al. [156], future work should consider re-
ciprocal effects between elements and / or 
tendencies for different types of players. As 
this study was conducted in the context of a 
larger clinical study [401], some patients re-
ceived additional advice for strategies during 
task completion and slight corrections were 
implemented. An additional effect of strate-
gy teaching may exist but probably does not 
impact results due to distribution of them in 
group A and B. The study represents the re-
quests and behavior of patients. When se-
lecting game elements, the planned training 
content’s therapeutic suitability should also 
be considered. Future applications could fo-
cus on emotional support and more specific 
tailoring of gamified elements with dual tai-
loring [158].
The overview shown in Figure 11 can be used 
as a static overview to support the selection 
of game elements for development in prac-
tice. To provide support for in-depth tailoring 
and interactive use, a tool can be designed for 
a software-based method for entering target 
group data and the corresponding output of 
suitable gamification elements. This is con-
sidered in the following section 3.4.

Conclusion

In this step, through the deepening of the clin-
ical study [401], dependent on user type of 
patients was investigated 1) the request for 
game elements of patients in software-based 
training during home-based cognitive reha-
bilitation, 2) perceived emotional and motiva-
tional aspects in non-gamified and gamified 
training, and 3) the behavioral effect on per-
formance (i.e., training duration). All user types 
of patients in cognitive rehabilitation request 
almost two-thirds of the elements, and others 
are considered differently or rejected. 
Thus, implementing items identified as gen-
erally pleasant first can be recommend-
ed. Later, tailored gamification of additional 
game elements may be integrated individu-

alized step by step. The gamified training led 
to more enjoyment overall. In detail, however, 
the user types reacted differently: 
Primary achievers perceived a higher level of 
competence, primary socialisers perceived 
more enjoyment during training. 

Despite perceived emotions and motivation, 
there was only a limited effect on behavioral 
performance of user types. 
Although no differences were found in training 
duration between gamified and non-gamified 
training, in gamified training, primary socialis-
ers trained significantly longer than non-pri-
mary socialisers. This indicates a possible 
dependence of user type, suitability of the 
elements used and training duration, empha-
sizing the importance of user-centered tailor-
ing of gamification in cognitive rehabilitation. 
Overall, the results indicate that gamification 
is suitable in cognitive rehabilitation and may 
lead to emotional and motivational improve-
ments and differences in behavior. Here it is 
relevant to specify in the conception which 
aspect is to be addressed. It is also relevant 
to select appropriate elements depending on 
the individual user type to maximize the ben-
efits and avoid adverse effects. The results of 
the present study contribute to improving the 
selection and use of game elements in a user-
centered and tailored way. This may support 
the optimization of development of software-
based training in cognitive rehabilitation.

Take-away & Key aspects

•	 The	use	of	gamification	elements	for	progression	and	assistance	is	most	
requested by patients

•	 Differences	in	request	are	shown	according	to	the	user	types:	it	can	be	clas-
sified	into	generally	requested,	mixed	and	rejected	elements

•	 Tailoring	is	important	for	motivational	/	emotional	adjustment	of	gamifi-
cation for patients in cognitive training

•	 Motivational	elements	can	be	perceived	differently	in	terms	of	emotion	by	
different	types	of	players	

•	 A	difference	in	training	duration	of	gamified	and	non-gamified	training	was	
not	found	-	but	differences	depending	on	user	type

•	 Elements should be used that are suitable for the user type
•	 In	the	presented	combination	of	socialization	and	progress,	positive	effects	

on motivation were found despite low requests for socialization elements
•	 The	intended	effect	should	be	taken	into	account	in	the	planning	of	the	

elements
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3.4 Outlook: Potentials of a Web-
based Gamification Guide for 

Knowledge Transfer between Re-
search and Industry - A Method to 
Support Design and Development

3.4.1 Focus and Purpose
3.4.2 Background and Related Work

3.4.3 Method
3.4.4 Concept Consideration and Prototypes

3.4.5 Results
3.4.6 Discussion and  Conclusion

Research results show that gamification can 
influence emotions, motivation and behavior. 
However, in order to apply the results in the 
software development in industry, they need 
to be easily accessible. 
In this step, as an expansion and deepening of 
the static visualization of user preferences on 
gamification in step 3.3 and to enable a knowl-
edge transfer between research and industry, 
a concept and a prototype for an interactive 
web-based tool for guidance in the selection 
of gamification were designed. It summarizes 
and visualizes existing research results and 
practical examples in a simplified way regard-
ing the use of gamification elements. Step by 
step, the user defines parameters such as 
context of use, age, gender, and user type 
for the target group. Based on this, effects in 
research results are presented, simplified and 
sorted in four categories in pie charts. This is 
intended to provide users in the industry with 
the competence to select appropriate gami-
fication elements for their usage. 
The approach was developed in a user-cen-
tered way, including interviews with seven 

participants from research and / or industry 
in a) a pre-study and b) evaluation with a click-
able prototype.
Potentials for industry and research and their 
possible interconnection were examined. The 
approach was perceived as supportive in se-
lecting appropriate gamification elements 
for use in industry. It may lead to faster find-
ing of research results, promote networking, 
and may generate a kind of meta review. The 
elaboration of such tools may support the in-
terconnection between research and indus-
try, as well as the transfer and applicability of 
knowledge in gamification.

3.4.1 Focus and Purpose

Gamification can support motivation in vari-
ous application areas [219]. However, Gartner 
already pointed out that by 2014, 80% of gami-
fied applications could miss their target due 
to poor design [293]. The use of gamification 

is still challenging in health [292] and for tradi-
tional software developers, since the selection 
of appropriate elements requires knowledge 
in different areas, such as effects on percep-
tion and user behavior, as well as concept de-
sign [262]. In the application of gamification, 
extrinsic elements which often address short-
term effects and are easy to implement (e.g., 
points, badges or leaderboards) dominate 
in general [219, 271, 354] and are frequent-
ly used in cognitive training [392] (rewards/
feedback, but also story/theme). Koivisto et 
al. suggest that the popularity of these game 
elements is due to the use of pattern-based 
design for gamification, whereby it was mis-
takenly assumed that a particular implemen-
tation or simple selection of game elements 
for all users would have a positive effect on 
their motivation [219]. For the conception of 
gamification, it is important to include aspects 
such as characteristics, needs and goals of 
the users [3, 234, 262]. The tailoring to the 
user can help develop gamification systems 
that support personal connection as well as 
the development of motivation, and are thus 
perceived as meaningful by the user [271]. 
However, according to Tuah et al., guidance 
is needed in the development of gamification 
in rehabilitation [379]. Getting an overview of 
individual existing research results often re-
quires a lot of time, which is usually not avail-
able in development of gamified application 
in practice [262]. This, the presentation [255] 
and the different communication channels 
used [370] can lead to the problem that re-
sults and recommendations for use, as shown 
in this or other works, do not or only poorly 
find their way into practice. This leads to the 
following research questions (RQ):

• RQ 1: Does a visual, simplified presen-
tation in access to scientific knowledge 
have the potential to assist industry in the 
development of tailored gamified soft-
ware? 

• RQ 2: Does the knowledge transfer ap-
proach show potential for the application 
of gamification and interconnection of re-
search and industry? 

To address this, qualitative interviews were 
conducted in a preliminary study with seven 

potential users from research and industry. A 
concept and a click prototype for easily ac-
cessible tailored research results on gamifi-
cation were developed.
The focus of this step is on the accessibility 
and simplification of research results for de-
velopers for easy use, tailored to the individ-
ual target group. The purpose of this step is 
to provide developers with the competence 
to select appropriate motivational supporting 
elements for the individual situation in per-
ception and / or effect. Furthermore, a clos-
er networking of science and practice could 
support the application of knowledge and 
the research with needed results for practi-
cal problems.
In a qualitative evaluation, the prototype was 
presented and open interviews were held. 
The main contribution and goal of this step 
is the consideration of possible potentials 
that a web-based tool can have for applica-
bility of gamification, knowledge transfer and 
strengthening the interconnection between 
research and industry.
Thus, the step contributes to the develop-
ment and design of software-based methods 
to support motivation and enables both the 
individual focus on patients in cognitive reha-
bilitation and the further integration of differ-
ent fields of expertise. 

3.4.2 Background and 
Related Work

In a statement for Elsevier, Moore points out 
the relevance of different stakeholders be-
ing able to understand the research being 
presented [255]. He emphasizes that good 
research communication is important, espe-
cially for multidisciplinary teams, as not every-
one can be an expert in everything. Tom Nutt 
and Cherie Millar recomment devices such as 
lay summaries and visual abstracts [255]. Ton-
dello points to different platforms used in dis-
seminating results in academic (e.g., journal, 
workshop, conferences) and non-academic 
publications (e.g., blogs, magazines, videos, 
social media) [370]. For non-academic audi-
ences, research results should be prepared 
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with focus on the results and how they can 
be used to solve problems [370]. 
Knowledge transfer between academia and 
industry supports the development of inno-
vations and application of research results, 
for which collaboration is an important basis 
[101]. The use of gamification is of interest for 
research and industry [180, 379]. Knowledge 
transfer is relevant in various areas. Mazo-
rodze and Buckley show in their review of 
knowledge transfer tools in knowledge-inten-
sive organizations, that a community of prac-
tice is most appropriately evaluated through 
team communication, followed by mentor-
ing, storytelling, succession plans, coaching, 
and knowledge repositories [248]. Brumana 
et al. point out the suitability and crucial role 
of technology-based sharing tools when con-
sidering perception gaps in the knowledge 
transfer of multinational companies [57]. 
Existing guides for gamification often refer to 
the design process [260, 262]. The relevance 
of specified use and tailoring, in addition to 
the previous steps of this work, is also evident 
in frameworks with integrated customization 
options of game characteristics and rehabili-
tation objectives by, for example, the therapist 
of, among others, Afyouni et al. in motor hand 
rehabilitation [4] or Shapi‘i et al. in cognitive 
rehabilitation [339]. 

In the use of gamification, both negative and 
positive results can be found [54, 160]. For a 
motivating effect, various factors are relevant, 
such as the context of the application and the 
personality of the user [156, 160, 189], age 
[243] or gender [215]. An appropriate adapta-
tion to users is relevant for the intended effect 
[373]. However, due to the different areas of 
application and effects, it is difficult to com-
pare results in the use of gamification [239]. 
In research, correlations between players and 
elements can be examined in different ways: 
First, using correlations between user types 
and elements are determined by surveys 
[372]. Second, using empirical studies based 
on the application of gamification elements in 
specific contexts and implementations mea-
sure effects of gamification usage [234, 373]. 
This can result in various publications with 
different orientations, characteristics, vari-
ables, or application areas. As a result, more 
and more detailed recommendations can be 

developed, making it increasingly complex 
to include the various factors and analyze 
appropriate elements. However, on the one 
hand, these have to be reviewed for a quality  
overview for the individual field for the appli-
cation, and the knowledge must be kept up 
to date, which takes time. On the other hand, a 
compromise has to be found in the develop-
ment between development time and effects 
on the motivation [234].

Morschheuser et al. suggest that one of the 
main reasons for failure of gamification is that 
underlying concepts were not sufficiently well 
understood [262]. In science communication, 
various search engines for scientific literature 
are available, such as Google Scholar [150] or 
ACM Digital Library [2]. ‘ACM Computing Clas-
sification System’ offers a categorization of 
work based on a decision tree and associat-
ed papers [2]. Concepts based on this and the 
simplification of results support the demand 
for knowledge transfer between researchers 
and persons without scientific background 
(e.g., [sci]mmary [222]). Blogs also deal with 
gamification and partly refer to scientific ar-
ticles or promote exchange (e.g., Gamifica-
tion.co [139], For the Win: Serious Gamification 
[126], or Gamification Research Network [140]). 
For teaching, professional platforms offer 
guides on how to gamify for different learn-
ing types specifically (e.g., Desire2Learn [96]). 
Here, the detailed relation to scientific results 
is difficult to assess. Tuah et al. propose a stat-
ic classification of elements and application 
in rehab domains for gamification in rehabili-
tation [379]. 
Despite such opportunities, creating litera-
ture reviews or finding specific results is of-
ten time-consuming. 
Possibilities for tailoring can be given via rec-
ommender system. Tondello et al. propose a 
recommender system for gamification based 
on an input from, e.g. user profile, items, the 
currently performed activity, and the context 
[374]. In addition, they propose recommenda-
tion algorithms. Recommendations and rat-
ings should be generated as output. Thereby 
they propose a possibility for personalization.
Based on and extending this system, in 2022,  
Vasconcelos et al. propose ‚ReGammend‘, a 
recommendation system and an exempla-
ry implementation [389]. User‘s input on the 

personal type is incorporated into the recom-
mended design for gamification. An admin is 
responsible for the application of parameters.  
However, it lacks the inclusion of the context.
Rodrigues et al., propose a system for per-
sonalization that integrates information about 
the user (e.g., in relation to the game or the 
character) on the one hand and the context 
in which the gamification is to be used (e.g., 
location) on the other [314].

To support the realization, visualizations that 
are well prepared can provide considerable 
support for knowledge transfer [279]. To the 
authors knowledge, there is only limited sup-
port for knowledge transfer in gamification for 
development for tailored use in healthcare for 
cognitive rehabilitation. 

3.4.3 Method

The problem of a lack of knowledge transfer 
for practical application of gamification has 
been observed in the cooperation between 
industry and research. To address this gap,  
a concept for a web-based prototype was 
designed, which summarizes and visualizes 
research results according to a previously de-
fined target group. Based on this the potential 
of knowledge transfer and interconnection of 
research and industry was explored. 

Participant ID Area of work Age Gender Analyzed type
I1 Industry 26 f Newcomer

I2 Industry 37 f Newcomer

M1 Industry and 
Scientific research

36 f Curious

S1 Scientific research 29 m Experienced

S2 Scientific research 32 m Experienced

S3 Scientific research 29 m Experienced

S4 Scientific research 32 f Curious

Table 13. Demographic data of the participants and analyzed application type. Table 
from Gabele and Fischer et al. [130].

The concept is based on human-centered de-
sign and design thinking and the user group 
was assessed using methods such as brain-
storming, empathy and scenario maps. This 
identified two core user groups: UG 1) indus-
try employees (developing digital software) 
and UG 2) researchers (providing research in 
gamification). It was hypothesized that users 
could be categorized in the types ’Newcom-
er’, ’Experienced’, and ’Curious’. Due to the lack 
of support in the healthcare sector in cogni-
tive rehabilitation and for the possible further 
integration of results of this and other work, 
this is used as a domain for the approach. 
To evaluate the basic idea and concept and 
to identify user requirements and requests, a 
preliminary study was conducted by qualita-
tive interviews with one or two participants 
in video calls (duration approx. 60 min each, 
recorded). The participants were potential us-
ers from the two UGs: (medical) industry for 
software development and / or research in 
games (female: 4, male: 3, average age: 
31.57, age range: 26-37) (Table 13).
After informed consent, demographic ques-
tions, questions about knowledge, application 
and research on gamification, requirements 
and requests, and the basic concept were 
asked. Each interview was followed by an 
open discussion. Based on this, the partici-
pants were classified or classified themselves 
in the respective type (added to Table 1). Ac-
cording to the basic idea and results, the con-
cept was detailed, a visual representation, a 
click prototype, and an initial technical back-
end prototype were created.
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Figure 14.  Interaction path of the prototype (Left: input and defined filters, Right: out-
come). Figure from Gabele and Fischer et al. [130].

Qualitative individual interviews were con-
ducted via video calls (30-60 minutes each, 
recorded). For this, the participants (N=7) with 
whom the requirements were defined, were 
interviewed again. The click prototype was 
presented by screen sharing. The participants 
controlled the cursor by verbal instructions, 
which a member of the study team executed. 
Participants commented based on the Think-
ing-Aloud method. Supplementary ques-
tions were asked by the study leader. Then, 
an open discussion was held. The topics in-
cluded, among others, overall impression, 
possible helpful aspects and potentials for 
use, further ideas/feedback, and partly us-
age in other areas and (in the open discussion 
or subsequently written) connection poten-
tial between industry and research. Questions 
and topics varied partly due to the nature of 
open discussions. In the results is listed with 
which participants the topics were discussed. 
With regard to the RQs, the following parts 
of the final interviews / discussions were in-
cluded in the results:
• Basis: comprehensibility and interaction 

with the prototype (positive, negative, re-
quests), 

• RQ 1: a) Interpretation of the presentation 
of the results, b) Conclusion of the indus-
try (the focus of the presented results of 
the evaluation here is on participants with 
industry background), 

• RQ 2: a) Potentials / helpful use b) Con-
necting research and industry. 

Associated statements for these categories 
were sorted, and the key statements were 
compiled and summarized.

3.4.4 
Concept Consideration 

and Prototypes

Results of the Preliminary Study, Concept 
Consideration and Prototype

The results of the preliminary study confirmed 
the defined user groups and application 
types, the problem of a missing knowledge 
transfer tool in gamification and the demand 
for it, and first potentials of the basic idea. In 
the current research procedure of the par-
ticipants, websites are an important source of 
information. Various necessary requirements 
were identified, in excerpt: Filtering per user 
group, including the context, recommenda-
tions for game elements, transparent validity 
of the publication results, examples and hints, 
storage and export functions of information, 
and saving time. 
With this background, the basic idea was re-
fined in a concept for a web-based guidance 
tool (‘Gamification Guide’). The main function 
in the application is for developers to first de-
fine an area of application and a target group, 
and then to obtain a summary of research re-
sults for individual game elements. Thus, it 
assists the industry in selecting appropriate 
gamification elements. Researchers integrate 
their research results and thereby promote 
their applicability. The concept was exem-
plified in a click-through path prototype. For 
flexible use, it should be possible to integrate 
different disciplines in the long term. 

Figure 15. Details a) Defining the application context of gamification, b) refining it and 
defining target group. Figure from Gabele and Fischer et al. [130].

Figure 16. Details a) Exemplary visualization as pie-chart of summarized research 
results based in specific context and target group (Figure 15), and b) related publications / 
examples. Figure from Gabele and Fischer et al. [130].

According to Nielsen’s mental models [273], 
and in line with the ‘ACM Computing Classifi-
cation System’ [2], a decision tree [2, 317] was 
used, because this reflects the steps and de-
cision process. Users are guided step-by-step 
(Figure 14). 

In the beginning, users select the context 
(Figure 15 a, b), which is visualized in line with 
bubbles in networks [222]. It can be refined 
and optional filters can be selected in an over-
lay menu, allowing for the tailoring of gamifi-
cation to the target group (Figure 15 b). After 
applying these selections, scientific results 
within the defined target group are present-
ed (Figure 16 a). The summarized results / 
player-type - game-element correlations are 
shown in pie charts: positive (green), negative 
(red), neutral / no or mixed effects (yellow), or 

paper without calculation of results or corre-
lations (white). To enable good legibility and 
knowledge transfer, they are presented in a 
simplified way [279]. 

The current visualization is an exemplary 
representation of potential results and is not 
based on research results. Finally, users can 
browse publications and examples (Figure 
16 b), create favorites and export data. Based 
on these results, users from the industry are 
given the competence to select gamification 
elements appropriate for their individual de-
velopment.

The video prototype can be found on 
ACM Digital Library: https://dl.acm.org/
doi/10.1145/3450337.3483458 [130].
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First Steps of Handling of Data from 
Research Results, Database and Server 

Communication

The realization as a website is intended to 
support global networking for the exchange 
of knowledge [252]. 
To enable interactive use and tailoring, the 
relevant target group and application factors 
are presented in clusters in the individual 
steps, and the research results are classified 
into the corresponding categories. 
However, research results are predominantly 
embedded in papers. In the future, these will 
have to be extracted for application, which is 
planned in the current concept version as in-
put via crowdsourcing, submitted by the cor-
responding authors. 
Another future possibility is the automatic 
analysis of papers by artificial intelligence, 
following Krasizkaja and Fox [222]. 
The data entered has to be stored in a data-
base from which they can be extracted by the 
web-based ‘Gamification Guide‘. 

Figure 17. ‘Gamification Guide‘ database ER model. Information is summarized in a sim-
plified form (publications include title, authors, year of publication among others, examples 
include respective information). Figure from Fischer et al. [124].

The concept of the database is demonstrat-
ed by a segment of an entity-relationship (ER) 
model in the example of tailored gamification 
in healthcare used in this section (Figure 17) 
[124]. This model can be extended for further 
integrations. For a first partly prototypical im-
plementation of the backend prototype, the 
open source program package XAMPP was 
used [25]. 

Database queries can be made for relevant 
information such as the number of relevant 
publications. Initial integrated user-type - 
game-element correlations are to be ex-
tended in the future with empirical data and 
examples based on a comprehensive litera-
ture review. An implementation of the con-
cept presented in section 3.4.4 in the click 
prototype and visualization as a frontend, as 
well as a connection between frontend and 
backend have to be developed in the future. 

Step Positive Negative Request

Decision 
tree / 
Context 
and re-
finement

Specific/focused
context filtering; Anima-
tions supportive; 
’Hand holding way’

Redundant clicks;
Clickable elements
unclear

Reduce clicks;
Refine animations

Filtering 
of the
target 
group

Provides orientation; 
Filter can remain empty; 
Filters sufficient

Filter area not found
directly;
Type model
unknown 

Explanations (e.g., for type mod-
els); More type models; Alternative 
search (e.g., keywords); Immediate 
update

Results in
diagrams

Most important; Colour
coding recognized; 
Exactly what expected 
to see 

Source or context of
data unclear /Interpreta-
tion problem (all); Order first 
recognized as rating; For-
got filter 

Iterate legend / Integrate label: 
percentages / numbers

Publica-
tions
/ Exam-
ples

Good overview;
Selection option/own
favourites; Neutral
layout

Less space for title and
abstract / read full
abstract; Presentation un-
clear (examples)

Integrate diagram classification; 
Sum up key findings; Link: origi-
nal source; Use keywords; For ex-
amples, extract prototypes from 
papers

Favourites Basically, the clustering 
is perceived as struc-
tured;
Search history 

Naming own search
as ’User’ unclear; Interac-
tions and reference to pre-
vious content unclear

Filtered users more prominent; 
Show time of search; Own sorting 
/ naming; Filtering in lists/projects, 
Integrate own search factors; Clari-
fy connection: paper / elements

Export Very good function Misleading name:
download rather
than export

Individual / group download; sep-
arate paper / examples; Preferred-
formats: PDF, BibTex, video 

Table 14. Positive and negative key aspects and requests for ‘Gamification Guide’ 
click prototype. Table from Gabele and Fischer et al. [130].

3.4.5 Results

The results first describe the interaction with 
the click prototype and then the impression 
of the overall concept.

Interaction with the Prototype

All participants completed the screenshared 
click prototype and provided feedback. Ac-
cording to the basis results, Table 14 shows 
an excerpt of the positive and negative key 
aspects, as well as relevant requests.

According to the potential for assistance in RQ 
1, a) interpretation of results in diagrams (pie-

charts), the following comments from users 
with an industry background (I1, I2, M1) pro-
vide examples of how diagrams would be in-
terpreted for use. The researchers (S1-4) also 
identified the diagrams as ratings, but they 
should be explained further.

• ’Green [means] that it is positive. [...] Col-
lect, for example, has more green content 
than Level, that it may resonate better 
with users. [...] Points is the best element 
in the ranking.’ (I1). 

• ‘When I search in general [...] I would first 
look at what has the most green percent-
age and in the second instance at the 
things where there are outliers.’ (I2). ‘It al-
ways depends on the objective, if I want 
to have a criterion that has a very wide 
acceptance, then of course one would 
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choose the one with the largest green 
percentage. [...] If I want to develop a mod-
ule where I don’t have a specific player 
type, then I would like to choose things 
where many have said that they like it.’ (I2). 
‘Then I would pick the element where are 
either the most papers [...] or also the most 
examples.’ (I2). 

• ‘Then Points would definitely have the 
most positive results, closely followed 
by Badges and then by Levels. [...] then I 
would interpret Points as a recommenda-
tion here.’ (M1).

Overall Approach

All participants provided a final conclusion. 
According to the potential for assistance in 
RQ 1, b) industry conclusion, key statements 
in conclusion of the participants with industry 
background (I1, I2, M1) are considered. Over-
all, the approach appears to be helpful at 
supporting the selection of gamification ele-
ments for industry. 
The following is an excerpt of positive aspects 
and optimization options. Positive rating in the 
conclusion:

• In general, I like [...] [the decision tree] very 
much, because it targets the different 
personas or user groups.’ (I1) ‘The most 
important part of the website is the result 
page and the paper overview.’ (I1). 

• With regard to the procedure I2 stated: ’I 
would cross-google [...] If I have a better 
database that I can use, sure that would 
be more helpful’. (I2). ‘I would probably 
first make a very rough screening [...] giv-
ing as good as no filter criteria. Then one 
needs a good overview, where one can 
see everything summarized. That was 
already quite good. [...] And then I would 
search in more detail’. (I2). 

• ’I compare it to Research Gate or Google 
Scholar, which is classically often used to 
search, and I see a lot of benefits there. 
I have everything here at once [...].’ ’[...] it’s 
fun and one wants to use it too.’, ‘With the 
industry, I think it depends a lot on who 
is actually using it in the end. [...] I know 
enough people who work in the field of 
serious games, who work in the industry 

and who are interested in whether there 
are any evaluations of anything [...] For a 
slightly more niche industrial company, 
this is already very exciting and for the re-
searchers definitely yes, absolutely!’ (M1). 

Optimization options in the conclusion: 
• ‘Filters or sorting options. Or that one 

has different ways to add the favorites 
[...]. Also, that there is more assistance in 
some parts. (I1) ‘The way is still a little too 
long at the beginning [...]’ (I1). 

• What would still be incredibly beneficial 
would be [...] a summary [...] of the essen-
tial information of the results [...]’ (I2). ‘The 
question is [...] whether one needs one or 
two more filters [...]’ (I2). 

• With regard to the diagrams: ‘Maybe it 
would have helped me to know what 
the traffic light stands for during the pre-
selection process.’ ‘Maybe a percentage 
would still help, something numerical. [...]’ 
(M1). 

According to the application in RQ 2, a) Po-
tentials / helpful use, all participants provided 
feedback. 
The ‘Gamification Guide‘ shows different po-
tentials in the basis: scientific resources are 
helpful in the discussion with stakeholders 
(I1, S1), the compact collection leads to faster 
results (I2, M1, S2, S3), it could promote rep-
resentation of research (M1, S1, S2, S3) and 
generation of a kind of meta review (S2). For 
this, more overview data (year span, confer-
ences, etc.) could be added (S4). Participants 
indicated that the tool has the potential to 
make scientific knowledge easier to access. 
Context filtering is relevant because it has a 
relatively high influence, yet is considered rel-
atively little (S1). 
Not only from industry (RQ1), but also in re-
search, the tool was considered helpful. 
In industry, the guidance is relevant, in re-
search the focus is on the development of 
new papers (S1). Furthermore, the tool could 
be used for teaching and to identify research 
gaps (S4), for higher-level like content de-
signer for teaching software (S3) or acquisi-
tion of third-party funds and networking (M1). 
To get the researchers to submit their data, 
further incentives might be offered (M1, S1). 
By networking with Google Scholar, new pa-

pers could be detected and matched with the 
database (S1). Six of the participants would 
use the tool themselves (I1, I2, M1, S2-4). S1 
would need a function to discover new litera-
ture due to the own expert status. 

According to the connection of industry and 
research in RQ 2b, the statements indicate 
that the tool could promote the exchange be-
tween research and industry (I1, I2, M1, S1, S3). 
Moreover, core comments on the intercon-
nection of industry and research of the par-
ticipants with whom the topic was discussed 
deeper (I1, I2, M1, S1) are listed exemplarily:
• ‘I think that the ‘Gamification Guide‘ also 

has the potential to bridge the gap be-
tween industry and research [...] I think it 
is also attractive for new employees that 
there may also be potential for further 
training. [...] There are also certainly hur-
dles and obstacles [...] because you may 
not always have the money to put into re-
search or because certain solutions are 
not ready for the market or useful for in-
dustry.’ (I1) 

• ‘Well, I think the first step is to prove the 
need for gamification in the products. [...] 
This is followed by effective and focused 
work with the gamification elements. 
Here, I definitely see an advantage in ap-
plications such as the ‘Gamification Guide’. 
Since these elements can only be inte-
grated into daily work through a healthy 
relationship between effort and benefit.’ 
(I2).

•  ‘Yes absolutely, I think that’s a great point 
because it’s so networky. [...] Accordingly, I 
feel that this is a very good point, and per-
haps it could also be considered wheth-
er there is also an [...] exchange option or 
connect option there, where people can 
also, if they wish, leave their contact data, 
that would be exciting.’ (M1). 

• ‘A knowledge pool, can manage it, as they 
are a concrete recommendation for ac-
tion.’, ‘If it can be brought to a common 
level, where researchers can turn a little 
bit of a blind eye [on details] and the in-
dustry gains something, they can make 
use of, then this can work’, ‘For this, it must 
be simplified, and that’s what the ‘Gamifi-
cation Guide‘ does’. (S1).

3.4.6 Discussion 
and  Conclusion

Discussion

Based on the results, various potentials have 
emerged. Regarding RQ 1, the potential to 
support industry, discussions with industry 
and researchers indicated that there is less 
specific knowledge in industry about the use 
of gamification, but this knowledge is pro-
found in research. The results indicate that a 
simplified presentation in access to scientific 
knowledge has the potential to support the 
development of gamified training software. 
However, based on the interpretations for 
the element points (largest green, but also 
red percentage), it seems relevant for knowl-
edge transfer in gamification (in tools, but also 
previously in research [215]) not only to focus 
on positive effects, but also to raise aware-
ness for negative ones. Therefore, although 
a ranking in the order of the elements was 
expected, the approach should rather avoid 
this and instead strengthen the competence 
for individual decisions for use. 
Optimizations of the visualizations are rele-
vant to avoid negatively affecting understand-
ing [279]. This may result in the potential to 
focus in industry not only on classic extrin-
sic, but also on individually suitable elements. 
The results support filtering the user group 
via the context of use of the application [156, 
160]. The decision tree is perceived as a ’hand 
holding way’ (S3), which is especially relevant 
for Newcomers who have tended to show 
up in industry. Also, the search behavior of I2 
could be taken up to tailor the website itself: 
a more general search for beginners and an 
expert search for deeper understanding (S1). 
Despite some ambiguity, which can be solved 
by minor optimizations, the participants were 
able to follow the interaction path. A back-
ward search, starting from an element (S3), 
might promote more flexible use. A problem 
is that results are often mixed, which means 
that they cannot be clearly assigned (S2), and 
this is reflected in the fact that often only parts 
of tests are positive [160]. Measured variables 
should be included (S2) to avoid that and to 
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enable comparability. By integrating tags (e.g., 
for fun), individual results of papers can be 
classified as positive, negative or in between. 
In the future, this might allow sorting by cat-
egories such as requests, emotion, or behav-
ior, which, as section 3.3 has shown, can lead 
to different results and should be included as 
a starting point for the selection of elements 
[202]. The results may also further support the 
application of existing gamification frame-
works (such as developed by Khaleghi et al. 
[211]). They contribute to the understanding 
of the user on the one hand, and on the other 
hand also to the consideration of application 
examples. 
The results from the preliminary and main 
studies of this step reveal relevant aspects, 
whose principles can serve as a basis to the 
development of further knowledge transfer 
tools in gamification.

Regarding RQ 2, the application and connec-
tion of industry and research, a particularly 
important trade-off was pointed out: Simpli-
fying results through the ‘Gamification Guide‘ 
at a level that is applicable to industry and ac-
ceptable to researchers (S1). If the tool is web-
based, it may also support internationalization 
[252]. Existing knowledge gaps or needed an-
swers can further be identified and commu-
nicated in various ways: By 1) lack of results 
in the presented diagrams, 2) analyses of the 
results by researchers, or 3) information on 
needed results by industry. By identifying and 
filling these gaps in joint projects, both par-
ties can benefit. Exchange functions (M1) such 
as contact, comment or discussion options 
should be integrated to promote the poten-
tial for overcoming differences, developing 
trust and engagement, and interdisciplinary 
exchange [101]. Using the database, automat-
ic basic meta-reviews might be generated, 
which in turn might save time in research and 
conception and development in the industry.

Overall, the results reinforce the notion that 
the user groups emphasized different goals 
as particularly relevant [101]. In research, the 
relevant factors were discovering new litera-
ture and being able to identify research gaps. 
However, a risk exists in the lack of integration 
of knowledge. More incentives should be cre-
ated to motivate researchers more effective-

ly. Also, AI assisted summary and integration 
[222] could further encourage this. For indus-
try, in contrast, time during use was relevant. 
However, besides the transfer of knowledge 
from research to industry, experiences and 
requests from industry can be given to re-
search, and knowledge can be shared within 
the groups. The purpose of using gamification 
in industry is to achieve motivational effects. 
Detailed data is needed to ’prove the need 
for gamification’ (I2). A problem in the basis of 
the research, and thus for application of the 
results, is a good comparability (S2). Different 
systems exist, but more consistency is need-
ed in, e.g., naming, user models and interpre-
tation of game elements. Koivisto and Hamari, 
in gamification research for motivation sys-
tems, point to the need for better compara-
bility of results through better coherence of 
measurement [219]. Sardi et al. also point out 
the lack of a unified framework for evaluating 
principles / outcomes in gamification [329]. 
Furthermore, the possibility should be con-
sidered whether the unification of such struc-
tures in research and practice and in the tool 
can be mutually beneficial. 

Nuijten proposes the ‚SciModeler‘ system, us-
ing behavior change as an example, through 
which research can be analyzed and struc-
tured [277]. This allows to analyze different 
information from texts and to examine un-
derlying theoretical constructs and scientific 
theories. This enables comparisons and infer-
ences to be made with other information such 
as platform or context. Such an approach can 
also expand the filter possibilities of the ‘Gam-
ification Guide‘ in the future.

The click prototype and the backend proto-
type initially indicate the conceptual, graphi-
cal, and technical feasibility of the approach. 
For software development, additional guid-
ance might be relevant (e.g., therapists in the 
healthcare example for cognitive rehabilita-
tion). Furthermore, according to Perry et al., it 
is relevant to consider the therapist‘s require-
ments for technologies for therapy support 
during implementation [294]. Therapists could 
be a third user group to optimize implemen-
tations and should be integrated next, which 
is in line with, e.g. van Dooren [388]. The tool 
shows potential to support both user groups, 

which should be taken up further. If both can 
benefit from the use of the tool, an intercon-
nected use may be promoted. The results 
support the potential in use, but also the 
chance to interconnect research and industry 
stronger and to make knowledge more eas-
ily applicable. 

Limitations and Future Work

The evaluations are based on a qualitative ap-
proach. The number of potential users includ-
ed was low and not sufficient for quantitative 
evaluation. In the example context of health-
care, corresponding experts from industry 
were integrated. A generalization of the re-
sults therefore cannot be guaranteed. Also, a 
different way of designing and implementing 
the concept may influence the results. Par-
ticipants’ quotes are partially translated into 
English and therefore do not represent the 
original wording in the native language. For 
evaluation, a click prototype was used. Addi-
tionally, an effect should be analyzed in the 
long-term and independent use of an imple-
mented version by users from different disci-
plines, companies and research institutions in 
different countries to prevent a bias by insti-
tution-specific procedures. 
The filter results are exemplary and intended 
to reflect corresponding results from scien-
tific research. For use, an expert (e.g., therapist 
in healthcare) should confirm the suitability of 
planned gamification for the intended target 
group. Implementations such as further de-
veloping and connecting frontend and back-
end, fixing usability problems and integrating 
additional functions are needed. 
For the integration of further disciplines, re-
spective experts should be integrated and 
practitioners should be considered as a third 
user group. 
Due to the relevance of communication and a 
community of practice as shown by Mazoro-
dze and Buckley [248], the emerging suitabili-
ty for interconnection of research and industry 
is particularly important and should be further 
promoted in the future.

Conclusion

In this step, the potential for design, devel-
opment and usage of a web-based gamifi-
cation guidance tool for knowledge transfer 
and interconnecting industry and research is 
considered. The goal was to simplify the ac-
cess, overview and applicability of research 
results in gamification. The results of this step 
illustrate the need, relevance and feasibility of 
such assistance tools. 
The prototype presented, might, among 
other things, assist in faster identification of 
research results and use of gamification ele-
ments in practice. Furthermore, the potential 
to foster interdisciplinary connection between 
industry and research was indicated. Expand-
ing such links of communication and mak-
ing them available may be relevant for the 
effective further development for both user 
groups. 
This step contributes to make emerging and 
complex diverse research results more eas-
ily tailorable and applicable. The results thus 
contribute to the support of the application 
of gamification and the selection of suitable 
elements to be implemented (TRQ1) in prac-
tice. Thus, in the future, the competence in 
the design and development of software-
based methods in practice to support the 
motivation of patients in cognitive rehabilita-
tion may be strengthened. In the long term, 
this might support patients in the conduct of 
the required training. An extension into other 
fields is possible. 
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Take-away & Key aspects

•	 The ‘Gamification	Guide‘	might	support	the	industry	in	the	selection	of	tai-
lored	gamification	elements

•	 Both positive and negative outcomes should be highlighted
•	 Instead of classifying complete papers, individual results should be tagged 

and categorized between positive, neutral and negative
•	 A	kind	of	meta	review	can	be	generated	and	research	gaps	can	be	identified
•	 Results	may	be	simplified	in	a	compromise	that	is	acceptable	to	research-

ers and easy for industry to use
•	 Networking and exchange between research and industry can be promoted 
•	 Industry	and	research	have	different	goals	to	address	in	terms	of	use
•	 In addition to industry and research, the involvement of specialist stakehold-

ers,	such	as	therapists	in	the	field	of	cognitive	therapy,	may	be	necessary

3.5 Discussion
3.5.1 Thesis Research Question 1
3.5.2 Thesis Research Question 2

3.5.3 Overall: Thesis Research Question 1 and 2

Gamification has been shown in past research 
in cognitive rehabilitation to support motiva-
tion in perception, emotions, and behavior [44, 
192, 239, 329, 361, 392], which the results of 
this chapter confirm. It is increasingly being 
used in software-based training in cognitive 
therapy, but requires further study and knowl-
edge of how to integrate it for design and de-
velopment [392]. 
In this chapter, the focus was on methods to 
deepen the knowledge on the use of gami-
fication to support motivation in software-
based cognitive training for patients with 
acquired brain damage and the resulting 
effects, to consider specific tailoring in the 
context of cognitive rehabilitation and to find 
ways and methods to support the implemen-
tation in practice accordingly. To address this, 
various individual elements or combinations 
in the general and in-depth implementa-
tion were examined, the request for different 
game elements for overarching comparison 
was analyzed, the effects of element (combi-
nations) and dependencies on the user type 
were considered, and a tool was proposed on 
how to make research results accessible for 
appropriate implementation in practice. This 
results in orientation and implications for de-
sign and development, which are summa-
rized at the end of this work in chapter 5.

3.5.1 Thesis Research 
Question 1

Regarding TRQ 1 (Implementation of ele-
ments), for supporting the implementation 
of gamification for use in software-based 
cognitive rehabilitation for patients with ac-
quired brain damage, several interesting as-
pects have emerged. 
Interestingly, there was a high request from pa-
tients for assistance elements, which should 
be given special focus in design and imple-
mentation as a complement to progression 
elements. This supports the relevance of con-
sidering individual target group and context, 
which has been pointed out by other work 
[156, 160, 219].
It is interesting to note that, according to Ver-
meir et al., stories/themes are frequently 
used in computer-based cognitive rehabili-
tation [392], but are rather moderately re-
quested by patients. However, depending 
on the implementation, stories/themes in a 
real-world setting can also promote mean-
ingfulness [271]. The integration of interactive 
storytelling and quest in section 3.2.1 and also 
the metaphor in section 3.3 has been shown 
to be interesting for further use by patients. 
After basics of progression and assistance 
have been integrated in section 3.3, these and 
also possibilities of tailoring should be more 
deeply investigated.
The element of ‘Meaning/Purpose‘ (the ful-
fillment of a meaningful goal of the training) 
is on average the most important element for 
patients and can therefore be recommend-
ed to deepen and further strengthen the im-
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plementation. This further supports, e.g., the 
concepts of meaningful gamification for long-
term motivation by Nicholson [271] and the 
use of meaningfulness in cognitive rehabili-
tation [60]. Koivisto and Hamari point out that, 
besides tailoring to the user‘s role, also tailor-
ing to the goal is important [219]. In addition 
to meaningfulness, the ‘Meaning/Purpose‘ 
item also includes the integration of a goal (‘I 
see my training fulfilling a meaningful goal‘), 
which is shown in the literature to have a posi-
tive effect on behavior and performance [227, 
233], and in the clinic on motivation [417]. In 
this chapter, goals were represented, for ex-
ample, in storytelling by solving the story of a 
detective case (section 3.2.1) or, in a metaphor, 
by reaching the top of a mountain via a hik-
ing trail and setting personal goals in training 
or real life (section 3.3). A general orientation 
to real life is, among other things, a relevant 
aspect for patients [178]. Such implementa-
tion approaches are shown, for example, in 
‘RehabCity‘ [396], which is based on reality, 
or the daily goals to be entered in the ‘PRIME‘ 
therapy app [333].
This illustrates, on the one hand, the wide 
range of goals in the game, goals in train-
ing and goals in real life and their integration 
possibilities, and, on the other hand, the rel-
evance of an implementation focused on the 
needs of the patients. 
The way, combination, tailoring and depth of 
gamified goals (primary or secondary/addi-
tional) in cognitive rehabilitation should be 
further deepened. Furthermore, this aspect 
of tailored meaningful goals will be taken up 
in section 4.3.6 of this work. 
Also, possible emerging differences between 
request and emotion should be explored to 
support targeted development.
Through the implementation, different effects 
can be created [156, 329]. This is shown, e.g., 
in the different possible role models [114, 316, 
398] of an NPC in other and prior works. For 
patients, instead, an NPC may be used to ad-
dress the requested ‘Assistance‘ through as-
pects such as motivating or guiding, and such 
as giving tips or helping, but also to illustrate 
progression, as in the example of the hiking 
trail. 
Robson et al. point out that players might 
want to try to cheat [313]. Schmidt-Kraepelin 
et al. point out that the use of gamification in 

health behavior change can lead to cheat-
ing oneself [334]. Interestingly, however, de-
spite the existing limitations of the patients, no 
simplifications of the training, such as anchor 
juxtaposition (‘I can choose whether I prefer 
to do the training task to level up in difficulty 
or pay money (real or virtual) to level up.‘) or 
aura effect (‘Based on the preliminary work 
of others, the training can become easier for 
me. (For example, using points collected by 
another person.)‘) are requested. Possible ex-
planations may be a) the higher relevance of 
the personal health effects than the progres-
sion in the training tool or rising of levels, or 
b) the need for training adjusted to individual 
abilities rather than in more difficult tasks. This 
could indicate a future deepening of an indi-
vidual meaningful representation of individual 
health progress rather than the implementa-
tion of standardized levels.
The results confirm the need for external per-
sonal factors for motivation in the clinic, such 
as, e.g., patients‘ goals, which were shown 
by Yoshida et al. [417]. Although the demand 
does not confirm the need for social relation-
ship factors or socialization elements, it does 
confirm their individual effect and thus their 
individual motivational aspect [156]. 
For the implementation of elements in cogni-
tive rehabilitation, it might be recommended 
to focus on meaningfulness [60], progression 
[230] and assistance [228], which supports 
and expands other results and frameworks. 
Furthermore, a tailored integration of so-
cialization for rehabilitation and patients is 
recommended, as well as for the mixed ele-
ments and resulting effects. 
For the integration of requested gamification, 
the infographic (Figure 11) can be used as a 
basis for design and development. Results 
on gamification may be used interactively in 
the proposed tool ‘Gamification Guide‘ after 
its further development. In addition, possible 
differences for use in clinic and home training 
should be deepened in the future. Rehabilita-
tion-specific guidelines for recommendations 
for use should be integrated into tools such 
as the ‘Gamification Guide‘.
The results of this chapter show methods, ori-
entations and support in the implementation 
of (tailored) gamification in cognitive rehabili-
tation in practice to address patient motiva-
tion.

3.5.2 Thesis Research 
Question 2

Regarding TRQ 2 (Effects in perception and 
training duration) of this work, for the effect of 
the implementation of (tailored) gamification 
on motivation in perception and usage be-
havior, the following interesting aspects have 
been shown:

Perception

In perception, the results of the chapter indi-
cate interest of patients in the use of gamifi-
cation elements for software-based cognitive 
training in rehabilitation. The comparatively 
higher perceived fun/enjoyment in line with 
other work [239, 219, 329, 361], and likewise 
the effect of gamification on competence is 
confirmed [264]. Instead of a general effect, 
however, differences in a role model and re-
quirements specific to rehabilitation using the 
example of the NPC as well as in the percep-
tion of the user types are shown. This sup-
ports tailoring in terms of user types [284] and 
context [156]. 

It is interesting that the problem named in 
other works, that implementing complemen-
tary content like gamification leads to a higher 
demand / difficulty, was not shown initially 
in the storytelling and quest in the exhaus-
tion aspect during the course. Likewise, in the 
study in section 3.3,4, no significant difference 
was found in the perception of effort between 
gamified and non-gamified training. 
Both could have been expected due to a pos-
sible higher required cognitive performance 
by the gamification complements in patients 
with cognitive impairments. However, consid-
ering the hiking trail (section 3.3.4), descrip-
tively slightly lower scores in the areas of 
‘comprehension‘ and ‘access‘ indicate pos-
sible difficulties due to the changed visual-
ization in the metaphor. 
Different results can have different reasons, 
such as a) different methodology in the data 
collection, b) different game elements and 
their implementation [156], or c) a different 

goal of the implemented elements. In the fu-
ture, this can be considered further.
Further, the increase in complexity and dy-
namic difficulty adaptation mentioned by van 
de Weijer [387] could also be made possible 
in the implementation of gamification ele-
ments in addition to the increase in training. 
This might result in a scale from simplified 
to complex representation, depending on 
the suitability for the user‘s limitation, which 
should be further studied in-depth.

Behavior

Lopez and Tucker show in the general use of 
gamification, the positive effects on the per-
formance of adapted and weakening of coun-
ter adapted gamification [234]. In the use of 
the combination of progression and socializa-
tion, a significant difference was found in the 
comparison of primary socializers, for whom 
there is a particularly high suitability of social-
ization elements [372], compared to non-pri-
mary socializers. This indicates differences in 
the effects on the different types. It supports 
the relevance of tailoring game elements to 
user types to address performance, in line 
with Lopez and Tucker [234]. The differences 
between requested and non-requested ele-
ments, effects and the height individually for 
each type should be further deepened.

3.5.3 Overall: 
Thesis Research 
Question 1 and 2

By integrating elements or overarching meth-
ods, different motivational aspects can be ad-
dressed, as shown by the system of Sailer et 
al. [325]. E.g., Progress can be focused on as-
pects of trait, cognition incl. achieving per-
sonal goals or interest, and meaningful stories 
can be focused on interest and emotion. This 
supports the different effects on requests, 
emotions and behavior found in this chap-
ter in the application of gamification. Com-
prehensively, Tuah et al. point to the future 
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need to tailor gamification to the individual 
needs of patients, as rehabilitation is a long 
process and motivation must be maintained 
[379]. The chapter therefore contributes, on 
the one hand, to the deepening of the imple-
mentation of individual elements (NPC and 
storytelling/quest), and on the other hand, 
to overarching tailoring possibilities for the 
tailoring of elements to the user type in the 
context of cognitive rehabilitation. The results 
show the individual motivational effect be-
tween the types. This supports the relevance 
of the concrete planning of intended effects 
[180, 202, 373] and proposes possibilities for 
design and development for the application 
of gamification in cognitive rehabilitation.

Limitations

Some limitations of the chapter should be 
noted. The included participants and pa-
tients are predominantly from Germany and 
the German rehabilitation system is consid-
ered in specific phases. A transfer to other 
countries or cultural groups, phases of reha-
bilitation or application areas can therefore 
not be ensured. In the qualitative approach, 
or partial consideration of subgroups in quan-
titative approaches, only a small number of 
probands are included. This shows tenden-
cies, but generalizability should be consid-
ered with caution. Some of the questionnaires 
used were translated into German for the tar-
get group, reduced in items to reduce cogni-
tive demands, or only considered in extracts. 
Likewise, a different type of study design and 
/ or implementation of gamification may in-
fluence the results. 

3.6. Summary
In this chapter, the supporting implementa-
tion (TRQ 1) and the effects (TRQ 2) on pa-
tient motivation were considered based on 
perception and usage behavior in the use of 
gamification elements as a complement to 
software-based training in cognitive rehabili-
tation. 
In line with other work [392], the chapter con-
firms the feasibility and suitability of using 
gamification for software-based cognitive 
training. 

In the general use of gamification for pa-
tients based on the elements of storytelling 
and quest, the implementation supports the 
wrapping of the training task [47, 256], which 
enables an independent development of 
both areas. 
In the detailed implementation of an NPC, the 
results show a focus on the integration of a 
younger man or a middle-aged woman. For 
the characteristics, the focus should be set 
on emotional, friendly, but also competence-
oriented characteristics, and that the NPC can 
take on the leading role. This combines sev-
eral classic role models from games.
In the overarching analysis of the request for 
different game elements, the results show 
that elements of progression and assistance, 
but not by paying money for level up, are par-
ticularly relevant. Considering the individual 
user types, there are elements that are re-
quested by all, only partially requested, and 
rejected by all. Socialization and mixed rated 
elements should be used individually based 
on the user type. A high relevance for mean-
ingfulness in its implementation is shown. 

For the implementation, a visualization for the 
orientation for the selection of requested el-
ements is presented. For further knowledge 
transfer and deepening tailoring, the proto-
typical tool of a ‘Gamification Guide‘ is pre-
sented. In this guide, users can define a target 
group, including user types and receive sum-

marized research results for individual ele-
ments in a simplified visualization. Thus, the 
competence for the development should be 
transferred on the basis of research results, 
their target group, and needs to independent-
ly select elements. 

Considering the effects, effects on motivation 
are shown. 
Based on storytelling and quest, the interest 
in the use of gamification and interaction is 
evident. It shows the integration and percep-
tion of another goal besides that of complet-
ing the training task. 
The results of the chapter do not show a sig-
nificant increase in effort through the integra-
tion of gamification. An individual perception 
of user types is shown, using the example of 
increased fun and social support for socialis-
ers and increased competence for achievers. 

In terms of training duration, there is no dif-
ference between the gamified version in a 
metaphor with, among other things, NPC and 
progress on a hiking trail and the non-gami-
fied version, however a significant difference  
arises in the gamified version between so-
cialisers and non-socialisers. 

The results show, on the one hand, the gen-
eral interest in some elements, but also the 
relevance of tailoring when using less re-
quested elements. This points to the rele-
vance of planning gamification based on the 
intended effects [180, 202, 373]. The results 
suggest that, in the future, it might be consid-
ered to use generally requested gamification 
for all users as a basis for development, and 
to tailor further in-depth effects specifically to 
the user types, resulting in a partially tailored 
approach [43]. This might result in a compro-
mise between the effort of development and 
the level of the desired effect in the future, as 
suggested by Lopez and Tucker [234].
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The results of the chapter contribute to a tar-
geted selection of elements and their tailoring 
to the target group. The results thus contrib-
ute to the consideration of the application of 
gamification and support in practical imple-
mentation, to the way of implementation and 
to tailoring and deepening the knowledge of 
application (TRQ 1) and show in-depth effects 
on motivation in consideration of perception 
and usage behavior (TRQ2) in the specific con-
text of software-based cognitive training for 
patients with acquired brain damage.

Game Elements in Cognitive Rehabilitation Software Training



The increasing connectivity by means of wire-
less technology, smart devices, and smart 
homes offers various possibilities to extend 
and complement the training, and for inde-
pendent use outside the clinic. This results 
in different scenarios for implementation and 
combination. Thus, the integration of gamifi-
cation elements can be implemented, on the 
one hand, in existing conventional software 
training on the computer. On the other hand, 
training can be complemented by gamifica-
tion or games, via various devices, or by physi-
cal objects. Therefore, in this chapter, selected 
possibilities for combination with computer-
based training in use are considered. 

This section contains texts from the author‘s 
own publications (see ‘List of own publica-
tions’ in the appendix) and partially extends 
prior work. The chapter is based primarily on 
the following publications:

4.1 Focus and Purpose
4.2 Effects of a Tailoring Method and Combined Browser-Based

 and Mobile Cognitive Software Training
4.3 Outlook: Smart Home Feedback Object - Further Development, 
Implementation for Independent Use and Tailoring of Gamification

4.4 Discussion
4.5 Summary

Section 4.2 (Browser & Mobile):
• Preliminary concepts, designs and studies were  

created and conducted within parts of the given 
lecture ‘Visual Communication - Digital Media‘ with 
the students to deepen the topic (Hochschule Ma-
deburg-Stendal). The results contributed to the de-
cisions, but are only in excerpts integrated deeper in 
this work (P. 9)

• P. 9 A. Endler et al. (EEE EMBS ISC 2019): Overall Pro-
ject Idea, Lecture, Supervision and Evaluation: M. 
Gabele. Detailed Concept and Design: A. Endler and 
T. Heidel.

• P. 1 M. Gabele et al. (MMM 2022)

Section 4.3: (Tailored) Smart Home Feedbackobject  
• Prior project: Master Thesis M. Gabele [129], develo-

ped further in this work 
• P. 11 M. Gabele et al. (IHCI 2019): based on [129], ho-

nored with the Encouragement Award
• The further development, technical implementa-

tion and evaluation, as well as conceptual tailoring 
have not yet been published or submitted at the 
time of the submission of this work. The author of 
this work (concept and realization) was primari-
ly supported in various areas by: Danny Schott 
(design and product), Benjamin Hatscher, (im-
plementation), Simon Schröer (implementation), 
Fabian Joeres (evaluation concept), Marie Stein-
brügge (design), Juliane Weicker (feedback: con-
cept and evaluation), Andrea Thoms and Haso-
med GmbH (connection to the online training). 
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4.1 Focus and Purpose
Since the focus in the first phases of rehabili-
tation is on inpatient and / or outpatient ther-
apy with close supervision by therapists, the 
computer training (desktop / browser-based) 
used frequently for this purpose is taken as 
the basic step. In ongoing steps in the reha-
bilitation process, it can be complemented, 
e.g., in home training [171] (see section 2.1.3) 
for individual use and ubiquitous integration 
in daily life. 
Colzato and Hommel discuss the future and 
change of cognitive training and mention the 
increasing number of apps and gamification 
being used [79]. This makes the training easier 
to integrate into real-world settings and more 
accessible. To support the development and 
prevent a high drop-out rate in the everyday 
life situation, they suggest the integration of 
visible feedback, which maintains the train-
ing motivation even in slow progress, where 
gamification can support. Extensions of mo-
tivation through aspects of games and feed-
back visualization also build a basis in this 
section.
In practice, training on the computer and mo-
bile devices is offered (see Table 2). White et al. 
state that different devices have different ad-
vantages and weaknesses and are used one 
after the other or simultaneously, depending 
on their function and the requirement [408]. 
Here, screen and non-screen based devices 
can be combined. 

To explore different potentials in the combi-
nation, this chapter considers:

1. The effect of the method of grouped 
tailoring in a browser-based (gamified) 
cognitive training as well as the possible 
combination with a following mobile seri-
ous game training app and

2. The further development and the feasi-
bility of the implementation of a physical 
feedback reminder object for indepen-
dent home training of the user to a brows-

er-based cognitive training and a concept 
for further design and development for 
tailoring to the different user types.

This section contributes to promote the ap-
plicability of tailoring motivational methods 
in cognitive training and analyzing its effect. 
Furthermore, it contributes to the method 
and application of complementing comput-
er-based cognitive training with mobile and 
smart home devices. Methods will be prac-
tically implemented, evaluated and further 
developed. The goal is to support the devel-
opment in practical application and thus the 
motivation and conduct of the users. 
The consideration of smartphones as a com-
plement to browser-based training is due to 
their widespread use [192] and the imple-
mentation of a smart home device to create 
a bridge to software training in everyday life. 

Thus, in this chapter, the overall questions 
TRQ 1 (Implementation of elements), TRQ 2 
(Effects in perception and training duration) 
and TRQ 3 (Training supplementation) of this 
thesis are addressed.
Challenges include the design of combina-
tions that are suitable for therapy and are 
developed for independent usage. The main 
contribution of this section is the consider-
ation of the (tailoring) combination approach-
es for development, as well as motivation 
and possibility of independent application in 
home training used in practice.

4.2 Effects of a Tailoring Method 
and Combined Browser-Based and 
Mobile Cognitive Software Training

4.2.1 Focus and Purpose
4.2.2 Background and Related Work

4.2.3 Feasibility of a Serious Game Approach
4.2.4 Effects and Combination of Tailored Browser-Based and 

Mobile Cognitive Software Training: 
Concept and Implementation of the Prototypes

In this section, for the implementation of ele-
ments and development of software prod-
ucts in practice, the grouped characteristics 
of the user and needs in terms of game inte-
gration and the combination in the use of 
browser-based and training (games) via 
smartphone are considered.
For initial feasibility, the method and effect 
in practice are investigated in an explorative 
between-subject design and hypothesis 
generating study (N=68). First, the effect of a 
browser-based training without gamification 
or with assignment of gamification appropri-
ate to the grouped mean user characteristic 
on behavior in training duration is investigat-
ed. Second, the effect of this training and a 
subsequent serious game app video proto-
type on perception and possible combina-
tions of different media is investigated. The 
results of behavior lead to the hypothesis that 
with grouped characteristics for tailored gam-
ification in browsers, users may train longer 
in the middle range of training duration. The 
results of perception show a significant differ-
ence and higher perceived value/usefulness 
and overall rating, as well as the assumption 
of a higher effect in computer and mobile 
training in the group with tailored gamifica-
tion. This could provide an important basis for 
this combination. A combination of both us-
age scenarios, browser-based and mobile, is 

perceived by users as most reasonable for 
a positive training effect. Nevertheless, there 
is a high variance for self-assessed personal 
usage. 
Thus, the results support developing multi-
ple combinable scenarios, tailored to the user, 
in-game elements, media devices and game 
integration to address intended effects, de-
velopment and user needs to support the ef-
fect of cognitive software training in practice.

4.2.1 Focus and Purpose

Motivation can be supported by gamification 
and games in rehabilitation [239, 294, 329]. 
Software-based training, gamification com-
plements and games are offered for various 
devices besides the computer [42, 115, 181, 
329, 379] (see Table 2). For the integration of 
gamification, there are several methods for 
implementation: Firstly, offer elements suit-
able to all users. Secondly, offer the most 
suitable element for each type. Thirdly, offer 
elements suitable for a combination / group 
of types. 

A challenge when assigning users to gamifi-
cation elements is that they are often a mix 
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of different characteristics [371]. Additionally, 
in practice, there is usually a short time frame 
and limited financial options for the develop-
ment of gamified systems [262]. In the pre-
vious chapter, the evaluation in section 3.4 
indicated the need for a ‘healthy relationship 
between effort and benefit‘ [130]. For this, 
costs and benefits must be balanced [292]. To 
achieve a positive effect of gamification using 
few resources for development and including 
different characteristics, the third option was 
targeted and a possible method by summa-
rizing groups of character traits in the mean 
was applied. This leads to:

• RQ1: What is the effect of grouping cha-
racteristics in the mean and assigning 
them to a rather appropriate gamifica-
tion scenario in browser-based cognitive 
training on behavior in training duration?

In addition to behavior, tailoring can be reflec-
ted also in the perception of users. Further-
more, not only tailoring in a single application, 
but also in combinations of different multime-
dia devices, such as computers and mobiles, 
is relevant [142]. 
For a possible complement of computer-
based training, the first approach was used in 
a serious game app video prototype, using an 
element that is rather suitable for all users. In 
everyday life, often multiple devices are used, 
whereby their tasks and the combination of 
the personal systems vary [194]. Depending 
on the way of combining both training appli-
cations and multimedia devices, there could 
be different effects. This leads to:

• RQ 2: How are the application and com-
binations of a previous browser-based 
training perceived A) without and B) with 
gamification, with a subsequent serious 
mobile game app?

For this the perception and comparison of 
both applications and combinations by par-
ticipants are considered. To address the re-
search questions three application scenarios 
(one without and two with grouped tailored 
gamification) were implemented. Perception 
and training behavior in the self-selected trai-
ning duration were considered as an indicator 
of motivation.

The main contributions of the step are the 
consideration of 1) the effect in training be-
havior by user grouping and assignment to 
(gamified) cognitive training and 2) the per-
ception and potential in ways of combining 
different applications and media devices. To 
address this, two possible ways of combining 
different training scenarios in practice were 
considered: 

• The browser-based training without (one 
version) or with (two versions for tailored 
use) gamification and 

• A subsequently mobile serious game 
video prototype addressed to all users 
were designed and evaluated as possi-
ble combinations. 

The goal of this step is to explore basics for 
developing and connecting (tailored) cogniti-
ve training in different multimedia in practice. 
The results contribute to the implementation 
of elements, effects and range and expansion 
of use options to support design and deve-
lopment and thus the user motivation.

4.2.2 Background and 
Related Work

Tailoring gamification is often based on the 
characteristics of the users [215, 372]. How-
ever, the consideration of the primary type 
only excludes other characteristics. Hallifax 
et al. therefore point out that the combinati-
on should be considered [156]. Also, Santos 
et al. point out that the assignment should 
include not only the primary type, but the 
different scales of the types in their levels, 
among other things, because the user type 
can change over time [328]. Further, according 
to Koivisto and Hamari, there is a lack of consi-
deration of the link between gamification and 
psychological outcomes, such as frequently 
considered enjoyment or perceived useful-
ness/effectiveness, although outcomes are 
frequently considered in empirical research 
papers [219].

According to the World Health Organization 
(WHO) and the European Respiratory Soci-
ety, mHealth (Mobile Health) describes an 
aspect of eHealth where mobile devices are 
used [412]. With increasing [412] and high usa-
ge [194] and increasing availability of mobile 
devices, mHealth technologies and apps of-
fer potential for use in the health sector [223] 
and rehabilitation [102]. Thus, resources can 
be economized, and the patient can be mo-
nitored and supported [412]. However, as in 
eHealth, it is not intended to replace conventi-
onal medical therapy or therapists, but to sup-
plement it [102, 185]. In practical use, training 
for various devices, like computers (download 
or browser-based), or apps for mobiles such 
as smartphones or tablets, are offered for pa-
tients [181]. According to a review by Johnson 
et al., existing papers often consider websites 
or mobile devices as platforms [192]. Mobile 
devices are widely used and possibly make 
gamified applications more accessible than 
specialized devices [192]. In studies on gami-
fied cognitive training, tablets are more likely 
to be considered for the use of mobile de-
vices, while smartphones tend to be less fre-
quently used [392]. Smartwatches have been 
used for a reminder prototype in prior work 
[129], with potential suitability as a reminder 
for people with acquired brain damage, which 
was also noted by Jamieson et al. [185].
How et al. consider in a co-design approach 
possibilities for future approaches to use, 
among other things, mobile technologies in 
cognitive telerahabilitation [178]. They show 
a variety of concepts, such as a reminder on 
strategies in everyday life, which can be given 
by a smartwatch depending on location and 
situation. However, when considering motiva-
tion, they also point out the relevance of me-
aningfulness and the setting of goals that are 
relevant for the patient. 

Chandrashekar indicates the potential of mo-
bile applications to fill treatment gaps where 
access is lacking, and to enable technology-
based changes in the offering of therapies, 
but for this, a linkage of science, policy foun-
dations and design is necessary [68]. Real-
time engagement, usage reminders, and 
gamified interactions are suggested as sup-
porting factors for the required high level of 
personal motivation. For a low cognitive load, 

a simple user interface should be implemen-
ted in the apps.
When care is needed, it is technically rele-
vant, according to Dicianno et al., as in the ‘iM-
Here‘ system, that a tool used by a caregiver 
is linked to the patient‘s mobile devices [102]. 

In mHealth, Vella et al. show in the use of the 
app MindMax the potential for users to sup-
plement mental and well-being content in an 
app with casual games [390].
Nuijten shows the potential of gamification 
elements (reward mechanisms, social com-
parison and adaptive goal setting) to address 
engagement in mHealth applications [277]. 
However, they did not find this effect for per-
sonality tailoring.
Dennis and O‘Toole show that the use of a 
gamified mobile application can help reduce 
subjective anxiety in highly anxious people 
[95]. Thereby, various advantages of mobile 
devices are pointed out, such as the easy ac-
cessibility and distribution of offered services.
In mental health, Mak et al. show positive ef-
fects and reduction of psychological distress 
by using the modules of the app ‘Living With 
Heart‘ [240]. They also address the high pre-
valence, pointing out that mobile apps could 
thus address public mental health. Schlosser 
et al. show with the mobile app intervention 
‘PRIME‘ for patients with schizophrenia in an 
iterative development process the increase 
of motivation, whereby an experience that in-
cluded several aspects of the Self-Determi-
nation Theory was preferred [333]. They point 
out, among others, the design of a friendly, 
non-stigmatizing approach [333]. In a review, 
Rathbone et al. show that the use of mobile 
health apps is endorsed with regard to Cog-
nitive Behavioral Therapy [305]. In this field, 
Tang and Kreindler propose the use of mobile 
devices to promote the carrying out of home-
work tasks related to therapy [362]. They point 
out the relevance of various aspects, such as 
therapy congruence and emphasis on com-
pletion for integration into the app.
Dobosz et al. have developed ‘RehaMob‘, an 
android tablet-based training program for old 
patients in neurological care for the training 
of various cognitive impairments after a stro-
ke [105]. This shows that the mobile training 
is suitable for use in cognitive rehabilitation 
in terms of usability for patients. Furthermore, 
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the mobile training was shown to be more at-
tractive for most patients than a conventional 
paper-based training [105]. They point out that 
the use of mobile devices in long-term reha-
bilitation can support further training. In addi-
tion, they suggest the use of game elements 
for mobile cognitive training in rehabilitation 
to make the application more attractive.
A comparison of computer based and mobile 
training for alcohol avoidance by Boender-
maker et al. showed minor differences, such 
as slightly higher involvement with respect to 
mobile training, but no substantial differences 
[44]. Although initial indications suggest that 
there is a higher motivation for mobile training 
in terms of how often training is carried out, 
this was offset by the basic motivation to train 
before training [44].

When considering multi-device use, Jokela et 
al. point out that different devices are used for 
different tasks, situations, and environments, 
and the selection may depend on one‘s habits 
and preferences [194]. Smartphones are used 
for various everyday tasks, while tablets are 
mostly used for consuming content and en-
tertainment. Laptop computers are used for 
more complex tasks and more complicated 
content, often for more important and serious 
tasks such as work. Users want to use content 
on different devices and that the devices work 
seamlessly.
In the ‘Ubi4Health‘ application for healthcare 
environments, a multi-device system is used, 
and Garrido et al. point out that this provides 
an important infrastructure for improving con-
text-awareness [142]. It enables users, staff 
and patients to use and interact with appro-
priate devices according to their needs.

Despite a possibly increased difficulty in mo-
bile training games by changing the surround-
ing, they may support the practical training 
needed and the learning effect [116] (see Pre-
Study, section 4.2.3). Playing on the computer, 
however, is not substituted by apps for users 
due to the various needs [117]. The computer 
is more often used for playing games at home 
than the smartphone, and has a high visual 
recognizability due to the large screen [117]. 
A typical reason for playing games on mo-
bile devices is to bridge time in waiting situ-
ations [117]. 

To support motivation, there is a wide vari-
ance and depth of integration: From basic 
training tasks to serious training games [47]. 
In eHealth studies, both gamification and se-
rious games are often considered in the field 
of rehabilitation / chronic disease manage-
ment [329]. As in the preliminary study, seri-
ous game app concepts can be partly based 
on basic cognitive training approaches [116]. 

Beyond mobile training in therapy, brain jog-
ging apps such as ‘NeuroNation‘ [270], ‘Lu-
mosity‘ [238], or ‘Elevate‘ [113] are developed 
for cognitive exercises [270]. They are often 
characterized by gamified or game-based im-
plementations. Fun and entertaining imple-
mentation are relevant aspects. Like therapy 
tools, many brain jogging apps offer training 
in various ability categories. However, they 
tend to focus on prevention or improving cur-
rent skills. They do not tend to be integrat-
ed into therapy processes and, in contrast to 
the use of rehabilitation tools, do not tend to 
take place under the supervision of psycholo-
gists/therapists [181]. Due to their differing in-
tended use, Irazoki et al. point out, that they 
should not be used for treatment [181]. 

4.2.3 Feasibility of a 
Serious Game Approach

The feasibility of combining an existing medi-
cally approved cognitive training and a ca-
sual mobile game was considered. Several 
requirements were defined for this. In addi-
tion to enjoyment and personal responsibility, 
autonomy as part of the Self-Determina-
tion Theory contributes to support motiva-
tion [323]. This is to be addressed by mobile 
training that can be used flexibly in terms of 
space and time. For usage in rehabilitation, it 
should be based on an existing training, but 
not merely offer a porting of the training to an-
other platform, but offer a separate approach 
which is appropriate for the device. Motiva-
tional elements are to be integrated to sup-
port usage. The approach should be used on 
mobile devices and offers the possibility to 
connect it to computer-based training. 

Figure 18. Mobile Training Concept for Smartphone and Smartwatch. Figure from End-
ler et al. [116]. Note: The following rendering was used as the basis for the visualization: [51]

To explore possibilities, various approaches 
have been designed within a lecture given by 
the author at the University of Applied Sci-
ences Magdeburg-Stendal. Based on the re-
quirements and consideration of motivational 
support by games, one resulting approach is 
considered further, which uses a game con-
cept as a basis and combines it with an ex-
isting cognitive training for logical reasoning 
[165]. 

Logical reasoning training is about analyzing 
and identifying the underlying concepts of a 
problem to find a solution, which forms a ba-
sis for solving problems in everyday life. In 
the existing training, image series based on 
shapes are shown, which are to be supple-
mented by a further series element [165].

A concept and a video prototype for a pro-
posed mobile casual training game for smart-
phone and smartwatch were designed. The 
concept is intended to complement the 
cognitive training given by the therapist. In 
the video prototype, the scenario, function, 
screens and interactions were illustrated. 

Within the game, shapes are displayed in a 
row and have to be logically completed (Fig-
ure 18). If the answer is correct, the row disap-
pears. If the answer is wrong, it remains. The 
goal is, similar to the game ‘Tetris’ [286], to 
get as few as many remaining rows as pos-
sible, or to achieve a number of correct rows. 
By a planned server-based connection of the 
app to the training profile of the patient in the 
system of the therapist, an adjustment of the 
difficulty to the abilities of the patient can be 
implemented.
In a semi-structured qualitative expert inter-
view with a psychologist and a product man-
ager of the rehabilitation software used as a 
basis, the various approaches developed, in-
cluding the game approach described above, 
were evaluated. It was shown, among others: 
The time-reduced task at the personal ability 
level is suitable to promote the practice that 
is necessary for rehabilitation. A changing en-
vironment makes training more challenging, 
but may promote the learning effect. 

The gameful approach may expand the cur-
rent training in a motivating way and thus it 
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shows a high potential for use in clinics and 
home training. The combination with an exist-
ing training system distinguishes it from exist-
ing brain jogging apps and provides a reliable 
therapeutic background.

This step indicates the feasibility and sug-
gests that the game approach might be 
suitable for use. The concept shows the com-
bination of existing cognitive training and its 
transfer into a serious game. It expands the 
potential of cognitive training for flexible use 
of the patient‘s individual situation. Based on 
this step, such an approach will be further de-
veloped in the next step and the effect and 
connection with browser-based training will 
be evaluated.

4.2.4 Effects and 
Combination of Tailored 

Browser-Based and 
Mobile Cognitive 

Software Training: 
Concept and 

Implementation of the 
Prototypes

In the next step, for the connection of brows-
er-based and mobile training, a mental calcu-
lation training was chosen as an application 
example close to everyday life. Due to the 
widespread use of the devices, a smartphone 
was used for a prototypical example.

Based on a pilot study (N=13, 10 calculation 
tasks) a suitable difficulty level was identified. 
This is set to avoid boredom, overload, and 
to prevent drop-outs in training due to these 
factors, which are not related to gamification.
In mean (standard deviation), individual cal-
culation skills (5-point Likert scale: 1: poor, 
5:good) were rated at 3.15 (0.95), 4.08 minutes 

(2.09) were needed, and 1.38 (1.39) errors were 
made. Using the NASA TLX (21-point Likert 
scale, 0: low, 20: high) most results were in the 
medium to rather low range: Mental Demand 
(8.62 (4.76)), Effort (8.54 (4.41)), Performance 
(7.77 (6.12)), Temporal Demand (7.15 (3.86)), and 
Frustration (5.62 (4.29)). Physical Demand was 
rated lower (1.62 (1.86)). Based on these find-
ings, the prototype was designed.

Regarding browser-based training, one basic 
version, inspired by an existing medical train-
ing for calculations [163], and two extensions 
for gamified versions were designed. The Uni-
ty based prototypical implementations were 
integrated in an existing browser-based on-
line training environment for cognitive reha-
bilitation [162]. This allows users to conduct it 
independently at home in their personal en-
vironment and according to the intended ev-
eryday life usage scenario. 
After tasks for familiarization, the basic train-
ing (Figure 19 A) contains blocks of 10 tasks 
each, according to the pre-study: exercises 
range between 1 and 1000, up to three deci-
mal places. Then a hint appears to start the 
next block. According to the results of the 
preliminary study, an average of 1-2 errors 
per set were incorporated. This was aimed 
primarily to provide a sense of success, but 
also a sense of relevance to the training.

The two additional gamified versions and el-
ements were chosen based on the results of 
Tondello et al. [372] in a way that each type 
can be assigned to an element that is rather 
appropriate: 
For the category ‘Immersion’ (suitable for: Phi-
lanthropist, Free Spirit, Achiever, Disruptor) a 
story based on the popular leisure activities 
gardening, going shopping or out for a meal 
[353] was added (Figure 19 B). It is wrapped 
around the basic training task blocks. For 9 
or 10 correct answers, users receive a com-
pliment and a story related picture, for less, a 
supportive remark. 
For ‘Socialization’ (suitable for: Socialiser, Play-
er), a cooperative setting was integrated (Fig-
ure 19 C), which has shown a higher effect than 
competition in physical activity [70]. It is aimed 
to avoid potential shaming for low skills, stress 
and negative emotions and shows also a posi-
tive effect for these user types in contrast 

Figure 19. Browser-based cognitive training software: A) Basic training and extensio by 
B) a Story and C) Cooperation; Serious game app: D) Selection of numbers, E) Successfully 
achieved result. Figure from Gabele et al. [134].

Step 1 Step 2 (Browser-Based) Step 3 (Mobile App)
Pre-survey
and assign-
ment 
(Between 
groups
and in group B
gamification)

Group A Calculation 
without
gamification

Post
survey A

Serious
Game App
Video
Prototype

Post
survey

Group B Calculation 
with
gamification
(Immersion or
Cooperation)

Post
survey B

Table 15. Procedure of the explorative study. Table from Gabele et al. [134].

to competition [284]. The player is assigned to 
a computer generated teammate, who simu-
lates a real player, but behaves the same way 
for each participant. Both calculate simulta-
neously individually received tasks. For 9 or 10 
correct answers, both receive a green star, for 
less, a supportive remark. The programming 
of the teammate is based on a repetitive se-
quence in winning (W) and losing (L) (W, L, L, 
W, L, W, W, W, L, L).

In all versions, gamified and non-gamified, 
this created short breaks between tasks. 
Thus, the procedure was approximated, as in 
other studies [45]. 

Regarding the combination, a serious game 
app video prototype was designed (Figure 19 
D, E). Based on the suitability for all users, its 
concept is based on ‘Progress’, as this is highly 
requested in the cognitive training of patients 
[136] (see section 3.3). Due to potential distrac-
tions in the environment [76], the difficulty in 
game potentially should be lower than that 
of computer training. The game is intended 
to compete with other games on the smart-
phone in terms of entertainment value [117]. 
Short exercises allow users to start and stop 
the app flexibly. 
The goal is to calculate a target number (17 
in this example) by collecting and adding 
numbers. To collect, a ball moves through a 
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tunnel, which can be rotated by arrows. The 
numbers are created in a way that the target 
number can be reached.

Evaluation

Method 

An explorative between-subject design study 
with two groups was conducted: without 
(Group A) and with tailored gamification ele-
ments (Group B) in browser-based training, 
followed by a serious game app video proto-
type. The study was conducted in three steps 
(Table 15) and blinded for participants. They 
were given the opportunity to receive per-
sonal partial results and / or to take part in a 
draw for a gift. Participants over 18 years who 
showed interest in improving their mental cal-
culation skills were recruited. Sufficient lan-
guage skills, basic skills in addition, access to 
computer, internet, and email were required. 
Data input until 07/07/2020 was included.
In step 1, after informed consent, a pre-sur-
vey was conducted to collect demographic 
data, self-assessment, and user type based 
on Player and User Types Hexad Question-
naire [374]. To avoid bias, group A and B were 
balanced according to enjoyment and self-
assessed abilities in calculation (7-point Likert 
Scale (1: Absolutely no / very bad, 7: Abso-
lutely yes / very good), age, and gender. For 
a possible way of assigning gamification (B), 
the mean values between the results for the 
types that are suitable for the two gamifica-
tion versions as described above were used. 

In step 2, participants received information 
and login data via email. The training had to 
be conducted in a single session with a free 
choice of time, place and duration. To avoid 
overload, maximum duration was set to 90 
min (including gamification), similar to a lec-
ture. For the analysis of training duration (ex-
cluding gamification), the time considered 
was reduced: 1. Since different amounts of 
time for familiarization was needed, the lon-
gest required time (10.42 min) was considered 
as the starting point for all. Lower total times 
were set to 0. 2. Since gamification also re-
quires additional time, in Group B of those 
who reached the total time (90 min), the mini-

mum calculation time (without gamification) 
was considered (68.5 min). If the training was 
started more than once, only the first start up 
to stop via ’esc’ was included. An unpaired t-
test was used for determining significance 
in training duration between group A and B 
(two-tailed, threshold for significance: 0.05). In 
the post-survey, questions about the percep-
tion were asked: Personal Gratification based 
on questions of GUESS, Value/Usefulness, 
Enjoyment, Competence on parts of ques-
tions of IMI, workload on NASA TLX, possible 
(A) and used (B) gamification, presentation, ef-
fect, requests and reasons for stopping.

In step 3, the participants received the link 
to the serious game video prototype and 
post-survey via email. Questions were asked 
about the perception, effect, possible use, rel-
evance of different aspects, and comparison 
between web based training, app and combi-
nation. A Mann-Whitney U-test was used for  
determining significance in difference of per-
ception between Group A and B and browser 
and app based prototype (two-tailed, thresh-
old for significance: 0.05). 

Exclusions in the analysis were based on tech-
nical, procedural or organizational problems, 
misunderstanding tasks or missing steps. For 
quantitative analysis of training times (RQ1), 
participants were included who completed 
the browser based training. For perception 
(RQ2), to draw conclusions between the pro-
totypes, participants who answered all ques-
tionnaires and did not independently conduct 
types of training that were not part of the 
study were included. For the evaluation, the 
parts of the results that were relevant for RQ 
1 and 2 were considered in excerpts.

Results

In the following, the summarized results con-
sidered regarding RQ 1 and 2 in the explor-
ative study are presented. The number of 
missing data is indicated by the number of as-
terisks in the corresponding parts. Significant 
p-values are printed in bold. 68 participants 
started, 49 were included in different parts of 
the analysis, without significant difference re-
garding assignment factors between Group 
A and B in both RQs. 17 dropped out before,

Figure 20. Training duration of participants without and with gamified training (pure time 
of calculation, reduced and sorted by duration). Figure from Gabele et al. [134]. 

2 during browser based training, and 10 at dif-
ferent points later. Reasons included techni-
cal, organizational and language problems, 
and dropping out without feedback. 

Regarding the behavior (RQ 1), 42 partici-
pants were included in the analysis regard-
ing training duration. 20 participants in group 
A (mean age: 44.05 years, age range: 20-83 
years, female: 10, male: 10, enjoyment (4.40) 
and individual abilities (4.05) in calculation) 
and 22 participants in group B (mean age: 
44.64 years, age range: 22-73 years, female: 
10, male: 12, enjoyment (5.09) and individual 
skills (4.68) in calculation). 
Deducting the reduced times the training du-
ration results in a median of 7.49 min in group 
A and 28.30 min in group B (no significant dif-
ference (t=-1.1443, p=0.2593)). The individual 
values are shown in Figure 20.
Regarding the perception and comparison 
(RQ 2) of browser-based training and the se-
rious game app, 34 participants are included. 
15 participants were in group A (mean age: 
39.33 years, age range: 20-70 years, female: 
7, male: 8, enjoyment (4.53) and individual 
abilities (4.33) in calculation) and 19 in group 
B (mean age: 44.95, age range: 24-73 years, 
female: 9, male: 10, enjoyment (5.26) and in-
dividual abilities (4.74) in calculation). Results 
are presented in mean (SD). 
In the post-survey of step 2, a significant dif-
ference has emerged for (Group A, Group B, p-
value): Value/Usefulness (5.13, 5.88, 0.02642) 
and overall rating on a 7-point Likert scale (1: 

very poor - 7: very good) (4.73, 5.42, 0.0466). 
No significant difference has emerged for: 
Personal Gratification (5.57, 5.87, 0.34212), En-
joyment (4.60, 5.28, 0.05), Competence (5.20, 
5.37, 0.28014) and the scales of NASA TLX. In 
detail, in the ratings of the individual aspects 
of training and gamification and the request 
for integration, a wide variety was observed. 
Reasons why the training was stopped were, 
among others, in group A: lost interest, re-
petitive, same types of tasks, no progress / 
goal indicated; concentration waned, trained 
enough / end of training reached; and in 
Group B: no progress / goal indicated, con-
centration waned; same types of tasks, trained 
enough / end of training reached.
In the post-survey of step 3, the serious game 
app (4.73, 5.33*, 0.15272) was rated overall also 
rather well. The relevance of different aspects 
in training were assessed on a 7-point Likert 
Scale (1: absolutely not important, 7: abso-
lutely important) (Item (Group A, Group B)): 
train at a time I want (5.93, 6.42), train at a 
place where I want (5.6, 5.95), have fun with 
training (5.8, 6.26), effectiveness of the train-
ing (5.86*, 6.05). Assessment of possible ef-
fect and usage within browser-based training 
and serious game app are shown in Table 16. 
A comparative assessment of the effect for 
different multimedia applications in Group A 
and B is shown in Table 17. Figure 21 shows 
how the browser-based and app-based train-
ing was perceived in comparison. Figure 22 
shows which way of combination is perceived 
as most effective and most likely to be used.
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Browser-Based Training Serious Game App

Effect and Usage A B p-value A B p-value
With regular use, the trai-
ning has a positive effect 
on my calculation skills.

5.14*
(0.83)

6.21
(0.77)

0.00318 4.79*
(1.21)

5.47
(1.19)

0.08726

I should do training like 
this, adapted to my abili-
ties, more often.

5.07
(1.18)

5.47
(1.39)

0.34212 4.36*
(1.34)

4.89
(1.48)

0.29834

I would like to do training 
like this, adapted to my 
abilities, more often.

4.40
(1.14)

4.58
(1.57)

0.75656 4.21*
(1.86)

4.44*
(1.67)

0.78716

I will do training like this, 
adapted to my abilities, 
more often.

3.40
(1.25)

4.28*
(1.66)

0.15854 3.31**
(1.54)

4.05
(1.70)

0.25848

Table 16. Presumed effect and individual training behavior in browser-based training 
and serious game app (7-point Likert Scale (1:Absolutely not true, 7:Absolutely true)). Table 
from Gabele et al. [134].

Presumed effect Group A Group B p-value
Training on the computer results in a high training effect. 5.00 (1.10) 5.89* (0.81) 0.0226

Training on the mobile phone results in a high training effect. 4.71* (1.03) 5.72* (0.93) 0.03

A game on the computer results in a high training effect. 5.33 (0.70) 5.47** (1.19) 0.40654

A game on the mobile phone results in a high training effect. 4.92** (1.07) 5.47** (1.14) 0.22628

I would like to use the training from the computer as it is as 
an app for mobile phone / tablet (instead of the app as in 
the video).

4.47 (1.86) 4.65** (1.57) 0.89656

Table 17. Presumed effect for training in different ways and multimedia (7-point 
Likert Scale (1:Absolutely do not agree, 7:Absolutely agree)). The number of asterisks indi-
cates the number of missing data. Table from Gabele et al. [134].

Discussion and Conclusion

RQ 1: Behavior in Tailored 
Browser-Based Training

Although there are significant differences in 
cognitive training and duration [45, 275] and 
in behavior in other domains, in line with pre-
vious steps in this [136] (see section 3.3) and 
other work [239], there was no significant dif-
ference between training duration with and 
without gamification in browser-based cogni-

tive training in this study. However, the median 
with use of gamification is noticeably higher. 
Without, in line with Knop, the large propor-
tion of participants showed rather low usage, 
also some high performers and few users in 
the middle range of training duration [217]. In 
the middle range, participants with gamifica-
tion achieve partly higher training durations. 
However, the hypothesis that tailored gamifi-
cation in cognitive training may support incre-
asing the training duration in the middle range 
should be evaluated in further studies. This 
should include the classification of baseline 

Figure 21. Comparison between browser-based (gamified) training and serious game 
app. The number of asterisks indicates the number of missing data. Figure from Gabele et al. 
[134].

Figure 22. User report on most reasonable and preferred method. The number of as-
terisks indicates the number of missing data. Figure from Gabele et al. [134].

motivation, as exemplified by Boendermaker 
et al. [44]. Also, it should be considered why 
this occurs only in some participants.

Reyssier et al. show a positive effect on those 
with the highest amotivation and a significant 
influence of initial motivation and user type 
in students learning mathematics [309]. This 
supports the differences found in this step, as 
well as to include both aspects in further con-
siderations. However, they also show the de-
crease of motivation with high initial extrinsic 
and intrinsic motivation through progress and 
ranking [309]. This aspect should be included 
in future consideration and assignment. 

For development of tailored gamified applica-
tions in practice, a compromise is integrated 
between a few elements to be used, consi-
dering the mix of user characteristics and as-
signment of users to the solution that may 
be most appropriate for them. Thus, accor-
ding to the approach proposed by Hallifax et 
al., several character types are included [156]. 
Also, this might reduce gamification assign-
ment and development effort, which might 
potentially address the compromise between 
development time and motivational support 
mentioned by Lopez and Tucker [234] and si-
milarly mentioned in section 3.4 [130]. 
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Barata et al. also show in the area of stu-
dent learning different performance groups 
in a gamified system by Achievers, Regular, 
Late Awakeners, Halfhearted, Disheartened 
and Underachievers [29, 30]. Achievers and 
Underachievers are consistently identifiable, 
whereas the others appear at specific points 
in the course. They propose to use an analy-
sis algorithm to detect Underachievers early 
and to dynamically integrate gamification el-
ements to motivate them [29]. 

Tamayo-Serrano et al. point out the relevance 
for stroke rehabilitation of analyzing motiva-
tional elements based on automatic recogni-
tion of engagement and emotion in the future 
[361]. A motivation-centered automated ap-
proach may be useful for patients in cogni-
tive training, especially in independent home 
training to prevent dropouts or too low train-
ing [388]. Utomo and Santoso suggest for stu-
dents with low performance based on agents 
used to implement instructions and sugges-
tions and to increase the activity level [385]. 
Signposting is also an element of assistance 
requested for cognitive training (see section 
3.3) and could be considered for use in the 
future when low performance is analyzed. 

RQ 2: Perception and Combination

The higher perception of value/usefulness 
of gamified browser-based training in group 
B shows an effect on emotions. The results 
also support the relevance of autonomy [323], 
as training at a time and place that partici-
pants want was rated as rather relevant. The 
stated relevance for fun in training supports 
the integration of motivational elements like 
gamification, considered by Vermeir et al, 
and their conclusions that gamified training 
is more motivating / engaging [392]. This has 
also partially shown to be evident evident in 
section 3.3. 
The assessed relevance of effectiveness can 
indicate the relevance of its integration and 
confirmation, as well as communication to 
the user. However, the users missed a pre-
sentation of a goal or progress, which is highly 
requested in cognitive training, as analyzed 
in section 3.3 [136]. However, despite the re-
warding story related picture / green stars for 
successfully completed tasks, dropout rea-

sons such as no progress / no goal were in-
dicated in both groups. This suggests that a 
more explicit representation of goal and prog-
ress may be needed than the number of suc-
cessfully completed tasks. Positive feedback 
was mentioned by van de Weijer as an impor-
tant basis for gamification [387]. Feedback on 
progress is relevant for users in training [178] 
and to repeat the behavior [313]. Its deeper 
or more meaningful integration may further 
support emotions, for example in enjoyment, 
where the results are on the verge of signifi-
cance in this step (p = 0.05). Especially with 
increasing age, the focus shifts from compe-
tence to enjoyment [41].
Also, a more meaningful approach might 
support relation to the rewards [154]. Indi-
vidualization of rewards, goals and possible 
meaningful implementation is considered as 
a complement in section 4.3.6.

Perceived usefulness is a relevant aspect to 
continue [219]. Talaei-Khoei and Daniel show, 
based on the example of a brain training 
game, that younger older adults believe that 
it can improve their cognitive skills, includ-
ing daily living skills, and help them to live 
independently [360]. The results support the 
positive effect of gamification on perceived 
usefulness in cognitive training. 
According to Sardi et al. a risk exists that gam-
ification or games lead to less serious percep-
tion of training [329]. Similar indications can 
be found for the different implementations in 
this study. Although predominantly the imple-
mentations for both devices are rated as se-
rious training, the following tendency for the 
(non-)gamified training on the computer can 
be observed.
However, a significantly higher effect is as-
sumed in gamified training and after its use 
also in training on computers and mobiles 
in group B, which is particularly relevant for 
the development and implementation of 
gamification elements. The belief in the ef-
fectiveness of cognitive training is a relevant 
predictive factor for the willingness of users to 
carry out training [161]. This indicates that the 
integration of gamification might be a sup-
porting factor in training behavior in different 
media devices. Although this difference is not 
shown for games or the serious game app 
and browser-based training is perceived as 

more skill-supportive, differences in the way 
of use are indicated. Slightly higher motivation 
for frequent repetition of training with the app 
and, and in contrast, more tasks in browser-
based training may support the different ways 
of using the devices [194]. The wide range of 
individual ratings and interest in the use of 
both versions can have different explanations 
beside this: First, in line with Lessel et al. [231], 
there may be different levels of interest in in-
tegrating game support. Second, in line with 
Jokela et al., device usage and needs in every-
day life differs [194]. In the study, smartphones 
were used as an example for the mobile ver-
sion. According to Lu et al., tablets could be 
more suitable for older people, among other 
things because of the larger screen and the 
corresponding recognizability [235]. An imple-
mentation for both devices could therefore 
support availability and accessibility. 
Altogether, based on the results, differences 
can be seen between preferred individual use 
of the application and different devices [194], 
and moreover in the assumed effects.
The autonomous selection of devices could, 
in line with the autonomy aspect [88, 321], 
support usage. This effect has been shown 
by Kaptein et al. in self-selection of game el-
ements and increased compliance [201].

General Discussion, Future Work  
and Limitations

In the combination of applications and me-
dia devices, the suitability for the users, the 
training goals as well as the feasibility in de-
velopment should be considered. The re-
sults indicate that tailoring gamification and 
grouping in mean characteristics could in-
crease motivation and may partly influence 
training behavior, while integrating different 
user characteristics. Compared to individual 
implementation of elements for each user 
type, the complexity of the development may 
be decreased in the future. This supports the 
suitability of this approach for practical de-
velopment. 
In line with Vermeir et al., the gamified ap-
proach is partly more promising in terms of 
motivation compared to the non-gamified ap-
proach [392]. The results, the level of potential 
effects on behavior and motivation and influ-
ence in training effect should be evaluated 

in further studies and directly compared with 
other ways of assigning gamification. To ad-
dress the different needs shown in compari-
sons, based on adaptive game elements [395] 
and combining media devices, different usage 
possibilities can be developed. Furthermore, 
training can be individualized and adjusted 
to required training factors corresponding to 
the abilities, level of possible or desired dis-
traction stimuli in everyday life, the required 
integration of routine or commitment to train-
ing in everyday life, or intended intensity and 
duration, etc. The focus of the combination 
might be also change over the training peri-
od, depending on the goal and user. This also 
might create new feedback loops [392]. In this 
way, the relevance to consider users’ needs 
[262] and learning therapy aspects can be in-
cluded. However, it is relevant that all systems 
simply work with each other [194].
In line with Eysenbach, on behavior in eHealth 
[120], the study shows a high drop-out rate. It 
is relevant to analyze reasons and points of 
dropout to develop strategies for reduction. 
Also, the remaining group of low performers 
in gamified training should be considered. 
The stage of change in the user‘s awareness 
can be relevant here, as it is also related to 
experience and motivation [12, 286], as well 
as the level of belief in one‘s own abilities [66]. 
In addition, following the review by Killikelly 
et al. and the indication that younger/male 
users might have a higher dropout rate [212], 
relevant factors such as combinability for dif-
ferent age groups should be further consid-
ered. 
Boendermaker et al. found no difference be-
tween pc and mobile training after including 
baseline motivation in the quantity of conduct 
[44]. Based on the results of this study, the dif-
ferent preferences found should be included 
in further studies as a basis for a comparison 
of motivation in perception and quantity of 
training, in order to consider subgroups in de-
tail instead of the entire population and ad-
dress tailoring.
Altogether, the results indicate for practice, 
that it seems useful to tailor the way of design 
applications and the combination of different 
multimedia products. 

Some limitations should be considered. The 
browser-based prototype was used once 
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and the serious game app watched as a vid-
eo prototype. The presumed use is based on 
participants’ assumptions. Using both (longer), 
a different implementation or gamification, or 
another study design can influence the re-
sults. The sample size of participants is rather 
small. A transfer of the results to other coun-
tries or cultural groups cannot be guaranteed. 
Although the non-gamified browser-based 
training is inspired by an existing clinical train-
ing [162] and integrated in the corresponding 
browser-based training environment, there 
is no direct comparison of the prototypes to 
different state-of-the-art training. This should 
be considered further for comparison of be-
havior. The gamification approach (step 2) 
supplements the browser-based training. Al-
though the task of calculating remains in its 
basic form, it is changed in its way of realiza-
tion due to the character of the casual seri-
ous game (step 3). Whether a training effect 
is maintained by the presented design cannot 
be guaranteed and should be further evalu-
ated. Also, only two combinations of devices 
and realizations were considered. In practice, 
possibilities go beyond and should be ana-
lyzed further.

Conclusion

In this step, two main aspects were consid-
ered: 1) for implementation, the effect of the 
method of grouped mean characteristics and 
assignment to an appropriate gamification 
scenario in comparison between a stationary 
browser-based training with or without tai-
lored gamification on behavior and 2) its effect 
on perception and the combination of differ-
ent media devices by a subsequent serious 
game app for cognitive training. In the behav-
ior in browser-based training (RQ 1), indicators 
were found for the hypothesis that users with  
grouped gamification show a higher training 
duration in the middle range than without. Re-
garding perception (RQ 2), a higher perceived 
overall rating and value/usefulness with the 
use of gamification and a higher presumed ef-
fect in browser-based training, computer and 
mobile training is shown. This may support 
the conduction of training in the future. Al-
though the combined use of browser-based 
training and serious game app is assumed in 
both groups to have the highest effect, there 

is a wide variation in the demand for individ-
ual use. 
Based on the results, for implementing gam-
ification elements, grouping characteristics 
in mean could be suitable for use in devel-
opment in practice. For the development of 
combinations, integrating a gamified training 
version, but also offering multiple combinable 
options in gamification or game integration 
and multimedia device combinations, adapt-
ed to the everyday life, intended usage be-
havior and users’ needs can be reasonable. 
Thus, positive effects in combinations might 
be addressed, also for users for whom only 
one system is suitable. 
The overall results support the implemen-
tation of tailored game elements for appro-
priately grouped user characteristics and 
tailored usage of devices to support behavior, 
perception, and motivation in cognitive soft-
ware training in practice.

Take-away & Key aspects

•	 The behavior shows the hypothesis that in browser-based training the inte-
gration	of	gamification	leads	to	higher	training	duration	in	the	middle	range	
of the training duration

•	 A	browser-based	gamified	training	increases	perception	in	value/useful-
ness,	overall	evaluation	and	presumed	effect	on	pc	and	mobile	

•	 A combined use of computer/laptop and app is perceived to be the most 
reasonable,	but	the	presumed	personal	use	differs	from	this	

•	 Autonomy	in	the	time	and	place	for	training	and	both	its	fun	and	effective-
ness are rather important aspects for users

•	 For	development,	the	characteristics	of	a	user‘s	individual	user	types	can	
be	grouped	into	means	to	allow	tailoring	of	gamified	approaches	to	assign	
and simplify implementation

•	 Overall,	the	different	methods	have	different	effects	on	motivation.	Tailor-
ing should therefore include both the degree of game (element) integra-
tion and the device usage, respectively their combination for design and 
development
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4.3 Outlook: Smart Home Feedback 
Object - Further Development, Im-
plementation for Independent Use 

and Tailoring of Gamification
4.3.1 Focus and Purpose

4.3.2 Background and Related Work
4.3.3 Pre-existing Approach
4.3.4 Further Development

4.3.5 Evaluation: Feasibility Study
4.3.6 Discussion, Further Concept and Conclusion

Prior to this work, a concept and a prototype 
for a light-based visualization of training feed-
back were designed [129, 135]. Based on this, 
in this section, a next iteration was designed, 
a software connection to a browser-based 
cognitive training was implemented and 
evaluated, and a concept for tailored use was 
designed. Thus, 1) technical feasibility and 2) 
interaction and perception and 3) tailoring 
were considered in the context of comple-
mented browser-based cognitive training. 
In a qualitative study, two participants con-
ducted an independent cognitive training 
at home over three weeks and used the 
feedback object as an addition. The results 
confirm the technical feasibility of the com-
bination during independent use in a home 
environment. Primarily relevant seems to be 
the presentation of feedback. The expansion 
by an additional incentive through responsi-
bility seems to be secondary to less relevant. 
This shows a basic suitability as a supporting 
tool for independent execution of cognitive 
training through feedback, but also the dif-
ferent perception of the different goals set for 
the object and the need for further iterations 
to optimization and enable tailoring to users. 
Therefore, further possibilities for tailored ver-

sions for different user types are proposed as 
a concept. Through the complementation and 
tailoring, this step contributes to the develop-
ment of methods to support the use of ap-
propriate motivational support in requested 
assistance and independent cognitive train-
ing in everyday life.

4.3.1 Focus and Purpose

As shown in this work in section 3.2.1, through 
additional elements, additional goals can be 
integrated. Also, the request for aspects of 
‘Progression‘ and ‘Assistance‘ and elements 
of ‘Meaning / Purpose‘ and rather request-
ed ‘Progress feedback‘ is shown (see section 
3.3). In addition, in section 4.2, indication has 
emerged that individual steps and progress 
elements should be clarified to prevent drop-
out and might potentially be associated with 
more meaningfulness, in cognitive training in 
line with Burke et al. [60]. 
Based on these results for methods and el-
ements to be used and requirements for 
independent use of cognitive training, the re-

alization of a prior feedback object [129, 135]  
will be further developed.

Feedback is an important aspect of self-reg-
ulation and behavior change [82]. During the 
use of a screen-based system (e.g., pc instal-
lation, browser-based or mobile), integrated 
calendar items can be accessed and training 
reminders such as push-notifications can be 
sent. A lack of push factor, e.g., by remind-
ers, is suggested by Eysenbach as a possible 
drop-out factor, among others [120].
However, if training or devices are not active-
ly used, there is only limited access to cor-
responding reminders. Therefore, to remind 
predefined days according to a training plan, 
ubiquitous computing or smart home devices 
with reminder functions can be connected to 
the training account. This possibility leads to 
the research question:

• RQ 1: How can a light feedback concept 
for everyday life be implemented in a 
way that it can be used independently 
by users in combination with an existing 
browser-based cognitive home training 
according to their training plan?

• RQ 2: How is a combination of a feedback 
object used independently and brows-
er based cognitive training perceived in 
technical combination and interaction?

For this, and to support regular and long-term 
training, an existing concept for a light feed-
back object [129, 135] was used in this step, 
further developed and connected to the serv-
er of an existing online training platform [162]. 
This implementation was evaluated qualita-
tively.

Considering this step for the implementation 
of the feedback object and the results of this 
work for the tailoring to the user in cognitive 
training, the following research question for 
next steps arises:

• RQ 3: How can an additional (secondary) 
goal be used in a feedback object as a 
complement to browser-based cognitive 
training, tailored to the characteristics of 
the user?

For this, at the end of this section, a concept 
for addressing the different types of players 
according to Marczewski [244] was created 
and a proposal for a future evaluation was 
elaborated.

The goal of this step is to present an up-to-
date assessment to the user of the cognitive 
training to be performed in relation to the 
training days and the development over time 
in between, and to develop supportive, feed-
back-enhancing goals tailored to the user. 
This method is intended to support the moti-
vation of the user in the conduction of train-
ing, according to the planned training days, 
and in the long term to achieve the number of 
required training for a positive training effect 
even within an independent home training. 
The focus of this step is on the implementa-
tion of such a system and a first consideration 
of the feasibility including further motivation-
al aspects. Furthermore, the question arises 
how tailoring possibilities for different charac-
ter types (see section 3.3) might be integrated 
with focus on motivation. This is considered 
as a subsequent concept.

4.3.2 Background and 
Related Work

The idea of ubiquitous computing (or perva-
sive computing) was coined by Mark Weiser 
and refers to the ubiquitous support of com-
puters and connected everyday objects, 
which, however, fade into the background 
[404]. This is enabled by, for example, the con-
nection of objects to the internet, the internet 
of things and smart home devices. 

For the field of ‘Pervasive Healthcare‘, Bardram 
sees the potential for a decentralized person-
al addition to the healthcare service system 
[31]. This includes pervasive assistive technol-
ogies that support the user‘s independence, 
such as telemonitoring and reminder sys-
tems. The use of appropriate new technolo-
gies is a relevant factor here.  
When considering users with acquired brain 
injury in rehabilitation, Jamieson et al. pro-
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pose four different technological approaches 
to support: social assistance, motivation sup-
port, guidance and personalized interfaces, 
and planning support [185].
Bennett et al. include in their definition of 
‘Smart Healthcare in the Home‘ for connect-
ed devices and sensors the adaptability of 
remote or on-site to support healthcare ser-
vices in addition to health and wellbeing [40]. 
They point out that, in addition to improving 
the quality of life for users, on technical per-
spective, processing collected data internally 
or externally can help identify problems early 
and provide support quickly. Here, intelligent 
systems consisting of a combination of hard-
ware and software can provide autonomous 
behavior to support the user. The processing 
of the data for the telemonitoring system can 
be implemented within the system on a main 
computer or cloud-based. Bennett et al. also 
show possibilities of monitoring users in dif-
ferent main areas, such as Activities of Daily 
Living. This allows to detect possible devia-
tions from the behavior. Thereby, they clas-
sify different application areas. Monitoring and 
its processing can be used, for example, for 
medical interventions, such as online medical 
tools or for the implementation of reminders 
and information. For further application of the 
existing technical implementations, Bennett 
et al. point out, among other things, the need 
for further dissemination and user-friendly, 
simple application.

With a multi-device usage in smart home 
application for user assistance, White et al. 
demonstrate the combination of tablet and 
smart speaker, connected via a cloud AI ser-
vice [408].

Lentferink et al. show that in eHealth inter-
ventions for persuasive eCoaching, person-
alization, suggestion, goal-setting, simulation, 
and reminders are frequently used compo-
nents, and smartphones are most frequently 
used [230]. They point out that, among other 
things, the division into short-term goals and 
the personalization of goals, encouragement 
messages and reminders to input self-track-
ing data can positively influence health out-
come and usability. Social support, however, 
was rated negatively, but is more accepted 
when close friends or family are involved. 

They show that reminders are perceived as 
useful by most, but also that the way of re-
minding in time and frequency is relevant to 
avoid negative emotions like guilt or annoy-
ance. Furthermore, they suggest for future re-
search the deepening of reminders and social 
support [230]. 

Technologies from the IoT have been com-
bined with gamification in various approaches 
and domains, among others, to a large extent 
in the health sector [8]. In a review of IoT-en-
abled gamification, Xioa et al. point out the 
combination of addressing user interest and 
low technical barriers to entry [413]. Overall, 
the results in user experience, motivational 
and behavioral engagement were predomi-
nantly positive. A frequent area of application 
is the domain health care/wellbeing. 
Tan et al. propose for IoT-enabled health pro-
motion, a loop of IoT enabled tracking and 
feedback, reward, and the development of 
routines [362]. 

Gamification can not only be implemented 
screen-based, but also physically, as e.g., 
Degraen et al. showed and pointed out that 
for physical implementations, beginning and 
end has to be be represented, as well as in-
termediate steps and progress [92]. Altmey-
er et al. show in their example that physical 
elements lead to a higher persuasiveness 
and meaningfulness than virtual elements 
[13]. The transfer of gamification approaches 
into physical objects [13, 92] offers the pos-
sibility of spatial translation and permanent 
presence [129]. Meaningfulness is a relevant 
psychological aspect for the development of 
intrinsic motivation [322]. Based on the exam-
ple of home-based rehabilitation, Gabrielli et 
al. point, among other things, to the relevance 
of developing meaningful game-based expe-
riences that can be personalized and provide 
feedback on the performance of tasks [137]. 

Zuckerman et al. show that tangible user in-
terfaces (TUI) are inferior to graphical user in-
terfaces (GUI) in terms of usability, but were 
preferred due to their high stimulating and 
enjoyable effect, which results from physical 
contact, feedback, and realism [420]. Meder 
et al. show that receiving tangible, physical 
rewards in form of vouchers increases user 

activity more than intangible virtual rewards 
(points, badges, levels, and feedback mes-
sage) [251].

Visualized and positive feedback are shown, 
among others, in a study with different games 
by de Vries et al. to be relevant factors for mo-
tivation and to address the drive to perform 
[100]. Feedback loops can contribute to mod-
ifying personal behavior and are frequently 
used in gamified training for computer-based 
cognitive training, while social interactions are 
rarely used [392]. Using a brain training game, 
Burgers et al. show, among others, that posi-
tive feedback supports intrinsic and long-
term motivation, while negative feedback 
reduces the feeling of competence but sup-
ports the correction of poor short-term per-
formance [59].
Pham et al. demonstrate the technical feasi-
bility of a cloud-based smart home environ-
ment system that tracks user data to monitor, 
among others, behavioral change and re-
habilitation processes [296]. These are pro-
cessed in a smart home gateway, sent to a 
private cloud-based server and can be moni-
tored by caregivers. By analyzing such data, 
as in the ‘VictoryaHome’ project, caregivers 
and relatives can follow the status of care-
takers, receive information such as forgotten 
medication, and remind the caretaker [338]. 
Lentferink et al. point out that mobile remind-
ers have more possibilities than computer re-
minders and are less likely to be ignored [230]. 
Jamieson et al. propose ‘ApplTree‘, a smart-
phone reminder app for users with cognitive 
impairments, which provides a way to set re-
minders in their personal daily lives [184]. 
In a previous work, a prototype for the con-
nection of a visual reminder on a smartwatch 
and the execution of a training on the com-
puter was shown [129]. 
Calzolari and Nardotto demonstrated for the 
use of reminders to train in a gym that a week-
ly reminder led to an increase in attendance 
and additionally found indications of habit 
building [64]. 
Uhlig et al. designed different reminder ob-
jects for independent use at home, based 
on everyday objects enhanced with digital 
information, which fit into the user‘s situa-
tion at home [381]. Here, the original use of 
the objects is to be preserved. In their work, 

they present best practices for different user 
groups, scenarios and connected smart ob-
jects as reminders. This includes a reminder 
system for people with dementia that reminds 
them of relevant objects based on their be-
havior, such as a certain key when a door is 
opened. Also, a door mat that uses a water 
sound based on the weather report to remind 
to take an umbrella if users steps on it and it 
is raining outside, and a jacket for the elderly 
that navigates the user by producing vibra-
tion. Thus, they demonstrate the possibility 
of simplifying and integrating complex digi-
tal data into objects of everyday life. Also for 
the simplified visualization of complex digital 
data in physical form, Schröder et al. present 
a shape-changing interface that dynamically 
visualizes company data, such as employee 
presence, in a flexibly changing object by 
means of shape, color, and organic move-
ment in the office environment [336]. 
Wardono and Soelami indicate the varying 
effect of using different lighting [397]. Based 
on the design of luminous furniture, they 
have shown that constantly illuminated fur-
nishings are best suited to influence mood. 
The reasons for the lack of a positive feed-
back to dynamic lighting are assumed in the 
problems it causes in the situation of eat-
ing and identifying. The control of light in the 
home environment is offered in various smart 
home systems, such as ‘Philips Hue‘ [297]. In 
the project ‘MoodLight‘ by Snyder et al. it is 
used as a feedback display by connecting it 
to a biofeedback sensor, which reacts to the 
arousal state of the user by changing the light 
color [344]. Snyder et al. note an advantage of 
the light in presenting feedback in the current 
moment as part of mindfulness and reflection 
techniques and flexible use in the everyday 
environment. However, they also point to the 
relevance of individualization, such as choos-
ing colors that are meaningful to the user, and 
maintaining users‘ control of the system and 
their ability to understand what is presented. 
In a comparison of different research meth-
ods, Voit et al. use ambient lights integrated 
into objects to present information, such as a 
plant pot, in which the level of water is indi-
cated by the color of the light [394]. 
Cheok et al. use DNA transformed E.coli bac-
teria as a display. According to the connected 
input data, they light up as living feedback 
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and address the user‘s empathy [71]. Hong et 
al. have developed a flower avatar that mim-
ics the user‘s sitting position through motion, 
light and sound, providing ambient feedback 
and promoting healthy sitting [176]. Degraen 
et al. have developed a robotic plant that can 
provide ambient feedback by moving its en-
doskeleton [91]. They use it for example con-
nected to a TV to support the movement 
animation in a fun racer game [93]. The ‘Pico‘ 
project uses a grow light to support plants 
and a watering system [11]. To connect digital 
components and nature, Steiner et al. in the 
project ‘Florence‘ enable a way of interacting 
through text input and connected light with 
a plant, whose response incorporates their 
measured reaction [357].
In the following, as a combination, a tech-
nical implementation is considered based 
on a smart home object to provide direct 
feedback, and responsibility for a plant and 
support for conducting a browser-based cog-
nitive training [129, 135].

4.3.3 Pre-existing 
Approach

Within this section, the pre-existing concept 
and its first prototype for a light feedback with 
integration of a plant for the extension of a 
training relevant for health is described be-
low, which was designed and initially evalu-
ated in an experimental pilot study prior to 
this work [129, 135].
The problem was addressed that only lim-
ited feedback on the training plan and the 
user‘s own behavior can be given between 
the planned training sessions in everyday life. 
Based on a white light (LED (light-emitting di-
ode)), it was shown to the user whether the 
training plan is being adhered to (light on) or 
whether training is necessary (light off) which 
was intended to create a nudge effect. The 
LED was connected to an ESP Wifi module 
and web interface, through which the status 
of the light (on / off) could be controlled. ESP 
Wifi module and LED were powered by a re-
chargeable battery. The LED was positioned 
inside a closed glass body above a plant in-

side. By looking at the plant, the approach 
of Ulrich et al. should be taken up to reduce 
negative emotions like stress and to create 
a calm promoting effect through vegetation 
[382]. 

The conducted explorative qualitative evalu-
ation consisted of two steps. First, one partici-
pant used the feedback object for four weeks 
as an addition to light physical training, which 
was to be carried out several times a week 
due to a physical disease on three self-select-
ed training days. A study assistant switched 
the LED off on these days and on after the 
training was completed. It was found that the 
switching on of the light was perceived as a 
training success and a light that was switched 
off was perceived as a spur. The experience of 
the interaction was rated rather positively. The 
participant oriented the training to the light, 
even if a training day was rescheduled. Sec-
ond, the approach was presented to an expert 
and an interview was conducted. Among oth-
ers, the system was rated as good, coherent 
and functioning with feedback presented in 
an easy-to-understand way, which transfers 
responsibility to the patient, involves patients 
in therapy and may be used for patients. 
The results have indicated that this approach 
may be a possible method for providing feed-
back on training, and thereby provides a basis 
for further development. Based on the results, 
for adaptation to individual user preferences it 
was proposed to combine different elements 
with the light. This approach is taken up in 
conjunction with tailoring by character type 
in section 4.3.6 of this chapter. 

In the prototype used in this pre-existing ap-
proach, however, the light was switched on 
and off manually by a study assistant via a 
web interface, which was planned to be not 
necessary in future steps. There was no au-
tomatic software-based link between training 
and light. Furthermore, physical training was 
performed. The use of cognitive training and 
the connection to it were further suggested, 
as well as strengthening the emotional con-
nection to the system or picking up the feel-
ing of social connection or responsibility. In 
the following steps, these basic concepts 
were taken up, further developed and evalu-
ated in the next iteration.

Figure 23. Feedback object with different light statuses 
 

4.3.4 Further  
Development

The pre-existing concept (section 4.3.3) was 
further developed in this work in different as-
pects, which addresses RQ 1.

Concept and Design Considerations

In several brainstorming sessions and de-
velopment iteration, different forms and ap-
proaches for realization were created (e.g., 
with and without connection to the online 
training, spherical or column-shaped, reduc-
tion to the light feedback, replacement of 
the light feedback by muscle wire or shutter 
glass). However, to preserve the potentials of 
the pre-existing approach, the light feedback 
and the natural component are used as a ba-
sis. To address the proposed strengthening of 
the social connection, a second component 
is integrated regarding motivation. Similar to 
Rieß et al.‘s approach for senses [310], this is 
intended to address different perceptual as-
pects.

1. Pre-existing: presentation of an additional 
plant and feedback on the behavior in the 
training plan and possibility of addressing 

the sense of competence by lighting or 
turning off the light

2. Further developed: Addressing the 
strengthening of emotional and social 
connection through responsibility for the 
plant. For this, the LEDs simulate in their 
wavelength Grow-LEDs, which support 
the growth of plants, instead of, as before, 
only showing a white light status. This is 
intended to reinforce the meaningfulness 
of the personal action in adhering to the 
training plan and to create a further goal 
besides improving personal abilities. The 
integration is based on the gamification 
element ‘Meaning / Purpose‘, which was 
revealed in section 3.3 to be the most re-
quested by patients and was therefore 
proposed for further deepening. In addi-
tion to competence, this might address 
a further aspect of the Self-Determina-
tion Theory [88], the social relatedness, 
through personal importance for others, 
which in this case is the plant.

The body of the feedback object is changed 
from a closed glass body to an open cylinder, 
in which a plant including a pot is placed to 
allow watering and growth of the plant. 
The body is formed by two plastic pipes of 
different length, inserted into each other, and 
3D printed covering of the ends. The inner ring 
forms the container for the plant and is pro-
tected with silicone against water penetration.
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Figure 24. Schematic representation: communication between training server, feed-
back object control server and feedback object.

This results in a combination like in project 
‘Pico‘, which uses a Grow-LED to support 
growth, but allows self-watering from an un-
derneath container [11]. 

The feedback object (FBO) is still equipped 
with an ESP module and connected to the us-
er‘s Wifi, but now it is connected to the server 
of an existing browser-based version of cog-
nitive training [162] (for implementation see 
‘Technical and Software Realization‘). Within 
this existing training software used for the 
prototype, each user receives an account that 
is managed by a therapist/administrator who 
creates a training plan by defining training and 
training days. The training can be carried out 
independently by patients at home by log-
ging in to the web interface.
Instead of a single LED and a binary feed-
back as in the pre-existing concept (section 
4.3.3), an LED ring with several LEDs was in-
tegrated in the top. Their light is linked to the 
defined training days and shows feedback on 
the training status as in a countdown (see Fig-
ure 23): If a training was conducted, the entire 
LED ring lights up. During the following days, 
the LEDs in the ring turn off successively un-
til the next defined training day. Some LEDs, 
however, remain permanently lit to arouse the 
user‘s attention on the one hand and to sym-
bolize that training is still needed on the other.  
The frequency with which the LEDs turn off 

depends on the distance to the next defined 
training day.
The appearance is following current familiar 
smart home devices (e.g., [17, 150]), so that it 
integrates into the patient‘s environment and 
does not cause irritation. All technical compo-
nents, as well as the plant, are made available 
to the user, who provides access to a Wifi.

Technical and Software Realization

The technical hardware components of the 
FBO (ESP Board, cables, LED Ring, power 
adapter (5V): see Figure 25) are integrated 
into the case.

The software-based implementation is shown 
schematically in Figure 24. An existing server 
is used as the starting point [162] (Server 1).
This server provides the login via frontend, 
the browser-based cognitive training for us-
ers and its administration (e.g., creation of 
accounts, setting of training sessions and 
training days, etc.), and also a database with 
user data and their training behavior, etc.. For 
training at home, users access server 1 by log-
ging into their personal training account via 
their browser.

Figure 25. Technical components (ESP Board, cables, LED Ring, power 
adapter (5V)) integrated within the feedback object

For the control of the feedback system, serv-
er 2 was set up. Server 2 requests the user‘s 
training plan via HTTP from server 1. A second 
communication path exists to the FBO, which 
is connected to the Wifi provided by the user 
at home. For connection and communica-
tion, the FBO contains an ESP module and 
the firmware Tasmota [364], which enables 
the communication with server 2 via MQTT 
protocol. To control the behavior of the LEDs, 
messages are sent from Server 2 to the FBO, 
turning the LEDs on or incrementally off.
The messages depend on the defined train-
ing days, the behavior of the user and the data 
stored on server 1. When the user performs 
a browser-based training, this is also stored 
in the database of server 1. Server 2 listens to 
server 1 via long-polling. A new training re-
ceived by server 1 triggers an event on server 
2 updating the corresponding FBO. The user 
ID is linked to the device ID. A message is 
sent from server 2 to the corresponding FBO 
of the user, whereby all LEDs of the FBO are 
switched on. The training plans and the last 
completed training are cached on server 2. 
From these, the amount of LEDs that have 
to be turned on is computed and sent to the 
corresponding FBO.

In the communication with the feedback de-
vices, only minimal read and write permissions 
are set for the device accounts. Commands 
for, e.g., the LEDs brightness and color are 
sent to control the devices. The devices re-
spond with the confirmation of the execution, 

as well as status information (e.g., software 
configuration of the client, software version, 
alternative MQTT topics to reach the module, 
device identifier, local IP address). In this way, 
the FBO‘s light is constantly updated accord-
ing to the patient‘s independently performed 
browser-based cognitive training.

A local rehab hub, web-based services, and 
user input is also used for gamification and 
personalization by, e.g., Jung. et al. [196].

4.3.5 Evaluation:  
Feasibility Study

Following successful functional tests, which 
ensured the set-up process, interaction and 
technical functionality, an exploratory quali-
tative feasibility study was conducted on the 
independent use of the implemented FBO by 
users. This addresses RQ 1 and RQ 2.

Complement of Browser-Based Training: Grouped Gamification, 
Mobile App Game and Smart Home Device - Tailoring and Combination



146 147 

Method

In the exploratory qualitative feasibility study, 
participants conducted a three-week com-
puter-based online cognitive training at home 
using the existing platform [162] used for this 
purpose and complemented by the FBO. 
Training should be conducted twice a week 
for at least 30 minutes each. Additional train-
ing is possible. The goal of the study is to get a 
first insight into the technical implementation 
during independent use and a basic impact of 
the FBO. Based on this, positive aspects and 
hurdles are to be identified and iterative fur-
ther developments will be enabled. 
For independent use, users receive infor-
mation on the functionality and setup of the 
system. Included are users with sufficient 
language skills, interest in participating, a 
computer / laptop, email address and Wifi ac-
cess. For appropriate training and basic inter-
est and to avoid a possible bias, participants 
choose two out of three possible trainings 
(Attention: Reaction behavior [166], Memory: 
Working memory [167], Executive functions: 
Logical reasoning [165]). In the training plan, 
three sequential training sessions are set for 
each selected training on the days chosen by 
the participants. After informed consent and 
completion of a contact questionnaire, the 
procedure was:

1. Participants receive: Study procedure 
sheet, FBO, and information/instruc-
tions for using the FBO. Pre-survey: de-
mographic data, interest in plants, choice 
of trainings to be conducted (2 out of 3) 
and fixed training days (2), assessment 
of expected adherence to training days 
(5-point Likert Scale (1: difficult, 5: easy), 
prior experience, technology affinity 
based on TA-EG [203] (analyzed in the 
average), user type (based on Player and 
User Types Hexad Questionnaire [374], 
translated into German). Setting up the 
training (selected training and days) by 
study leader. 

2. Reading the information and step-by-
step instructions for independent setup 
(incl. personal ID, login and passwords for 
FBO and online training account, safety 
instructions (e.g., electronic device: do not 
put it under water outside the soil, do not 

cover (heat development), do not disas-
semble the device) and set it up in a vis-
ible place. 

3. Interim survey: Setup of the FBO (evalua-
tion of the individual steps (5-point Likert 
Scale (1: difficult, 5: easy), assessment of 
the expected adherence to the training 
days (5-point Likert Scale (1: difficult, 5: 
easy), perception of the setup as a prob-
lem to start (5-point Likert Scale (1: yes, 5: 
no), help needed, requests

4. Training phase: Collection of training data 
/ behavior

5. Post-Survey: setting up and perception 
of the FBO, compliance with the train-
ing days (5-point Likert Scale (1: difficult, 
5: easy)), questions on suitability, com-
prehensibility, presence, and originality 
(based on challenge for reminder objects 
according to Uhlig et al. [381]), sorting the 
relevance of possible abilities of the FBO 
(proposed properties by user type), tech-
nical difficulties, aspects of the user ex-
perience (based on subscales of UEQ+ 
]380]). Return of the FBO.

6. Semi-structured interview (in person or 
by phone): including among others ques-
tions about personal motivation (based 
on various questions of the IMI plus expla-
nation), effect of the object, function, use 
and connection of technology and plant, 
adherence to the training and, due to the 
nature of the interview, more in-depth or 
other questions beyond

For the analysis and results, only partial as-
pects are considered to address the research 
question and are presented below in excerpts, 
partly summarized. Core aspects from the in-
terview are analyzed and factors for further 
development are described. 

Results

To answer the research question, summa-
rized partial results of the qualitative feasibil-
ity study are presented below, following the 
steps of the method. Two participants took 
part. 

Participant ID Age Gender Technology affi-
nity (TA-EG)

User type

P1 33 male 3.16 Soc, Phil

P2 63 female 3.68 Soc, Play, Phil, FS

Table 18. Participants, technology affinity (TA-EG: 5-point Likert scale (1: Totally not 
true, 5: Totally true), and analyzed user type

Category Item P1 P2
Suitability Does the object support the regular conduct of online training? 4 4

Suitability Does the object support remembering the training? 5 5

Comprehensibility Was the information about the status of the training (indication of 
the upcoming training by light) understandable?

5 5

Presence Did the object independently provide you with the information 
when you needed it?

4 5

Presence Was it possible to forget about the object when you didn't need it? 4 5

Originality Did you water the plant as your other plants? 3 5

Further use If you wanted to continue training in the future to improve your 
cognitive performance, would you continue to use the object as a 
support?

4 5

Further use Would you recommend the object to support online training? 5 5

Table 19. Challenges for reminder objects (designed according to Uhlig et al.) and 
further use (5-point Likert Scale: 1: no 5:yes)

Pre-Survey

Data of participants, technology affinity and 
user type are shown in Table 18. P1 and P2 like 
plants, use digital media several times daily / 
daily, have little / no experience with cogni-
tive training, and rate it moderately difficult (3) 
to adhere to training days.

Interim Survey (Technical Setting Up)

The steps for technical set up were rated be-
tween medium and easy. Both participants 
needed or received help with the setup. For 
P1, the technical setup was rather no hurdle to 
start the training, for P2 rather yes. Both would 
not have wished the setup to be any different.

Training Phase

For both participants, 6 training days were 
planned, but it was conducted differently. 
P1: conducted: 4 (of these: planned train-
ing started on the planned day: 2, delayed: 
1). P2: conducted: 8 (of these: planned train-
ing started on the planned day: 4, delayed: 1). 
The duration of the training varied. In some 
cases, more or different training sessions than 
planned were conducted.

Post-Survey

Both participants placed the FBO near their 
computer and visible. P1 stated that this al-
lows to train directly after the reminder, P2 
that it was far away from the window. 
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Figure 26. Subscales of UEQ+: trustworthiness, clarity, visual aesthetics, usefulness 
(7-point scale 1: negative, 4: neutral, 7: positive), Yellow: P1, Green: P2

For P1, adhering to the training days was me-
dium difficult (3), for P2 rather easy (4). Table 
19 shows the items considered for challenges 
for reminder objects and further use.

In the ranking of the object‘s abilities, both 
participants consider it most important to 
feel good when the object indicates person-
al progress / achievements. A reward is rated 
by both on the fourth rank (out of six). 
The items beyond this vary in rating. Figure 
26 shows subscales of UEQ+. During use, P1 
noted no technical difficulties, P2 a one-time 
problem in establishing a connection to the 
online training server.

Interview

The interview resulted, among others, in the 
following: 
Both (rather) enjoyed the interaction with the 
FBO, but are only moderately satisfied with 
their own performance (P1 delayed by lack of 
time, P2 due to health problems). Both made 
an effort to carry out the training. For P1, a 
connection to the FBO is more caused by the 
light, P2 states to have a little bit of a feel-
ing of doing something good for the plant. 
P1 felt pressured and had a bad conscience 
when the light was low, whereas P2 did not, 
but rather felt motivated. P2 had the feeling of 
being able to decide independently whether 

to train, P1 only moderately, because during 
the study there was a binding to the self-se-
lected training days. 
Both perceived the technology and the plant 
rather separately from each other. P2 had the 
feeling of making the plant dependent and 
felt sorry for it. P2 does use daylight lamps 
for other plants, but would also have used a 
simple light progress bar instead of the FBO 
and placed the plant by the window. P1 would 
have rather used irrigation instead of light in 
the apartment. Both stated that they did not 
water the plant inside the pot due to the con-
nection with the technology, among other 
things. Both did rather not feel a responsibil-
ity for the plant due to the light. 

Regarding the impact, both considered it 
more important to get the light feedback than 
to support the plant. P1 noted that the plant is 
more about the optics, but that an emotional 
connection is more likely to be established 
with organic than with technical objects. The 
light, however, is more important because it 
gives feedback, which the plant cannot. 
When a training was not adhered to, both rec-
ognized that it had been a training day. Rea-
sons for not conducting the training included 
health (P2) and time (P1). P1 would have been 
aided by a mobile training and an installa-
tion instead of the detour via the browser. For 
the FBO, P1 proposed, among other things, 
to additionally link the light status to planned 
training duration or to show the plant in the 
software to strengthen the relationship and 
provide faster feedback, for example, through 
growth. P1 believed that further support 
should be provided by sharing results in the 
software and allowing the FBO to be viewed 
with friends, but not with strangers.

4.3.6 Discussion, Further 
Concept and Conclusion

Discussion

Regarding RQ1, the technical feasibility of the 
combination of FBO and browser-based cog-
nitive home training for independent use and 

presented feedback according to the train-
ing plan has been confirmed. This supports 
the successful further technical develop-
ment compared to the previous iteration. In-
dependent setting up by the user can also be 
supported, even if some help was received. 
However, the level of assistance required by 
users with a lower affinity for technology or 
cognitively impaired users should be consid-
ered further.
In contrast to the prior existing approach (sec-
tion 4.3.3) [129, 135], the further development 
in the presented iteration (section 4.3.4) can 
establish a connection between two train-
ings. However, an overview of the process as 
shown by the path in section 3.3 is missing. 
Furthermore, a way to integrate this may be 
considered.
As considered by Synder et al., light feedback 
has the advantage that it can be given in the 
present moment [344]. In the future, the tech-
nical connection will allow the consideration 
of further possibilities for the presentation of 
feedback through light, also in direct reaction 
as through the plant in the project ‘AmbiPlant’ 
by Degraen et al. [91, 93].

Regarding RQ 2, the results confirm the results 
of the pre-existing approach and continue to 
indicate a possible fundamental suitability 
of the object as a reminder of a training ses-
sion in this iteration. In use, both participants 
recognize their training days, even if they did 
not consistently adhere to them. Challenges 
such as suitability (support for remembering / 
regular performance), comprehensibility and 
presence were addressed. However, the origi-
nal use as a plant pot in combination with the 
technology extension turned out to be prob-
lematic, as both participants did not water 
the plant inside the pot due to this. Thus,  the 
design needs further reworking. The way of 
reminding should also be reconsidered in or-
der to prevent negative emotions, following 
Lentferink et al. [230], as shown by feelings of 
guilt in P1. Also the use of accountability and 
partly perceived dependence of the plant on 
the user‘s behavior should be further critically 
questioned based on the results. A different 
type of realization or deepening of the social 
connection may be required to achieve more 
impact. 
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Also, potential optimizations could be made in 
the adjustment of the accuracy. After that, an-
other iteration of the study could be conduct-
ed. However, the different negative emotions 
that arised, such as dependency or feelings of 
guilt, should be further considered in relation 
to the user types. Nevertheless, the interac-
tion and perception of the object showed a 
rather positive perception in the surveyed as-
pects of user experience, is in line with the pri-
or version [129, 135], and should be preserved. 

Considering the two motivational aspects (1. 
existing light feedback and 2. enhancement 
through responsibility), a higher relevance of 
the feedback is shown. The perception of the 
FBO as supporting adherence to the training 
days supports previous [129, 135] and Cugel-
man‘s findings [82] that providing feedback 
on performance prompts self-regulation to 
monitor personal behavior and addresses 
behavioral change. 
That sharing visualized light is preferred with 
friends rather than strangers confirms the 
findings of Snyder et al., who suggest, after 
the use of the ‘MoodLight‘ project, that per-
manently active light feedback interrupts 
self-regulated decision-making about when 
to disclose personal information to someone 
else [344]. This is also in line with Lentfer-
ink et al. who showed, using the example of 
eHealth and eCoaching interventions, that so-
cial support is less in demand from strangers 
and more from friends or family [230], and also 
with Ha et al. who showed that fitness track-
ing, due to the personal matter, is not shared 
[154]. However, this could be counteracted by 
the independent choice for the positioning of 
the FBO in the personal environment.

A possibility of realizing the reminder as a mo-
bile implementation, as requested by P1, has 
already been presented in a concept and pro-
totype, for example, prior to this work [129]. 
There, a smartwatch was used as a reminder 
to perform software-based motor training on 
the computer. This can also be built upon in 
the future.

Gamification provides an important basis as 
a method for developing such complements 
to cognitive software-based training in terms 
of their focus on motivation. The FBO is cur-

rently based on a one-size-fits-all approach. 
However, for gamification it is pointed out 
that a tailored approach is more effective 
[79, 234]. The relevance of tailoring for mo-
tivational methods in cognitive training was 
also shown in this work. Already the qualita-
tive evaluation of the iteration points to differ-
ent possibilities to tailor the FBO to individual 
needs. For this, as suggested in the pre-ex-
isting step (section 4.3.3) [129, 135], different 
elements can be combined with the light. In 
this way, a progress- and assistance-based 
approach with complemented elements may 
be in line with the results of section 3.3. Thus, 
in line with other work [13, 92], digital gamifica-
tion concepts can be transferred to the physi-
cal object. In this way, a tailored approach may 
be used to consider whether the user-type-
based tailored adaptation in software-based 
and physical combinations may support mo-
tivation.

Some limitations should be considered. The 
approach was further developed based on 
a pre-existing prototype. The further techni-
cal development in the presented iteration is 
based on a prototype for basic research and 
does not claim to be a medical product. The 
evaluation was carried out qualitatively with 
a small number of participants and cannot be 
generalized. Presented is the development 
and evaluation of an intermediate step in the 
development process. The participants have 
no cognitive impairments. Thus, the results 
provide a basis for further development, but 
cannot be generalized for patients with cog-
nitive impairments.

Overall, the results of the current iteration 
support the technical feasibility and suitabil-
ity as a reminder object through the light. 
The secondary functionality, the transfer of 
responsibility, as well as the shape may be 
reworked. Instead of general realization, ele-
ments suitable for the user type may be con-
sidered. The development is in an iteration, 
further steps are necessary until actual use. 

Further Concept and Evaluation

Through the further concept and the draft of 
a possible evaluation, RQ 3 of this step is ad-
dressed.
Achievable goals and competency-based 
feedback can address the experience of com-
petency, based on Self-Determination Theory 
[318]. Meaningfulness is one of the most im-
portant aspects of the use of games in reha-
bilitation, according to Tamayo-Serrano [361]. 
To support gamification approaches accord-
ing to Nicholson, which involves individual 
meaningful perception and suitable goals and 
is not externally prescribed [272], in the fol-
lowing, a further development of the concept 
for tailored use to address intrinsic motivation 
[87] and a possible evaluation approach are 
presented. By these concepts among others 
the suggestion of Ha et al. to strengthen the 
meaningfulness of rewards is taken up [154].
  

Baseline
(Light feed-
back)

Philanth-
ropist 
(meaning 
and purpose 
/ altruism, 
Elements: Al-
truism)

Free Spirit 
(autonomy 
and self-
expression, 
Elements: 
Immersion)

Achiever 
(mastery / 
competence, 
Elements: 
Immersi-
on / Risk/
Reward)

Socialiser
 (relatedness, 
Elements: 
Socialization)

Player 
(rewards, 
Elements: In-
centives)

Disruptor 
(change, Ele-
ments Risk 
/ Reward / 
Immersion)

If the training is adhered to over a certain period of time:

Physical 
feedback 
through light 
(different 
realization 
depending 
on object ty-
pes).

Object: Key-
board

Choice in 
a forum: 
a) sharing 
knowledge 
or tips about 
the training 
or the situati-
on, b) answer 
a question 
asked there.

Object: Book.

Through the 
object, diffe-
rent content 
is provided 
(e.g., unex-
pected facts, 
background 
information, 
short thema-
tically appro-
priate stories 
or unique 
new options 
(flexibly ad-
apting the 
training).

Object: 
Whiteboard

A task for 
everyday 
life is given, 
which is to 
be sol-
ved within 
a week. By 
solving it, ac-
cess to new, 
special or 
difficult trai-
ning tasks is 
unlocked.  

Object: Ti-
cket

Obtain ac-
cess to an 
event (digital 
or present) 
with, if desi-
red, training 
and commu-
nication with 
other users, 
comparisons, 
or solving 
joint event 
tasks.

Object: Slot 
machine. 

Direct ob-
taining of 
reward or 
its use in 
the game: 
betting on 
the number 
of achie-
ved training 
for the next 
week. If the 
number is 
reached, the 
reward incre-
ases. If not, it 
is lost.

Object: Sca-
le (one side 
positive / 
negative).

Receiving a 
training as-
pect that can 
be evalua-
ted with the 
scale (e.g., 
variety of 
tasks) and a 
short usage 
scenario. The 
results are 
sent to the 
development 
team.

Table 20. Concepts for a tailored extension of light feedback

They also point out their lack of alignment 
with personal health goals. 

Van Dooren points out that rewards should be 
used according to the user, context, and in-
tended effect, and the type of reward needed 
may change over time [388]. For customiza-
tion, they propose, e.g., the Player and User 
Types Hexad.

Through the concept, the problem mentioned 
by Sardi et al. that rewards are sometimes 
perceived as irrelevant is to be addressed 
[329]. Furthermore, Lentferink et al. point out 
that personalized goals and reminders for in-
put behavioral data are associated with high 
ly effective study outcomes [230]. Thus, the 
goals could be tailored to the patients in more 
depth [417]. 
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For a tailored extension of the preceding con-
cept, the technical solution developed in this 
iteration (section 4.3.4 ‘Technical and Software 
Realization‘) can be used for connection with 
a software-based independent training. The 
light, previously considered relevant for feed-
back, is used as a basis and tailored elements 
are added. This takes up the approach pro-
posed in the pre-existing work of combining 
light with different elements for individual use 
[129], as well as the further development in 
this work (section 4.3.4). Thus, the progression 
and assistance requested by patients (section 
3.3) is intended to be addressed (see Table 
9). Incentive or reward-based strategies are 
mainly suitable for players [372] and achiev-
ers [234]. The presented concept combines 
rewards, goals and reminders as a basis and 
tailors them to the characteristics of the Play-
er and User Types Hexad [244] in the concept 
of addressing meaningfulness. Concepts are 
based on the proposed appropriate catego-
ries and game elements according to Ton-
dello et al. [372]. The individual elements of 
the concept are shown in Table 20.
The physical approach is maintained for the 
reminder in everyday life connected to the 
software-based system. The tailoring is in-
tended to further pursue the goal of strength-
ening the meaningfulness and behavior 
depending on the user type in addition to the 
personal goal.
However, in this step, the suggestions for tai-
loring to user types are based on a theoretical 
concept and require a prototypical develop-
ment, integration of the presented software 
connection above and evaluation for a state-
ment on suitability or efficacy. With regard to 
a possible further evaluation, different ap-
proaches can be considered.
 

Group A Group B Group C

Browser-based cog-
nitive training

yes yes yes

Basic light feedback - yes yes

Tailored extension - - yes

Table 21. Study design for the further evaluation of the (tailored) feedback concept

Possible research questions for the next step 
are:

• RQ 1: Does a light feedback object affect 
a) compliance and b) subjective percep-
tions of training of patients in home train-
ing in cognitive rehabilitation?

 
• RQ 2: Does the use of a tailored feedback 

object affect a) compliance and b) subjec-
tive perceptions of training of patients in 
home training in cognitive rehabilitation?

To address this question, a between-design 
study should be conducted with three groups 
(Table 21). All participants use the browser-
based cognitive training with training dura-
tions and modules suitable for them, group 
B receives light feedback and group C tai-
lored light feedback based on the analyzed 
user type. The dependent variable is the total 
training duration within the training phase (de-
termined by the behavior of patients in online 
training) / perception (surveyed in post-sur-
vey), the independent variable is the pres-
ence of the feedback object(s).
Patients with confirmed acquired cognitive 
impairment, for whom home training is suit-
able, should be included. The study should 
have an adequately large sample size for a 
quantitative analysis and be conducted over 
a long-term period to reflect behavior in ev-
eryday life.
Regarding the RQs, for RQ 1 a comparison be-
tween group A (control group) and group B in 
behavior and perception can be drawn, for RQ 
2 between group A, B and C. The hypothesis is 
that a) adherence to training days will increase 
from group A to group B to group C, and b) 
perception of training will improve. Both fac-

tors are considered as indicators of motiva-
tion. The aim of this evaluation approach is 
to determine whether and with which level 
of effect the training motivation can be influ-
enced by an external complementing feed-
back object. The results can contribute to the 
assessment of possible benefits for support-
ing patients in training in practical develop-
ment.

Conclusion

In this step, a pre-existing approach of a light 
feedback object was further developed in 
motivational aspects, technically connected 
to an existing browser-based training for in-
dependent use, qualitatively evaluated in this 
iteration and a concept for tailored use was 
created. The technical implementation shows 
the feasibility of the connection to an existing 
browser-based cognitive training and inde-
pendent visualization of training status trig-
gered by the user‘s behavior in software. The 
suitability of the developed system for in-
dependent use as a reminder object can be 
supported. In the perception, feedback was 
confirmed as a relevant aspect, the integra-
tion of social connection with a plant less. 

Take-away & Key aspects

•	 A software based connection as smart home object of a FBO and cognitive 
training via servers, as well as the resulting automatic control of the FBO 
based on the interaction of the user with the training is possible

•	 The feedback can be presented individually depending on the duration 
between	two	defined	training	days	with	reference	to	the	remaining	time	to	
the next training session

•	 Feedback from the light is perceived as primarily relevant, social connec-
tion and responsibility for the plant less, possible dependence as poten-
tially unpleasant

•	 There are indications of the possibility of complementing the training ob-
jective and the primary relevant feedback related to it

•	 Indications of individual needs for the conduct and complement of the 
training become apparent

•	 A concept to obtain the light feedback and advanced complement to tailor 
it to the user is presented

Indications of the possible integration of the 
additional goal as a complementary method 
for motivational support have shown, but also 
the need to adapt the concept. 

Based on this, a concept to combine light as 
a progress indicator with tailored elements 
based on different user types and a further 
evaluation were proposed. Thus, the effect of 
the approach and possible tailoring should be 
considered further. 

This step thus contributes to the iterative de-
velopment of possibilities to support users in 
independent cognitive training by reminder 
objects. It contributes to the combination of 
possible ways of implementing gamification 
elements (TRQ 1), initial effects (TRQ 2) and 
in the complement of browser-based train-
ing (TRQ 3).
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4.4 Discussion

4.4.1 Thesis Research Questions
4.4.2 Limitations and Future Work

In this chapter, possibilities for comple-
menting browser-based training by (tailored 
grouped) gamification and possible combina-
tions with a mobile serious game and external 
objects for independent home training were 
considered. In this way, conventional existing 
training tasks from cognitive therapy can be 
complemented and expanded, and applica-
tions in practice for mobile or local use are 
deepened in the understanding of a possible 
usage. This supports the approach proposed 
in a previous work to connect multiple steps 
and devices to a whole system [129].

4.4.1 Thesis Research 
Questions

Regarding TRQ 1 (Implementation of ele-
ments), the feasibility of grouping character 
traits into means is shown. An application of 
this method in practice for the assignment 
and development of gamification and com-
parison and use of possible further methods 
should be considered further.

Regarding TRQ 2 (Effects in perception and 
training duration), with regard to behavior, it is 
interesting to consider the indication of pos-
sible higher training durations in the middle 
range when using grouped tailored gamifi-
cation.
The hypothesis of a shift in the distribution de-
spite non-significant differences in the overall 
comparison of the groups should be consid-
ered further. A possible explanation for this 
may be a different motivational background 

of low, medium and high performers and its 
possible changes. However, there are other 
reasons, such as the engagement type con-
sidered by Lavoué et al. [229], which should 
also be taken into account. 
Another interesting aspect is the perception 
of a higher presumed effect when using the 
training regularly and the expected higher ef-
fect of training on the computer and mobile 
devices after using grouped tailored browser-
based gamified training. This might also influ-
ence behavior in the long term, which should 
be considered further in the next steps. 
Both studies support the results from section 
3.3 in the analyzed request for the presen-
tation of progression, which further supports 
the suggestion for its use as a basic element.

In consideration of TRQ 3, the complement-
ing of different usage scenarios and devices 
to address motivation, several interesting as-
pects emerged.
It is interesting that an uncomfortable feeling 
resulted from the dependence of the plant 
on personal action. An uncomfortable feeling 
due to the high level of responsibility trans-
ferred was also indicated in section 3.2.1. This 
supports that the level of responsibility might 
be chosen with caution. This should be further 
studied in-depth.
Furthermore, it is interesting to consider the 
variation of preferences in the use of different 
combinations of gamification complements 
and devices that has been shown in home 
training. Here, both studies show differenc-
es in requests for the use of different levels 
of gamification, use of devices, implementa-
tions, and use in everyday life, which is in line 
with and supports Jokela et al.‘s findings [194]. 
There may be various reasons for this, such 

as the availability or lack of technical equip-
ment/devices [178], preferences and habits 
[194], level of tendency to play [231], user type 
or (varying) structure of daily routines (section 
4.3). In this context, for further development of 
combinations for practice, it should be kept 
in mind that the results indicate that the as-
sessment of the most effective way of train-
ing and the training of presumed independent 
use partly differ from each other. The different 
needs also support the tailoring and future 
development of the feedback object.

The chapter also shows in section 4.3 the fea-
sibility of linking the reminder feedback ob-
ject with cognitive training for independent 
use in home training via the training server. 
This method shows potentials for further it-
erative development and subsequent long-
term evaluation, also in the proposed tailored 
version, in practice by patients. Thus, both the 
translation into tailored physical gamification 
for consideration in research and the support 
of patients may be addressed.

In the details of the qualitative study, differ-
ent reasons for not conducting the training 
were found. Further on, such reasons could 
be requested in the software and (automated) 
suggestions could be made to adjust the in-
dividualization and optimization of the com-
bination or complement or way of conducting 
the training. Such automation is in line with 
the analysis of user types during interaction 
proposed by Altmeyer et al. [16] and Halli-
fax‘s proposed dynamic gamification adap-
tation [156]. 
The results confirm, extend and deepen the 
approaches of the previous work regarding 
the software-based implementation in use for 
different devices in combination [129]. 

The results of this section show different 
methods to support the design and devel-
opment of software-based methods in cog-
nitive training, as well as their appropriate 
assignment to the character and situation of 
the users.

4.4.2 Limitations and 
Future Work

Limitations

Different aspects and limitations should be 
considered. The studies in this chapter were 
conducted in independent use at home to 
create a scenario that corresponds to the 
future intended use. Although it is possible 
to give users a guideline for carrying out the 
task, this is difficult to monitor. 
The participants were mainly healthy people. 
On the one hand, this has the advantage of 
evaluating the systems in a first step for gen-
eral effectiveness, usage and required opti-
mization without possible disadvantages for 
patients, but on the other hand, it has the dis-
advantage of distances to the target group. 
Partly, the training was carried out once or 
was seen as a video prototype, partly it was 
carried out for a longer time but was initially 
considered.

Future Work

Furthermore, for future work, among other 
things, various aspects may be considered. 
By integrating additional devices, further ad-
vantages and features of the devices can be 
implemented. As suggested by White et al., 
digital assistants such as smart speakers can 
also be used in multi-device settings [408]. 
Bräuer and Mazarakis show that gamification 
can also support motivation without a screen 
using intelligent smart speakers [55]. Kim et al. 
also show their successful use in the imple-
mentation of cognitive training [213]. This can 
be used to address physical limitations and 
thus prevent a reduction in conducting the 
training, as in the case of a participant in sec-
tion 4.3, but also for reminders or direct inter-
action during or outside of the training. 
The results of the feedback object also indi-
cate the possibility of deepening meaningful-
ness [271] in physical gamification, as well as 
the possibility of taking up and further evalu-
ating tailored approaches in smart home de-
vices for feedback. 

Complement of Browser-Based Training: Grouped Gamification, 
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In future developments and comparative 
studies, the effectiveness of complements 
for motivation, measured by training behav-
ior and perception of the training, should be  
compared and further deepened. Results can 
be presented in tools like the ‘Gamification 
Guide‘.
This can provide support for tailoring to the 
user and also for the selection and develop-
ment of complements.

4.5 Summary
The goals of this chapter were to consider the 
implementation of motivational gamification 
elements tailored to the user (TRQ 1), meth-
ods to complement browser-based training 
(TRQ 3), and resulting effects (TRQ 2) as well 
as the resulting support and orientation for 
development in practice.

Considering the implementation of gamifica-
tion (TRQ 1), a method for grouping user types 
in mean was used for a browser-based train-
ing and the feasibility of assigning them to 
existing solutions was demonstrated. In the 
future it also may be used as a basis for new 
developments of gamification. 

The complementation (TRQ 3) of a (gamified) 
browser-based training with a mobile serious 
game app on the smartphone was consid-
ered. Also, the further development and fea-
sibility of implementing an existing reminder 
feedback object with an additional goal in a 
smart home system with automatic adjus-
ments depending on the independent use 
in training is shown. Furthermore, a concept 
for a method for prototypes is presented, by 
which the additional goal of the reminder can 
be tailored to the user types.

Considering the effect (TRQ 2), the hypothesis 
emerges that grouped gamification leads to a 
higher training duration in the mean training 
times. This has to be further evaluated. 
In combination with a mobile serious game 
app, significantly higher assumption of the ef-
fect value / usefulness was found after using 
the gamified training. This indicates that pre-
vious gamified training can also have a posi-
tive effect on the perception of a subsequent 
mobile usage. 

Although a combination of conducting the 
training on computer / laptop and app is rat-
ed as the most reasonable, higher individual 
needs are shown in the potential own use. 

This indicates a need for tailoring if training is 
to be used independently in practice. 

The independent usage of the FBO was con-
firmed. Feedback showed to be the prima-
ry relevant aspect. The planned secondary 
or additional goal can be further developed 
by the proposed concepts to the prima-
ry relevant perceived feedback to address 
meaningfulness and relevance. For this, the 
proposed study should be carried out further.

In conclusion, both studies support tailoring 
to the user [215] and the individual life situ-
ation, e.g., home training [361] and mobile 
use [194], in the use of motivation-support-
ing methods for cognitive training in the use 
of gamification and complementary devices. 
In addition to the use of different devices for 
different tasks, habits and preferences, in line 
with Jokela et al. [194], intended training be-
havior and training factors such as duration, 
degree of difficulty and distraction may also 
be taken into account. In addition to motiva-
tional factors, motives and factors of com-
pliance, such use-related therapy-relevant 
factors can be further considered in-depth. 
The results contribute to addressing the train-
ing duration and conduct of planned train-
ing by providing support for the development 
and design of training to support the patients‘ 
motivation.
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5Summary,  
Discussion and 
Implications of 

Contributions
This chapter summarizes and discusses the 
results of this work. Limitations of the work are 
listed and implications of the meanings of the 
results and for the application in practice are 
pointed out, as well as conclusions are drawn. 

5.1 Challenges and Summary of Contributions
5.2 Discussion
5.3 Limitations

This section contains texts from the author‘s 
own publications (see ‘List of own publica-
tions’ in the appendix). 
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5.1 Challenges and 
Summary of Contributions

In the development of software-based train-
ing, motivation support is a relevant aspect 
to support emotions and therapy adherence. 
The design and development is challeng-
ing due to the characteristics, specific con-
text and the required intertwining of multiple 
disciplines. This work addresses the lack of 
context-specific deepening in cognitive reha-
bilitation, tailoring and inclusion of an elderly 
target group. To create motivational support 
and a training situation close to the intended 
usage, it was relevant in this work to offer soft-
ware and complementary elements that can 
be used independently at home instead of in 
the laboratory [361].

This work contributes to the state of research 
and application by providing guidance for de-
sign, development and selection to the im-
plementation of software-based methods to 
motivate users in cognitive training. 

In line with other work on cognitive training  
[106, 239, 392], or from other fields [86, 160, 
280], this work confirms and supports that 
motivational factors can be influenced by 
gamification, also specifically in the context 
of cognitive rehabilitation [44, 192, 239, 361, 
392]. By supporting motivation, behavior can 
be addressed on one hand, and emotional 
perception on the other. Gamification, how-
ever, offers the use of various elements [372, 
392] and combinations [384]. Therefore, in the 
context of software-based cognitive training, 
questions regarding TRQ 1) supportive imple-
mentation of gamification elements, TRQ 2) 
resulting effects of their (tailored) application 
on motivation in perception and training dura-
tion, and TRQ 3) possibilities to complement 
browser-based training were addressed in 
this work. This includes, among other things, 
supporting methods for addressing the user‘s 

motivation on the one hand and supporting 
methods for software development on the 
other hand.  

Regarding the implementation of gamifica-
tion (TRQ1), the work offers methods, results 
and orientation for the application of ele-
ments in cognitive rehabilitation. It supports, 
in design and development, the feasibility of 
wrapping gamification around a training task 
with the option to use it over several sessions. 
For the in-depth integration, implementation 
guidelines for the integration of accompany-
ing NPCs are presented. The transfer from a 
conventional progress graph representation 
to a gamified method in a metaphor based 
on progress and social elements is shown as 
an example.
For overall support in design and devel-
opment, this work provides an analysis of 
requests for different game elements in rela-
tion to the user types of patients and a corre-
sponding graphical presentation for practical 
application in cognitive rehabilitation. To fur-
ther deepen the support for the selection of 
game elements tailored to the target group 
based on a knowledge transfer between re-
search and practice, a browser-based sup-
porting method is presented in the form of 
a prototype version of the tool ‘Gamification 
Guide‘. To simplify development, a method is 
used by using the grouping of user charac-
teristics in mean to assign existing gamifica-
tion approaches or to develop new ones. This 
aims for a compromise between the effect of 
gamification and the simplification of devel-
opment.

Regarding consideration of the effects by the 
implementation (TRQ2), effects on the moti-
vation are shown. In regard to perception, ef-
fects on e.g., fun, competence and belief in 

the effect of the training become apparent 
individually for type and implementation. 
No significant increases in the effort has 
emerged. However, there are indications for 
further consideration in the future regarding 
the level of transfer of responsibility, as well 
as the possibility of integrating additional (tai-
lored) goals to address motivation. 
In terms of behavior, there is no overall in-
crease in training duration due to gamification. 
However, there is a partial individual differ-
ence between the user types and a change 
in the medium performance range. The re-
sults contribute to the targeted development 
of gamification in the future to adress the de-
sired effect and adherence. 
 
The work shows and deepens methods to 
complement the software-based training 
browser-based on the computer (TRQ3). This 
contributes to the understanding of the ef-
fects of combined application of (non-) gam-
ified browser-based training followed by 
mobile serious games. For an additional re-
minder system, a software-based connec-
tion and further development of an existing 
smart home reminder concept to a training 
conducted independently at home is pre-
sented. This is expanded with a concept for 
tailored meaningful realization based on the 
user types. Thus, this work contributes to the 
tailoring and complementary use by com-
bined devices in software-based training. 

Overall, the results in line with other work [239, 
392] and practice support the complementa-
tion of cognitive training with gamification and 
devices as well as its application and suitabil-
ity to support motivation. The results provide 
guidance for design and development for 
implementation of software-based methods 
for computer-based training and combination 

with complementary devices in practical ap-
plication. 
In the following discussion section, implica-
tions of the results for application in practice 
are presented. 

Summary, Discussion and Implications of Contributions



162 163 

5.2 Discussion

5.2.1 Thesis Research Question 1 - Implementation of Elements to Support Motivation
5.2.2 Thesis Research Question 2 - Effects in Perception and Training Duration

5.2.3 Thesis Research Question 3 - Training Complement
5.2.4 General Discussion

5.2.1 Thesis 
Research Question 1 
- Implementation of 

Elements to Support 
Motivation

Gamification Elements

In the individual steps of this work, the integra-
tion of gamification elements that are usable 
over several sessions, in line with the require-
ments of Lumsden et al. [239], has been de-
veloped and analyzed for the application.

The request confirms the need for the pro-
gression elements frequently used in rehabili-
tation according to Tuah et al. [379], as well as 
from the general observation and other fields 
[156, 157, 372], especially in combination with 
feedback [247]. The relevance of the progress 
shown in the results on gamification and moti-
vation used in rehabilitation can be explained 
by theories and results of other work on spe-
cific goal setting and compliance [190, 227, 
233, 272, 276, 417]. The use of progression is 
also supported by the lowering of amotiva-
tion, as shown by Reyssier et al. [309]. 
By integrating goals, such as the detective 
case in interactive storytelling, the mountain 
ridge in the progress presentation, or in the 
further development of the feedback object, 
alternative or additional goals to the goal of 

rehabilitation could be set in line with Ha et al. 
and the use of virtual rewards [154]. 
Boendermaker et al. indicated, using the ex-
ample of alcohol drinking, that additional 
game elements can also distract from the 
goal of the training [46]. Advantages and dis-
advantages for cognitive training, as well as 
effects, should be considered further in more 
detail. 

Through the presented progression, an ex-
trinsic incentive and reward could be set for 
future use, and thus, in the next step, the im-
plementation could be expanded through 
meaningfulness, the inclusion of new per-
sonal goals, and the enjoyment of achieving 
them, and thus, intrinsic aspects of motivation 
[87, 154, 272, 320]. Interestingly, the relevance 
of progression is shown both in request (sec-
tion 3.3) and in use (section 4.3), but is also 
given as a criterion for dropping out if it is 
missing or not clear enough (section 4.2). This 
indicates the importance of the progression 
elements to use in training. 
In addition, assistance elements for patients 
is shown to be relevant. One explanation can 
be the intended goal of rehabilitation and the 
assistance potentially needed due to the per-
sonal limitation. It is therefore recommended 
to especially focus on these categories as a 
basis when integrating gamification in cogni-
tive training.

The social elements in section 3.3, in line with 
Hallifax et al. [157], are rather less requested 
and point to the need for tailored use of so-
cial elements, as well as in section 4.3 which 
points to the different involvement of friends 

and strangers, in line with Lentferink et al. 
[230]. So far, they have been rarely used in 
cognitive training [392] and are therefore ex-
amined in more depth in this work. Reyssier 
et al. also point out that game elements for 
social comparisons could have a negative 
effect on learning motivation [309]. Here, a 
further deepening for the use of motivation-
supporting software-based methods in reha-
bilitation should be conducted in the future. 
This is indicated in particular by the differenc-
es in perception and behavior with regard to 
socialization and the different effects on the 
user types. 

Some element categories and elements are 
generally requested by all user types, even if 
individual needs may differ in individual cas-
es. Nevertheless, this work, in line with other 
work [158, 215], supports the implementa-
tion of tailored gamification, also for patients 
in cognitive rehabilitation, but with the focus 
on certain parts of the elements. Besides 
the generally requested elements, others 
are rated mixed or rather rejected and show 
different suitability for different user types 
[284, 309, 372]. Further consideration should 
be given to whether a differentiation can be 
made between generally usable elements as 
a basis in the implementation and those with 
tailoring relevance for mixed rated as a fur-
ther addition. Through partial tailoring, pos-
sible negative effects might be avoided [199, 
281, 320]. This addresses the approach of Bo-
endermaker et al. to first obtain positives [44]. 
In addition to generally suitable basic gami-
fication, tailored solutions could be used to 
address effects in a more targeted way. At the 
same time, such partially-tailored solutions 
might reduce the effort for implementation 
compared to fully-tailored solutions. This ap-
proach should be deepened and evaluated 
in practice of cognitive training in the future.

According to Santos et al., however, the char-
acteristics of the user type change over time, 
so they suggest regularly measuring and dy-
namically adapting the content to the user 
[328]. With regard to the integration of gam-
ification elements into cognitive therapy, 
this can be particularly relevant, as patients 
should frequently use the systems over a 
longer period of time or several sessions to 

achieve a therapeutic effect [368, 403]. How-
ever, the use of motivational methods should 
not result in a large reduction in therapy time 
or in the cognitive capacity of the patient. To 
further strengthen the perception, e.g., the ex-
perienced enjoyment during use, approaches 
such as those of Altmeyer et al. can be used in 
the future, which propose a selection system 
based on the Hexad User Types Question-
naire or a determination through interaction 
with the elements [16].
Hallifax et al. indicate that the motivational im-
pact of gamification varies in different con-
texts of use [157]. Based on the example of 
the analysis of the way of implementing an 
NPC (section 3.2.2) and the request (section 
3.3), specific requirements for elements have 
been indicated for the use in rehabilitation. 
Furthermore, other gamification elements 
should also be explored and deepened in 
terms of individual requirements for use and 
implementation in relation to the specific tar-
get group. This could a) support the tailoring 
of the elements to the context of rehabilita-
tion and the needs of the patients, and b) pro-
vide more concrete support and schemas for 
implementation, and should c) be integrated 
into tools like the ‘Gamification Guide‘.

Implementation

The patient requests analyzed in section 3.3 
can be used to guide the implementation of 
patient motivation elements. 

Regarding the implementation in industry, 
among others, Morschheuser et al. [262], Bo-
endermaker [47], and Pereira [292] pointed 
out the problem of the limited development 
time, financial resources and complexity of 
integration. Among others, Tamayo-Serrano 
et al. [361] and Perry et al. [294] highlight the 
tendency to use low-cost versions in rehabili-
tation. This conflicts with the high degree of 
tailoring possible through various user types 
and components. A needed balance between 
development and complement was also not-
ed in section 3.4.

For the selection of elements in practice, dif-
ferences in the complexity of the implemen-
tation could be used [234], such as between 
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rewards as elements that can be partly easier 
to implement in the basic usage and story as 
a more complex form of wrapping a training in 
game form [47]. Following Lopez and Tucker 
[234], a factor for suitability for implementation 
in practice can be calculated in the future, fol-
lowing a future evaluation of the complexity 
of the individual elements in relation to the 
user type. This can be integrated into, e.g., the 
‘Gamification Guide‘ and provide guidance for 
the selection process. In this way, a compro-
mise can be made, as suggested by Lopez  
and Tucker [234], between elements that are 
easy to implement [75, 219, 271] and those 
that generate highly positive effects and/or 
are particularly requested.

To address the balance between tailoring, 
complexity, and cost, the tailoring meth-
od of grouping characteristics in the mean 
and assigning them to the most appropriate 
gamified version / elements is an interesting 
approach (see section 4.2). This might be used 
in different situations in the future: 
a)   Assigning users to an existing solution. This 

can be used to determine the suitability of 
the solution(s) tailored to the users and to 
select or not use them accordingly. 

b) Planning of the implementation: Through 
existing relationships between user type 
and element, e.g., based on the analyzed 
table in section 3.3 (Figure 11), according 
to Tondello et al. [372] or Orji et al. [284], 
and combinations of elements [183], e.g., 
according to Upshall [384], gamification so-
lutions can be planned that address differ-
ently grouped types. Thus, as Santos et al. 
also suggest [328], different characteristics, 
such as multiple primary user types, can be 
included and addressed. However, in this 
work, only a version for two gamification 
options was considered (section 4.2). Fur-
ther research is needed for more in-depth 
consideration.

Further consideration is needed, on the one 
hand, for the required level of the mean value 
for an effect on motivation, and on the other 
hand, for the effects of individual low or high 
scales. Additionally, it should be analyzed 
how many different versions are necessary 
for a balance between implementation effort 
and effect [234]. The method used offers an 

approach, but requires more in-depth analy-
sis of the individual impact factors. Further-
more, this approach could also be considered 
for the devices, design and implementation of 
reminder systems (e.g., section 4.3, see RQ 3) 
in further steps.
The time available for training is also relevant 
for development. In clinical use, this is limited 
due to the prescribed duration of the sessions. 
In home training, more time may be available 
if desired. Here, further consideration can be 
given to whether there is a need for differ-
ent versions to address motivation and, if so, 
which duration is suitable for which users. 
This may be another factor in selection or in 
change from clinic to home training.

The ‘Gamification Guide‘ prototype (section 
3.4) offers support for the transfer of knowl-
edge and networking of research and in-
dustry for the implementation of tailored 
gamification. Within this work, approaches for 
the future steps of the prototype related to 
the application in cognitive rehabilitation were 
identified in the course of the other steps of 
this work:
• Integration of concrete implementation 

recommendations for individual elements 
beyond examples. Those are shown in 
section 3.2.2 in the example of the NPC 
in cognitive rehabilitation and can be ex-
tended accordingly for other elements.

• Indication of the level of complexity of the 
implementation of the elements or exam-
ples presented in line with assessments 
by Lopez and Tucker [234] to support the 
competence of designers and develop-
ers for the selection of elements.

• Tailoring recommendations and combi-
nation between browser-based and mo-
bile/complementing applications. Here, 
potential different effects of the elements 
and suitabilities should be considered in 
the future.

• Concrete positive and negative effects in 
use of individual elements or combina-
tions [183, 392].

• Automation of the selection of suitable el-
ements for combination for user types in 
mean based on requirements to be speci-
fied to generate a simplified selection ba-
sis. The selection was carried out by hand 
in section 4.2.

• Extensibility of tailoring options for re-
minder functions, meaningful support, 
and mobile use.

Due to possible individual effects and new ef-
fects through the combination of elements, 
[292, 325], such tools should only provide ori-
entation, and further evaluations of the effect 
of the designed system should be carried out 
[82]. 

Implications for Design and Development 
in Cognitive Training

• Besides a development in one system, 
motivational methods and medical cog-
nitive training can also be developed in-
dependently of each other and be linked. 

• Individual decisions should be supported 
for the sense of autonomy, but the level 
of responsibility transferred to the user 
should be chosen with caution.

• For the in-depth use of specific ele-
ments, possible corresponding aspects 
arising from the context of rehabilitation 
and should be considered, such as for the 
NPC (section 3.2.2).

• Additional goals can be generated 
through motivation-supporting methods.

• Some elements / categories are gener-
ally requested, others need to be tailored 
to the user type (see Figure 11, Table 9).

• Progression and assistance are more 
generally requested and relevant as a 
basis for the design, development, and 
conduct of training.

• By grouping in the means, several user 
characteristics can be included, imple-
mentation in practice may be simplified 
and effects on the user can be generated.

• The elements should be used specifical-
ly according to the planned effects [202, 
373].

• In practice, guiding tools such as the 
‘Gamification Guide‘ can support the se-
lection of suitable elements for individual 
target groups.

• The interconnection of science and prac-
tice may support the application of tai-
lored gamification for the patient.

5.2.2 Thesis 
Research Question 2 

- Effects in Perception 
and Training Duration

The results of the studies of the work indicate, 
in line with other works, the different effects of 
gamification elements [247, 284, 309] and ef-
fects on patients in cognitive rehabilitation [44, 
239, 329, 361, 392]. Within this work, perceived 
emotions and behavior during training based 
on training duration were considered as indi-
cators of motivation, as well as user ratings.

Perception

Vermeir et al. have shown in their review that 
the gamification integration in cognitive train-
ing leads to higher engagement / motivation, 
which includes interest and enjoyment [392]. 
In general and in detail, the results on per-
ceived enjoyment varied in this work. While 
in section 3.3 of the overall evaluation and for 
socialiser, a higher enjoyment was found, this 
was not evident for achiever and was also in 
section 4.2 only on the verge to significance. 
This can have different reasons: a) difference 
in perception between user types [284], b) 
different influence of single characteristics, 
their combination [157] and the consideration 
of several types in mean, c) different imple-
mentation [157], d) lack of/reduced focus on 
meaningful progress/goals to address intrin-
sic motivation and personal connection [271] 
or learning goal [83], or e) different effects of 
different elements [82, 325, 326].

According to the health belief model, behav-
ior change is associated with, among other 
things, expectations of the intervention [109]. 
Thus, an important effect found is the higher 
belief in the effect of training after a brows-
er-based training with tailored gamification 
as well as for training on the computer and 
on the smartphone, as the belief in this is an 
aspect to the willingness to perform [161], as 
well as a higher perceived usefulness, which 
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are therefore relevant aspects in consider-
ing the effect of gamification [219]. Both were 
generated by the training in section 4.2, which 
supports the use of tailored gamification in 
mean for use in cognitive training. 

The results support addressing autonomy of 
the user [323]. This can be observed in section 
3.2.1 in the request to choose the target and 
to have the say, in section 4.2 in the requested 
flexible use in terms of time and place, the dif-
ferent demand in the use of the devices and 
in section 4.3 through the everyday behavior 
and demand for mobile transfer. 

In other domains, the possibility of negative 
effects / side effects of individual gamification 
elements on perception has also been dem-
onstrated [54, 334]. Although this effect was 
not significant in this work, there were corre-
sponding indications in the detailed exami-
nation of some users, e.g., of the interactive 
storytelling / quest (e.g., responsibility trans-
ferred to the patient as very unpleasant), in 
the case of non-socializers, the lower interest 
to support the NPC, and the use of the FBO 
(e.g., pressure, bad conscience, making the 
plant dependent).

Behavior

Interestingly, in line with other work [205, 239], 
in the studies (section 3.3 and 4.2), there was 
no general difference in performance respec-
tively in this work specifically in training du-
ration between gamified and non-gamified 
training. Here, however, different results have 
been reported: This was increased in a study 
by Boendermaker [45], and performance in 
scores by Ninaus et al. [275] for example. 
Differences in training duration [29, 30, 217] 
as well as negative effects when using inap-
propriate elements [44, 234, 304, 392] have 
been shown in other work. Here, the detailed 
consideration is shown to be relevant in the 
consideration of training duration. For deeper 
consideration, further methods for addressing 
the remaining low performers should also be 
considered, such as from other work through 
instructions and suggestions [385], the level 
of belief in the effect [161]. motives, and in-
dividual goals [190, 227, 233] in rehabilitation.

However, in line with Bräuer and Mazarakis 
[54], this work shows different effects in the 
gamified solutions between the perceived 
emotions and performance. 

Implications for Design and Development 
in Cognitive Training

Overall, the results for the use of gamifica-
tion in cognitive training with respect to the 
effects indicate, partly in line with other work 
(see brackets) that in cognitive training

• Effects in emotions and behavior can be 
achieved through the use of (tailored) 
gamification in cognitive training [45, 192, 
234, 275, 392, 361].

• The possibility exists to influence the 
training duration [45].

• Effects of different elements can vary be-
tween different user types [14, 283, 284] 
and in the general consideration and do 
not always produce the same effect.

• Elements and their effects should be tar-
geted to the different types [281, 372].

• Positive effects can be achieved and 
should be planned specifically [202, 373].

• Despite low demand of an element for 
suitable types, no disadvantage has to 
arise, but, if suitable for the type, positive 
emotions could be supported.

• The lack of certain elements, such as pro-
gression, is given as a reason for drop-out 
of training after a period of time [120].

5.2.3 Thesis 
Research Question 3 

- Training Complement

Cognitive training is often conducted on a 
computer / laptop. In home training, howev-
er, the users‘ life situation and environment is 
different. Therefore, in TRQ 3 (Training com-
plementation), complementation and com-
bination options of training on the computer 
for user-needs-oriented application were 
considered:

• The connection of a reminder for feed-
back about the training in the home en-
vironment, because the continuation of 
the training on the computer/laptop may 
be necessary to use its strengths, e.g., 
to avoid distraction stimuli or the large 
screen (e.g., in case of limitations of the 
field of view). With the feedback object, 
a device unknown to the user is connect-
ed to the training, which focuses on pres-
ence in the room and the functionality to 
support the user.

• A complementary mobile training, as this 
might address accessibility and frequen-
cy. With the smartphone, a familiar device 
is used, which in use combines various 
functionalities of different areas of life in 
everyday life.

The results thus support and extend the con-
cepts and ideas of the previous work [129] on 
complemented training on the computer 
through the devices. 

Interestingly, in the results, on the one hand,  
is the high variation in different needs for the 
implementation of training and, on the other 
hand, that this deviates from the most rea-
sonable assessed way of use. The results not 
only indicate the relevance of tailoring ele-
ments, but also support White et al. in the 
different application of implementation and 
devices tailored to the intended use or usage 
case [408]. This points to the need for tailored 
combinations of services. Here, further clus-
tering of use types for categorization and po-
tential links with motivational methods might 
be explored in more depth. The possibility of 
grouped tailoring (section 4.2) for comple-
mentary elements should also be consid-
ered further.

Further consideration of the results can also 
lead not only to compare which kind of train-
ing is more beneficial [44], or which kind of 
training is best suited for which user, but 
also for which targeted result [202]. Here the 
question arises, whether the belief in the ef-
fect [161], the suitability for the situation or the 
addition of further objectives might show dif-
ferences in the frequency or regularity of con-
duct in the future. This should be considered 
further in long term use. Thereby, the level of 

the effects of the different methods should be 
considered. For design and development for 
use in home training, the potentials and limi-
tations of different devices should be includ-
ed in tools such as the ‘Gamification Guide‘ 
and the difference in use for different tasks 
[194], depending on the intended goal for the 
user in therapy.

This work shows the opportunities, possibili-
ties and limitations for users, implementation 
and application. However, due to the abilities 
and limitations, the suitability of mobile ver-
sions should be decided individually for the 
user in the corresponding situation on a thera-
peutic level.

Implications for Design and Development 
in Cognitive Training

• The browser-based training complemen-
tary methods should be tailored to the 
needs and characteristics, possibilities 
and therapeutic situation of the user [228].

• In the independent use, there are needs 
for autonomous conduct in e.g., time and 
place of training.

• A previous gamified training on the brows-
er supports the belief in the effect of train-
ing on the computer and mobile device. 

• A feedback object can be connected to a 
browser-based training and provide feed-
back on the next training in independent 
use, as well as present the feedback ac-
cording to the user‘s interaction with the 
training.

• To support the meaningfulness and tai-
lored additionally / secondary goals, tai-
lored approaches to the user type should 
be considered in depth.
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5.2.4 General Discussion

According to Yoshida et al., patient motiva-
tion in the clinic is based more on extrinsic 
factors such as personal (e.g., patients‘ goals, 
success/failure etc.) and social relationship 
than intrinsic (e.g., enjoyment) [417]. In this 
work, the motivational methods show effects 
in both areas.
Extrinsic elements such as rewards [250], 
however, are used most frequently accord-
ing to Vermeir et al. [392] and primarily point 
systems according to Tamayo-Serrano [361]. 
Interestingly, however, rewards are only mod-
erately requested by patients (section 3.3). 
External motivators can reduce intrinsic moti-
vation [89, 110], and according to Ferreira-Brito 
et al. it threatens adherence to interventions in 
the long run [123]. This indicates that the way 
gamification elements are used in cognitive 
training should be reconsidered for indepen-
dent long-term use in home training.
In section 4.2, the relevance of fun in training, 
as an intrinsic aspect, was rated comparably 
high as its effectiveness by users. Further con-
sideration should be given to a possible differ-
ence in use between clinic and home for the 
effects and suitability of individual elements 
extending the results of, e.g., Hung et al. [178].
Boendermaker et al. propose different stages 
for the integration of gamification elements 
from the basic task to the complete game 
[47]. These include the possibility of combin-
ing extrinsic and intrinsic elements. The ques-
tion here is to what extent this combination 
is suitable for cognitive training and whether 
the focus should be changed from extrinsic 
to intrinsic elements after a certain period 
of use or from the transition from training in 
the clinic to home training. This may result in 
the development of a combination of extrin-
sic and intrinsic elements, as questioned by 
Boendermaker et al. [47]. The effectiveness 
of these elements for rehabilitation accord-
ing to Barrett should be examined in depth in 
the future [32]. Furthermore, on the software 
side, it should be considered to find factors 
explaining, whether and when different ele-
ments are needed and whether dynamic ad-
justment is possible.

The item rated most relevant in the results of 
this work is a combination of the goal in train-
ing and the aspect of meaningfulness. This 
supports the relevance of meaningfulness to 
rehabilitation mentioned by Burke et al. [60] 
and the suggestion by Gerling and Masuch 
that gamification should include meaningful 
value for increased user engagement rather 
than just prolonging it [146].
Thus, the gamification or game-based imple-
mentation used in this work is predominantly 
based on the meaningfulness proposed by 
Nicholson, as a basis for addressing long-
term motivation and positive experience for 
addressing intrinsic motivation [271]. It was, 
e.g., established in the interactive storytelling 
(section 3.2.1) and presentation of the meta-
phor of the hiking trail (section 3.3) as a basis 
for the development process, as well as a tai-
lored approach for a feedback object (section 
4.3.6) proposed to create an additional goal 
for the user. 

Although ‘Meaning/Purpose‘ was requested 
as the most important element, and in section 
3.2.1 different goals were mentioned with the 
training goal, but also with the solving of the 
quest, the development of the FBO for the 
expanding integrated meaningful goal shows, 
however, that: 
a) the element used was not perceived as a 

primarily relevant aspect and can be per-
ceived secondarily, complementarily, indi-
rectly, or not and 

b) here, a tailoring to the user could also be 
relevant [271]. 

The question arises whether the cognitive 
performance enhancement or an own goal 
is perceived as the most meaningful (see sec-
tion 4.3). This might be reinforced by motivat-
ing methods or can be replaced in case of a 
lack thereof (gamified, screen-based, mobile 
and physical, but also content). However, in 
the implementation of the method of extend-
ed goals, it should be taken into account that, 
on the one hand, Sardi et al. suggest a com-
bination of several elements for use, since 
effectiveness may be reduced if only one el-
ement is used [329]. and, on the other hand, 
it is pointed out that the use of similar strat-
egies does not have an additional behavior-
changing effect [201]. Here, the relevance of 

the suitability of the combination [384], but 
also the effect should be considered.

In addition to supportive factors, examples of 
limiting internal (e.g., lost interest, repetitive, 
concentration waned) or external factors (e.g., 
lack of time or health limitations) that lead to 
non-performance or drop-out of training are 
also revealed. These offer additional starting 
points for further addressing motivation or re-
ducing amotivation.

The results of such further consideration can 
be integrated into tools such as the ‘Gamifica-
tion Guide‘ to support development for tailor-
ing or relevant implementation information.

Elements

Feedback loops are the most frequently used  
elements in computer-based cognitive train-
ing after rewards according to Vermeir et al. 
[392]. Colzato and Hommel suggest feedback 
for the future of cognitive training to prevent a 
high drop-out rate [79]. Its relevance is reflect-
ed in different parts of the work, such as the 
request of patients for progression or ‘Prog-
ress feedback‘, the deepening of the presen-
tation of the performance curve (section 3.3), 
as one of the reasons to drop out (section 4.2), 
that no progress / goal was indicated, giving 
feedback as requirements for an accompa-
nying NPC (section 3.2.2), and as a primarily 
relevant aspect of the FBO. Here, a further 
comparison of the different feedback scenar-
ios in connection with the implementation of 
cognitive training should be conducted. The 
results may allow conclusions to be drawn 
about which or how the feedback in combi-
nation [384] is most appropriate to be imple-
mented in software-based cognitive training.  
Perry points out different types of feedback in 
neurorehabilitation, such as summary or av-
erage feedback, which can be given during 
or at the end of the training task, but also the 
possible relevance of multi-sensory feedback 
[294]. Tuah et al. suggest that visual feedback 
in rehabilitation addresses achieving prog-
ress and also fun [379]. Burgers et al. have 
considered different types of feedback and 
their results indicate that positive feedback 
is relevant for increasing intrinsic and long-

term motivation in brain-training games [59]. 
The future deepening of the consideration of 
feedback through software-based motiva-
tional methods and their types and effects is 
in line with the proposals for gamification by 
Koivisto and Hamari and supports them [219].  
Furthermore, the effects of the different im-
plementation methods should be compared.

In-depth consideration should also be given 
to the relevance shown in this work for the 
further possibilities of the requested assis-
tance in home training. Besides the use of an 
NPC (section 3.2.2) or the integration of de-
vices (section 4.3), other needs and software-
based solutions can be considered in home 
training and optimized for patient requests. 
However, Perry et al. point out that assistance 
should be implemented as a ‘helping hand‘ in 
rehabilitation rather than a completely auto-
mated process [294]. 

Rehabilitation usually implies the goal of im-
proving or fully regaining individual abilities 
[175]. Therefore, the presented approach-
es include the presentation of overall (e.g., 
hiking trail) or partial goals of the process 
(e.g., FBO). Within training, however, patients 
sometimes reach a performance plateau for 
a time when performance stagnates [205, 
301]. Further consideration should be given 
to whether and which elements or combina-
tions could be particularly suitable in this sit-
uation. These could be used dynamically as 
soon as a plateau is detected by the training 
software. Day describes in the fitness domain 
that for a continuous performance improve-
ment with increasing goals and performance 
tracking the, fun of the conduct is relevant 
and the use of storytelling instead of compe-
tition, which could also be the case in plateau 
and emphasize intrinsic motivation [85]. This 
should be further explored.

Interesting to note in the data of this work is 
that, on the one hand, trends are evident, but, 
on the other hand, some users partly show  
deviations from the mean value. This supports 
and shows the individuality of the effects in 
the development of motivation [215, 294, 309].  
Cugelman points out that each gamification 
scenario requires individual testing [82]. The 
results presented here are therefore a rele-
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vant guideline for orientation in addressing 
motivation, but individual needs should al-
ways be kept in mind as well. 
To address the basis of preventing negative 
effects or addressing positive ones [199, 281, 
320], it may therefore be reasonable to devi-
ate from the resulting recommendations in 
individual cases. These deviating cases and 
dynamic individualizations, especially in the 
case of missing or negative effects, should be 
considered further in the future. 

In the future, the comparison of the different 
motivational methods should be considered,  
as well as the possibility of ranking the rel-
evance for implementation in practice.

Overall, the results of this work support the 
tailoring of motivational methods and gami-
fication, as in other domains [158, 215, 372], for 
software-based cognitive training and in the 
combination and use of different devices. For 
this, it offers an orientation and methods for 
the selection and implementation of the ele-
ments. It supports the availability in line with 
other work and interlocking [129, 194] imple-
mentations and deepens the combination 
of complementary devices. It points out and 
confirms the relevance in software-based 
training for cognitive rehabilitation, not only 
to tailor according to the user types [372, 388], 
but to pre-define the meaningful goals [339, 
388], to be achieved, especially in the differ-
entiation of behavior and perception.

Critical Aspects

In the use of motivational methods, various 
aspects should be critically considered.
The aim is to increase motivation in emotion 
and training duration, adherence, and in the 
end, the effect of the training. In the appli-
cation, however, it should be critically ques-
tioned whether, in addition to the possible 
reduction of training time, people who are 
classified as medium or high performers may 
overperform or overstrain in cognitive train-
ing from a therapeutic point of view. Overuse 
was also analyzed as a potential negative side 
effect in the use of gamificaion for health be-
havior change by Schmidt-Kraepelin et al. 
[334]. Software-based analysis and develop-

ment of methods for restriction may be re-
quired as a counterpart to the detection of 
underperformance.

In the methodology of the studies, it would 
be useful for the comparison to consider how 
elements affect when they are used contrary 
to the type, for example by Altmeyer et al. [15]. 
The results of the exploratory study in section 
3.3 indicate that the use of gamification can 
lead to significant differences in the duration 
of use. Targeted contrary use with patients 
who need training for their health condition 
should be critically questioned.

It is also critical to note that, as Voit et al. show, 
different implementation methods (e.g., lab. 
online or in-situation) lead to different study 
results [394]. Direct comparability is therefore 
not given and evaluations should be as close 
to the final application situation as possible, 
as aimed for in this work.

Implications for Design and Development 
in Cognitive Training

With regard to the Thesis Research Ques-
tions, the analysis, development steps, and 
results show, in this work and in conjunction 
with other work complementary or in-depth, 
various indications in the considered methods 
emerge to support the development and de-
sign of software-based cognitive training for 
patients in cognitive rehabilitation:

Implied recommendations:

• Software-based wrapping [47] of the 
training is suitable for the development of 
motivational methods independent from 
the training. Development of motivation-
al implementation and cognitive training 
can be carried out independently of each 
other and then combined.

• Implementing aspects of the requested 
progression and assistance, as well as 
feedback or reminder (sections 3.3, 4.2 
and 4.3) and strengthening perceived 
meaningfulness [60] as the basis of de-
sign and development.

• Tailoring the elements to the user [15, 215, 
372] to address motivation in emotional 

perception and behavior and to the con-
text of patients in cognitive rehabilitation, 
as well as taking into account the situation 
of the patients and their personal goal. 
Due to the different effects, it is relevant to 
plan specifically in the conception which 
effect is to be achieved by which element 
[281, 372]. 

• Setting and development, as well as the 
perception of additional goals through 
the elements used is possible and should 
be supported, suitable for the individual 
user. 

• Possible usage of grouped tailored gam-
ification in browser-based training to 
support motivation and potentially user 
behavior

1. for a possible simplified implemen-
tation of tailored approaches and 
assignment to gamification options 
for application in practice in the fu-
ture and

2. to support the perception in belief 
of the effect and the overall effect of 
the training, as well as potentially in 
the behavior to address the increase 
of the training duration in some of 
the users. 

• When implementing an NPC, a younger 
male or middle-aged female NPC with 
friendly, but also guiding characteristics 
should be used.

• Probably careful use of responsibility 
transferred to the user through gamifica-
tion should be considered (see section 
3.2.1 and 4.3).

• The use of the mobile serious games on 
the smartphone should be targeted to the 
situation of the users. 

• Use of a preceding gamified training in 
the browser may promote positive effects 
in the additional possible use of a mobile 
device. 

• Linking smart home feedback for inde-
pendent use to cognitive training and 
presentation of duration until next train-
ing, according to user input as a software 
based possibility for assisted can be re-
alized. The support of meaningful per-
ception and secondary/additional goal 
through tailored realizations and fur-
ther tailoring options for complementary 

methods should be considered further.
• Supporting methods such as simplified 

presentation of scientific results on the 
use of gamification for fast profound se-
lection of suitable (tailored) gamification 
elements and networking, proposed here 
using the example of the ‘Gamification 
Guide‘ tool, the visualization of user re-
quests (Figure 11 ) or assignment of gami-
fication due to grouping characteristics in 
mean may be used. 

For future approaches in the development 
within the software, it can be proposed and 
considered as a complement of medically 
validated software based trainings in 
step 1) a complement by generally requested 

motivation elements like progress and 
assistance (for elements which are not 
rejected by any type and are most re-
quested) and in 

step 2) a complement of tailored gamification 
(grouped in mean or individually).

The distinction between fully and partially 
adapted gamification is also made among 
others by Böckle et al. in their analysis of re-
search papers [43].

For element selection purposes, Figure 11 can 
be used. Complementing elements could be 
integrated and further developed according 
to this approach. It should be further evalu-
ated for a) suitability for design and develop-
ment and b) effects on patients. 
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5.3. Limitations
Several limitations of the work should be con-
sidered.
The studies were conducted in Germany and 
participants were mainly recruited from Ger-
many. Statements of the participants were 
mostly translated from German to English 
and therefore do not represent the original 
wording. Included patients had mild to mod-
erate acquired brain damage and were pri-
marily in outpatient therapy or home training. 
Generalization to other countries and cultural 
groups, as well as other types or levels of cog-
nitive impairment or phases of rehabilitation, 
cannot be guaranteed. Likewise, the results 
refer only to the use in cognitive therapy and 
cannot be transferred to other types of reha-
bilitation, cognitive training, or other fields of 
application.
In some cases, healthy subjects were also 
included or recruited for the studies. This 
makes it possible to examine an initial effect, 
but it is not possible to guarantee that this 
effect will be transferable to patients. Ques-
tionnaires were partly adapted to the rehabili-
tation situation, used in a shortened form, or 
individual  new ones were created. This has to 
be considered when comparing the results. 

The prototypes developed do not claim to 
represent a medical product, but are to be 
regarded as prototypical approaches for use 
in studies. An existing software for cognitive 
training in rehabilitation [162] was used as a 
basis for the training software, and some of 
the designs that were further developed were 
based on it.
The therapeutic effect of the training is not 
considered. Furthermore, no comparisons 
are made with the integration of other exist-
ing training software. The transfer of the ef-
fects can therefore not be guaranteed. 
For tailoring, the user type was considered 
based on the Player and User Types Hexad 
[244] and kept within the different steps for 
comparability of results. Other models may 

lead to different results. In addition, further 
factors should be included for more detailed 
tailoring that influence preferences such as 
age [243], gender [372], or, according to La-
voué et al., the individual engagement behav-
ior [229]. Likewise, possible influencing factors 
such as cognitive impairment or progress in 
rehabilitation should be considered.  

In the conduct of the studies, due to prac-
ticality, various evaluations were combined 
or deepened in collected data. Thus, some 
steps were combined and several research 
questions were considered in a combined 
study, or in partial data of overarching stud-
ies, instead of in individual studies. In this way, 
a compromise was made in the evaluations 
between the feasibility of evaluation with pa-
tients or users in home training and research 
questions to be asked. This is also a reason 
why at various points, exploratory and/or only 
individual partial aspects from the entirety of 
the data collected were considered. Other 
aspects collected were not further included. 
Therefore, no further connections or conclu-
sions are drawn from these. Individual evalu-
ations or further in-depth studies or a different 
study design could lead to different or further 
results. 
The evaluations were based on the evalua-
tion and interpretation of partly one person. 
In other systems or by other evaluators, other 
interpretations or a different focus in the eval-
uation may result. The steps and evaluations 
were carried out to the best of knowledge 
and conscience, nevertheless potential errors 
cannot be ruled out.  

The evaluations consist in some parts of qual-
itative approaches as well as in-depth ex-
plorative approaches and partly include only 
a small number of patients / users. A higher 
number would support generalizability and 
promote the stability of the results.

The results represent trends and guidance. 
Nevertheless, the intended effect may not oc-
cur during application. Overarching groups, 
such as user types, can be defined to cre-
ate ways for application in practice, but in-
dividual motivation may differ from this. This 
may vary for different reasons depending on 
the individual user, such as life circumstanc-
es, needs, requirements in therapy, different 
goals, method of implementing the motiva-
tional elements and/or other factors. In the 
implementation for practical use, only some 
individual elements and combination variants 
were considered in this work. In practice, the 
individual user with individual needs should 
always be kept in mind, and thus, deviations 
from the systems should be made possible. 
This also includes the activation or deactiva-
tion of individual components [256]. 
The results provide methods and deepen 
knowledge for the use of motivational as-
pects in software-based training, but further 
steps are needed and additional in-depth re-
search questions are raised (see section 6.2).
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6Conclusion
This chapter summarizes the results of this 
work and draws conclusions for their mean-
ings.
Based on this, further emerging research 
questions and research steps are proposed. 

Note: 
The conclusion and approaches for future 

work are partly related to and / or extend the 
background and results of this work.

6.1. Conclusion
6.2. Future Work: Research Agenda
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6.1 Conclusion

6.1.1 Thesis Research Question 1 - Implementation of Elements to Support Motivation
6.1.2 Thesis Research Question 2 - Effects in Perception and Training Duration

6.1.3 Thesis Research Question 3 - Training Complemen
6.1.4 Overall

The long-term overarching goal of the re-
seach in this work is to support patients with 
acquired brain damage in the conduct of soft-
ware-based training and to reach resulting 
positive outcomes in cognitive rehabilitation. 
To address this, software-based methods 
were considered in the present work to ad-
dress the motivation, the knowledge of their 
(tailored) use and application and support for 
development and design in practice, and new 
development approaches were presented or 
deepened.
For the connection of development and de-
sign with the therapy, therapeutic trainings 
were used as a basis and complemented 
based on gamification and further motivat-
ing methods. To remain close to the intended 
training situation, the evaluations were main-
ly conducted in the independent use in the 
home training. Methods and implications for 
providing support for practical use are pre-
sented.

In the thesis, the following aspects and re-
search questions were considered: 1) ways 
of implementing gamification elements to 
support motivation, 2) effects on motivation 
in terms of perception and usage behavior in 
training duration through gamification, and 3) 
external complementary possibilities for (tai-
lored gamified) browser-based training on the 
computer.

Basically, this work, in line with other work, 
supports the feasibility and suitability of com-
bining gamification and motivational methods 
and therapy and their suitability for patients 
for cognitive training [392] in rehabilitation, but 

individual needs and tailoring [158, 215, 290, 
294, 309] should be considered.

6.1.1 Thesis 
Research Question 1 
- Implementation of 

Elements to Support 
Motivation

This work contributes to the way of im-
plementing motivational and gamification 
elements (TRQ 1) in a) deepening the con-
sideration of individual elements and element 
combinations, which allows to specifically ad-
dress them to the usage requirements and 
context of patients in rehabilitation. Further-
more, b) it contributes to overarching com-
parison of requests for different gamification 
elements in relation to the user types for tai-
loring, and also c) methods to support the ap-
plication of research results in practice.

The results confirm the use of elements from 
the areas of progression and also the fre-
quently used feedback [392]. They also indi-
cate the use of assistance and a meaningful 
goal, but also the cautious use of transferred 
responsibility. Assistance is used more by pa-
tients than by healthy players, while progres-
sion is used more and socialization less by 
both.

The individual analysis shows that some ele-
ments are requested by all types, others only 
by some or none of them. The results offer an 
orientation for the application in practice for 
the use of elements which are a) generally 
suitable, b) individually tailored, or c) grouped 
tailored.
Furthermore, the possibility of integrating 
new goals through the use of methods to ad-
dress motivation becomes apparent.
By proposing the method of a knowledge 
transfer tool and considering grouped tai-
loring for the assignment of users to existing 
gamified training, a simple access to the ap-
plication of suitable elements may be sup-
ported in practice. In addition, a combination 
may be further considered in the future with 
the implementation of suitable elements for 
all as a basis and, in addition, tailored ele-
ments to achieve or deepen individual effects. 
This focuses a compromise in the detailed 
view of the research and the possibilities for 
implementation in practice.

6.1.2 Thesis 
Research Question 2 

- Effects in Perception 
and Training Duration

This work further shows positive motivational 
effects in terms of perception and behavior 
in the training duration, which result from the 
implementation of motivational methods and 
gamification in combination with a software-
based cognitive training, but are partly indi-
vidually dependent on the user type or needs. 
This has shown that extrinsic aspects (such as 
the integration of a further goal for the user), 
but also intrinsic aspects (such as enjoyment 
or competence) can be addressed.

The use of tailored grouped gamification, 
could lead 
a) regarding perception, among others, to 

higher belief in the training effect and
b) regarding behavior, to the hypothesis of 

partially higher training durations in the 
medium training duration range. 

This is to be further evaluated in relation to 
basic behavior and motivation factors. Such 
an effect might contribute to the simplification 
of implementation in practice in the long term. 
Possible effects on the effectiveness of train-
ing for rehabilitation are to be further consid-
ered in relation to therapy.

6.1.3 Thesis 
Research Question 3 

- Training Complement

Furthermore, this work contributes comple-
mentary methods for browser-based cogni-
tive training on the computer/laptop. Within 
the possibilities considered, potentials for the 
use of serious games on smartphones be-
come apparent, especially in the combina-
tion of the previous use of a browser-based 
gamified training. For different users, however, 
there is a wide range of required training situ-
ations, which indicates a diverse and tailored 
use of single or combined use. This supports 
the current range of different possible uses 
for devices from the practice. However, it also 
points to the relevance of considering how 
these are to be combined to be able to ben-
efit from motivational effects.

In the connection and further development of 
an existing prototype of a feedback object as 
a reminder, the feasibility of the implementa-
tion as a complement to an existing cogni-
tive training via a training server as a smart 
home device is shown. Further proposed 
approaches for tailored implementations as 
complementary support through tailored 
goals, possible effects and the combination 
through grouped tailoring should be consid-
ered in the future. 
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6.1.4 Overall

Overall, this work confirms, in the context of 
cognitive rehabilitation, that the use of moti-
vational methods and gamification can have 
an effect on motivation. However, like the re-
quest for the different approaches, these are 
dependent on the character and needs of the 
user. To address motivational methods, guid-
ance for development and design, effects, 
and complementary possibilities are present-
ed and considered in detail. Thus, this work 
supports, enables and promotes develop-
ment of software-based training in practice 
and enables tailoring to the characteristics of 
the user and the usage situation in indepen-
dent training.

Based on the research results, the tool, and 
the methods presented, this work provides 
support, as well as implications for the ap-
plication of the results for development and 
design in practice. The elements considered 
can thus be planned, tailored and developed 
with more focus on the goal to be achieved. 
Thus, the work contributes to improved de-
velopment and design of methods to support 
motivation in the specific context of software-
based cognitive rehabilitation training.

6.2 Future Work: Research Agenda
In the future, in addition to the aspects ad-
dressed in the previous sections and chapters, 
various possible approaches summarized be-
low should be considered.

1. For transfer to industry and easier access 
and application, the following might be 
addressed: a) In research papers, in ad-
dition to summarizing the results, impli-
cations for practice could be made even 
clearer and strengthened (e.g., in a sep-
arate subsection such as by How et al. 
[178]), or b) research results could be in-
cluded in tools such as the ‘Gamification 
Guide‘. Appropriate focus, writing styles, 
and options should be considered, fol-
lowing e.g., Tondello et al. [370] and Mil-
lar, Moore and Nutt [255].

2. The user behavior and the potentials of 
game elements when used for high and 
low performers [involving 29, 30, 217] 
might be considered, in addition to the 
possibilities and risks of over-motivation 
[334] through different software-based 
methods.

3. The possibility of differences in the ef-
fect, use, and implementation of different 
methods for different phases of cognitive 
rehabilitation or between training in the 
clinic and home training might be ana-
lyzed in more detail.

4. In possible negative effects, indications of 
possible, e.g., too highly transferred re-
sponsibility (section 3.2.1) or development 
of dependencies by the plant of the FBO 
have emerged. Here, in addition to rec-
ommendations for action, recommenda-
tions for avoidance might be analyzed 
and prepared for practice, and related 
software-based dynamic tailoring should 
be considered. Negative effects have also 
been shown in other works [e.g., 54. 234, 
304, 334, 392] and should be addressed 
accordingly in tools like the ‘Gamification 
Guide‘. 

5. The possibilities to optimize the imple-
mentation of meaningful approaches in 
(physical) feedback and (physical) gami-
fication based on software-based inter-
action and impact on different users and 
situations might be deepened. 

Conclusion
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I Further Notes
• In some cases only partial aspects of the 

studies / papers are included in this work, 
e.g., through cooperation with other de-
partments or to focus the questions of the 
individual chapters on specific aspects.

• In the development of the approaches of 
this work, feedback from therapists and / 
or developers of cognitive training was re-
peatedly incorporated to ensure the suit-
ability for the intended purpose.

• The studies were conducted in a way that 
they were as close as possible to the re-
alistic usage situation / at home or in the 
known environment of the patients / par-
ticipants to obtain a realistic assessment.

• This work expands and deepens the au-
thor‘s previous master thesis [129]. In it, an 
interlocking system of initial concepts and 
approaches for complementary gamifi-
cation and devices for cognitive training 

were shown, which are partly taken up in 
this work.

• Among others, the follow-
ing tools and sources were used:  
Unity, Adobe Creative Suite, Microsoft 
Office, InVision, XAMPP, Tasmota, MQTT,  
https://pixabay.com (graphics: free com-
mercial use), https://www.pexels.com/
de-de (graphics: free commercial use),  
https://statistikguru.de, https://www.
socscistatistics.com, https://www.lime-
survey.org/de, Zoom

• Projects were partly realized within the 
given lectures ‘Visual Communication - 
Digital Media‘ at the Magdeburg-Stendal 
University of Applied Sciences, or within 
supervised  projects at the Otto von Guer-
icke University Magdeburg. 
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IV Questionnaires and Graphics
An enlarged version of Figure 11 and the questionnaires based on Tondello et al. [244, 337] are 
presented in a version translated and / or adapted to the rehabilitation situation. Further ex-
cerpts of the used questionnaires relevant for this work can be found in the digital appendix 
on the attached storage medium (printed version) or in the following (digital version)

Figure 27. Adjusted questionnaire based on Tondello et al. [337] to assess the level of 
request for different game elements by patients in cognitive rehabilitation. (Language: Ger-
man)
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Figure 28.  German translation of the questionnaire by Tondello et al. [374] for analyzing 
the type according to the Player and User Hexad [244].
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Figure 29.  Enlarged version of Figure 11: Ratings of Game Elements depending on User 
Type in Patients. Figure from Gabele et al. [136]. 
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Digital version of the attached 
questionnaires

  
3.2.1 Complementarity, Effects and 

Deepening in the Use of Interactive 
Storytelling and Quest

The appendix contains 

• Questionnaires used within the studies as a basis for the Research Questions, sorted by 
chapters

• Link to the Gamification Guide Video Prototype

Note: Parts are blacked out for copyright reasons.



Datum: __________ ID:____ 

Vorbefragung 

!
Geburtsdatum:   ___________________ (TT.MM.JJJJ) 

Geschlecht:    !  männlich  !  weiblich 

Höchster Bildungsabschluss:  !  kein Abschluss 

!  8. Klasse (Haupt- / Volksschulabschluss) 

!  10. Klasse (Realschule / Mittlere Reife / POS) 

!  12./13. Klasse (Abitur / Fachabitur) 

Händigkeit:       !  rechts !  links  !  ambidexter 

neurologische Erkrankung:  !  Schlaganfall  !  Schädel-Hirn-Trauma 

Zeitpunkt der Hirnschädigung: ___________________ (TT.MM.JJJJ) 

Wie häufig nutzen Sie Computer in Ihrem Alltag? 

      !   (fast) nie      !  selten       !  ein wenig   !  häufig      !  (fast) täglich 

!
Haben Sie Erfahrungen mit RehaCom? 

     !   ja             !  nein     !  weiß nicht 

!
Haben Sie Erfahrungen mit dem Trainingsmodul „geteilte Aufmerksamkeit“ (Autofahren)? 

      !   ja             !  nein    !  weiß nicht 

!
Wie motiviert sind Sie gerade? 

      !   überhaupt nicht !  fast nicht  !  ein wenig  !  überwiegend  !  sehr 

!
Wie erschöpft sind Sie gerade? 

      !   überhaupt nicht !  fast nicht  !  ein wenig  !  überwiegend  !  sehr 

!
_____________________________________________________________________________________________ 

Einschätzung der Leistungsfähigkeit durch den Therapeuten (zutreffendes bitte ankreuzen): 

intakt leicht 

beeinträchtigt

leicht bis 

mittelgradig 

beeinträchtigt

mittelgradig 

bis schwer 

beeinträchtigt

schwer 

beeinträchtigt

Aufmerksamkeit

Gedächtnis

Exekutivfunktionen

Belastbarkeit
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Datum: __________ ID:____

Zwischenbefragung 

!
Wie motiviert sind Sie gerade? 

      !   überhaupt nicht !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Wie erschöpft sind Sie gerade? 

     !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Wie anstrengend fanden Sie die Trainingseinheit bislang? 

     !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Konnten Sie sich konzentrieren und bei der Sache bleiben? 

    !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
 

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
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Datum: __________ ID:____ 

Nachbefragung 

!
Wie motiviert sind Sie gerade? 

      !   überhaupt nicht !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Wie erschöpft sind Sie gerade? 

     !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Wie anstrengend fanden Sie die Trainingseinheit? 

     !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Konnten Sie sich konzentrieren und bei der Sache bleiben? 

    !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr  

!
Wie hat Ihnen die Trainingseinheit insgesamt gefallen? 

    !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr     

!
Fanden Sie die Trainingseinheit interessant? 

   !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr      

!
Beschreiben Sie kurz in eigenen Worten Ihre Aufgabe in dieser Trainingseinheit: 

______________________________________________________________________  

Was hat Ihnen besonders gut gefallen? 

______________________________________________________________________ 

Was hat Ihnen nicht gefallen bzw. was könnte verbessert werden? 

______________________________________________________________________  

!
Möchten Sie dieses Trainingsmodul auch in der nächsten Einheit nutzen? 

 !  ja  !  nein  !  vielleicht 

!
Würden Sie dieses Training zu Hause fortsetzen, wenn es die Möglichkeit gäbe? 

 !  ja  !  nein  !  vielleicht 

!
!
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Datum: __________ ID:____

Haben Sie die Autofahrten als sinnvoll erlebt? 

    !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr       

!
Welches Ziel hatten Sie im Training vor Augen? 

______________________________________________________________________ 

!
Wurde das Autofahren durch das Einbetten in die Detektivgeschichte interessanter? 

   !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr  

!
Haben Sie sich beim Autofahren besonders Mühe gegeben, damit Sie in der Handlung 

vorankommen und den Fall lösen können? 

  !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Wie wichtig ist es für Sie, dass das Training in eine sinnvolle Handlung einbettet wird? 

 !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Hat die freie Auswahl der Fahrtziele Ihr Interesse am Training gesteigert? 

   !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr    

!
Konnten Sie mit Ihren Entscheidungen das Geschehen aktiv beeinflussen? 

  !   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr    

!
Wie wichtig ist es für Sie, die Handlung im Training mitbestimmen zu können? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Hatten Sie das Gefühl, dass Sie die Detektei durch Ihre Leistungen unterstützen konnten? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Haben Sie sich durch Ihre Mitarbeit am Fall aktiv in die Geschichte eingebunden gefühlt? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
War Ihnen die in der Detektivgeschichte an Sie übertragene Verantwortung unangenehm? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!

"4



Datum: __________ ID:____ 

Haben Sie während des Autofahrens an die Detektivgeschichte gedacht? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Hat Sie die Detektivgeschichte vom Autofahren abgelenkt? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Mussten Sie während der Autofahrt Informationen Ihres Auftrags im Kopf behalten? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Haben Sie die Detektivgeschichte verstanden? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr gut 

!
War die Detektivgeschichte interessant? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Wie gut passt die Detektivgeschichte zum Training (Autofahren)? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Wie plausibel war die Auflösung am Ende? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr 

!
Würden Sie gerne weitere Fälle kennenlernen? 

!   überhaupt nicht  !  fast nicht     !  ein wenig       !  überwiegend      !  sehr gerne 

!
Haben Sie Anmerkungen, Fragen oder Kritik? 

______________________________________________________________________ 

!

!

!

!
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Wie denken Sie über die heutige Trainingseinheit? 
 

 
 
 
 
 
 
 
 
 

Vielen Dank, dass Sie an der Befragung teilgenommen haben! 



3.2.2 In-Depth Designs and Deve-
lopment of Accompanying Non-

Player Characters



Informationen und Einwilligung
In der nachfolgenden Studie werden die Daten anonym erhoben. Es können keine 
Rückschlüsse auf Ihre Person gezogen werden. Sie können Ihre Einwilligung zur Speicherung 
und Nutzung Ihrer Daten während der Erhebung jederzeit widerrufen, ohne dass Ihnen 
Nachteile daraus entstehen. Die Daten dienen Forschungszwecken und werden 
wissenschaftlich veröffentlicht.  

Sie werden Fragen beantworten, die sich auf Ihre eigene Ansicht beziehen.  Es gibt daher keine 
richtigen oder falschen Antworten, wir interessieren uns für Ihre eigene Sichtweise. 

Die Teilnahme an dieser Studie ist freiwillig. Sie können jederzeit ohne Angabe von Gründen 
die Teilnahme beenden, ohne dass Ihnen dadurch Nachteile entstehen. 

Sollten Sie noch weitere Fragen zum Ablauf der Studie, zum Datenschutz, zu Ihren Rechten, 
usw. haben, können Sie diese jederzeit an den Versuchsleiter stellen. 

Haben Sie die Informationen verstanden und stimmen Sie auf dieser Basis zu an der Studie 
teilzunehmen? 

1.
Markieren Sie nur ein Oval.

Ich stimme zu und möchte teilnehmen Wechseln Sie zu Abschnitt 3 ()

Ich stimme nicht zu und möchte nicht teilnehmen
Wechseln Sie zu Abschnitt 2 (Vielen Dank und einen schönen Tag!)

Vielen Dank und einen schönen Tag!

Stellen Sie sich vor, Sie gehen auf eine lange Wanderung und sie haben die Möglichkeit 
einen Begleiter mitzunehmen...  

Wie soll dieser Begleiter sein? 

In die Wanderschuhe..



Wen möchten Sie als Begleiter mitnehmen?

2.
Markieren Sie nur ein Oval.

A

B

C



Wen möchten Sie als Begleiter mitnehmen?

3.
Markieren Sie nur ein Oval.

A

B

C



Wen möchten Sie als Begleiter mitnehmen?

4.
Markieren Sie nur ein Oval.

A

B

C



Sie haben eben zwei der Personen ausgewählt. Welche der beiden Personen möchten
Sie als Begleiter mitnehmen?

5.
Markieren Sie nur ein Oval.

A

B

C

D

E

F

Und Sie?
...noch drei kurze Fragen zu Ihnen



6.

Markieren Sie nur ein Oval.

bis 20

20 - 29

30 - 39

40 - 49

50 - 59

60 - 69

70 - 79

über 8

7.

Markieren Sie nur ein Oval.

weiblich

männlich

sonstiges

8.

Markieren Sie nur ein Oval.

Ja

Nein

Vielen Dank für Ihre Unterstützung!

Offene Fragen

Bitte geben Sie ihr Alter an:

Bitte geben Sie Ihr Geschlecht an:

Haben oder hatten Sie eine erworbene Hirnschädigung?



9.

10.

11.

12.

Welche Eigenschaften sollte Ihr Begleiter haben?

Stil: Warum wurde sich so entschieden?

Mann: Warum wurde sich so entschieden?

Frau: Warum wurde sich so entschieden?





3.3 User Requests, Effects and 
Ways of Tailored Gamification in 

Software-Based Training



Datum:____________    ID:______________ 

 
Fragebogen Therapeut 
 
Bitte geben Sie bitte für Ihren Patienten an: 
 

Zeitpunkt der Hirnschädigung: __________________  (TT.MM.JJJJ) 
 

Ursache der Hirnschädigung:   ⃞  Schlaganfall  
  ⃞  Hirnblutung 
  ⃞  Schädel-Hirn-Trauma  
  ⃞  Hypoxie 
  ⃞  Tumor 
  ⃞  Infektion 
  ⃞  Intoxikation 
  ⃞  multiple Sklerose 
  ⃞  degenerative Erkrankung 
  ⃞  andere: _____________________________ 
 
 
 

 
Wie schwer schätzen Sie die kognitiven Beeinträchtigungen insgesamt ein? 

 
  ⃞  leichte Einschränkung (geringe kognitive Defizite und kaum Auswirkungen im Alltag, 

durch interne Strategien und externe Hilfsmittel gut kompensierbar) 

  ⃞  mittelgradige Einschränkung (mittelgradige kognitive Defizite und spürbare 
Auswirkungen im Alltag, durch interne Strategien und externe Hilfsmittel nicht 
hinreichend kompensierbar) 

  ⃞  schwere Einschränkung (schwere kognitive Defizite und deutliche Auswirkungen im 
Alltag, in vielen alltäglichen Situationen aufgrund dieser Beeinträchtigungen auf 
externe Hilfe angewiesen) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Datum:____________    ID:______________ 

Informationen und Einwilligung 
In der nachfolgenden Studie werden die Daten anonym erhoben. Es können keine 
Rückschlüsse auf Ihre Person gezogen werden. Sie können Ihre Einwilligung zur 
Speicherung und Nutzung Ihrer Daten während der Erhebung jederzeit widerrufen, ohne 
dass Ihnen Nachteile daraus entstehen. Die Daten dienen Forschungszwecken und werden 
wissenschaftlich veröffentlicht.  
 
Sie werden Fragen beantworten, die sich auf Ihre eigene Ansicht beziehen.  Es gibt daher 
keine richtigen oder falschen Antworten, wir interessieren uns für Ihre eigene Sichtweise. 
 
Die Teilnahme an dieser Studie ist freiwillig. Sie können jederzeit ohne Angabe von Gründen 
die Teilnahme beenden, ohne dass Ihnen dadurch Nachteile entstehen. 
 
Sollten Sie noch weitere Fragen zum Ablauf der Studie, zum Datenschutz, zu Ihren Rechten, 
usw. haben, können Sie diese jederzeit an den Versuchsleiter stellen. 
 
Haben Sie die Informationen verstanden und stimmen Sie auf dieser Basis zu an der Studie 
teilzunehmen? 
 

 ⃞⃞⃞⃞  Ja                    ⃞⃞⃞⃞  Nein  

 
 
__________________________________ 
Vorname, Nachname 
 
 

 
 
__________________________________ 
Unterschrift 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Datum:____________    ID:______________ 

Bitte geben Sie an: 
 

Alter: ____________  Jahre 
 

Geschlecht:   ⃞  weiblich  
  ⃞  männlich  
  ⃞  divers 
 

 
Nutzen Sie Computer, Tablets oder Smartphones?  

 ⃞⃞⃞⃞   Ja  ⃞⃞⃞⃞    Eher Ja  ⃞⃞⃞⃞   Teilweise  ⃞⃞⃞⃞   Eher Nein  ⃞⃞⃞⃞   Nein 

 
 
 
 
 
Haben Sie Erfahrung mit kognitiven Trainings (zum Beispiel RehaCom)?  

 ⃞⃞⃞⃞   Ja  ⃞⃞⃞⃞    Eher Ja  ⃞⃞⃞⃞   Teilweise  ⃞⃞⃞⃞   Eher Nein  ⃞⃞⃞⃞   Nein 

 
Wenn ja:  
 
Machen diese Ihnen Spaß?  

 ⃞⃞⃞⃞   Ja  ⃞⃞⃞⃞    Eher Ja  ⃞⃞⃞⃞   Teilweise  ⃞⃞⃞⃞   Eher Nein  ⃞⃞⃞⃞   Nein 

 
Helfen diese Ihnen konkret in Ihrem Alltag? 

 ⃞⃞⃞⃞   Ja  ⃞⃞⃞⃞    Eher Ja  ⃞⃞⃞⃞   Teilweise  ⃞⃞⃞⃞   Eher Nein  ⃞⃞⃞⃞   Nein 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Datum:____________    ID:______________ 

Bitte geben Sie entsprechend Ihrer persönlichen Einschätzung an: 
 
1) Wie hat Ihnen das Training gefallen?  

 ⃞⃞⃞⃞   Sehr gut  ⃞⃞⃞⃞    Gut  ⃞⃞⃞⃞   Befriedigend  ⃞⃞⃞⃞   Ausreichend  ⃞⃞⃞⃞   Schlecht 

 
 
2) Hat Ihnen das Training Spaß gemacht?  

 ⃞⃞⃞⃞   Sehr   ⃞⃞⃞⃞   Eher  ⃞⃞⃞⃞   Neutral  ⃞⃞⃞⃞   Eher nicht  ⃞⃞⃞⃞   Nicht 

 
 
3) Wie anstrengend war das Training für Sie?  

 ⃞⃞⃞⃞   Sehr   ⃞⃞⃞⃞   Eher  ⃞⃞⃞⃞   Neutral  ⃞⃞⃞⃞   Eher nicht  ⃞⃞⃞⃞   Nicht 

 
 
4) Haben Sie verstanden, was sie bei der Aufgabe machen sollten?  

 ⃞⃞⃞⃞   Ja  ⃞⃞⃞⃞    Eher Ja  ⃞⃞⃞⃞   Teilweise  ⃞⃞⃞⃞   Eher Nein  ⃞⃞⃞⃞   Nein 

 
Wenn es Schwierigkeiten gab, wo lagen diese? 
 
_____________________________________________________________________ 
 
5) Haben Sie das “Bildhafte Vorstellen” verstanden? 

 ⃞⃞⃞⃞   Ja  ⃞⃞⃞⃞    Eher Ja  ⃞⃞⃞⃞   Teilweise  ⃞⃞⃞⃞   Eher Nein  ⃞⃞⃞⃞   Nein 

 
Wenn es Schwierigkeiten gab, wo lagen diese? 
 
_____________________________________________________________________ 
 
6) Haben Sie das “Bildhafte Vorstellen” beim Lesen der Texte angewendet? 

 ⃞⃞⃞⃞   Ja  ⃞⃞⃞⃞    Eher Ja  ⃞⃞⃞⃞   Teilweise  ⃞⃞⃞⃞   Eher Nein  ⃞⃞⃞⃞   Nein 

 
Wenn eher nicht, warum? 
 
_____________________________________________________________________ 
 
7) Werden Sie das “Bildhaftes Vorstellen” Zuhause in Ihrem Alltag ausprobieren? 

 ⃞⃞⃞⃞   Ja  ⃞⃞⃞⃞    Eher Ja  ⃞⃞⃞⃞   Teilweise  ⃞⃞⃞⃞   Eher Nein  ⃞⃞⃞⃞   Nein 

 
Wenn eher nicht, warum? 
 
_____________________________________________________________________ 
 



Datum:____________    ID:______________ 

8) Im Training haben Sie an verschiedenen Stellen Strategien (“Bildhaftes Vorstellen”) gelernt. Bitte bewerten Sie diese 
    nach Ihrer persönlichen Einschätzung: 

 trifft voll 
und ganz zu 

eher 
zutreffend 

weder noch trifft eher 
nicht zu 

trifft 
überhaupt 
nicht zu 

Die Erklärung “Bildhaftes Vorstellen” am Anfang vom Training  
hat mir gefallen. 

     

Die Wiederholung und Ergänzung für “Bildhaftes Vorstellen” nach der 
ersten Aufgabe fand ich sinnvoll. 

     

Die Idee am Ende, wie ich das “Bildhaftes Vorstellen” im Alltag nutzen 
kann hat mir gefallen. 

     

 
9) Bitte geben Sie an, wie Sie das Training für sich selber bewerten: 

 stimme 
völlig 

zu 

stimme 
zu 

stimme 
 eher zu 

weder 
noch 

stimme 
eher 

nicht zu 

stimme 
 nicht 

zu 

stimme 
gar 

nicht zu 

Ich denke, die Strategie nützlich ist, um mir leichter Dinge zu merken.  ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞  

Ich bin mit meiner Leistung bei dieser Aufgabe zufrieden.  ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞  

Nachdem ich das Training gemacht habe, habe ich mich  
kompetenter gefühlt.  

 ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞  

Ich denke es ist wichtig, Strategien zu lernen um es leichter im  
Alltag zu haben. 

 ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞  

Ich denke, ich werde die Strategie wieder einsetzen, da sie mir hilft.  ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞  

Ich denke, ich war recht gut in diesem Training.  ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞   ⃞⃞⃞⃞  



Datum:____________    ID:______________ 

Verhaltensbeobachtung: 
1) Wurde die Strategie gelesen? (Zeit gelassen zum Lesen oder gleich weiter geklickt?)  
 

Ja Teilweise Nein 

   

 
Anmerkung 
 
 
 
 
 
 
2) Wurde “falsch” ausgewählt? (nicht die Antwort falsch, sondern in der Nutzung bzw der 
Klickreihenfolge falsch) 
 

Ja Teilweise Nein 

   

 
Anmerkung 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Datum:____________    ID:______________ 

Gruppengespräch: 
 
Insgesamt: 

- Wie hat es Ihnen gefallen? Und warum? (Was war gut, was war nicht so gut) 
 
 
 
 
 

- Hat das Programm so reagiert, wie sie erwartet haben? (Wenn nein, wann nicht) 
 
 
 
 
 

- Wie hat es Ihnen gefallen die Strategie an die Hand zu bekommen? 
 

 
 
 
 
Instruktionen: 

- Waren die Instruktionen in der Länge ok? Zu lang, zu kurz oder unverständlich? 
 
 
 
 
Usability: 

- Haben Sie verstanden, wie die Bewertung (die Sterne) funktioniert hat oder gab es 
Probleme? 

 
 
 

 
- Hat jemand das Fragezeichen / Hilfesymbol genutzt? Wenn, warum? 

- Wenn nein - nicht gesehen oder nicht gebraucht? (Nachfragen?) 
 
 
 

 
Visuell: 

- Wie hat Ihnen das Aussehen gefallen? (Wirkte es eher alt oder modern, ruhig oder 
chaotisch etc) 
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RehaCom @ home - Einstiegsfragen
 

 

Sehr geehrter Teilnehmer / Sehr geehrte Teilnehmerin, 

 

vielen Dank, dass Sie uns bei der Studie unterstützen. Bevor Sie mit dem Training
starten, möchten wir Sie und Ihre persönliche Einstellung kennenlernen. Es gibt keine

falschen oder richtigen Antworten. Bei Fragen erreichen Sie uns über das
Nachrichtensystem der Trainings-Website.

 

Ihr RehaCom-Forschungsteam

 

In dieser Umfrage sind 10 Fragen enthalten.

Bevor wir beginnen...

Bitte geben Sie Ihre Teilnehmernummer an, die Sie in der
Begrüßungsmail für die Teilnahme an der Studie von uns
bekommen haben: *
Bitte geben Sie Ihre Antwort hier ein:

Demografische Fragen (Seite 1 von 4)

Ihr Alter: *
 In dieses Feld dürfen nur Zahlen eingegeben werden.
Bitte geben Sie Ihre Antwort hier ein:
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Ihr Geschlecht: *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 männlich

 weiblich

 divers

Ihr höchster Bildungsabschluss:  *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 kein Abschluss

 Haupt- / Volksschulabschluss

 Realschule / Mittlere Reife / POS

 Abitur / Fachabitur

 Hochschulabschluss

Wieviel Erfahrung haben Sie mit computergestützten
kognitiven Therapien?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 keine

 nur wenige Trainingseinheiten

 mehrere Wochen im Rahmen von stationärer/ambulanter Behandlung

 mehrere Monate mehr oder weniger regelmäßige Anwendung

 seit mehr als einem Jahr regelmäßige Anwendung
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Wie häufig nutzen Sie digitalen Medien (z.B. am
Computer, Tablet oder Handy)?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 weniger als einmal im Monat

 ca. einmal im Monat

 ca. einmal die Woche

 mehrfach die Woche

 täglich

Ihre eigene Einstellung (Seite 2 von 4)
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Bitte geben Sie an: *
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Bitte beschreiben Sie sich: *

Ihre eigene Einstellung (3 von 4)
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Inwieweit stimmen Sie den Aussagen zu? Bitte geben
Sie Ihre persönliche Meinung an. *
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

stimme
überhaupt
nicht

zu

stimme
nicht

zu

stimme
eher
nicht

zu
weder
noch

stimme
eher
zu

stimme
zu

stimme
völlig

zu

Es macht mich
glücklich, wenn ich
anderen helfen kann.

Ich mag es nicht,
Regeln zu befolgen.

Ich meistere gerne
schwierige Aufgaben.

Das Wohlergehen
anderer ist mir
wichtig.

Selbständigkeit ist mir
wichtig.

Ich überwinde gerne
Hindernisse.

Ich sehe mich als
Rebell.

Ich helfe gerne
anderen, sich in
neuen Situationen zu
orientieren.

Ich stelle gerne den
aktuellen Zustand in
Frage.

Der Lohn meiner
getätigten
Anstrengung ist mir
wichtig.
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stimme
überhaupt
nicht

zu

stimme
nicht

zu

stimme
eher
nicht

zu
weder
noch

stimme
eher
zu

stimme
zu

stimme
völlig

zu

Ich probiere gerne
neue Dinge aus.

Ich mag
Gruppenaktivitäten.

Ich provoziere gerne.

Wenn die Belohnung
ausreicht, werde ich
mich anstrengen.

Ich teile gerne mein
Wissen.

Ich lasse mich oft von
meiner Neugier leiten.

Es ist mir wichtig,
mich als Teil einer
Gemeinschaft zu
fühlen.

Ich mag Wettbewerbe,
bei denen ein Preis
gewonnen werden
kann.

Es ist mir wichtig,
meine Aufgaben
immer vollständig zu
erfüllen.

Es fällt mir schwer,
ein Problem
loszulassen, bevor ich
eine Lösung gefunden
habe.

Belohnungen sind
eine gute Möglichkeit,
mich zu motivieren.
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stimme
überhaupt
nicht

zu

stimme
nicht

zu

stimme
eher
nicht

zu
weder
noch

stimme
eher
zu

stimme
zu

stimme
völlig

zu

Es ist mir wichtig,
meinen eigenen Weg
zu gehen.

Ich mag es, Teil eines
Teams zu sein.

Der Umgang mit
anderen ist mir
wichtig.

Was motiviert Sie? (Seite 4 von 4)
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Sie haben sich entschlossen, im Rahmen der Studie
Ihre geistige Leistungsfähigkeit zu trainieren. Welche
Funktionen oder Elemente würden Ihnen gefallen?
Welche würden Sie im Training motivieren?
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Ich darf die
komplizierten
Aufgaben erst
machen, wenn ich die
einfachen geschafft
habe.

Ich bekomme mehr
Verantwortung
übertragen und helfe
anderen Patienten.

Ich habe die Freiheit
ohne Regeln zu
trainieren wie ich
möchte.

Ich kann mir
aussuchen, ob ich
lieber die
Trainingsaufgaben
erledige, um im
Schwierigkeitsgrad
aufzusteigen oder ob
ich Geld bezahle (echt
oder virtuell) um damit
im Schwierigkeitsgrad
aufzusteigen.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Ich bleibe während
des Trainings anonym,
das bedeutet, dass
weder dem Programm
noch anderen
Patienten angezeigt
wird, wer ich bin.

Durch die Vorarbeit
von Anderen, kann
das Training für mich
einfacher werden.
(Zum Beispiel
gesammelte Punkte
von einer anderen
Person mit nutzen.)

Ich werde im
Programm durch eine
virtuelle Figur, die ich
selbst gestalte,
präsentiert.

Ich bekomme eine
Anerkennung für das
Erreichen wichtiger
Ziele innerhalb des
Trainings.

Ich werde bei den
ersten Aufgaben vom
Programm unterstützt,
damit ich im Training
erfolgreich bin.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Alles, was ich trainiert
habe, wird in einer
abschließenden
Aufgabe getestet.
Diese
Abschlussaufgaben
sind oft schwieriger
als normale Aufgaben.

Ich erhalte
Auszeichnungen für
die Bewältigung
besonderer
Herausforderungen.

Ich bewältige
schwierige Aufgaben,
um meine Fähigkeiten
zu testen.

Ich sammle
Belohnungen für
Trainings, die ich
durchgeführt habe
und kann sie mir
ansehen.

Ich kann eigene
Inhalte im Training
erstellen und
aussuchen.

Ich kann selber
aussuchen, wie das
Training optisch
aussehen soll.

Ich kann im Training
selber neue
Funktionen
hinzuzufügen.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Ich entdecke neue
überraschende
Inhalte, die im Training
versteckt sind.

Ich entdecke das
Training (z.B. Abläufe,
Funktionen oder
Lösungswege) selber
und kann neue Wege
herausfinden, um das
Training
durchzuführen.

Ich werde mit
zusätzlichen
Möglichkeiten belohnt,
die meine Ergebnisse
im Training
verbessern und kann
mich dadurch
kompetenter fühlen.

Das Programm erlaubt
mir mit anderen
Personen zu
trainieren. Die
Personen kann ich mir
aussuchen.

Ich teile im Training
etwas mit anderen
Patienten, um ihnen zu
helfen, ihre Ziele zu
erreichen.

Wenn ich nicht
weiterkomme, gibt mir
das Training
Anregungungen oder
Hinweise, die mir
helfen.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Ich arbeite im Training
mit kleinen oder
großen Teams
zusammen.

Ich bekomme im
Training das Gefühl,
dass ich etwas mache,
das für alle wichtig ist.

Ich kann neue
Funktionen für das
Training vorschlagen
und mit anderen
darüber reden.

Ich teile mein Wissen
mit anderen Personen
in einem speziellen
Bereich für Fragen
und Antworten.

Ich vergleiche meine
Leistung mit anderen.

Ich werde angeregt,
Fähigkeiten zu lernen,
die im wirklichen
Leben nützlich sein
können.

Ich bekomme
angezeigt, wie weit ich
im Training
fortgeschritten bin
und wie weit ich noch
kommen kann, um die
höchste
Schwierigkeitsstufe zu
erreichen.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Ich entwickle
Motivation durch den
Druck, dass ich etwas
verlieren kann (z.B.
Status, Freunde,
Punkte, Belohnungen,
Fortschritt).

Ich erhalte
Belohnungen für mein
Training, die auf Glück
basieren.

Ich sehe, dass mein
Training ein sinnvolles
Ziel erfüllt.

Ich kann mir
aussuchen auf welche
Art ich mein Training
erledige. Dadurch
kann ich den weiteren
Verlauf meines
Trainings
beeinflussen.

Innerhalb des
Trainings bleiben
einige Aufgaben offen.
Dadurch wird meine
Neugier geweckt und
ich versuche die
Antworten darauf
selbstständig zu
finden.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Innerhalb des
Trainings wird eine
Handlung erzählt und
ich habe die
Möglichkeit durch
mein Verhalten und
meine
Entscheidungen ein
Teil der Handlung zu
sein.

Ich kann ein Ziel auf
verschiedenen Wegen
erreichen.

Das
Trainingsprogramm
lernt mich mit der Zeit
kennen und empfiehlt
mir Dinge, die mir
helfen könnten.

Ich erhalte Punkte zur
Erledigung bestimmter
Aufgaben. Punkte
können zum Beispiel
für Belohnungen
verwendet werden.

Ich bekomme für eine
begrenzte Zeit die
Möglichkeit, dass das
Training leichter wird.
Dadurch kann ich
höhere Level
erreichen, die ich
sonst nicht geschafft
hätte.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Ich habe ein klares
Bild davon, wie weit
ich im Training
fortgeschritten bin
und was ich tun muss,
um das nächste Level
zu erreichen.

Ich erhalte die
Fähigkeit, etwas (z.B.
eine virtuelle Figur
oder einen anderen
Patienten) vor
Schaden zu schützen.

Ich bekomme die
Möglichkeit,
besondere Aufgaben
zu erledigen, um für
mich bedeutsame
Ziele zu erreichen.

Ich erhalte
Belohnungen, indem
ich bestimmte
Aufgaben erfülle bzw.
Leistungen erbringe.

Einige Belohnungen
sind sehr selten oder
schwer zu bekommen.

Das
Trainingsprogramm
zeigt anderen
Patienten an, wenn ich
auf einer
Schwierigkeitsstufe
nicht weiter komme
und spornt mich so an
weiterzumachen.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Ich bekomme durch
direkte Hinweise
gezeigt, was ich als
nächstes machen
kann.

Ich kann meine
Leistung mit anderen
vergleichen und
herausfinden, wie ich
im Vergleich zu
anderen Patienten
oder Gesunden stehe.

Ich fordere mich
selbst und beweise
mich im Training vor
mir selbst.

Ich kann andere
Patienten im
Programm durch ihre
Namen oder unsere
gleichen Trainings
finden.

Ich verbinde mich
über ein Netzwerk im
Programm mit so
vielen anderen
Patienten wie ich will.

Ich bekomme
Aufmerksamkeit,
indem ich meinen
Fortschritt anderen
Patienten zeige.

Die Trainingsaufgabe
wird in eine
thematisch passende
Situation eingebettet.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Im Training muss ich
bestimmte Aufgaben
in einer
vorgeschriebenen Zeit
erledigen.

Ich kann von mir
gesammelte
Belohnungen für das
Training mit anderen
Patienten tauschen.

Ich bekomme von
einem Tutor eine
Einführung in das
Programm und er
erklärt mir die
Funktionen.

Ich kann besondere
Inhalte im Training
benutzen, wenn ich
verschiedene
Lösungswege im
Training gefunden
habe.

Ich verdiene im
Training eine virtuelle
Währung, um damit
Güter (virtuell oder
real) zu kaufen.

Das Training findet in
einer eigenen
virtuellen Welt statt, in
der ich selbstständig
handeln kann.
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Finde ich
überhaupt
nicht gut

Finde
ich eher
nicht gut Neutral

Finde
ich eher

gut

Finde
ich sehr

gut

Ich kann innerhalb des
Trainings über dessen
Veränderungen mit
abstimmen.

 

Herzlichen Dank für Ihre Unterstützung!

 

Sie können jetzt diesen Browser-Tab schließen, um sich mit RehaCom vertraut zu
machen. 

 

Ihr RehaCom-Forschungsteam

Übermittlung Ihres ausgefüllten Fragebogens: 
Vielen Dank für die Beantwortung des Fragebogens. 
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RehaCom @ home - Zwischenbefragung
A

 

Sehr geehrter Teilnehmer / Sehr geehrte Teilnehmerin, 

 

vielen Dank, dass sie bisher trainiert haben. Nachfolgend haben wir bis zum heutigen
Training einige Fragen an Sie.

Bitte beantworten Sie diese Fragen nach ihrer persönlichen Einschätzung, es gibt keine
falschen oder richtigen Antworten. Bei Fragen erreichen Sie uns über das

Nachrichtensystem der Trainings-Website.

 

Ihr RehaCom-Forschungsteam

In dieser Umfrage sind 11 Fragen enthalten.

Bevor wir beginnen...

Bitte geben Sie Ihre Teilnehmernummer an, die Sie in der
Begrüßungsmail für die Teilnahme an der Studie von uns
bekommen haben: *
Bitte geben Sie Ihre Antwort hier ein:

Ihre Gesamteinschätzung (1 von 3)
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Wieviel Spaß hat Ihnen das Training bisher gemacht? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 keinen

 eher wenig

 mittelmäßig

 eher mehr

 viel

Wie anstrengend fanden Sie das Training bisher? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 nicht

 eher wenig

 mittelmäßig

 eher mehr

 sehr

Wie sind Sie mit dem Training zuhause selbstständig
zurecht gekommen?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 überhaupt nicht

 nicht so gut

 mittelmäßig

 eher gut

 einwandfrei
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Gab es anfangs technische Schwierigkeiten?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Nein

 Ja, und zwar folgende:

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Haben Sie Hilfe benötigt?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Nein

 Ja, und zwar bei folgendem Problem, dabei hat mir folgende Person helfen können:

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl



4/8

Was motiviert Sie zur Zeit das Training durchzuführen?
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich möchte meine
Gedächtnisleistung
verbessern.

Ich möchte die
Mindestvorgaben der
Studie erfüllen.

Ich möchte meinen
Therapeuten / die
Studienleitung nicht
enttäuschen.

Ich möchte sehen ,
was in der nächsten
Trainingseinheit
passiert.

Ich finde die Texte
inhaltlich spannend.

Mir gefällt die
Trainingsaufgabe.

Ich habe während des
Trainings ein gutes
Gefühl.

Ich habe nach dem
Training ein gutes
Gefühl.

Ich möchte in höhere
Level aufsteigen.

Ich möchte positives
Feedback bekommen.
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich habe mir Ziele
gesetzt, die ich
erreichen möchte.

Ich möchte zur
Erforschung von
neuen Therapien für
andere Betroffene
beitragen.

Ich möchte selbst von
solchen neu
entwickelten
Therapien profitieren.

Das Training hilft mir
dabei, meinen Tag zu
strukturieren.

Mir gefällt, dass ich
trainieren kann, wann
und wie lange ich
möchte.

Ich kann durch das
Training meine
Belastbarkeit
erproben.

Das Training ist eine
sinnvolle
Beschäftigung.
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Weitere Gründe, die Sie zur Zeit motivieren das
Training durchzuführen:
Bitte geben Sie Ihre Antwort hier ein:

Die Person an Ihrer Seite (2 von 3)
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Sie haben auf Ihrer Wanderung im Training eine
virtuelle Person gewählt.

Bitte geben Sie an.  Die von mir gewählte virtuelle
Person wirkte auf mich:
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Sicherheit vermittelnd

hat
Durchsetzungsvermögen

als Autoritätsperson

empathisch

vertrauensvoll

kompetent

motivierend

weiß was gut für mich
ist

sympathisch
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Die Person an Ihrer Seite (3 von 3)

Bitte geben Sie in Bezug auf die Person  an:
*
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Ich habe die Frau gewählt.

 Ich habe den Mann gewählt.

Warum haben Sie sich für die Frau / den Mann
entschieden?
Bitte geben Sie Ihre Antwort hier ein:

 

Herzlichen Dank für Ihre Unterstützung!

 

Sie können jetzt diesen Browser-Tab schließen, um mit RehaCom weiterzuarbeiten. 

 

Ihr RehaCom-Forschungsteam

Übermittlung Ihres ausgefüllten Fragebogens: 
Vielen Dank für die Beantwortung des Fragebogens. 
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RehaCom @ home - Zwischenbefragung
B

 

Sehr geehrter Teilnehmer / Sehr geehrte Teilnehmerin, 

 

vielen Dank, dass sie bisher trainiert haben. Nachfolgend haben wir bis zum heutigen
Training einige Fragen an Sie.

Bitte beantworten Sie diese Fragen nach ihrer persönlichen Einschätzung, es gibt keine
falschen oder richtigen Antworten. Bei Fragen erreichen Sie uns über das

Nachrichtensystem der Trainings-Website.

 

Ihr RehaCom-Forschungsteam

In dieser Umfrage sind 11 Fragen enthalten.

Bevor wir beginnen...

Bitte geben Sie Ihre Teilnehmernummer an, die Sie in der
Begrüßungsmail für die Teilnahme an der Studie von uns
bekommen haben: *
Bitte geben Sie Ihre Antwort hier ein:

Ihre Gesamteinschätzung (1 von 3)



2/9

Wieviel Spaß hat Ihnen das Training bisher gemacht? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 keinen

 eher wenig

 mittelmäßig

 eher mehr

 viel

Wie anstrengend fanden Sie das Training bisher? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 nicht

 eher wenig

 mittelmäßig

 eher mehr

 sehr

Wie sind Sie mit dem Training zuhause selbstständig
zurecht gekommen?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 überhaupt nicht

 nicht so gut

 mittelmäßig

 eher gut

 einwandfrei
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Gab es anfangs technische Schwierigkeiten?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Nein

 Ja, und zwar folgende:

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Haben Sie Hilfe benötigt?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Nein

 Ja, und zwar bei folgendem Problem, dabei hat mir folgende Person helfen können:

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl
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Was motiviert Sie zur Zeit das Training durchzuführen?
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich möchte positives
Feedback bekommen.

Ich möchte in höhere
Level aufsteigen.

Ich habe nach dem
Training ein gutes
Gefühl.

Das Training ist eine
sinnvolle
Beschäftigung.

Ich kann durch das
Training meine
Belastbarkeit
erproben.

Mir gefällt, dass ich
trainieren kann, wann
und wie lange ich
möchte.

Das Training hilft mir
dabei, meinen Tag zu
strukturieren.

Ich möchte selbst von
solchen neu
entwickelten
Therapien profitieren.

Ich habe mir Ziele
gesetzt, die ich
erreichen möchte.
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich möchte zur
Erforschung von
neuen Therapien für
andere Betroffene
beitragen.

Ich habe während des
Trainings ein gutes
Gefühl.

Mir gefällt die
Trainingsaufgabe.

Ich finde die Texte
inhaltlich spannend.

Ich möchte sehen ,
was in der nächsten
Trainingseinheit
passiert.

Ich möchte meinen
Therapeuten / die
Studienleitung nicht
enttäuschen.

Ich möchte die
Mindestvorgaben der
Studie erfüllen.

Ich möchte meine
Gedächtnisleistung
verbessern.
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Weitere Gründe, die Sie zur Zeit motivieren das
Training durchzuführen:
Bitte geben Sie Ihre Antwort hier ein:

Die Person an Ihrer Seite (2 von 3)



7/9

Sie haben auf Ihrer Wanderung im Training eine
virtuelle Person gewählt.

Bitte geben Sie an.  Die von mir gewählte virtuelle
Person wirkte auf mich:
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

kompetent

motivierend

weiß was gut für mich
ist

sympathisch
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

als Autoritätsperson

empathisch

vertrauensvoll

Sicherheit vermittelnd

hat
Durchsetzungsvermögen

Die Person an Ihrer Seite (3 von 3)

Bitte geben Sie in Bezug auf die Person  an: *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Ich habe die Frau gewählt.

 Ich habe den Mann gewählt.

Warum haben Sie sich für die Frau / den Mann
entschieden?
Bitte geben Sie Ihre Antwort hier ein:

 

Herzlichen Dank für Ihre Unterstützung!
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Sie können jetzt diesen Browser-Tab schließen, um mit RehaCom weiterzuarbeiten. 

 

Ihr RehaCom-Forschungsteam

Übermittlung Ihres ausgefüllten Fragebogens: 
Vielen Dank für die Beantwortung des Fragebogens. 
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RehaCom @ home - Zwischenbefragung
C

 

Sehr geehrter Teilnehmer / Sehr geehrte Teilnehmerin, 

 

vielen Dank, dass sie bisher trainiert haben. Nachfolgend haben wir bis zum heutigen
Training einige Fragen an Sie.

Bitte beantworten Sie diese Fragen nach ihrer persönlichen Einschätzung, es gibt keine
falschen oder richtigen Antworten. Bei Fragen erreichen Sie uns über das

Nachrichtensystem der Trainings-Website.

 

Ihr RehaCom-Forschungsteam

In dieser Umfrage sind 8 Fragen enthalten.

Bevor wir beginnen...

Bitte geben Sie Ihre Teilnehmernummer an, die Sie in der
Begrüßungsmail für die Teilnahme an der Studie von uns
bekommen haben: *
Bitte geben Sie Ihre Antwort hier ein:

Ihre Gesamteinschätzung (1 von 2)
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Wieviel Spaß hat Ihnen das Training bisher gemacht? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 keinen

 eher wenig

 mittelmäßig

 eher mehr

 viel

Wie anstrengend fanden Sie das Training bisher? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 nicht

 eher wenig

 mittelmäßig

 eher mehr

 sehr

Wie sind Sie mit dem Training zuhause selbstständig
zurecht gekommen?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 überhaupt nicht

 nicht so gut

 mittelmäßig

 eher gut

 einwandfrei



3/6

Gab es anfangs technische Schwierigkeiten?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Nein

 Ja, und zwar folgende:

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Haben Sie Hilfe benötigt?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Nein

 Ja, und zwar bei folgendem Problem, dabei hat mir folgende Person helfen können:

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Ihre Motivation (2 von 2)
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Was motiviert Sie zur Zeit das Training durchzuführen?
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich möchte meine
Gedächtnisleistung
verbessern.

Ich möchte die
Mindestvorgaben der
Studie erfüllen.

Ich möchte meinen
Therapeuten / die
Studienleitung nicht
enttäuschen.

Ich möchte sehen ,
was in der nächsten
Trainingseinheit
passiert.

Ich finde die Texte
inhaltlich spannend.

Mir gefällt die
Trainingsaufgabe.

Ich habe während des
Trainings ein gutes
Gefühl.

Ich habe nach dem
Training ein gutes
Gefühl.

Ich möchte in höhere
Level aufsteigen.

Ich möchte positives
Feedback bekommen.
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich habe mir Ziele
gesetzt, die ich
erreichen möchte.

Ich möchte zur
Erforschung von
neuen Therapien für
andere Betroffene
beitragen.

Ich möchte selbst von
solchen neu
entwickelten
Therapien profitieren.

Das Training hilft mir
dabei, meinen Tag zu
strukturieren.

Mir gefällt, dass ich
trainieren kann, wann
und wie lange ich
möchte.

Ich kann durch das
Training meine
Belastbarkeit
erproben.

Das Training ist eine
sinnvolle
Beschäftigung.



6/6

Weitere Gründe, die Sie zur Zeit motivieren das
Training durchzuführen:
Bitte geben Sie Ihre Antwort hier ein:

 

Herzlichen Dank für Ihre Unterstützung!

Sie können jetzt diesen Browser-Tab schließen, um mit RehaCom weiterzuarbeiten. 

 

Ihr RehaCom-Forschungsteam

Übermittlung Ihres ausgefüllten Fragebogens: 
Vielen Dank für die Beantwortung des Fragebogens. 
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RehaCom @ home - Zwischenbefragung
D

 

Sehr geehrter Teilnehmer / Sehr geehrte Teilnehmerin, 

 

vielen Dank, dass sie bisher trainiert haben. Nachfolgend haben wir bis zum heutigen
Training einige Fragen an Sie.

Bitte beantworten Sie diese Fragen nach ihrer persönlichen Einschätzung, es gibt keine
falschen oder richtigen Antworten. Bei Fragen erreichen Sie uns über das

Nachrichtensystem der Trainings-Website.

 

Ihr RehaCom-Forschungsteam

In dieser Umfrage sind 8 Fragen enthalten.

Bevor wir beginnen...

Bitte geben Sie Ihre Teilnehmernummer an, die Sie in der
Begrüßungsmail für die Teilnahme an der Studie von uns
bekommen haben: *
Bitte geben Sie Ihre Antwort hier ein:

Ihre Gesamteinschätzung (1 von 2)
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Wieviel Spaß hat Ihnen das Training bisher gemacht? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 keinen

 eher wenig

 mittelmäßig

 eher mehr

 viel

Wie anstrengend fanden Sie das Training bisher? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 nicht

 eher wenig

 mittelmäßig

 eher mehr

 sehr

Wie sind Sie mit dem Training zuhause selbstständig
zurecht gekommen?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 überhaupt nicht

 nicht so gut

 mittelmäßig

 eher gut

 einwandfrei



3/6

Gab es anfangs technische Schwierigkeiten?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Nein

 Ja, und zwar folgende:

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Haben Sie Hilfe benötigt?
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Nein

 Ja, und zwar bei folgendem Problem, dabei hat mir folgende Person helfen können:

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Ihre Motivation (2 von 2)



4/6

 
Was motiviert Sie zur Zeit das Training durchzuführen?
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich möchte meine
Gedächtnisleistung
verbessern.

Ich möchte die
Mindestvorgaben der
Studie erfüllen.

Ich möchte meinen
Therapeuten / die
Studienleitung nicht
enttäuschen.

Ich möchte sehen ,
was in der nächsten
Trainingseinheit
passiert.

Ich finde die Texte
inhaltlich spannend.

Mir gefällt die
Trainingsaufgabe.

Ich habe während des
Trainings ein gutes
Gefühl.

Ich habe nach dem
Training ein gutes
Gefühl.

Ich möchte in höhere
Level aufsteigen.
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich möchte positives
Feedback bekommen.

Ich habe mir Ziele
gesetzt, die ich
erreichen möchte.

Ich möchte zur
Erforschung von
neuen Therapien für
andere Betroffene
beitragen.

Ich möchte selbst von
solchen neu
entwickelten
Therapien profitieren.

Das Training hilft mir
dabei, meinen Tag zu
strukturieren.

Mir gefällt, dass ich
trainieren kann, wann
und wie lange ich
möchte.

Ich kann durch das
Training meine
Belastbarkeit
erproben.

Das Training ist eine
sinnvolle
Beschäftigung.



6/6

Weitere Gründe, die Sie zur Zeit motivieren das
Training durchzuführen:
Bitte geben Sie Ihre Antwort hier ein:

 

Herzlichen Dank für Ihre Unterstützung!

Sie können jetzt diesen Browser-Tab schließen, um mit RehaCom weiterzuarbeiten. 

 

Ihr RehaCom-Forschungsteam

Übermittlung Ihres ausgefüllten Fragebogens: 
Vielen Dank für die Beantwortung des Fragebogens. 
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RehaCom @ home - Abschlussbefragung
A

 

Sehr geehrter Teilnehmer / Sehr geehrte Teilnehmerin, 

 

vielen Dank, dass Sie uns bei der Studie unterstützen. Abschließend zu ihrem letzten
Training haben wir noch einige Fragen an Sie. Es gibt keine falschen oder richtigen

Antworten. Bei Fragen erreichen Sie uns über das Nachrichtensystem der Trainings-
Website.

 

Ihr RehaCom-Forschungsteam

 

In dieser Umfrage sind 26 Fragen enthalten.

Bevor wir beginnen...

Bitte geben Sie Ihre Teilnehmernummer an, die Sie in der
Begrüßungsmail für die Teilnahme an der Studie von uns
bekommen haben:
*
Bitte geben Sie Ihre Antwort hier ein:

Ihre Gesamteinschätzung (1 von 8)
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Wieviel Spaß hat Ihnen das Training gemacht?
*
Bitte wählen Sie nur eine der folgenden Antworten aus:

 keinen

 eher wenig

 mittelmäßig

 eher mehr

 viel

Wie anstrengend fanden Sie das Training? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 nicht

 eher wenig

 mittelmäßig

 eher mehr

 sehr
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Was motiviert Sie zur Zeit das Training durchzuführen?
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich möchte meine
Gedächtnisleistung
verbessern.

Ich möchte die
Mindestvorgaben der
Studie erfüllen.

Ich möchte meinen
Therapeuten / die
Studienleitung nicht
enttäuschen.

Ich möchte sehen ,
was in der nächsten
Trainingseinheit
passiert.

Ich finde die Texte
inhaltlich spannend.

Mir gefällt die
Trainingsaufgabe.

Ich habe während des
Trainings ein gutes
Gefühl.

Ich habe nach dem
Training ein gutes
Gefühl.

Ich möchte in höhere
Level aufsteigen.

Ich möchte positives
Feedback bekommen.
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich habe mir Ziele
gesetzt, die ich
erreichen möchte.

Ich möchte zur
Erforschung von
neuen Therapien für
andere Betroffene
beitragen.

Ich möchte selbst von
solchen neu
entwickelten
Therapien profitieren.

Das Training hilft mir
dabei, meinen Tag zu
strukturieren.

Mir gefällt, dass ich
trainieren kann, wann
und wie lange ich
möchte.

Ich kann durch das
Training meine
Belastbarkeit
erproben.

Das Training ist eine
sinnvolle
Beschäftigung.



5/31

Weitere Gründe, die Sie zur Zeit motivieren das
Training durchzuführen:
Bitte geben Sie Ihre Antwort hier ein:

Ihr Training (2 von 8)



6/31

Bitte geben Sie an, welche der folgenden Dinge Sie für
Ihr Training möchten:
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

Möchte
ich nicht

Möchte
ich eher

nicht
Weder
noch

Möchte
ich eher

Möchte
ich

Ich erzähle meinen
Freunden und / oder
meiner Familie von
meinen Schritten in
der Therapie.

Ich kann den
Fortschritt sehen, den
ich bisher gemacht
habe.

Ich bekomme von
meinem Therapeuten
regelmäßig Feedback
zu meinem Training.

Ich erfahre, ob das
Training wirklich
etwas bringt.

Durch das Training
wird meine Hoffnung
in
Rehabilitationserfolge
gestärkt.

Mein Therapeut stellt
mir ein wirksames
Training zusammen.

Ich bin im Training
nicht auf die Hilfe
anderer Personen
angewiesen.
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Möchte
ich nicht

Möchte
ich eher

nicht
Weder
noch

Möchte
ich eher

Möchte
ich

Meine Fähigkeiten
sind nach der
Rehabilitation höher
als zu Beginn.

Ich bekomme von
meinen Freunden und
/ oder meiner Familie
positives Feedback.

Die Inhalte des
Trainings sprechen
meine Interessen an.

Das Training macht
mir Spaß.

Ich habe eigene Ziele,
die ich erreichen will.

Ich arbeite mit dem
Training aktiv an der
Verbesserung meiner
Lebenssituation.

Ich suche mir
zwischen
verschiedenen
Strategien zum Lösen
der Aufgaben die
Strategie aus, die mir
am meisten liegt.

Die Aufgabe hat einen
Bezug zu meinem
eigenen Alltag.

Ich kann mich mit
meinen vorherigen
Leistungen im
Training vergleichen.
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Möchte
ich nicht

Möchte
ich eher

nicht
Weder
noch

Möchte
ich eher

Möchte
ich

Ich bekomme weitere
Informationen zu
meiner Erkrankung
und zu meinem
Training.

Ich verstehe, warum
das Training was ich
mache, mir hilft.

Ich kann mir gleich am
Anfang des Trainings
ein Ziel für die
nächsten Wochen
festlegen.

Ich kann einschätzen,
welche Aufgaben in
der Therapie noch vor
mir liegen.

Ich kann jederzeit
Kontakt zu meinem
Therapeuten
aufnehmen, falls ich
Probleme habe.

Ich erfahre, ob andere
Betroffene ähnliche
Schwierigkeiten haben
wie ich.

Ich sehe ob ich mich
verbessere.

Ich lege meine Ziele
selber fest.

Ich entscheide selber,
wann ich trainiere.
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Möchte
ich nicht

Möchte
ich eher

nicht
Weder
noch

Möchte
ich eher

Möchte
ich

Ich teile gerne meine
Erfahrungen mit
anderen Betroffenen.

Ich bekomme erklärt,
wie ich das, was ich
geübt habe, auch im
Alltag anwenden kann.

Ich sehe, wie ich
meinen eigenen Zielen
Schritt für Schritt
näher komme.

Durch das Training
habe ich das Gefühl,
meine Lebenssituation
wieder selbst in die
Hand nehmen zu
können.

Ich bekomme
Strategien erklärt, mit
denen ich die
Aufgaben besser
lösen kann.

Ihr Training (3 von 8)
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Sie haben in dem Training, das Sie in den letzten
Wochen gemacht haben, verschiedene Elemente
kennengelernt.

Bitte geben Sie an, inwiefern Sie auf Ihr Training
bezogen den folgenden Aussagen zustimmen:
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

Trifft
überhaupt
nicht zu

Trifft
eher

nicht zu
weder
noch

eher
zutreffend

Trifft voll
und

ganz zu

Der Wanderweg war
eine gute Möglichkeit
zu sehen, was ich
alles schon geschafft
habe.

Ich konnte die virtuelle
Person nicht ernst
nehmen.

Ich habe mir nur wenig
Zeit für die Strategien
genommen, da ich
lieber mit dem
Training
vorankommen wollte.

Dass ich die Person
an meiner Seite nach
und nach weiter
ausstatten durfte hat
mich motiviert.
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Trifft
überhaupt
nicht zu

Trifft
eher

nicht zu
weder
noch

eher
zutreffend

Trifft voll
und

ganz zu

An meine Stärken und
Hobbies erinnert zu
werden, hat mich im
Training unterstützt.

Es hat mir gefallen,
dass ich die Person an
meiner Seite selbst
gestalten konnte.

Es war angenehm, die
Person an meiner
Seite zu haben.

Es war ein gutes
Gefühl zu sehen, dass
ich es geschafft habe
einen steilen Berg zu
erklimmen.

Ich war mit der
Zielsetzung am
Anfang des Trainings
ehrlich gesagt
überfordert.

Die Strategien und
Anregungen zur
Textarbeit haben mir
sehr geholfen.

Es hat mir gut getan,
dass ich meine
Angehörigen durch
die Strategien im
Alltag in die Therapie
einbeziehen konnte.
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Trifft
überhaupt
nicht zu

Trifft
eher

nicht zu
weder
noch

eher
zutreffend

Trifft voll
und

ganz zu

Eine Übersicht über
die Strategien würde
mir helfen, um mich
für die zu entscheiden,
die mir am meisten
liegt.

Es hat mir gefallen,
dass die
Leistungskurve als
Bergkamm dargestellt
wurde.

Es war gut, am Ende
der Trainingseinheiten
einzuschätzen, ob mir
die Strategien etwas
gebracht haben.

Mir gefällt die
Vorstellung, meine
Rehabilitation als eine
Wanderung zu sehen.

Mir hat die Gestaltung
des Wanderwegs gut
gefallen.

Ich war stolz, wenn ich
einen neuen
Meilenstein erhalten
hatte.

Es hat mich nicht
angesprochen, dass
das gesamte Training
als Wanderung
dargestellt wurde.
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Trifft
überhaupt
nicht zu

Trifft
eher

nicht zu
weder
noch

eher
zutreffend

Trifft voll
und

ganz zu

Das Programm hat
mich überzeugt, dass
regelmäßiges Training
meine
Leistungsfähigkeit
verbessert.

Es war ein gutes
Gefühl, ein Ziel zu
formulieren und
darauf hinzuarbeiten.

Ich habe mich über
das Erreichen von
Meilensteinen sehr
gefreut.

Die Hinweise zu
Erkenntnissen aus der
Forschung fand ich
hilfreich.

Es gibt mir Kraft daran
zu denken, was mir im
Alltag gut tut.

Ich habe mir meine
bisherigen
Meilensteine gerne
nochmal angeschaut.

Ich habe der
Darstellung meines
aktuellen
Trainingsverlaufs in
der Leistungskurve
viel Aufmerksamkeit
gewidmet.
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Trifft
überhaupt
nicht zu

Trifft
eher

nicht zu
weder
noch

eher
zutreffend

Trifft voll
und

ganz zu

Es fiel mir leicht die
gezeigten
Informationen in der
Leistungskurve zu
verstehen.

Die dargestellten
Informationen in der
Leistungskurve halfen
mir meine eigene
Leistung besser
einzuschätzen.

Ich hätte gern
detaillierte
Informationen zu
meinem aktuellen
Training erhalten, um
meine momentane
Leistung besser
einschätzen zu
können.

Diese Strategie hat mir bei der Arbeit mit den Texten
am meisten geholfen: 
Bitte geben Sie Ihre Antwort hier ein:
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Haben Sie die eine oder mehrere Strategien in Ihrem Alltag
eingesetzt? 
Sie können Ihre Auswahl kommentieren, wenn Sie
möchten.
*
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Gar nicht

 Eher selten

 Manchmal

 Eher öfter

 Oft

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Ihr Training (4 von 8)



16/31

Bitte geben Sie Ihrer persönlichen Meinung
entsprechend an.
Während des Trainings...
*
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Bitte geben Sie Ihrer persönlichen Meinung
entsprechend an, inwiefern Sie auf Ihr Training
bezogen den folgenden Aussagen zustimmen:
*

Die Person an Ihrer Seite 1 (5 von 8)
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Sie haben auf Ihrer Wanderung im Training eine
virtuelle Person gewählt.

Bitte geben Sie an.  Die von mir gewählte virtuelle
Person wirkte auf mich:
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

kompetent

motivierend

weiß was gut für mich
ist

sympathisch

als Autoritätsperson

empathisch

vertrauensvoll

Sicherheit vermittelnd

hat
Durchsetzungsvermögen
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Sie haben auf Ihrer Wanderung im Training eine
virtuelle Person gewählt. Bitte geben Sie an: *
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Die Person ist ein
guter Begleiter /
Begleiterin für mich.

Die Person ist eine
Unterstützung für
mich.

Die Person hat ein
treuherziges Wesen.

Die Person ist für mich
wie ein Freund.

Die Person hilft mir
mit seinen / ihren
Fähigkeiten.

Das Verhältnis zu der
Person fühlt sich
freundschaftlich an.

Die Person hilft mir
durch sein / ihr
persönliches
Verhalten mir
gegenüber.

Die Person hilft mir
durch seine / ihre
fachlichen Tipps.

Das Verhältnis zu der
Person fühlt sich
professionell an.
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Die Person ist für mich
ähnlich einem
Therapeuten / einer
Therapeutin.

Die Person ist ein
guter Mentor /
Mentorin für mich.

Die Person hat mich
mit Ratschlägen
unterstützt.

Die Person hat sich so
verhalten, dass es
hilfreich für mich war.

Ich möchte, dass die
Person innerhalb der
Therapie weiterhin an
meiner Seite ist.

Ich möchte, dass die
Person auch nach der
Therapie an meiner
Seite ist.

Ich hätte die Person
gerne als reale Person
an meiner Seite.

Es war schön, dass
die Person sich
gefreut hat mich zu
sehen.

Es war schön, die
Person durch die
Kleidung /
Ausstattung, die wir
im Training bekommen
haben, zu
unterstützen.
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Es war schön, dass
ich von der Person
Unterstützung
bekommen habe.

Ich habe mich darauf
gefreut, die Person im
Training zu sehen.

Die Person hat für
mich beim Training
zuhause meinen
Therapeuten / meine
Therapeutin ergänzt.

Die Person hat für
mich beim Training
zuhause meinen
Therapeuten / meine
Therapeutin ersetzt.

Ich möchte, dass die
Person mit mir übt
was ich bei meinem
Therapeuten / meiner
Therapeutin gemacht
habe und mir mehr
dazu erklärt.

Ich möchte meine
Therapiesitzungen mit
dieser Person und
nicht mit meinem
Therapeuten / meiner
Therapeutin machen.

Die Person an Ihrer Seite 2 (6 von 8)
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Sie haben auf Ihrer Wanderung im Training eine
virtuelle Person gewählt. Bitte geben Sie an:
*



.

Würden Sie die Wahl der virtuellen Person (Mann bzw.
Frau) an Ihrer Seite im Nachhinein gerne ändern?
(Bitte begründen Sie) *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Ja

 Nein

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl
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Was würden Sie sich von der Person noch wünschen?
Bitte geben Sie Ihre Antwort hier ein:

Die Benutzung Ihres Trainings (7 von 8)
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Bitte geben Sie an: *
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Haben Sie Anmerkungen zur Benutzung?
Bitte geben Sie Ihre Antwort hier ein:

Hatten Sie technische Probleme bei der Nutzung? 
Bitte geben Sie Ihre Antwort hier ein:

Abschließende Bewertung (8 von 8)
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Wie haben Sie folgende Aspekte während Ihres Trainings
wahrgenommen:
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

überhaupt
nicht

eher
nicht

weder
noch eher ja

ja, voll
und
ganz

Fanden Sie die
Bewertung der Fehler
angemessen?

Wenn Sie in den
ersten Leveln schon
bei einem Fehler im
Level abgestiegen
sind, war das für Sie
frustrierend?

Wenn Sie Ihre Vorgaben pro Woche nicht erfüllt haben,
woran lag es?
Bitte wählen Sie alle zutreffenden Antworten aus:

 Ich hatte es vergessen.

 Ich hatte keine Lust auf das Training.

 Ich hatte zu viele andere Dinge zu tun.

 Ich weiß es nicht.

 Ich habe meine Vorgaben immer erfüllt.

Sonstiges: 
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Wie ist ihr beruflicher Status? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Berentet ohne Zuverdienst

 Berentet mit Zuverdienst

 Arbeitssuchend

 Arbeitsunfähig

 Anstellungsverhältnis oder Selbstständigkeit (durchschnittliche Stundenzahl pro
Woche bitte im Kommentarfeld angeben)

 Sonstiges

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Welche Aspekte am RehaCom Prgramm und
am Training haben Ihnen besonders gefallen?
Bitte geben Sie Ihre Antwort hier ein:
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Welche Aspekte am RehaCom Programm und am
Training  fanden Sie nicht so gut?
Bitte geben Sie Ihre Antwort hier ein:

Wie hat Ihnen die Organisation der Studie gefallen?
Gab es Schwierigkeiten?
Bitte geben Sie Ihre Antwort hier ein:

Herzlichen Dank für Ihre Unterstützung!

Damit leisten Sie einen wertvollen Beitrag zur Verbesserung von kognitiven Therapien.

Sie können diesen Browser-Tab jetzt schließen.

 

Ihr RehaCom-Forschungsteam

Übermittlung Ihres ausgefüllten Fragebogens: 
Vielen Dank für die Beantwortung des Fragebogens. 
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RehaCom @ home - Abschlussbefragung
D

 

Sehr geehrter Teilnehmer / Sehr geehrte Teilnehmerin, 

 

vielen Dank, dass Sie uns bei der Studie unterstützen. Abschließend zu ihrem letzten
Training haben wir noch einige Fragen an Sie. Es gibt keine falschen oder richtigen

Antworten. Bei Fragen erreichen Sie uns über das Nachrichtensystem der Trainings-
Website.

 

Ihr RehaCom-Forschungsteam

 

In dieser Umfrage sind 19 Fragen enthalten.

Bevor wir beginnen...

Bitte geben Sie Ihre Teilnehmernummer an, die Sie in der
Begrüßungsmail für die Teilnahme an der Studie von uns
bekommen haben: *
Bitte geben Sie Ihre Antwort hier ein:

Ihre Gesamteinschätzung (1 von 5)
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Wieviel Spaß hat Ihnen das Training gemacht? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 keinen

 eher wenig

 mittelmäßig

 eher mehr

 viel

Wie anstrengend fanden Sie das Training? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 nicht

 eher wenig

 mittelmäßig

 eher mehr

 sehr
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Was motiviert Sie zur Zeit das Training durchzuführen?
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich möchte meine
Gedächtnisleistung
verbessern.

Ich möchte die
Mindestvorgaben der
Studie erfüllen.

Ich möchte meinen
Therapeuten / die
Studienleitung nicht
enttäuschen.

Ich möchte sehen ,
was in der nächsten
Trainingseinheit
passiert.

Ich finde die Texte
inhaltlich spannend.

Mir gefällt die
Trainingsaufgabe.

Ich habe während des
Trainings ein gutes
Gefühl.

Ich habe nach dem
Training ein gutes
Gefühl.

Ich möchte in höhere
Level aufsteigen.

Ich möchte positives
Feedback bekommen.
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trifft
überhaupt
nicht zu

trifft
eher

nicht zu
weder
noch

eher
zutreffend

trifft voll
und

ganz zu

Ich habe mir Ziele
gesetzt, die ich
erreichen möchte.

Ich möchte zur
Erforschung von
neuen Therapien für
andere Betroffene
beitragen.

Ich möchte selbst von
solchen neu
entwickelten
Therapien profitieren.

Das Training hilft mir
dabei, meinen Tag zu
strukturieren.

Mir gefällt, dass ich
trainieren kann, wann
und wie lange ich
möchte.

Ich kann durch das
Training meine
Belastbarkeit
erproben.

Das Training ist eine
sinnvolle
Beschäftigung.
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Weitere Gründe, die Sie zur Zeit motivieren das
Training durchzuführen:
Bitte geben Sie Ihre Antwort hier ein:

Ihr Training (2 von 5)
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Sie haben in dem Training, dass Sie in den letzten
Wochen gemacht haben, verschiedene Elemente
kennengelernt. Bitte geben Sie Ihrer persönlichen
Meinung entsprechend an, inwiefern Sie auf Ihr
Training bezogen den folgenden Aussagen zustimmen:
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

Trifft
überhaupt
nicht zu

Trifft
eher

nicht zu
weder
noch

eher
zutreffend

Trifft voll
und

ganz zu

Ich hätte gern
detaillierte
Informationen zu
meinem aktuellen
Training erhalten, um
meine momentane
Leistung besser
einschätzen zu
können.

Die dargestellten
Informationen in der
Leistungskurve halfen
mir meine eigene
Leistung besser
einzuschätzen.

Ich habe der
Darstellung meines
aktuellen
Trainingsverlaufs in
der Leistungskurve
viel Aufmerksamkeit
gewidmet.

Es fiel mir leicht die
gezeigten
Informationen in der
Leistungskurve zu
verstehen.
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Bitte geben Sie an, welche der folgenden Dinge Sie für
Ihr Training möchten:
*
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

Möchte
ich nicht

Möchte
ich eher

nicht
Weder
noch

Möchte
ich eher

Möchte
ich

Ich entscheide selber,
wann ich trainiere.

Ich sehe ob ich mich
verbessere.

Ich lege meine Ziele
selber fest.

Ich erfahre, ob andere
Betroffene ähnliche
Schwierigkeiten haben
wie ich.

Ich kann jederzeit
Kontakt zu meinem
Therapeuten
aufnehmen, falls ich
Probleme habe.

Ich kann einschätzen,
welche Aufgaben in
der Therapie noch vor
mir liegen.

Ich kann mir gleich am
Anfang des Trainings
ein Ziel für die
nächsten Wochen
festlegen.

Ich verstehe, warum
das Training was ich
mache, mir hilft.
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Möchte
ich nicht

Möchte
ich eher

nicht
Weder
noch

Möchte
ich eher

Möchte
ich

Ich bekomme weitere
Informationen zu
meiner Erkrankung
und zu meinem
Training.

Ich kann mich mit
meinen vorherigen
Leistungen im
Training vergleichen.

Die Aufgabe hat einen
Bezug zu meinem
eigenen Alltag.

Ich suche mir
zwischen
verschiedenen
Strategien zum Lösen
der Aufgaben die
Strategie aus, die mir
am meisten liegt.

Ich arbeite mit dem
Training aktiv an der
Verbesserung meiner
Lebenssituation.

Ich habe eigene Ziele,
die ich erreichen will.

Die Inhalte des
Trainings sprechen
meine Interessen an.

Das Training macht
mir Spaß.

Ich bekomme von
meinen Freunden und
/ oder meiner Familie
positives Feedback.
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Möchte
ich nicht

Möchte
ich eher

nicht
Weder
noch

Möchte
ich eher

Möchte
ich

Meine Fähigkeiten
sind nach der
Rehabilitation höher
als zu Beginn.

Mein Therapeut stellt
mir ein wirksames
Training zusammen.

Ich bin im Training
nicht auf die Hilfe
anderer Personen
angewiesen.

Durch das Training
wird meine Hoffnung
in
Rehabilitationserfolge
gestärkt.

Ich erfahre, ob das
Training wirklich
etwas bringt.

Ich bekomme von
meinem Therapeuten
regelmäßig Feedback
zu meinem Training.

Ich kann den
Fortschritt sehen, den
ich bisher gemacht
habe.

Ich erzähle meinen
Freunden und / oder
meiner Familie von
meinen Schritten in
der Therapie.

Ich teile gerne meine
Erfahrungen mit
anderen Betroffenen.
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Möchte
ich nicht

Möchte
ich eher

nicht
Weder
noch

Möchte
ich eher

Möchte
ich

Ich sehe, wie ich
meinen eigenen Zielen
Schritt für Schritt
näher komme.

Ich bekomme erklärt,
wie ich das, was ich
geübt habe, auch im
Alltag anwenden kann.

Durch das Training
habe ich das Gefühl,
meine Lebenssituation
wieder selbst in die
Hand nehmen zu
können.

Ich bekomme
Strategien erklärt, mit
denen ich die
Aufgaben besser
lösen kann.

Ihr Training (3 von 5)
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Bitte geben Sie Ihrer persönlichen Meinung
entsprechend an, inwiefern Sie auf Ihr Training
bezogen den folgenden Aussagen zustimmen:
*
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Bitte geben Sie Ihrer persönlichen Meinung
entsprechend an. 
Während des Training:
*

Die Benutzung Ihres Trainings (4 von 5)
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Bitte geben Sie an: *
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Haben Sie Anmerkungen zur Benutzung?
Bitte geben Sie Ihre Antwort hier ein:

Hatten Sie technische Probleme bei der Benutzung?
Bitte geben Sie Ihre Antwort hier ein:

Abschließende Bewertung (5 von 5)
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Wie haben Sie folgende Aspekte während Ihres Trainings
wahrgenommen:
Bitte wählen Sie die zutreffende Antwort für jeden Punkt aus:

überhaupt
nicht

eher
nicht

weder
noch eher ja

ja, voll
und
ganz

Fanden Sie die
Bewertung der Fehler
angemessen?

Wenn Sie in den
ersten Leveln schon
bei einem Fehler im
Level abgestiegen
sind, war das für Sie
frustrierend?

Wenn Sie Ihre Vorgaben pro Woche nicht erfüllt haben,
woran lag es?
Bitte wählen Sie alle zutreffenden Antworten aus:

 Ich hatte es vergessen.

 Ich hatte keine Lust auf das Training.

 Ich hatte zu viele andere Dinge zu tun.

 Ich weiß es nicht.

 Ich habe meine Vorgaben immer erfüllt.

Sonstiges: 
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Wie ist ihr beruflicher Status? *
Bitte wählen Sie nur eine der folgenden Antworten aus:

 Berentet ohne Zuverdienst

 Berentet mit Zuverdienst

 Arbeitssuchend

 Arbeitsunfähig

 Anstellungsverhältnis oder Selbstständigkeit (durchschnittliche Stundenzahl pro
Woche bitte im Kommentarfeld angeben)

 Sonstiges

Bitte schreiben Sie einen Kommentar zu Ihrer Auswahl

Welche Aspekte an RehaCom und am Training haben
Ihnen besonders gefallen?
Bitte geben Sie Ihre Antwort hier ein:
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Welche Aspekte an RehaCom und am Training fanden
Sie nicht so gut?
Bitte geben Sie Ihre Antwort hier ein:

Wie hat Ihnen die Organisation der Studie gefallen?
Gab es Schwierigkeiten?
Bitte geben Sie Ihre Antwort hier ein:

Herzlichen Dank für Ihre Unterstützung!

Damit leisten Sie einen wertvollen Beitrag zur Verbesserung von kognitiven Therapien.

Sie können diesen Browser-Tab jetzt schließen.

Ihr RehaCom-Forschungsteam

Übermittlung Ihres ausgefüllten Fragebogens: 
Vielen Dank für die Beantwortung des Fragebogens. 
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3.4 Outlook Potentials of a Web-
based Gamification Guide for 

Knowledge Transfer between Re-
search and Industry. A Method to 

Support Design and Development

Link Video Prototyp: 

Title: Potentials of a web-based gamification guidance for knowledge transfer between re-
search and industry
Link: https://dl.acm.org/doi/10.1145/3450337.3483458

Citation: M. Gabele and V. T. Fischer, M. Steinbrügge, D. Thiemke, S. Hußlein, C. Hansen, „Poten-
tials of a Web-based Gamification Guide for Knowledge Transfer between Research and In-
dustry“, in Extended Abstracts of the 2021 Annual Symposium on Computer-Human Interaction 
in Play (CHI Play), Austria (Virtual Event), Oct. 2021, pp. 301-307, doi: 10.1145/3450337.3483458.



4.2 Effects of a Tailoring Method 
and Combined Browser-Based and 
Mobile Cognitive Software Training



 
Datenschutz und Einwilligung 
 
Die Teilnahme an dieser Studie ist freiwillig. Sie können jederzeit ohne Angabe von Gründen 
die Teilnahme beenden, ohne dass Ihnen dadurch Nachteile entstehen. 
 
In der nachfolgenden Studie werden die Daten anonym erhoben. Ihre Angaben und Ihre 
Einwilligung werden getrennt voneinander aufbewahrt und einander nicht zugeordnet. Sie 
können Ihre Einwilligung zur Speicherung und Nutzung Ihrer Daten während der Erhebung 
jederzeit widerrufen, ohne dass Ihnen Nachteile daraus entstehen.  
 
Die erhobenen Daten, werden im Rahmen einer Studie an der Otto-von-Guericke-Universität 
erhoben, ausgewertet und gespeichert. Die Verarbeitung der Daten erfolgt für 
Forschungszwecke. Im Falle einer Veröffentlichung von Studienergebnissen bleibt Ihre 
Identität vertraulich. D.h. eine Zuordnung der Daten zu Ihrer Person nicht möglich, und es ist 
auch nicht aus den Daten ersichtlich, dass Sie an einer Untersuchung teilgenommen haben.  
 
Sollten Sie noch weitere Fragen zum Ablauf der Studie, zum Datenschutz, zu Ihren Rechten, 
usw. haben, können Sie diese jederzeit an den Versuchsleiter stellen. 
 
Haben Sie die Informationen verstanden und stimmen Sie auf dieser Basis zu an der Studie 
teilzunehmen? 
 
O Ich stimme zu und möchte teilnehmen. 
O Ich stimme nicht zu und möchte nicht teilnehmen. 
 
 
 
 

________________________________ 
Ort, Datum 

 

________________________________ 
Name in Druckbuchstaben 

________________________________ 
Unterschrift 

 
 
 
 
 
 
 
 
 
 



1) Bitte geben Sie für sich an: 
 
Alter:  ____________  Jahre 

 
Geschlecht:    ⃞  weiblich   

  ⃞  männlich   
  ⃞  divers 
 

Höchster Bildungsabschluss:    ⃞  kein Abschluss 
  ⃞  Haupt- / Volksschulabschluss 
  ⃞  Realschule / Mittlere Reife / POS 
  ⃞  Abitur / Fachabitur 
  ⃞  Hochschulabschluss 
 

Wie schätzen Sie selber Ihre Fähigkeiten im Kopfrechnen ein? 
 ⃞    schlecht  ⃞    eher schlecht   ⃞   durchschnittlich  ⃞   eher  gut  ⃞   gut 
 
 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
 
 
2) Lösen Sie bitte die folgenden Rechenaufgaben im Kopf. Kommen Sie bei einzelnen 
Aufgaben auf keine Lösung, streichen Sie diese bitte. 
 

Aufgabe Lösung 

5 + 2  

35 + 16  

217 + 612  

3,6 + 5,7  

46,7 + 13,8  

582,3 + 147,6  

3,54 + 4,82  

231,92 + 382,53  

2,853 + 6,286  

724,631 + 198,335  

 

  



3) Bitte geben Sie in Bezug auf die durchgeführten Rechenaufgaben an: 
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LHBÊIABAE_BH>D>C

>JUIEOHBEZYK

B̀A?DUI?SBH@BAEFYOBA
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4.3 Outlook Smart Home Feedback 
Object. Further Development, Im-

plementation for Independent Use 
and Tailoring of Gamification
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