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Abstract. Software-based training in cognitive rehabilitation is often perceived
as boring when used over a longer period. This may negatively affect adherence
and therefore reduce therapy success. Regular use is essential and should be con-
tinued after clinical stay. In this work, medically approved therapy software for
cognitive training of divided attention in clinical use is extended with suitable
gamification elements. Based on interactive storytelling, we created a main quest
for single-player about two training sections and demonstrate a method by a pro-
totype to wrap it around the therapy. Based on an exploratory study in Germany
with patients (n=4) and a control group with healthy participants (n=6), we found
a subjectively perceived motivational tendency for patients to use the software
without being exhausted or losing concentration. Patients stated interest in further
use. This work lays a basis to influence motivation, for further clinical evalua-
tions, and shows important fields for future research.
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1 Introduction

Software-based cognitive training is effectively used in clinical therapy in cognitive
rehabilitation [1]. Among others, this is performed after strokes, which are the leading
cause of acquired disability in adulthood [2]. Depending on which part of the brain is
affected, there may be motor impairment, speech and language disorders and cognitive
deficits such as in working memory, logical thinking, visual processing or in alertness.
Relearning skills or compensation of cognitive impairments can take several months or
years. Regular functional training is highly relevant and usually has to be continued at
home after inpatient rehabilitation. An observational study in home training showed
that compliance varies strongly among patients in cognitive therapy, with more than
half of the patients training insufficiently [3]. Without control of the therapist, as in the
clinic, the conduct depends on own engagement. The goal of the training is unambigu-
ous, but it is limited to the functional execution of the task, without addressing the in-
terest. Boredom may reduce the adherence and less or unfocused conduct of training
may reduce the success of rehabilitation. In eHealth, even a substantial number of users
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drop out before the application is completed [4]. This shows one of the main problems,
which is maintaining long-term motivation. To interrupt the attrition rate and create a
long-term motivation, we propose a combination of a cognitive software training with
a gamification element appropriate to the training task.

The contribution of this paper is a method for combining gamification, here by
means of interactive storytelling and a quest, and cognitive therapy. We implement the
concept prototypically and evaluate the subjectively perceived effect of interactive sto-
rytelling and quests on patients in cognitive therapy during use. A control group with
healthy participants shows whether the effect is general or if there are particularities of
patients that need to be considered in game design. Based on this first explorative study,
we identify the potential for further development for long-term use in home training.

2 Related Work

The term storytelling is interpreted differently depending on its field of application (e.g.
as a therapeutic technique, narration or branding). In the following, we use it as mecha-
nics for a fictional narration, with the extension to interact and intervene in the storyline
[5] as a gamification element. These are elements that are typically used in games, but
are inserted in a different, non-game context [6]. There are successful approaches for
the integration of level, achievements and the collection of items in software-based
cognitive therapy [7]. However, these short-term rewards should be avoided if the goal
is long-term motivation [8]. Short-term rewards are rewards that are effective at the
moment they are received. But they can be effectively integrated into overall motivation
concepts if they promote a long-term goal [9, 10], which may last from hours and days
to weeks, months or years if it is divided into several progress loops.

Based on an earnest topic, serious games are used. These are games that are develo-
ped for non-entertainment purposes and with a serious background [6]. This approach
is taken up in rehabilitation in the serious game Re-Mission 2 [11], in which children
in cancer therapy control an avatar through the body that fights cancer cells. Storytelling
or the use of narrative elements can be found in many games [12]. On a theoretical
level, it incorporates a pre-designed story, but also includes integration of the player
and enables freedom of interaction during the action [13]. Interactive stories may create
a connection to the storyline for the user by making their own decisions and completing
quests, and can make them curious about further progress for more than one session.
An example in the health and fitness area for the integration of a training task into a
story is "Zombies, Run" [14]. There a story is experienced in real time and combined
with real running training and current goals. The successful use of software-based cog-
nitive training with integration of storytelling in serious games is also demonstrated by
the training series "Meister Cody" [15]. It tells the story of a journey and promotes
arithmetic training for children with dyscalculia. Storytelling can thus be used as moti-
vator and provide a useful structure for attractiveness of the task to be performed [16].

The development of our concept to combine cognitive software training with inter-
active storytelling and quests is, among others, based on the self-determination theory.
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It is an effective model to increase the motivation in cognitive training and psychothe-
rapy [17, 18] and addresses the three psychological needs with regard to intrinsic mo-
tivation [19]: competence, autonomy and social relatedness. Stories support the auto-
nomy with respect to the meaningfulness of goals [20]. A further aspect mentioned by
Sailer is the possibility of decision freedom. This addressed the autonomy by interacti-
vity in storytelling. It creates the feeling of competence and self-efficacy, which sup-
ports the change of one's own behavior [21]. In addition, quests offer the possibility
within a story to clearly define the goal of the user's action [22]. Thus, a long-term goal
is defined, and intrinsic motivation is addressed concurrently. This may be used exper-
imental as a long-term factor to manipulate adherence [23]. These theories are relevant
as a basis for developing motivation and combating attrition in digital self-improvement
programs [24]. Surveys have shown that patients express general interest in the combi-
nation of training and play [25]. Numerous general research results have been reported
on the individual game elements [26, 27], but their effect on patients in rehabilitation
has so far been neglected [27]. In games, gamification elements are often combined, so
that the effectiveness of the individual elements cannot be clearly evaluated. Other data
are based on surveys [28, 29], which can show a tendency but not the actual effect.

3 Concept Development

For our prototype, we used an existing software for cognitive training of divided atten-
tion in rehabilitation [30]. According to the developer, it is a frequently used training
program due to its relation to the everyday life of patients. The task is to drive a car on
the screen (see Fig. 1¢) and to react correctly to visual and acoustic environmental stim-
uli. In this way, patients learn to divide their attention between different tasks. We in-
tegrated two car drives into the prototype to show the connection within one long train-
ing session or between several short training sessions. An important concept design
challenge is that the training should be motivating over several training sessions. A
further requirement resulting from the use of training in therapy is that the existing task
cannot be changed in order to maintain its existing effectiveness. These requirements
were worked out in collaboration with the developers of the training and with neuro-
psychologists. Dividing the story into short sections can be used to adjust the duration
of the training individually for each patient. Thus a story can last several training days.

Our target group are patients with limited abilities in divided attention who perform
software-based training within rehabilitation. The risk of suffering a stroke doubles
with every decade from the age of 45 [26]. However, accidents can also cause brain
damage earlier. Problematic in the target group are the uneven prior knowledge of
games and technology, age-typical differences in user types [31], personal abilities and
strength of acquired cognitive limitations. For people without connection to technology
and games, it is relevant to create realistic scenarios with easy access and handling to
train at home [10]. In concept and interaction development, we oriented to the group
with fewer skills and previous knowledge. At the same time, we chose a setting with
criminal cases that is familiar to most users from books or films. This makes it possible
to tell a completed story with a main quest and an arc of tension. At the same time it
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offers the possibility to repeat the training (car drive) within one training session or in
other criminal cases. As an employee in a detective agency, patients can solve several
cases, depending on the duration of the therapy. Each criminal case has its own main
quest. The main quests in the criminal cases consists of solving a mystery and do not
build on each other. The prototype exemplary shows one criminal case to be solved.
The participant takes the role of a new employee in a detective agency and supports
a senior detective (Fig. 1a) in solving a criminal case. It is possible to choose between
a female and a male senior detective. In the game, the quest giver, a woman, calls the
participant and tells about a mysterious note found on the doorstep. The participant
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 (Fig. 1b)
and thus the participant choose the route to follow with the car (Fig. 1c). The story ends
with a visit to a carrier pigeon breeder (Fig. 1d) 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 to be solved is given. This is intended to arouse interest for the next session.

o

Anna Duncan

Fig. 1. 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 training of divided attention by the means of a car ride. d) Resolution of the story.

The interactive story was created as one main quest with a simple fake choice architec-
ture. The case is always resolved in the same way, but can be reached by variation at
different turning points. The decision tree for the prototype was limited to three deci-
sions, 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. To this day, level structures and
stories based on these are successfully used in game design [32]. Two car drives for
training for divided attention are integrated. Thus, a connection between existing train-
ing (car drive) and gamification (interactive storytelling / quest) was created. It results
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in a single-player game using the interaction with non-player characters. Because the
goal is the training itself, it constitutes the largest part of the time (see Fig. 2).

A flat 2D representation with low complexity due to the limited cognitive abilities
of the patients with focus on narrative dramaturgy was chosen. The focus is set on the
elements relevant to the action in order to minimize the cognitive processing effort. We
used a low level of detail in the illustration of the background and a higher level of
detail in the visualization of the persons, objects and interactive elements that are im-
portant for telling the story. The selection of detectives is based on a resolute but
friendly appearance. For the story we used a low fidelity click prototype, which was
enhanced with audio files for speakers and background sound. This was combined with
a Unity 3D [33] based version of the existing training for divided attention. Monitor,
keyboard and mouse are used as input devices. These are known and do not influence
the effect of the prototype.

4 Evaluation

The goals of the study were to analyze trends of possible positive and negative effects
on physical and mental performance and the impact of interactive storytelling and
quests on patients. Due to the qualitative explorative character of the study, we chose a
small sample, which may provide starting points for further research. The study was
conducted in Germany with patients in an outpatient clinic for cognitive neurology with
heterogeneous causes of cognitive impairment (stroke, craniocerebral trauma, cerebral
hemorrhage) and healthy participants in a control group to identify differences.

4.1  Participants

Two male and two female patients with cognitive impairment (n=4) in phases C and D,
based on the German rehabilitation system, participated in the study. The average age
was 44.5 years and the age range 31- 52 years. The control group consisted of two male
and four female healthy participants (n=6) with an average age of 57 and the age range
51 - 66 years. All participants came from European cultures, took part voluntarily in
the study and were not rewarded. In order not to influence the participants, they were
not previously integrated into the design process. The age group is between 30 and 70
years. It was chosen because it includes both the age of patients with brain damage due
to stroke and patients with brain damage due to an accident who tend to be younger
than stroke patients. The average ages are this high, because experts stated that this
corresponds to the distribution of patients with acquired brain damage with cognitive
effects in the clinic. All patients suffer from cognitive impairments, are in rehabilitation
and conduct cognitive trainings. They participated in addition to their standard therapy.

4.2  Methods and Material

The basis is the combination of interactive storytelling and quest with cognitive training
for divided attention. This can influence the perception of training, the own physical
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and mental performance and the interest in the training session. The prototype described
in Section 3 was used in the study and a 30-minute training session was conducted. It
was divided into two sections, which were carried out one after the other by the partic-
ipants (see Fig. 2). This gives us an additional measuring point. The cliffhanger to the
next section is generated when the caller shows the note that she has found.

Procedure of the training session
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Fig. 2. 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, storytelling and quest

We asked questions about the training session and the own physical and mental condi-
tion, which were to be answered subjectively by the patients based on their personal
perception. One part was to be assessed based on closed questions on a 5-point Likert
scale. This provides the opportunity to give neutral answers, whereby ratings out of the
neutral range can be considered more relevant. At the same time, it allows a comparison
between the answers. The possible answers are divided into 1 (not at all), 2 (hardly), 3
(a bit), 4 (predominant), 5 (very). In another part, 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
given answers. In the last part, participants were asked about their interest in further
use. Three choices were offered: 1 (no), 2 (maybe), 3 (yes).
The structure was as follows:

a) After an explanation of the study, the participants gave their written consent.

b) Demographic data (including age, sex, education, experience in using com-
puters, and neurological disease, if applicable) were collected.

¢) Participants stated how motivated and exhausted they were before, between
the sections and after the training session. They indicated whether they could
concentrate on the task and stay focused. (closed questions)

d) After the training session, we evaluated the outcome regarding interest, per-
ception of the interaction and combination of story and training and effects.
(closed questions)

e) Participants were asked to describe in own words the task, the goal they had
in mind during the training and aspects they liked and did not like.

(open questions)

f) Finally, the participants stated whether they were interested in getting to know
more cases of the detective agency and whether they would like to continue
the training program at home. (closed questions)
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4.3 Results

In the following, the questions we asked and the results are presented with regard to the
structure presented in Section 4.2. Both the patients’ and control group data are pre-
sented. Table 1 shows in relation to c) the progression from before the training, between
the sections and after the training. Fig. 3 presents the results of the closed questions in
relation to d). For this the Likert scale described in 4.2 is used. Further, conspicuous
aspects of the data are described in detail. Afterwards, the results of the open questions
in relation to e) are described text-based. Last Fig. 4 shows the results in relation to f).

Table 1. Subjective perception of the physical and mental condition before, in the middle and
after the training session 1) of the patients and 2) of the control group.

1. Patients with acquired brain damages 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

2. Healthy participants | Training
Questions | before middle after
How motivated are you currently? | 5 4,83 4,83
How exhausted are you currently? | 1,66 2 2
Was it possible for you to concentrate and stay focused? | - 4,5 4,5

Perception of the participants with regard to the contucted training session
Overall, how did you like the training session? *
Was the training session interesting to you? _45
Has the free choice of destination [ —

increased your interest in training? 4,83

How important is it for you that the training ARSI

is embedded in a meaningful story? 433
How important is it for you to have a say 25
in the story during training? 4,5
Did the detective story s
distract you from the driving? L5
Did you have to keep information about N2
the case in mind while driving? 1,66
Was the responsibility assigned to you [IN2250N

in the detective story unpleasant? 1533

Would you like to get to know other cases? 38—

1 1,5 2 25 3 35 4 4,5 5
u Patients with acquired brain damage = Healthy participants

Fig. 3. Results of the questions after the explorative study with patients and control group
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On average, the responsibility transferred to the patient by the quest was assessed as
almost not unpleasant (2.25) on average. If the values are examined in detail, a wide
range of ratings between 1 (not at all) and 5 (very) appears. In comparison, the healthy
participants rated the transferred responsibility on average as not unpleasant at all (1.34)
and in the distribution between predominantly 1 (not at all) to 3 (a bit) in one case.

On the basis of open questions €), participants were asked to describe in their own
words the task they had carried out. Both the quest (solving the crime case) and the
training (car drive) were indicated. The focus between the two varied among the par-
ticipants. The same was shown with the goal that participants had during the task.

Overall, according to the trend shown in Fig. 3, the training sessions was also as-
sessed positively in the open questions. In particular the combination between driving
a car and solving the puzzle was mentioned as reason for this. With the patients, the
focus was especially on the combination with the story. The reason stated for this was
that the training is less boring. It has been reported from experiences in one's own en-
vironment that patients have lost their interest in training after several training sessions.
It was suspected that the connection with the story may increase the motivation for the
training. The control group, on the other hand, particularly focused on driving in the
positive assessment. Concerning suggestions for improvement, the control group indi-
cated that the story could even be closer to their own life. Both patients and control
group expressed the wish that the difficulty could be higher. Participants were also
asked about their interest in further use (Fig. 4): 1 (no), 2 (maybe), 3 (yes).

Further use of training with interaction storytelling and quest

Would you like to use this training
in the next training session as well? 255

Would you continue this training at home FEN275

if it would be possible? 2,8
1 1.5 2 25 3

u Patients with acquired brain damage Healthy participants

Fig. 4. Interest in further use of patients and control group in the clinic and in home training.

5 Discussion

In this work, we presented a method to combine a computer-based cognitive training
for divided attention with interactive storytelling and quest, which led to a prototypical
adventure game with a high driving share. We evaluated this exploratively on the effect
on patients and a control group with healthy participants. Healthy participants were
chosen to detect whether cognitive impairment may cause effects or whether effects
also occur for healthy participants. However, this does not allow a comparison to the
current training and level of possible efficacy. This will be tested in future steps. This
work focuses on the subjectively perceived effects and whether they occur only with
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patients. Due to the small number of participants, the results should be considered as a
trend of the exploratory study and not be generalized. The results show starting points
for further research focused on individual aspects. The study is a step to implement
Killikelly's approach to use experimental factors to manipulate adherence [23]. It shows
indications that interactive storytelling and quests may be a way to develop motivation
and combat attrition. The results refer to patients with limitations in divided attention
in rehabilitation phases C and D. For other limitations and other phases, they may differ.
The slight increase of motivation subjectively perceived in the course of the training
¢) might be due to the interest in combining training with interactive storytelling and a
quest described in d), €) and f). It may also result from a comparison with other trainings
known to patients which may be considered less interesting. In the control group, over-
all motivation is also very high, which indicates an interest in content. Nevertheless, it
decreased slightly in the course of the study. This could be due to the fact that partici-
pants neither knew other training routines nor need the training they have performed,
and are aware of it. This could also explain the slight increase in exhaustion. The fact
that neither subjectively perceived exhaustion nor concentration decreased during the
session is very relevant for the training. This indicates that there is no cognitive over-
load for patients that would reduce the cognitive abilities required for therapy.
Overall, the prototypical training session was assessed very positively. Due to the
possibility to influence the storyline to solve the quest d) considered as relevant, a need
for autonomy and relatedness in training may be assumed. This supports the selection
of self-determination theory as the basis for the use of interactive storytelling and quest.
[17, 18, 19]. However, its level in the current training and the needs have to be tested
in corresponding questionnaires. The relevance of the meaningfulness of the embed-
ding of the training [20] is also shown. In order to increase this and the level of relat-
edness, the patient could be involved in the development of new criminal cases. How-
ever, it should be critically investigated that some patients perceived the transferred
responsibility as very unpleasant. This did not occur in the control group. The differ-
ence should be examined more closely with a higher number of participants. Interactive
storytelling requires own decisions to solve the quest. If there are differences between
healthy participants and patients, it should be investigated to what extent this is due to
character traits or influenced by acquired brain damage. Interest in getting to know fur-
ther cases confirms interest in this scenario, but leaves open whether interest in other
scenarios would be higher or lower. It is particularly relevant that solving the case does
not distract from driving and that not much information must be remembered. If this
were not the case, other cognitive abilities than divided attention would have been ad-
dressed. According to experts, a combination of different trainings should be avoided.
With regard to €) patients have both training and story in focus during the session.
This indicates that interactive storytelling with quest and training is not very distracting.
The combination of the story and solving the quest was highlighted as positive by pa-
tients. Independently, it was assumed that this might increase the long-term interest of
the training. This supports the intended use and shows the relevance of further research
steps. The desire for a higher degree of difficulty can be based on the fact that the train-
ing in the prototype was set to a low level in order not to overstrain and thereby falsify
the effect. This should be better adapted to the abilities of participants in future. The
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desire for a closer connection to everyday life suggests that training might be adapted
more to the rehabilitation goal of the patients. However, in the long term fun in training
should also support this. It should be examined more closely which scenarios support
the regular performance of the training. A free selection of a story may increase the
interest in conducting training and the perceived autonomy.

The interest in using this in the next training session and independently at home
underlines the positive evaluation and motivation shown above and supports further
research steps. It should be considered how much the goal of the rehabilitation and how
much the extension through storytelling and quest contribute to it. It is also interesting
to note that healthy patients indicated that they will continue to use it. This indicates a
high motivational factor due to the extension itself. Participants who indicated that they
did not want to carry it out further expressed in €) at the same time that the level of
difficulty should be higher. This could have had an influence on the decision.

In the present study no standardized questionnaires were used to adapt the questions
to our prototype and to avoid additional cognitive effort by asking too many questions
what may falsify the result. In following studies this may be changed for comparability.

Based on the presented method, the story can be extended to several training sessions
by adding more content, or it can be divided into short quests depending on the patient's
abilities. Currently, the session is designed not to be repeated. An adjustment of the
structure for different dissolutions may be possible. This may increase the repetition of
the training on different difficulty levels. In this situation, the question is whether a
positive dissolution of the training session is necessary for motivating patients or not.

It should also be examined whether there is a different motivational effect on patients
than by short-term gamification, like achievements and the collection of items [7, 8],
and how they can be combined for which patients (e.g. for patients with limited
memory). In this study, only minor differences between patients and healthy partici-
pants were found. However, it should be considered whether existing systems as well
as those of the player types [34] are equally applicable.

The longer duration of the training with extension may be problematic for use in clinics.
However, this probably does not influence the home training.

6 Conclusion

We demonstrated an approach to combine cognitive rehabilitation training for divided
attention with interactive storytelling and quest as a gamification element and evaluated
its effect on patients. The developed prototype was tested in an explorative study. Our
results indicate that the subjectively perceived motivation of patients increases slightly
during the training session. It was found that storytelling, quest as well as interactivity
in combination with cognitive training are considered as meaningful by patients and
that there is a high level of interest in their use. The combination shows potential for
long-term and independent use in home training for patients. The assumption by pa-
tients that the expansion of cognitive training by storytelling and quest is more moti-
vating in the long term than training itself supports the need for further research.
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A possibility for flexible adaptation of the complexity and responsibility of content
by decision possibilities for different patients can be created, as well as different reso-
lutions of the story. It can also be further examined which topics are particularly suita-
ble in terms of content for the development of scenarios in order to have a motivating
effect. In addition, the difference between classic storytelling and interactive storytell-
ing and quest can be considered in relation to the responsibility transferred to patients.
The motivating effect of interactive storytelling and quests can be evaluated in a com-
parison group with classical cognitive training and a higher number of participants over
several weeks. Furthermore, the effectiveness of the therapy can be evaluated and a
clinical study can be conducted.
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