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Introduction: Visuospatial neglect (VSN) is common after stroke and can seriously hamper everyday life.
One of the most commonly used and highly recommended rehabilitation methods is Visual Scanning
Training (VST) which requires a lot of repetition which makes the treatment intensive and less appealing
for the patient. The use of eHealth in healthcare can increase options regarding improved treatment in
the areas of patient satisfaction, treatment efficacy and effectiveness. One solution to motivational issues
might be Augmented Reality (AR), which offers new opportunities for increasing natural interactions
with the environment during treatment of VSN.
Aim: The development of an AR-based scanning training program that will improve visuospatial search
strategies in individuals affected by VSN.
Method: We used a Design Research approach, which is characterized by the iterative and incremental
use of prototypes as research instruments together with a strong human-centered focus. Several design
thinking methods were used to explore which design elements the AR game should comply with. Seven
patients with visuospatial neglect, eight occupational therapists, a game design professional and seven
other healthcare professionals participated in this research by means of co-creation based on their
own perspectives.
Results: Fundamental design choices for an AR game for VSN patients included the factors extrinsic moti-
vation, nostalgia, metaphors, direct feedback, independent movement, object contrast, search elements
and competition. Designing for extrinsic motivation was considered the most important design choice,
because due to less self-awareness the target group often does not fully understand and accept the con-
sequences of VSN.
Conclusion: This study produced a prototype AR game for people with VSN after stroke. The AR game and
method used illustrate the promising role of AR tools in geriatric rehabilitation, specifically those aimed
at increasing the independence of patients with VSN after stroke.
� 2020 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction ifests in a number of ways, including decreased visual perception
Every year about 15 million people worldwide are affected by
stroke,1 and one of the cognitive consequences of a stroke can be
visuospatial neglect (VSN).2 VSN is an attention disorder that man-
and awareness of the affected side during self-care, losing one’s
way, being unable to find objects, and poor perception of people
located on the affected side.3 VSN affects 30–50% of patients imme-
diately following stroke3,4 and is often accompanied by a reduced
awareness of impairment , which negatively impacts the duration
and effectiveness of patient recovery.5,6

One of the most commonly used and highly recommended
rehabilitation methods found in Dutch and international stroke
guidelines on VSN is Visual Scanning Training (VST), which is typ-
ically delivered by an occupational therapist.7,2 In this approach a
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patient is encouraged to direct eye and head movements toward
the neglected side in order to encourage scanning of the whole
environment during daily activities.8 This requires a lot of repeti-
tion which makes the treatment intensive and less appealing for
the patient.9,10

The use of eHealth in modern healthcare offers new possibilities
to improve treatment in the areas of patient satisfaction, treatment
efficacy and effectiveness.11 For example, a feasibility study
showed that the use of exergaming improved the adherence of
people with VSN in the post-acute phase of their rehabilitation
process and it also seemed promising in the assessment and quan-
tifying of VSN symptoms.12 Adherence of the patients was mea-
sured by a training diary after each training session and showed
a high indication of adherence and also the individual cognitive
and spatial exploration skills improved after the training. Another
study showed that video games make rehabilitation more enjoy-
able and achieve higher therapeutic compliance.13 Computer
games in general are known for voluntary participation, longer
playing times, and higher probability of therapeutic compliance.14

Virtual Reality (VR) is also receiving attention and studies have
shown that people with neglect who learn to cross the street using
VR perform better when crossing streets in real life.15

Compared to VR, Augmented Reality (AR) also be a promising
tool to provide satisfaction but is not widely investigated.16 The
benefits of AR are a more natural interaction with the environment
by projecting images into a real-world setting to lower the barrier
to greater home-based use. This can be important when attempt-
ing to regain activities of daily living in patients during stroke reha-
bilitation.17 Therefore, in this study we investigate how AR could
be used as visual scanning-based therapy for patients with VSN,
leading to increased more appealing and independence in their
rehabilitation process.

The aim of this research was to develop an AR-based scanning
training program that will improve visuospatial search strategies
in individuals affected by VSN. A Design Research approach was
used to develop an AR game and among the contributors, members
of the target group were included as the main participants in co-
creation.
2. Methods

2.1. Study design

We applied a Design Research approach using a variety of qual-
itative design thinking methods. To better understand and improve
visual scanning training for patients with VSN, we generated new
design elements should be incorporated into the AR game to posi-
tively motivate patients to scan the environment by rotating the
head or using eye movements to the affected side’. The design
thinking model is used to provide a solution-based approach to
solving problems.18,19 This model has five stages and provides an
understanding of human needs, as well as a human-centered
reframing of the problem and a hands-on approach to prototyping
and testing. Two prototypes were tested by patients with VSN
using the two design thinking methods ‘fly on the wall’ and ‘think
out loud’, which are described below.20 Co-creation was used to
evaluate the prototypes from different perspectives, but patient
feedback was regarded as the most important input.11 Following
input from all participants, design choices were made and further
developed within the AR game.
2.2. Elements of VST

We used elements derived from VST as the underlying working
theory with which to develop the AR game, as this is the most com-
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mon and widely used training method to help stimulate the
patient to systematically visually explore their environment during
the activities of daily life.2,21,22 Our AR game merely provides the
means to especially the encouraging of paying active and conscious
attention while keeping motivation up during repeated and sys-
tematic training under more demanding conditions.23,10,22 Encour-
agement is usually guaranteed by operant condition, such as
reinforcement. With our AR tool this is met by both the therapist
who will give verbal feedback as well as during play as finding
the objects will result in earning the reward. Additionally, repeti-
tion and systematic scanning are very important features of VST
and those are made easier as the progression of the game ensures
focus and motivation.10 Last, gradual reduction of various stimula-
tion methods and cues is provided, as feedback cues will diminish
when patients incorporate efficient scanning strategies throughout
training.

2.3. Technology

The AR game was developed using the AR glass ‘HoloLensTM’. The
HoloLensTM was designed by Microsoft and provides the opportu-
nity to mix the real world with the virtual world when wearing
the device.24 In this study we used the first generation HoloLensTM

and developed the AR game using the software Unity 5.6.2. Unity
5.6.2. is compatible with different hardware devices as it runs on
the iOS, Android and Windows platforms. We used the Windows
Mobile 10 operating system to develop the prototypes, together
with the software code language C#. The HoloLensTM was connected
to the computer using a local dedicated router, both to achieve the
best connection between the devices and for privacy reasons. As
the AR game is easy to use, the occupational therapist helps the
patient put on the HoloLensTM device and starts the AR game, and
there is no need for a developer or technical expert to be present
to help launch and play the game.

2.4. Participants

This study was performed in three skilled nursing facilities pro-
vide Geriatric Rehabilitation in the Netherlands.25 The included
patients were: (1) assessed for VSN based on the Catherine Bergego
Scale (CBS) or had already been assessed in hospital using tradi-
tional neuropsychological tests for VSN;26 (2) had entered a Geri-
atric Rehabilitation program at one of the skilled nursing
facilities between January 1st 2017 and May 1st 2018; (3) primar-
ily diagnosed with stroke. The exclusion criteria were: (1) severe
aphasia leaving patients unable to make verbal statements; (2)
visual impairments such as hemianopia or pre-existing visual
problems before the stroke; (3) bedridden patients. Participants
were informed about the study and gave written informed consent
that also covered video and audio recordings.27 During the study
eight occupational therapists and seven other healthcare profes-
sionals (including physical therapists, doctors and nurses) were
asked for feedback on the two prototypes, four occupational ther-
apists were involved in peer examination during the course of the
research, and one game design professional was involved through-
out the study. Together these participants formed a co-creative
process with the purpose of finding a match between the values
of each participant, the technology and the surrounding
infrastructure.11

2.5. Procedure

The researcher who collected all qualitative data had consider-
able experience with the target group and with VST. The Boeije
roadmap, which was used in the analysis of verbal and non-
verbal data, is a systematic and thorough approach to the analysis
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of qualitative data.28 The data were open coded by the first author
and by an independent occupational therapist and subsequently
discussed in order to increase internal validity. The data were then
coded axially by comparing the codes to determine similarities and
differences. In case of consensus, the codes were used for analysis.
To complete the analysis, selective coding was applied to provide
further structure in the plurality of separate main and sub codes.
Selective coding provides the researcher with insight into the data
collected and the story it tells in the light of the problem. In addi-
tion to the transcripts and video recordings, literature searches
were also analyzed using ATLAS.ti, so that all data could be brought
together in a single overview.29 Following data analysis, the most
common data were selected and integrated into the prototypes
using the guided story telling method, together with the game
design professional. Fig. 1 schematically illustrates which groups
of participants took part in this study and which design thinking
method was used.

2.5.1. Observation and interviews
In this study two observational methods were used to test the

two prototypes together with patients with VSN. The first was
the ‘fly on the wall’ method which was used in the case of four
patients with VSN in order to evaluate the first protoype.18 As a
component of Design Research, several methods were used to
obtain relevance data. As implied by the name, the fly on the wall
method is an observational tool whereby the researcher remains as
unobtrusive as possible, observing and collecting relevant data
without interacting with the patient.18 The second method was
the ‘think out loud’ approach whereby four patients with VSN were
asked to communicate all thoughts and experiences aloud while
using the second prototype.18 One patient was included in the test-
ing of both prototypes to order to allow us to see and hear how a
patient reacts to the different prototypes. In both observational
methods the patients were filmed from a distance using a video
camera and images were simultaneously recorded from the Holo-
LensTM to compare the two recordings and assess behavior during
prototype testing. For every design element the verbal and nonver-
bal reactions of the patients were analyzed. In this way, the moti-
vation, ease of use and VST approach during the observations were
mapped and coded according to corresponding pre-defined themes
Fig. 1. Participants and corresponding design thinking methods.
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in Atlas.ti.29 Following both observations, the researcher com-
pleted semi-structured interviews to evaluate the prototypes with
the patients. The questions were based on personal data, personal
preferences, and the needs and experiences related to use of the
prototype based on the included design elements. To simplify the
answering patients were first asked closed-ended questions, fol-
lowed by open-ended questions based on the answer given. The
observations and interviews were used as input for the design of
the following prototype and priority was given to the outcomes
that emerged in the case of more than one patient. All interviews
were later recorded and transcribed.27

2.5.2. Guided story telling
Supported by the design professional, the prototypes were crit-

ically examined by means of guided storytelling. Here, the design
elements within the game were discussed using the story of a
patient in the target group.18 This process led to a set of design
choices which were then tested with the patients and substanti-
ated with scientific literature or vice versa.

2.5.3. Questionnaire
After using the first prototype, a self-developed semi-structured

questionnaire was completed by eight occupational therapists and
seven other healthcare professionals including physical therapists,
doctors and nurses. Prior to testing the prototype, the participants
were asked to imagine themselves from the perspective of a 70-
year-old patient with VSN.18 The questions focused on their expe-
rience with patients with VSN and how the motivation, indepen-
dence and compensation elements in the game can be processed.

2.5.4. Literature
Due to the iterative process, no keywords were identified prior

to the literature review. For every design choice, corresponding lit-
erature was retrieved in order to provide additional support.

2.5.5. Peer examination
In order to increase reliability, the outcomes were tested by four

occupational therapists through peer examinations at the end of
the study.30 All design choices were critically assessed for rele-
vance from the perspective of both the patient and the occupa-
tional therapist.

3. Results

The results of this study are a series of design choices that
together constitute a HoloLensTM-based AR game, developed for
people with VSN after stroke. The final form of the AR game is a vir-
tual museum in which the patient is located and where he or she
must search for virtual paintings projected ‘on to a wall’, as shown
in Fig. 2. During the game the patient is stimulated to scan the
environment and feedback is given as soon as a painting is over-
looked. After looking at the painting, the patient is rewarded with
a video linked to the painting. The paintings illustrate nostalgic
themes from the Netherlands such as crafts, national holidays
and older vehicles, and as such the game provides extrinsic encour-
agement to scan the environment while moving around. Further
game specifications are described in the design choices below.

3.1. Design choice 1: Extrinsic motivation

The most important outcome of the interviews conducted with
seven patients with VSN was the method of motivating recovery
from VSN. The interviews showed that these patients are not
intrinsically motivated to work towards recovery because less
self-awareness impedes their acceptance of their limitations. One



Fig. 2. One of the paintings of the virtual museum.
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of the interview questions was, ‘‘What is necessary for you to be
able to function independently again?” In response the patients’
answers only referenced physical functions, while cognitive func-
tions are clearly very important to independent functioning. Dur-
ing the interviews and through observation it became clear that
some of the patients were aware of the need for VST but disliked
daily feedback encouraging them to pay more attention to their
neglected side. These observations further underline the impor-
tance of making VST more engaging and the need to develop a
game that provides patients with extrinsic motivation. This aspect
should also be taken into account during the implementation of
the game.

3.2. Design choice 2: Metaphor

In conversation with the game design professional, we dis-
cussed the way in which learning is conveyed via the game and
the need for the game to be enjoyable in order to enhance the
motivational effects on learning. The outcome of these conversa-
tions was the choice of using a metaphor. Metaphors can, without
being necessarily based on reality, create a learning effect within
the user and make a gaming experience more enjoyable.31 Because
patients with VSN are not intrinsically motivated, figurative trans-
fer using metaphors can be especially useful.31 These issues were
discussed during the guided story telling session with the game
design professional, which resulted in a suitable metaphor during
the development of the first prototype. A museum was chosen
because it is a place where people come to learn but at the same
time wish to be entertained, a dual function that fits well with
the purpose of the game to make aspects of VST both educational
and entertaining. Furthermore, research shows that people who
are 65 or older constitute the largest group of museum-goers so
the metaphor also fits well with normal target group activities.32

When the patients in the study were asked about their experience
of museums, they were positive but were now unable to visit
museums due to impaired physical functioning.

3.3. Design choice 3: Nostalgia

In addition to discussing the museum as metaphor with the
game design professional, nostalgia emerged as an additional pos-
sible theme, which accords with a report by the Dutch Museum
association that history is a main theme in 61% of museums.32 Fur-
ther investigation of the literature on use of nostalgia showed that
it stimulates certain areas of the brain and helps to motivate
patients.33 Nostalgia is regularly used in games because it can
inspire feelings of pride and pleasure in older people as they
remember objects and events, with the attendant positive effect
on the player’s mood.34 In the AR game, nostalgia is elicited using
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virtual video footage of past scenes which are displayed on a wall
as in a real museum. This design choice was tested in the first and
second prototypes by asking the target group to wear the Holo-
LensTM to search and watch the video’s projected sequentially onto
the wall. Observations of patient reactions to the prototypes and
the outcomes of the interviews all indicated a positive response.
The first prototype included three nostalgic videos which were
randomly chosen on the theme labor, and in the second prototype
additional themes such as vacation and healthcare were added to
increase variety. Six of the seven patients smiled watching the
videos or were positive about it during the interview afterwards.
One patient expressing this as ‘‘Nice to just be able to see it again”
and one patient recognized his own neighborhood and started talk-
ing about good memories of his childhood. Another patient pre-
ferred videos about nature above the themes used in the game.
The single patient who did not enjoy the nostalgic videos also
had difficulty with the game due to major cognitive problems,
which may have influenced the outcome.

3.4. Design choice 4: Independent movement

The interviews with the seven patients emphasized that the
main goal of geriatric rehabilitation is to recover abilities to per-
form activities patients undertook before their stroke, and patients
specified physical problems following stroke as the limiting factor
in these activities (e.g. ‘‘As long as I can use my arms and legs
again”). In literature geriatric rehabilitation is defined as ‘‘optimize
functional capacity, promote activity and preserve functional
reserve and social participation in older people with disabling
impairments.”35 Therefore, the game focused on independent
movement (walking or using a wheelchair) as one of the basic
functions of activities of daily living, and integrated this into the
game by placing the paintings at a distance from each other so that
the patient had to physically move from painting to painting while
scanning the environment in order to play the game.36 This ele-
ment also emerged from the literature as a priority, in the form
of a relevant functional task within occupational therapy and to
promote independence.2,8 Four of the seven patients involved in
this research used a wheelchair and one patient required a walking
aid to move safely. Although not all patients were able to move
independently, they were stimulated to practice this aspect in
the game by scanning while walking or using a wheelchair.

3.5. Design choice 5: Search element

The search element of the game (in order to view all virtual
paintings) provides an extra incentive for head rotation, in accor-
dance with the stated goals of VST.2 This aspect quickly became
clear to users, as all patients visually searched their environment
for the virtual paintings. The HoloLensTM has various options for
controlling the game, including head movements, hand move-
ments or by verbal communication with the device.24 The two pro-
totype tests showed that operations based on hand movements are
difficult or impossible due to the physical consequences of stroke
and this also impedes use of a mobility aid. Of the three HoloLensTM

control modes (head movements, hand movements or verbal
response) a conscious decision was made to use the head move-
ment function as this encourages the patient to scan the environ-
ment by means of head rotation, and thus supports the goals of
VST.2,10 The ‘Voice’ aspect is incorporated into the game only in
the sense that the patient is initially asked via the device for certain
verbal confirmations, such as whether the HoloLensTM fits comfort-
ably. During the first prototype test it became apparent that the
positioning of the HoloLensTM on the head was difficult for a few
patients. A check to ensure proper fit at the beginning of the game
was therefore incorporated into the second prototype. When the
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HoloLensTM is comfortably fitted, participants are asked to say ’start’
in order for the game to continue.

3.6. Design choice 6: Object contrast

During our fly on the wall observations when testing the first
prototype it became clear that the difference between the real
world and the virtual world needed to be readily apparent to par-
ticipants. If not, holograms go unnoticed and there is a loss of dis-
tinction between things that do and do not belong in the game. We
noticed that patients perceived paintings, photographs or other
real objects on a wall as game objects. Black and white video
images on a grey wall or curtain were also not clearly distinguished
by patients and thus went unnoticed. In the design process for the
second prototype it was therefore decided that a luminous gold
frame would be added to the black-and-white images, a setting
that also fits well with the museum theme because similar frames
are often found in museums. The ‘think out loud’ observations with
the second prototype indicated that patients noticed the paintings
more readily.

3.7. Design choice 7: Direct feedback

During the fly on the wall observations we also noticed that
three of the four patients needed considerable guidance during
testing of the first prototype. Although an audio recording in the
first prototype explained the intention of the game in advance, this
explanation was not sufficient to allow all participants to carry out
the instructions. We also observed that after the first painting was
found, some patients stopped searching for further paintings. To be
able to guide players, more feedback is required within the game,
but keeping in mind the cognitive problems of the patients, feed-
back needs to be given during the performance of the game.37

Direct feedback also serves to make the patient aware that a paint-
ing is being overlooked, so that they can potentially come to under-
stand that this is due to VSN. In the second prototype direct
feedback was added in the form of pleasantly-voiced audio feed-
back, so when a patient passes a painting the game prompts the
player with ‘‘You forgot one, go back and take a look at that paint-
ing”. As the audio feedback originates from the same side as the
neglected painting, a subtle prompt is generally first provided from
the neglected side.2,9 This concept was tested with four other
patients and the feedback was processed and integrated into the
game. The game introduction was also changed from audio to
video in the second prototype so that the patient can better focus
on what is being said. During the introduction an example is
shown of the virtual person patients have to look for in the game
(see Fig. 3 for how this was incorporated into the game). This alter-
Fig. 3. The virtual introduction video shown in prototype two at the start of the AR
game.
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ation was tested in a second round with four patients, and this
time patients were better able to perform the game and needed
less instruction from the researcher. Both prototype tests made it
clear that the amount of instruction and feedback necessary
depends on an individual patient’s cognitive level, so levels of feed-
back and instruction should vary to suit an individual patient.
3.8. Design choice 8: Competition

In this study, the aim of occupational therapists and patients
was to discover which aspects are important when developing a
game aimed at improving visuospatial search strategies in individ-
uals affected by VSN.38 An important aspect in this process was the
necessity of include an element of competition in order to ensure a
motivational effect.38 Competition has also been described in the
literature as an important motivator that increases therapy adher-
ence.39 The patients differed in opinion regarding how the compet-
itive element should specifically manifest in the game. Most of the
patients wished to see their own score and progress upon comple-
tion of game, while some patients wanted to compare their own
score with that of others. The occupational therapist’s hope was
that the game could to be used as a measurement instrument to
assess the degree of independence of a patient with VSN. A first
set-up paper prototype was developed in which a distinction was
made between left and right-sided scores, so that the side and
extent of a patient’s perception of the paintings became clear.
Upon completion of the game, the patient could see on which side
he or she scored higher.
4. General discussion

Augmented reality represents a promising addition to tradi-
tional treatments for VSN and can potentially increase patient
motivation and natural interactions with the environment. Never-
theless, AR has not yet been widely implemented in Geriatric Reha-
bilitation. The primary aim of this study was to develop an AR-
based scanning training program that will improve visuospatial
search strategies in individuals affected by VSN. The main findings
of this study can be summarized in eight design choices that
together form an AR game: extrinsic motivation, metaphor, nostal-
gia, independent movement, direct feedback, object contrast,
search elements and competition.

Design choice 6 covered the difficulty that some patients with
VSN had to understand or see the projected images in the AR envi-
ronment. Although we saw positive results when certain elements
were changed, that did not alter the fact that some patients with
cognitive problems may experience problems with understanding
the contrast of AR against their own environment or other ele-
ments of the game. In the further development of AR based scan-
ning training, the impact of cognitive problems on eligibility of
playing the game should be addressed.

Another design choice was to focus on independent movement,
which among the many activities of daily living mentioned by
patients was a particular wish of the patient group. Literature also
confirms that the use of participation outcome measures is very
important as a geriatric rehabilitation goal.40

All design choices were selected in relation to VST, which is the
recommended treatment for VSN,28 and elements of VST were used
as a working theory in the development of the AR game. The most
important design choices with regard to VST were the use of a
search element and the direct feedback in combination with the
activity of moving. While the search element gave the patient
the incentive to scan the environment in an agreeable manner,
direct game feedback and to control the HoloLensTM by head move-
ments stimulated head rotation. Both fit well with the goals of
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VST.7 The combination of searching while moving aims to stimu-
late a change in behavior and encourage scanning during activities
of daily living. An advantage of AR is that you can practice in a
familiar environment, which hopefully makes transfer to the real
world easier. Our hope for the game is therefore that patients inter-
nalize a scanning behavior that they then apply outside of the con-
text of the HoloLensTM. However, further research is needed to
determine the therapeutic effect of the AR game beyond the incor-
porated VST elements.

Design choice 6 covered the difficulty that some patients with
VSN had to understand or see the AR environment. Although we
saw positive results when certain elements were changed, that
did not alter the fact that some patients have major cognitive prob-
lems and may experience problems with this or other elements of
the game.

The game was developed using Design Research, which pays
particular attention to the evaluation of theories and instruments,
encouraging the researcher to clearly define both the research
problem space and the solution space before confirmatory studies
proceed.21 One of the major benefits of this process is prototype
testing in collaboration with end users in order to design a realistic
and technically feasible game.

It is a matter of debate whether the results are generalizable to
the larger target group (patients with VSN older than 60) because
the research group was small and the qualitative data obtained
were interpreted by a single researcher (an occupational therapist).
However, co-creation involved the distinct perspectives of various
healthcare professionals including twelve occupational therapists
and a game design professional. This collaboration undoubtedly
resulted in a qualitatively better prototype. The variety of the dif-
ferent professions involved in this study increases the likelihood of
implementation in practice because the background of the envis-
aged end users matches that of the co-developers. Furthermore,
the results were first coded and then discussed with two occupa-
tional therapists, and the final results were peer examined by four
occupational therapists in order to create consensus using the
Boeije method.28

To the best of our knowledge, this is the first study to focus on
the development of an AR game for VSN patients in geriatric reha-
bilitation. The design choices have contributed to increasing our
knowledge and experience regarding the development of AR tools
for this target group, specifically those patients with VSN after
stroke. Recommendations for further development of the AR game
prototype include adding an element of competition, further per-
sonalization, and grading (on a physical and cognitive level) to
improve ease and motivation for use. This should be followed by
an effectiveness study to determine whether the game represents
a worthwhile addition to visual scanning-based therapy for
patients with VSN.

5. Conclusion

This study produced a prototype AR game for people with VSN
after stroke. The design thinking methods applied here resulted in
the following design choices: extrinsic motivation, nostalgia, meta-
phors, direct feedback, independent movement, contrast of objects,
search element and competition.

Study output consists of an AR game in which the patient
searches for virtual nostalgic images projected onto a wall as in a
museum, and during the game the patient is encouraged to scan
the environment while moving around. The AR game and method
used illustrate the promising role of AR tools in geriatric rehabili-
tation, specifically those aimed at increasing the independence of
patients with VSN after stroke.
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