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ABSTRACT
A high level of motivation and frequent training are relevant in
software-based rehabilitation to improve cognitive functioning after
acquired brain injury. We evaluated the benefit of tailored user-
centered gamification elements in a clinical study with N=83 outpa-
tients undergoing three weeks of cognitive training in their home
environment. The use of gamification in relation to the patient’s
player type was explored in three steps. First, we determined the
individual player types and related requests for specific game ele-
ments by means of questionnaires. Afterwards, we examined the
effect of gamified training based on a non-player character and
training progress within a metaphor. We considered secondly the
individual perception and emotional effect and thirdly the perfor-
mance based on training duration. 37 elements were requested by
patients of all types, 18 elements were partially requested, and 4 ele-
ments were rejected. A comparison shows that the requested game
elements partly differ between healthy persons and patients. Over-
all, gamification was perceived positively and gamified training
leads to an increase in enjoyment compared to non-gamified train-
ing. In detail, however, there were different effects on the individual
player types: socialisers experienced more enjoyment while achiev-
ers perceived higher competence throughout gamified cognitive
training. Also, differences in performance in training duration were
found. Within gamified training, socialisers trained significantly
more than patients not primarily assigned to this type. In contrast,
no significant difference was found for achievers. By showing mod-
ulating requests and effects in player types, our results support
user-centered tailoring of game elements in the development of
software-based cognitive training in rehabilitation.
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1 INTRODUCTION
Acquired cognitive impairment in adulthood results in most cases
from strokes [42]. Functionally effective software-based training is
used in cognitive rehabilitation after acquired brain injury [68, 70].
In addition to therapy in clinics, supplementary home training can
be conducted. A higher number of training sessions has a positive
impact on its effectiveness [67]. However, longer training durations
can lead to motivation problems. Insufficient training or too early
dropping out is a problem in e-Health [14]. The overall exocentric
goal [9] in software-based training in cognitive rehabilitation is
to use relearned abilities in daily life. To relearn them, the goal is
initially endocentric to use the training software, continue training
and promote positive emotions.

1.1 Tailoring Gamification in Health
In health, gamification is used in software to support motivation
and behavioral change [2, 26, 49]. Gamification describes the use
of game elements in a non-game context [11], such as rehabili-
tation. Thereby gamification should be understood as a process,
whose goal is to support value creation for the user through game-
ful experience [24]. Mechanics, like specifying goals and clarifying
progress, but also emerging emotions like fun, are an essential basis
for this [54]. In health, most research results on gamification range
from mixed to positive [35]. Most commonly used elements in e-
health are rewards and feedback [59]. Gamification may lead to
an increase in motivation, but this cannot be generalised for every
element and user. For example, adverse effects have been observed
in leaderboards which may lead to reduced feelings of competence
or social relatedness [6]. However, perceived competence (learn
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useful skills), social relatedness (feel belonging to others) and auton-
omy (determine your behavior) is the basis for developing intrinsic
motivation according to the self-determination theory [56]. Game
Elements are perceived differently by users. Based on their char-
acter, users can be assigned to different player types [3, 4, 46, 69].
’Player and User Types Hexad’ differentiates between six types
motivated by different aspects: philanthropist (altruism), free spirit
(autonomy), achiever (competence), socialiser (social relatedness),
player (rewards), and disruptor (change) [3, 65]. The preferences
for specific game elements correlates with the player types [63, 65].
Tailored elements can have a positive impact on perception, task
performance and user engagement [47, 64]. In health related behav-
ioral changes, tailored game elements depending on the players’
character are ways to influence the effectiveness of training [47]
or healthy eating [29, 48]. It is important to stimulate positive ef-
fects while avoiding negative effects [29, 48], e.g. to overwhelm the
user by introducing too many strategies [34], especially for clinical
use. It is highly relevant to select specific elements suitable for the
user to achieve the desired effects and compliance [31]. Therefore,
knowing the target group, their characteristics, needs and behavior
are essential for most gamification frameworks [44, 45]. In this vein,
the context in which gamification is used is relevant for its effect
on user motivation [20, 22]. Previous studies point out that there
may be differences in motivation and performance of patients with
brain injury compared to healthy persons [7]. However, to realize
a user-centred approach for this target group, the request for game
elements in cognitive rehabilitation needs to be further investigated.
This leads us to Research Question (RQ) 1: Which game elements
are requested by patients in software-based training in cognitive
rehabilitation depending on their player type?

1.2 Emotions and Behavior in Training
Essential for the drive to perform are the mechanics of visual and
positive feedback [10]. In sports, health programs and apps, usually
the user’s progress is visualized. Feedback on progress shows suc-
cess in achieving the goal and can support repetition of a behavior
[54]. User performance increases significantly by implementing the
combination of progress bar and feedback [41]. In therapy, reporting
training progress to patients and feedback on recovery are essential
factors for patients and improve performance [23, 32]. According to
goalsetting theory, the behavior is related to goals and the feedback
given for them [13, 39]. Based on the received feedback behavior
can be regulated accordingly to foster progress towards this goal
[28]. Research in gamification elements showed that progression
is among others related to the gamification element’s meaning or
purpose [63]. In current cognitive rehabilitation trainings for adults,
progress is often visualized in classic charts, such as lines [52] or
bars [19]. They represent past progress but provide a limited basis
for future steps and a less meaningful 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 [1]. Progress visualizations that enable to track one’s im-
provements have been successfully realized by a metaphor (using a
map or a path) and avatars or Non-Player Character (NPCs), who
walk along such paths to illustrate the progress. Likewise, digital
characters show the possibility of supporting behavioral changes

through feedback [38]. Social reinforcement can arise through real
or digital contacts with other people, but also through non-real
contacts with digital team members such as NPCs [57]. Brain in-
jury can lead to limitations in social cognitive functions, which
can make it difficult for people to integrate socially [33]. However,
social isolation and lack of social support can lead to poorer rehabili-
tation outcomes [17] and higher mortality [55]. Strengthened social
relatedness leads to feeling more involved [5]. It has been shown
that older adults benefit from presenting a virtual character in com-
parison to text or speech [51]. For example, instructions could be
better followed and contact was perceived as pleasant. Adverse
effects on memory or recognition of emotions were not reported.
However, it is unclear how an NPC and progression metaphors are
perceived in clinical conditions when users suffer from cognitive
impairments. This leads us to Research Question 2: How is the
integration of a gamified metaphor using a social NPC and pro-
gression in software-based training in cognitive rehabilitation a)
perceived in its implementation and b) does it affect emotional or
motivational perceptions depending on corresponding player type?

In learning, gamification led to significant increases in cogni-
tive, motivational and behavioral outcomes [58]. In motoric reha-
bilitation in home training, indications are found that addressing
motivation may have a positively affect on motivation, adherence
and training results [15]. As described above, a lot of training has
a positive impact on effectiveness [67]. At the same time game
elements are requested differently depending on the player type
[63]. Therefore, it is important to examine how the use of elements
affects training behavior, depending on whether the integrated el-
ements fit the patient’s type. This may have both, a positive but
also a negative influence on the training duration. This leads us
to Research Question 3: Does the implementation of the gamifica-
tion elements NPC and progress influence the training duration in
software-based training in cognitive rehabilitation depending on
player type?

1.3 Overview
The research questions were investigated by expanding a clinical
study [66] in patients with an acquired brain injury that underwent
three weeks of computer-based training with or without additional
game elements. In the presented work, we first consider the user-
centred individual requests for game elements as a supplement
to software-based training in cognitive rehabilitation (RQ1). For
this, we consider the request for gamification elements depending
on the patient’s player type and compare the average requests
of patients with the existing data of healthy persons. Second, we
examine the subjectively perceived emotions and motivation (RQ2).
For this, we consider as a basis the general perceived effect of the
gamified training used and in detail on two player types. Third, we
examine the behavior of the two player based on the performance
in training duration (RQ3). Finally, we discuss the results and how
they can be used in gamification frameworks and software-based
cognitive training development. The results of this work contribute
to the improvement of user-centred tailoring of gamification in
software-based training in cognitive rehabilitation.
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Figure 1: Training for verbal memory (A), line chart (B) and mountain ridge (C) for progress visualization and hiking path (D)

2 METHODS
2.1 Clinical Study
The data in this work was collected within a larger clinical study
[66] targeting motivation in cognitive therapy after brain injury.
Initial results indicate that gamification does not seem to influence
behavior in general. However, there are indications of differences
in motivational elements and the question arises about possible
individual effects.

2.1.1 Study Design. N=83 patients suffering from cognitive impair-
ments after acquired brain injury gave written informed consent
to participate in the study. They underwent outpatient cognitive
rehabilitation and could conduct the study in terms of language,
communication, cognitive and motor skills at home. They were in
phase D to E based on the German rehabilitation system [53] and
had mild to moderate cognitive impairments according to clinical
and neuropsychological assessements (Montreal Cognitive Assess-
ment [27]: M= 25.98, SD= 2.61; no significant differences between
groups). Patients with severe deficits were not allowed to partic-
ipate, as for them independent computer based training at home
would not be reasonably possible. Participating patients were pro-
vided with access to a medically approved software-based training
for three weeks. The number and duration of the training ses-
sions 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 training phase
successfully. The study included four phases: 1. information, writ-
ten consent and demographic data, 2. pre-survey identifying player
types and requested game elements, 3. individual training phase,
and 4. post-survey determining the effect of the gamification ele-
ments. The study was conducted multicentre and double-blind and
was approved by the local’s ethics committee (297/19-ek).

2.1.2 Basic and Gamified Cognitive training. We differentiate two
groups within this work: Patients who used cognitive training with-
out (group A) and cognitive training extended with game elements
integrated in ametaphor (group B). Both groups conducted the same
existing medically approved software training for verbal memory
[18] as a web application (Fig. 1A). Within the training, texts were
shown to the patient. The related information has to be memorized
and reproduced in multiple-choice questions. Depending on the per-
centage of correct answers, the difficulty is adapted by adjusting the
difficulty level from one to ten. The concept was wrapped around
the training, i.e. before and after memory tasks’ presentation. This
ensured the therapeutic effectiveness of training. The requirement
in the visualization of progress is realistic, not embellished, pre-
sentation to provide self-assessment. The information must not
be presented in a too complicated way, not to overwhelm patients

with cognitive impairments. As a basis and following current vi-
sualizations [19, 52], a line chart (Fig. 1B) of training performance
was used. The green dots show the results of a specific task and
the green line displays 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
visualization was presented to both groups. According to Hamari
and Koivisto [21], the acceptance of gamification is influenced by
both utilitarian and hedonic aspects. Based on the line visualiza-
tion, the gamified metaphor of a hiking path was created in several
brainstorming sessions by a multidisciplinary team of psycholo-
gists, computer scientists, and interaction designers focusing on
gamification. Reasons for deciding on this metaphor included the
transferability to the rehabilitation process and the accessibility
for a wide range of patients. Nature tourism, especially hiking, of-
fers opportunities for different age groups and abilities. The hiking
path illustrates the patient’s situation in a pictorial language in a
meaningful way through a path towards a goal, mountain peak and
successful rehabilitation. Within the therapy, the patient follows
progress for which stamina, effort and small steps are necessary.
As in rehabilitation, 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 protection 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 gamified training was only used in group
B. To realize the metaphor the line of the chart described above
was transferred to a mountain ridge’s corresponding setting (Fig.
1C). Both will be referred to in the following as the performance
curve. To reinforce the feedback, patients can see in a second vi-
sualization how the landscape changes as they progress (Fig. 1D).
This is independent of performance and shown after each training
session. Along the way, milestones can be reached. Some are set
by the system (e.g., completion of the 10th training session), but
patients can also set personal goals. The display of ridge or path can
be switched by using the orange arrow (Fig. 1C). The patient is ac-
companied by an NPC who walks along the path (Fig. 1D). The NPC
does not represent the patient like an avatar, but is a person who
accompanies the patient. The NPC is intended to help the patient
to identify with the metaphor, support involvement in the training
and to build up an emotional bond. With avatars, character identifi-
cation has been shown to be related to the development of flow and
openness to experience [60]. The design of the NPC was based on
desired characteristics of a digital companion in rehabilitation, such
as ’competent’, ’motivating’ or ’empathic’ [16]. Patients can choose
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a woman or a man. The NPC interacts with the patient, e.g. by
greeting and commenting on performance. In training, the patient
can select equipment for the NPC from various objects for the hike
to reach the mountain peak, symbolizing successful rehabilitation.

2.2 Methods RQ1 - RQ3
In this work, we exploratively consider the request and evaluation
of game elements and effects in a comparison of different player
types. The methods for RQ1 - RQ3 are described below. Due to
dropouts of patients at different points in the study (e.g., due to
technical and medical reasons), different numbers of patients are
included in the analysis of the research questions. The respective
number of patients included is stated in the results section for each
research question. Exclusions are mainly based on missing data or
anomalies / schematic answers or technical problems.

2.2.1 RQ 1: Player types and game elements. Player types and re-
quested game elements were identified during the pre-survey. We
used the Gamification User Types Hexad [3] and the corresponding
existing questionnaire [65] to identify the patient’s player types.
It offers comparative data of healthy persons, a link to persuasive
game strategies [50] and is particularly appropriate for gamifica-
tion [20]. The questionnaire was translated into the language of
the participants (german) by the authors. Responses were given on
a 7-point Likert scale (1 (do not agree at all) - 7 (agree completely)).
Participants can be assigned to several types based on equivalent
results of the highest propensity. The player types identified permit
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, we con-
sider primary and least suitable type. For request of game elements,
we used an adapted 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)) [63]. In previous work, a cluster of
eight categories (Socialization, Assistance, Immersion, Risk/Reward,
Customization, Progression, Altruism and Incentive) showed the
correlation between player types and categories [63]. The question-
naire was adapted to the context of rehabilitation because some
items were difficult to understand for non-players. Three iterations
assured the adaption quality with three middle-aged non-players
and two cognitive rehabilitation experts to ensure comprehensi-
bility and suitability. The changed items were compared to the
original questionnaire to ensure that their meaning was preserved.
One item (Social Competition) was transferred to the individual’s
performance (Self Competition). For the rating of the elements de-
pending on the player type, we used the primary player type. For
each element, the average ratings of all player types are stated. We
then examined how many elements were rated exclusively positive,
mixed (positive, neutral or negative) or exclusively negative by the
player types. For the request in categories, we used the four top
loading elements per category [63]. For ’Socialization’, the fifth
element (Social Status) was used due to the changed of ’Social Com-
petition’ to ’Self Competition’. We compared the average rating of
the patients with existing data of healthy persons [40, 63].

2.2.2 RQ2 - Emotions and motivation. To determine the effect on
the perception of individual player types of a gamified metaphor
using a social NPC and progress visualization, ratings in the post-
survey were considered. All between-group comparisons were an-
alyzed with the Mann-Whitney-U-test to detect significant differ-
ences (two-tailed, alpha = 0.05). We collected the perception of the
performance curves compared between group A and B in terms
of comprehension, self-assessment and information content. The
effect of gamification is context- and realization-dependent [20].
Therefore, we have considered one element describing emotional
effect or the perception of the aspects relevant to the implemen-
tation of the metaphor. Collecting items or equipping an avatar
or NPC are typical elements in games. In rehabilitation, however,
the success of the patient is in the focus. Therefore, we considered
whether supporting the NPC or receiving support was perceived
as more positive by ratings in group B on a 5-point Likert scale
(1=Not at all true, 5=Completely true). As a basis, we have con-
sidered the impact of the elements in general. In detail, we have
analyzed two primary types: socialiser (because one core element
of the gamified metaphor is based on social interaction with the
NPC and socialization elements correlate most with socialisers)
and achiever (as it correlates with progression in healthy persons
most and is primarily motivated by competence perception [63]).
We considered enjoyment and effort in both groups in the training
phase based on a 5-point Likert scale (1=none; 5=a lot). Based on
elements of the Intrinsic Motivation Inventory (IMI; 7-point Likert
scale: 1=not at all true; 7=very true) [28], we assessed the perceived
competence.

2.2.3 RQ3 - Performance in training duration. To evaluate the effect
of user-centered gamification on the behavioral level, the individual
training duration was analyzed. For player types socialiser and
achiever, we compare the training duration for both, within and
between group A and B. For this, we considered the primary player
types. The training duration 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 RESULTS
3.1 RQ 1: Player types and game elements
3.1.1 Results of patient data. 68 patients are completed the Player
type questionnaire according to the Gamification 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). Philanthropists are most
(27.59%), and disruptors are least represented in primary type (1.38%).
Regarding the least suitable type, the most are disruptors (53.33%)
and the least is free spirits (1.11%). The distribution of all player
types in patients is displayed in Fig. 2.

Data from 61 patients were analyzed regarding the adapted ver-
sion of the questionnaire on Elements of Gameful Design (f=28,
m=32, d=1, mean age=47 years, age range=18-78 years). The de-
tailed results can be found in the Fig. 5 in appendix A. The overall
most requested element is ’Meaning/Progress’ (M=4.44, SD=0.64)
and the least ’Anchor juxtaposition’ (M=2.26, SD=0.96). For each ele-
ment, the average ratings per player type are presented. 37 elements
were rated higher than M=3.0 (neutral) by all types and are rather
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Figure 2: Distribution of Primary and Least Suitable Player
Type in Patients

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 ratings per category are shown in Table 1. The assignment
of the elements to the categories (based on [63]) is illustrated by
icons in appendix A. The most requested category is ’Progression’
(M=4.27, SD=0.22) and the least is ’Socialization’ (M=2.89, SD=0.41).

3.1.2 Analysis: Comparison of patient and healthy persons data. We
compared RQ 1 results (distribution of player types and requested
game elements) to existing data of healthy persons. The distribu-
tion of player types of patients was compared to existing data of
healthy persons in a similar age group (40-49 years) according to
Marczewski [40]. Deviations in the percentage distribution of pri-
mary player types are very low, at maximum about 5%. Further, we
compared the results of the requested game elements of patients
with acquired cognitive impairment with existing data from healthy
persons, according to Tondello et al. [63]. The main differences and
similarities in categories and elements are shown in Fig. 3.

Figure 3: Main differences and similarities (mean values on
a 5-point Likert Scale) of game elements and categories of
healthy persons [63] and patients in cognitive rehabilitation

3.2 RQ 2: Emotions and motivation
53 patients filled out the pre- and post- survey questionnaires and
completed the training 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 primary socialisers, 12 primary achievers).
18 patients 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 performance curve’s progress element (group A: line chart,
group B: mountain ridge) is displayed in Table 2. Both were rated
positively concerning training progress, comprehension, assess and

details. No significant differences were found between the condi-
tions. 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 3.

Significant differences were found within the items between pri-
mary 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-primary socialisers rather
not (M=2.38, SD=1.00). In contrast, the difference of perception of
getting support by the NPCwas not significant (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).
Primary achievers perceive this as more pleasant (M=4.42, SD=0.86)
than non-primary (M=3.38, SD=1.08). No other group differences
were detected. Regarding emotions and motivation the overall per-
ceived enjoyment was significantly higher in the gamified version
of the cognitive training. Perceived effort and competence were
not significant different. In detail, however primary socialisers per-
ceived significantly more enjoyment and primary achievers sig-
nificantly more competence in gamified than in the non-gamified
training. The p-values of the significance analysis overall and for
individual player types are presented in Table 4.

3.3 RQ 3: Performance in training duration
59 patients filled out the player type questionnaires, 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 primary 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 primary socialisers, 13 primary achievers). Comparing
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 examination of player type-
dependent behavior, socialisers and achievers were considered. The
median training duration of both types in groups A and B is shown
in Fig. 4. Socialisers with the gamified metaphor and NPC trained
the most (md=267.5 min, R=792). There was a significant difference
in training duration in group B between primary and non-primary
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.

4 DISCUSSION
4.1 RQ 1: Player types and game elements
Our results indicate that patients and healthy persons show similar
distributions of player types and cognitive impairment does not
lead to substantial changes in motivational processes after brain
injury. However, ’Assistance’ is requested more by patients than by
healthy persons. Although subjects of a comparable age range were
considered, the healthy persons were younger on average (27 years)
than the patients (47 years). Usually the proportion of philantropists
increases with increasing age [40]. However, if the difference found
were only due to age, categories that correlate with philantropists
(such as Immersion, Progression or Altruism [63]) should be more
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Table 1: 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).

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)
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)
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)
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 2: 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.

Item Overall Overall Group difference
Group A Group B p-value

Training progress: I have paid a lot of attention to the visualization
of my current training progress in the performance 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 helped 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 current performance. 4.11 (0.81) 4.04 (0.77) 0.7414

Table 3: 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).

Item Overall Primary Primary
Socialiser Achiever

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 performance 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 reaching 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 4: 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.

Overall Primary Socialiser Primary Achiever
Item Group A Group B p-value Group A Group B p-value Group A Group B p-value
Enjoyment 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
Competence 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

163



Effects and Ways of Tailored Gamification in Software-Based Training in Cognitive Rehabilitation UMAP ’21, June 21–25, 2021, Utrecht, Netherlands

Figure 4: Training Duration depending in Primary Player Type Socialiser and Achiever

requested by patients. This is not the case. In contrast, the element
’Narrative or Story’, which is assigned to immersion, is requested
less by patients than by healthy persons. This reinforces the con-
textual relevance when using gamification [20, 22]. However, other
factors such as the way of using digital media may also influence
the requests. Designing new cognitive intervention programs is
time consuming and cost-intensive. Therefore, gamification ele-
ments are usually additionally integrated into existing software
[43]. In line with previous research [45, 50], our results support the
implementation phase of gamification in software-based cognitive
training early in the development. The 37 elements, requested by
all player types can generally be used as a basis. In a second step,
these and additional 18 mixed-rated elements may be implemented
for individual player types. Through step-by-step integration, it is
possible to focus on an iterative implementation and optimization
of the elements [45]. However, for use in practice, it should be kept
in mind that the use of several similar strategies probably won’t
reinforce behavioral change [30]. Also, elements may be rejected
even though they correspond to the player type. The option to turn
them off can motivate instead [37]. This shows that the evaluation
of individual gamification elements should not be considered en-
tirely based on overall average of mixed participants. Ratings of
different types, individual evaluations or use-specific evaluations
may deviate.

4.2 RQ 2: Emotions and motivation
Both the visualization of the line chart and the transfer to a moun-
tain ridge were rated rather positively. No significant differences
were found, indicating that the integration of the metaphor may
not affect the perception of feedback. However, the mountain ridge
was rated slightly lower. This should be considered further in de-
tail and 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. The gamified metaphor
was rated positively overall and led to more enjoyment. In contrast,
the perceived effort was similar in the gamified and non-gamified
versions, indicating that gamification elements neither reduce nor
increase exertion in task execution. A closer look at the player types
when using the gamified training revealed that perceived changes
in emotions (i.e., enjoyment) and motivation (i.e., competence) were
limited to the respective player type and did not influence the pa-
tients in general (i.e., despite improved competence achievers did

not feel more enjoyment). These findings replicate the observations
in healthy persons for learning [58], games for change [47] and
other rehabilitation domains [8], showing that perceived emotion
and motivation can be influenced by gamification. The different
effects within the player types highlight the relevance of tailoring
game elements to the characteristics of the users. Our study’s gami-
fied metaphor was designed as a systemwith elements connected to
each other to create a holistic valuable user experience [21]. Jagušt
et al. suggest that the effect of gamification also depends on the
combination of elements [25]. For user-centred tailoring of game
elements in software-based cognitive training, the possibility to
activate or deactivate specific game elements depending on indi-
vidual needs is highly recommended [43]. This shows that the use
of gamification elements may be planned specifically to address
different emotions in different types.

4.3 RQ 3: Performance in training duration
Despite the increased emotions (RQ2) no significant effect was
found regarding the performance in training duration in the gam-
ified vs non-gamified version. There were no differences neither
in the overall comparison, which confirms the initial results [66],
nor in the individual consideration of the player types. Here the
question arises whether the content-related stimulus of the train-
ing and the integrated game elements were not intense enough or
the ultimate goal of the intervention - improvement of cognitive
functions - may be so crucial that the patients executed the tasks
intrinsically motivated even without reinforcement through game
elements [36]. Also in other gamified rehabilitation training, no
effects on efficacy were found [8]. However, we found evidence
that game elements, which match the individual player type, are
able to actually increase perseverance and training performance
within gamified training. Social elements are rather low requested
(RQ1). These primarily refer to interactions with real persons and
the digital NPC implemented in our study seems to have left a
different impression, resulting in a relevant impact on motivation
[20]. Within training with the gamified metaphor, patients trained
significantly longer, when they were primarily socialisers. As train-
ing duration represents one of the main reasons for efficacy [67],
we showed that the tailoring of game elements in cognitive rehabil-
itation is highly relevant. In terms of desired behavioral changes,
the emergence of such effects should be considered more closely to
achieve positive and avoid negative effects [29, 48]. This should not
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only be considered between gamified and non-gamified, but also
within gamified systems. However, achievers who usually request
progression did not differ significantly regarding their overall train-
ing duration. We suggest the following explanations for the missing
impact on the behavioral measure: First, the gamified metaphor
included two elements requested differently by all patients before
the training. While socialization was classified as least appealing,
progression was the most wanted. That implies that user-centred
tailoring is particularly relevant for low-requested or polarizing
elements. Second, research on persuasive strategies showed that
for socialisers significant relationships between player type and
among others goalsetting, cooperation and self-monitoring / feed-
back were found [50], but not for achievers. The results support
that within gamified applications, elements suitable for the type
should be used to support desired behavior.

4.4 General Discussion
Gamification in health is intended to improve perceived emotions
and motivation on the one hand and the targeted behavioral change
on the other. The highest request for ’Progression’ and ’Assistance’
is in line with patients’ desire to get support and improve their cog-
nitive abilities. The possibility of impaired social cognitive function-
ing due to acquired brain injury [33] may have had a concomitant
effect on the rejection of ’socialization’ elements. However, positive
emotions and motivation have been shown in socialisers. Gamified
training using elements of progress visualization and socialization,
showed relevant impact on emotions, motivation, and behavior
for patients in software-based training during cognitive rehabilita-
tion. Notably, the effects were mostly dependent on the individual
player type, indicating that user-centred 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 socialisers tend
to perceive it as rather pleasant to support the NPC, whereas non
primary socialisers find it rather unpleasant. However, in rehabili-
tation, the focus is on receiving support. Thus, tailored elements
may potentially address additional user needs that are not the focus
of therapy, but are individually relevant for the patient’s motiva-
tion. Goals of gamification, perceived emotions and motivation, and
behavior are relevant for training efficacy [12]. This corroborates
the approach to focus on the patients’ needs in the conception of
gamification frameworks [45]. Hallifax et al. [61] point out that
when planning gamification, the dominant player type may not be
sufficient to categorise the users’ preferences. User’s initial moti-
vation profile may also used for dual adaptation to optimize the
tailoring of the elements. Due to the observed differences in train-
ing duration depending on requested and declined game elements,
it may be relevant to consider least represented types or elements
that are low requested but fit to the type. In cognitive rehabili-
tation, additional factors such awareness of the disease, general
compliance or goals could be considered. For player type-related
effects other player type models that consider goal setting may be
included [62]. For the acceptance of gamification in the context
of rehabilitation, further aspects, such as visual style, onboarding,
or depth of serious or gameful to playful elements, or complexity
should be considered. The results support the relevance to define

in the conception of gamification whether the requests of the users,
emotions and motivation or the effectiveness shall be addressed.

5 LIMITATIONS AND FUTUREWORK
In this study, patients from Germany in outpatient therapy with
mild to moderate cognitive impairment were recruited. The results
provide orientation, but generalization or transferability to other
countries, rehabilitation systems, or application fields cannot be
ensured. The questionnaires used were adapted to the patients’
language and the rehabilitation context. This should be considered
when interpreting the comparison with data of healthy persons.
Due to the small number of the player type ’Disruptor’ among the
patients corresponding results can only considered 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 questionnaire on gamification elements,
there is the possibility of influencing the expectations regarding the
training. The sample of the study was rather small within the subdi-
vision into the individual groups and in RQ 2 and 3 only two player
types (socialiser and achiever) were considered. A different study
design or a different way of implementing a metaphor may affect
the results. Further research is needed to investigate the differential
impact of player types on performance in patients. Due to reporting
averaged data, individual preferences may deviate from these re-
sults. Due to the combination of the elements’ progression and NPC,
separating their distinctive effects is not possible. Likewise, some
overlap between various player types is given because patients
can tend to several types [62], even if they have partly different
intensity levels. In line with Hallifax et al. [20] future work should
consider reciprocal effects between elements and / or tendencies for
different types of players. As this study was conducted in the con-
text of a larger clinical study [66], some patients received additional
advice for strategies during task completion and slight corrections
were implemented. An additional effect of strategy teaching may
exist but does not impact results due to equal distribution of them
in group A and B. Our study represents the requests and behavior
of patients. When selecting game elements, the planned training
content’s therapeutic suitability should also be considered. Future
applications could focus on emotional support and more specific
tailoring of gamified elements with dual tailoring.

6 CONCLUSION
In this paper, we investigated player type dependent 1) the request
for game elements of patients in software-based training during
home-based cognitive rehabilitation, 2) perceived emotional and
motivational aspects in non-gamified and gamified training, and 3)
the behavioral effect on performance (i.e., training duration). All
player types of patients in cognitive rehabilitation request almost
two-thirds of the elements, and others are considered differently
or rejected. Thus, we recommend implementing items identified as
generally pleasant first. Later, tailored gamification of additional
game elements may be integrated step by step. The gamified train-
ing led to more enjoyment overall. In detail, however, the player
types reacted differently: Primary achievers perceived a higher
level of competence, primary socialisers perceived more enjoyment
during training. Despite perceived emotions and motivation, there
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was only a limited effect on behavioral performance of player types.
Although no differences were found in training duration between
gamified and non-gamified training, in gamified training, primary
socialisers trained significantly longer than non-primary socialisers.
This indicates a possible dependence of player type, suitability of
the elements used and training duration, emphasising the impor-
tance of user-centred tailoring of gamification. Overall, the results
indicate that gamification is suitable in cognitive rehabilitation and
may lead to emotional, motivational and behavioral improvements.
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 player type to maximise the benefits
and avoid adverse effects. The results of the present study con-
tribute to improving the selection and use of game elements in a
user-centered and tailored way. This may support the optimization
of software-based training in cognitive rehabilitation.
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