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ABSTRACT ARTICLE HISTORY
Spatial neglect (SN) is a disabling consequence of stroke Received 18 November 2024
requiring intensive rehabilitation. A prior study demonstrated Accepted 24 December 2025
that contralesional eye- and reaching movements can
facilitate SN recovery (Congruent Movement Training, CMT). h o
To increase CMT’s accessibility, a tablet-based CMT game was Spatial neglect; serious
h < b . ° X - game; rehabilitation;
designed. In addition, as therapy time is restricted, clinical implementation; end-users
implementation would be facilitated if CMT can be delivered
in sessions not supervised by a clinician. In this study, end-
user feedback was gathered on the tablet-based CMT and
treatment delivery strategies. Fifteen clinicians and 10 SN
patients played and evaluated the CMT game. The clinicians
almost unanimously indicated a need to revise the in-game
feedback on how patients played the game. Clinicians also
deemed it feasible that some patients would use CMT
training in unsupervised sessions. Eight right-hemispheric
patients were able to use the CMT training and were positive
about their experience. Two left-hemispheric patients were
not able to use the training due to language comprehension
difficulties. Six patients believed they could use CMT training
independently. The results revealed two implementation
barriers: the design of the feedback on game performance,
and the accessibility for left-hemispheric patients. The results
also clarified that unsupervised training is considered feasible
by clinicians and patients.

KEYWORDS

Key messages regarding feasibility

(1) What uncertainties existed regarding the feasibility?

Prior to this study it was uncertain whether clinicians would be willing to adopt
the CMT training in their clinical care routines and whether they deemed it
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feasible to provide CMT training as part of supervised or unsupervised training. In
addition, it was unclear whether patients would be able to interact with the CMT
training (understand task instructions, goals of the task, operate the software, ...).

(2) What are the key feasibility findings?

The feedback by the clinicians identified an important intervention character-
istic that requires revisions. In addition, we identified that clinicians and patients
consider the delivery of CMT training in an unsupervised way as feasible. In
future clinical trials, a mixed treatment delivery strategy (combination of super-
vised and unsupervised sessions) should thus be considered. Last, we identified
that the CMT training might not be accessible to patients with left-hemispheric
stroke. This is an important potential barrier for further studies and implemen-
tation as this patient group represents a large proportion of the clinical target
group. It must therefore be further explored how CMT training can be adjusted
to reach this patient group.

(3) What are the implications of the feasibility findings for the design of the
main study?

This study clarified that the design of the CMT training must be revised before
continuing towards a larger study. Second, it clarified that it is worth exploring
the feasibility of an unsupervised training protocol.

Background

Spatial neglect (SN) is a prevalent disorder after stroke, with prevalence esti-
mates varying widely (30-90%) depending on the time poststroke onset and
type and combination of diagnostic tests used (Chen et al., 2015; Esposito et
al., 2020). The core deficit underlying SN is an impairment of lateralized atten-
tion, resulting in slower, less, or even an absence of conscious processing of con-
tralesional information (Bartolomeo et al., 2012; Corbetta & Shulman, 2011). In
addition, patients with SN suffer from nonlateralized attention deficits (Robert-
son, 2001). SN patients stay longer in hospitals and rehabilitation centres
(Bosma et al., 2023), and recover less in general. The negative impact of SN
has been demonstrated on several outcomes, such as motor recovery
(Nijboer et al., 2014), activities of daily living (Nijboer, Van de Port, et al,
2013), social and societal participation (Di Monaco et al., 2011; Hammerbeck
et al,, 2019), and caregiver burden (Bosma et al.,, 2020). SN can persist over
time, with studies indicating a prevalence of 15% to 40% in the chronic post-
stroke phase (e.g., 6 months (Moore et al,, 2021), 1 year (Nijboer, Kollen, et al.,
2013), and 20 months poststroke (Linden et al., 2005)). As such, there is a con-
sensus that effective treatment of SN is highly important.
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Recently, congruent movement training (CMT) was introduced as a new
treatment for SN (Elshout et al., 2021). In CMT training, patients are trained
to make eye and hand movements simultaneously to the same contralesional
location. Traditional neglect therapy, in which patients are repeatedly trained
on pen-and-paper visual search tests, also frequently include a combination
of eye- and hand-movements towards the contralesional side of space.
However, whether the hand-movements improved the effectiveness of the
therapy had not yet been examined. In a proof-of-concept study, the CMT
training was more effective than a training that only consisted of contrale-
sional eye movements in a single-site single-blinded RCT including 19
patients who were randomly allocated to CMT or eye movement training
(Elshout et al., 2021). In addition, the clinical potential of CMT was deemed
to be high given that the training was limited to 5 h (10 half-hour scheduled
sessions), which is low relative to common stroke rehabilitation dosages aver-
aging 54 h (Lohse et al., 2014). For this reason, further research to obtain a
higher level of evidence for the effectiveness of CMT training is warranted.

Although this intervention has shown promise, many clinical innovations
have not been implemented in practice (Kirchner et al., 2020). Therefore, it
is essential to examine how interventions can be implemented and what
factors might act as barriers and facilitators. The latter is important to
move towards novel studies which can provide higher-level evidence for
CMT's effectiveness. One barrier for obtaining higher levels of evidence
and clinical implementation is the fact that treatment is typically delivered
in clinician-supervised sessions (see for instance Elshout et al., 2021; Huyge-
lier et al., 2025). This intensive time-investment restricts the possibility to
expand patient recruitment to multiple hospital sites, consequently contri-
buting to small-scale efficacy trials (see for instance Huygelier et al., 2025).
It is therefore important to explore to what extent we can deviate from
this model of treatment delivery. To this end, in a first stage, end-user feed-
back was gathered regarding the treatment delivery strategy. This feedback
can identify how the CMT training can be adjusted to meet the expectations
of end-users and aid in preparing larger-scale efficacy/implementation
studies.

Following the Consolidated Framework for Implementation Research
(Damschroder et al., 2009), the current study aimed: (1) to identify which per-
ipheral intervention characteristics need to be adapted in order for the inter-
vention to be deemed acceptable by therapists for supervised and
unsupervised treatment delivery, (2) examine patient’s belief and willingness
to use CMT training in supervised and unsupervised sessions, and (3)
examine therapist’s and patient’s general affect towards the intervention. In
addition, we describe patients’ performance on the CMT to contextualize
the feedback of the patients.
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Methods
Participants

Therapists (i.e., occupational therapists, physical therapists, (neuro)psycholo-
gists, and speech therapists) working at De Hoogstraat Rehabilitation Center
Utrecht, The Netherlands were invited to participate in this feasibility and
user-experience study. The therapists were invited to participate in the study
through e-mails sent by two clinicians who worked in the centre and who
were involved in a project to implement improvements in clinical practice
(“Knowledge Brokers”). The only inclusion criterion for professionals was that
therapists had to be involved in the clinical assessment and/or treatment of
patients with SN, as they needed to be able to estimate the applicability of
the current revised version for the patient population (i.e., patients with SN
admitted for in-patient rehabilitation).

Additionally, patients with SN admitted for in-patient rehabilitation were
recruited in between May 2022 and May 2023. The inclusion criteria to partici-
pate in the study were (1) the presence of SN, assessed as part of usual care (see
later for description); (2) aged above 18 years; and (3) sufficient ability to com-
prehend instructions and questions, and to communicate during the interview.
This ability was estimated by the clinical team.

Patient recruitment was terminated when the planned sample size of 10
patients was reached. The sample size was determined based on the
maximum reachable sample size in the recruitment period of one year in
the rehabilitation hospital. No record was kept of refusals to participate, fol-
lowing the ethical guidelines of the local ethics committee. No participants
dropped out.

CMT training

Configuration of the CMT trials

The CMT training was played on a 12.9-inch iPad Pro. In the CMT training,
patients replicate a 9-item template grid (upper left corner of the tablet,
Figure 1(A)) on an empty target grid, directly beneath the template. On the
opposite side of the template and target grid (here on the right side), the
target item is presented, which has to be allocated in the corresponding
location in the target grid. The participants provide their responses by selecting
the target item and placing it on a location in the target grid. The participants
can place a new target item on a previously placed item, but only 9 items per
trial were presented. The original CMT design consisted of a puzzle with 3
primary colours (Figure 1(B), Elshout et al., 2021). To increase the replayability
and difficulty of the CMT training, 3 new shapes were introduced (i.e., fruit,
doors and shapes). In addition, several variations of the task were added in
which the shapes that patients have to match differed (Figure 1(B)).
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Figure 1. (A) Layout of a trial during the revised CMT and illustration of how patients have to
place an item in the grid. (B) Overview of the revised CMT conditions and levels.

CMT: outcome measures

A first general performance index is whether the grid was entirely correctly
reproduced (i.e, puzzle accuracy). To fill a grid completely accurately, one
must always place a new item at a grid location matching the template and
always choose a new and empty grid location. Thus, an incomplete puzzle
can arise from errors matching the items (i.e., shape matching errors, placing
an item at a wrong location) or from placing an item at an already accurately
filled grid location (i.e., revisits).

Cognitive and neglect screens

Dutch Oxford cognitive screen (OCS-NL)
The OCS-NL is a pen-and-paper short screen for impairments in several cognitive
domains often affected by stroke: language (picture naming, semantics, sentence
reading), memory (orientation, verbal, and episodic), praxis (imitating meaning-
less gestures), numerical cognition (number writing and calculation), executive
functions (trail making test), and attention (hearts cancellation test). In addition,
a simple confrontation test is used to screen for visual field defects. Each subtest
score is contrasted to an age-corrected normative cut-off (Huygelier, Schraepen,
Demeyere, et al., 2020) and the OCS-NL has been validated for cognitive screen-
ing in acute and subacute stroke patients (Huygelier et al., 2022).

In the hearts cancellation test, patients have to mark (cancel) all full-outlined
hearts (50 targets), while ignoring hearts with a gap on the left or right side (100
distractors) on an A4-sized page in landscape orientation. Three scores are
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calculated: the total number of cancelled targets, the difference in cancelled
targets between the left and right side (egocentric bias) and the difference in
cancelled distractors with a left or right gap (allocentric bias).

SN screening (usual care)
To screen for SN in the rehabilitation facility, clinicians relied on unstructured
observation, the Balloons test and/or the Catherine Bergego Scale.

Catherine Bergego Scale

The Catherine Bergego Scale is a validated 10-item structured observation scale
which aims to measure the impact of neglect on activities of daily living. Each
item is rated from 0 (“no neglect”) to 3 (“severe neglect”). Total scores were
retrieved from patient’s medical files. The score ranges from 0 to 30 with 6 as
a cut-off for “mild neglect” (Ten Brink et al., 2013).

Balloons test

The Balloons test is a pen-and-paper visual search test consisting of two parts. In
the first part, patients have to mark 20 balloon shapes (targets) among 180
circles (distractors). In the second part, patients have to mark 20 circles
among 180 balloon shapes (Diesfeldt, 2012). The total number of cancelled
targets and difference in cancelled targets per part were retrieved from patient’s
medical files. If patients cancel less than 17 targets in total or if less than 45% of
the cancelled targets are located on the contralesional side of the page, the
score is indicative of SN (Diesfeldt, 2012).

Semi-structured interviews and questionnaires

Therapists. We developed a short questionnaire with a small number of closed-
and open-ended questions to gauge therapist’s feedback on the CMT task. We
specifically aimed to know whether the following characteristics of the CMT
intervention required revisions: (1) the instructions on how to play the game,
(2) whether the goal of the CMT task was clear (i.e., goal of completing the
puzzles), and (3) whether the feedback towards patients on how they are com-
pleting the CMT puzzles required revisions. We used yes-no questions with an
open-ended question to make suggestions for improvements. In addition, the
therapists were asked to indicate whether they would be willing to use the
CMT training in therapy. Finally, they were asked how they would use CMT train-
ing (one-on-one supervised therapy sessions, group sessions or other methods).
In addition to these specific questions, therapists received the opportunity to
provide additional remarks to provide richer information.

Patients. Patients were asked to rate a set of 10 questions on a 5-item scale
ranging from “totally disagree” to “totally agree”. The set of questions was
based on a prior end-user study in stroke patients (Huygelier, Schraepen,
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Lafosse, et al.,, 2020). Among the questions, six were derived from the Intrinsic
Motivation Questionnaire (McAuley et al., 1989) and the Cross-Media Presence
Questionnaire (Lessiter et al., 2001). The questions were asked by the researcher
in an interview format. In addition, patients were asked 3 open-ended questions
to supplement the Likert-rated questions. We asked patients “How did you
experience the game?”, “Would you change something about the game and
what would that be?”, and “Which of the four tasks did you like best?”.

Procedure

All sessions with therapists and patients took place in De Hoogstraat rehabilitation
centre. Therapists received an explanation of the CMT training and were then
invited to try out the CMT training in two 1-hour group sessions. Clinicians were
informed that the researchers were interested in their perspectives and feedback
about the CMT training and whether they considered it feasible to implement in
practice. After trying out the CMT training, the therapists completed a question-
naire asking about their opinions. Suggestions made by therapists were audio-
recorded and transcribed after the sessions. These sessions were led by author
HH (female, postdoctoral researcher, trained as clinical psychologist, PhD).

Patients participated in a single 1-hour session. Patients were first informed about
the objectives of the study and the CMT training. Patients were informed that the
researchers were interested in their perspectives as end-users about the CMT train-
ing. A semi-structured interview was conducted to obtain technology experience,
demographic, and medical information. The Dutch Oxford Cognitive Screen was
subsequently administered (Huygelier et al., 2022; Huygelier, Schraepen, Demeyere,
et al,, 2020). The researcher then presented and explained the CMT game. Once the
patient understood how the CMT game worked, the patient completed at least two
rounds of each of the four CMT puzzles of level 1 (i.e., colour, fruit, doors, shapes,
Figure 1). The researcher helped patients handle the app when necessary. After
finishing the CMT game, patients were asked about their experience and allowed
to provide feedback. Patient interviews were conducted by authors HH and TvD
(male, Master's Degree in Psychology). The study sessions were the first contact
between the researchers and the clinicians / patients.

As no new (not already captured by the questionnaires) information emerged
from the interviews with patients and therapists, interviews were not exten-
sively coded for a thematic analysis.

Results
Therapists

Fifteen therapists (14 female) participated. The average age of the therapists
was 40.7 years (SD=10.1, 27-61 years) and therapists had worked for 12
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years in the rehabilitation centre (SD = 9.2, 2-35 years) on average. Among the
therapists, there were 5 occupational therapists, 4 psychologists, 3 speech
therapists, 2 nurses, and 1 physiotherapist.

Therapists gave their opinions on several questions (Figure 2). The majority of
the therapists evaluated the instructions and goals of the game as being clear
(Figure 2). Therapists provided several suggestions during the interviews on
how to improve the instructions, such as providing a manual with written
instructions for therapists and including verbal instructions for patients in the
app (i.e., in game instructions). Most therapists evaluated the feedback in the
CMT training as unclear (Figure 2). Several therapists during the interview
stressed (n=28) the importance of automatic and immediate feedback after
every response of the patient. In addition, two therapists suggested including
feedback on the applied strategy.

Therapists indicated a willingness to implement the CMT training when some
adjustments were made (e.g., clearer feedback on performance). The majority of
the therapists indicated that they would implement the CMT training in
different ways depending on the patient’s abilities (e.g., patients playing inde-
pendently or supervised by the therapist or informal caregiver). Some therapists
indicated that they would only use the CMT training in a supervised setting.
Finally, during the open-ended interviews, the therapists indicated that it was
important to develop a clear treatment protocol, including information regard-
ing which patients can use and benefit from CMT training and for which patients
the training is most suitable (e.g., severity of SN, subtypes of SN, comorbidities,
fatigue).

Willing to use |
in treatment?

Instructions
clear?

D No response D Maybe
D No . Yes

Goal clear?

Feedback clear?

012345678 9101112131415
Number of respondents

B.

No response

How would you | . Independent + Supervised

implement CMT?

Supervised (therapist + caregiver)

012345678 9101112131415 Supervised (therapist)
Number of respondents

Figure 2. Responses of therapists on closed questions.
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Patients

Patient descriptives

Ten patients with SN participated in the study. All patients were Dutch (except one
patient supervised by her son who translated all instructions, feedback, and ques-
tions). All patients were right-handed prior to their stroke. CBS scores were avail-
able for eight patients, with all available CBS scores above the cut-off of 6 (Table 1)
(Ten Brink et al., 2013). The Balloons test was available for 7 patients, with all
patients scoring above clinical cut-offs for SN on at least one part of the test (A
or B) (Table 1). For patient 3, no CBS or Balloons test was available in the patient’s
medical record. The patient did score impaired on the visual field test of the Dutch
Oxford Cognitive Screen (Figure 3). On the hearts cancellation test 6 patients had
impaired total performance (score < 43) and 3 an egocentric bias above the clinical
cutoff score (score > 2) (Huygelier, Schraepen, Demeyere, et al., 2020).

Feasibility, performance, and patient user experience

The patients completed 9.7 puzzles on average (SD =3.3). For two patients
(patient 3 and 8 with left-hemispheric stroke and aphasia as a result), the
instructions to play the CMT tasks were not clear after several step-by-step dem-
onstrations by the researcher and providing feedback on patient’s responses on
how to play the game. One patient completed only 4 puzzles of which only 1
was accurate, while the other patient did not complete any puzzle without
instructions by the researcher (Table 2). The other patients (all right-hemispheric
stroke patients) completed all the CMT puzzles that were initiated. Among the
puzzles they completed, 61% were completely accurate (SD = 26%). On average
patients made 6% matching errors (SD = 6%). Patients revisited locations (i.e.,
placed items on already correctly filled grid locations) with an average of 5%
(SD =3%). The median time to select the item was 2.5 s (SD=1.96) and the
median time to place the item in the grid was 1.3 s (SD =0.52).

All ten patients answered ten questions about their user experience on a 5-
item scale (1 =strongly negative, 3 = neutral, 5=strongly positive) (Figure 4).
The average game rating was positive across patients (M=3.6, SD=0.95,
Range: 1.7- 5). The majority of patients indicated that they were interested in
the game (n =9), that the tablet was easy to use (n = 8), that the game was chal-
lenging (n = 8) and that the goal of the game was clear (n = 8). The majority of
patients were positive about using the CMT training again (n = 7) and indicated
that they could use it independently (n =6) (Figure 4).

Patients were asked which version of the CMT training they preferred (i.e.,
colour, fruit, doors or shapes). Patients differed in their preferences with 4
patients choosing colour, 2 choosing doors and 3 patients choosing fruit.
When asked about their reasons behind these choices, 4 patients indicated pre-
ferring the easiest task (patients 1, 4, 6, and 7), whereas 2 patients chose the one
that they experienced as most challenging (patients 2 and 9).
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[ impaired [ intact ] Nottested

Figure 3. Test scores on the Dutch Oxford Cognitive Screen per case. Each slice depicts a
subtest: N = picture naming, S = semantics, R = reading, Nw = number writing, C = calculation,
Pr = praxis, O = orientation, VM = verbal memory, EM = episodic memory, Tot = Hearts Cancel-
lation total cancelled targets, Ego = Hearts Cancellation egocentric bias, Allo = Hearts Cancella-
tion allocentric bias, EF = executive functions, VF L = left visual field, VF R = right visual field.
The colour indicates whether the score was “impaired” or “intact” using normative cut-offs
(Huygelier, Schraepen, Demeyere, et al., 2020).

Table 2. CMT performance per patient.

Patient Puzzles (n) Accurate Puzzles Matching errors Revisits
1 10 .70 .07 .04
2 17 77 .02 .05
3 4 25 14 .06
4 9 .78 .01 .02
5 9 44 .05 11
6 9 33 .19 .07
7 10 .80 .02 .02
8 0 0.0 - -
9 9 1.0 0.0 .04
10 10 40 .08 .07
Discussion

SN remains an important poststroke cognitive impairment for which better treat-
ment is needed. CMT has shown promise with SN patients improving more on
conventional SN tests after CMT than a training relying solely on eye movements
(Elshout etal., 2021). Animportant barrier for conducting large multicentre trials is
the fact that treatment delivery typically requires one-on-one patient-clinician
contact. For this reason, other treatment delivery strategies are being explored
in which patients are more autonomous. Previous studies have shown the poten-
tial of SN telerehabilitation using a non-technological treatment protocol (Rossit
etal,, 2019) and have explored the barriers and facilitators for a technological tele-
rehabilitation protocol (Morse et al., 2020). In the current study, we explored an
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Want to play again

Not confusing

Not boring

Interested

Goal is clear

Easy to use

Don't need help

Don't feel tense :.

Dissapointed when done

Challenging

12 3 45 6 7 8 910

Rating1 2 3 4 5

Figure 4. Ratings of patients (1-0) on questions about their user experience. Ratings 1-2 rep-
resent negative ratings, whereas ratings of 4-5 represent positive ratings.

“intermediate” treatment delivery strategy in between the current ways of provid-
ing in-patient treatment and telerehabilitation, focusing on the end-user perspec-
tives regarding a supervised versus unsupervised treatment delivery strategy
while patients resided in a rehabilitation facility. To this end, we gathered end-
user feedback from therapists and patients. Such end-user feedback is crucial to
increase the uptake of clinical innovations (Jarvis et al., 2024), which requires mul-
tiple rounds of end-user feedback (Chen & Krch, 2022).

We identified two barriers for further clinical implementation. A first barrier
was the design of the feedback in the game. The therapists were willing to
implement the training in clinical practice, but they emphasized the importance
to include immediate feedback on responses (e.g., errors, correct responses, and
strategies) in the game design. The importance of such feedback has previously
emerged as an important theme in an end-user study for SN telerehabilitation
(Morse et al., 2020). A second barrier for implementation is the accessibility of
the training to patients who suffer from language difficulties following left-
hemispheric stroke. That is, the two left-hemispheric stroke patients who partici-
pated in the study had difficulties understanding the game instructions. This
barrier for implementation has also emerged in another study on the use of
VR for SN assessment (Palmans et al., 2025). Many SN studies exclude left-hemi-
spheric stroke patients and therefore do not acknowledge this important limit-
ation of current treatment strategies. It is consequently essential in the future to
examine how SN treatments can be designed to reach this target group.
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Although two important barriers emerged, most therapists indicated that the
CMT training could be implemented in different ways depending on the patient
(i.e., independent versus supervised use). Consistent with the perspective of the
therapists, 6 out of the 10 patients indicated that they felt that they could use
the CMT training independently. Patients’ perspectives were also positive in
general, with positive remarks about the instructions, complexity, and hardware
and software. With respect to complexity, there were individual differences,
with some patients preferring an easier puzzle to solve (puzzles that they experi-
enced as easy), whereas others preferring more challenging assignments
(puzzles that they experienced as challenging).

We obtained feedback from a diverse group of patients with respect to the
severity of SN and comorbidities. The patients were a representative sample
of right-hemispheric and left-hemispheric stroke patients — an often overlooked
group with respect to SN - admitted to a centre for in-patient rehabilitation.
However, the willingness to adopt novel interventions may be lower in other
clinical centres, as the participating centre — and the therapists — can be
viewed as early adopters of innovative healthcare solutions. They have exten-
sive experience implementing new technology in their clinical care routines.
Thus, they may be more open and positive about the potential clinical value
of novel techniques. Therefore, follow-up studies in multiple centres are essen-
tial. This first iteration clarified important aspects to improve in the CMT training
and the suggestions offered by the therapists reveal important themes that
generalize across training tools (see for instance Morse et al., 2020). The
current study reveals that patients and professionals deem unsupervised train-
ing during in-patient rehabilitation as feasible, revealing a potential approach
for increasing treatment-dosage. In summary, the current study shows
promise for the implementation of the CMT training in clinical practice in a pro-
tocol consisting of supervised and unsupervised sessions.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

Author HH is funded by the FWO (Fonds Wetenschappelijk Onderzoek) [grant number
1249923N].

Authors’ contributions

HH prepared the study materials and ethical application, collected and analysed
data, created figures and tables and helped writing the manuscript. SC funded
and developed the CMT software, conceptualized the project and reviewed and



14 H. HUYGELIER ET AL.

approved the manuscript. TvD aided in preparing study materials, collecting
and managing data and preparing figures, reviewed and approved the manu-
script. SS conceptualized the CMT training, reviewed and approved the manu-
script. TN supervised the project and made a major contribution to writing
the manuscript. The Knowledge Broker Neglect Study Group facilitated recruit-
ment of patients and therapists, aided in local ethical application, advised the
researchers and reviewed and approved the manuscript.

Data availability statement

Data can be made accessible upon request to the authors.

Ethics approval and consent to participate

All participants gave their informed consent. The study was approved by the
Faculty Ethical Committee of the University Utrecht and the local Ethical Com-
mittee of De Hoogstraat Rehabilitation Center (no. 05072022).

ORCID

Hanne Huygelier (= http://orcid.org/0000-0002-5177-1193

References

Bartolomeo, P., de Schotten, M. T., & Chica, A. B. (2012). Brain networks of visuospatial atten-
tion and their disruption in visual neglect. Frontiers in Human Neuroscience, 6, 1-10. https://
doi.org/10.3389/fnhum.2012.00110

Bosma, M. S., Caljouw, M. A. A,, Achterberg, W. P., & Nijboer, T. C. W. (2023). Prevalence, sever-
ity and impact of visuospatial neglect in geriatric stroke rehabilitation, a cross-sectional
study. Journal of the American Medical Directors Association, 24(11), 1798-1805. https://
doi.org/10.1016/j.jamda.2023.06.038

Bosma, M. S., Nijboer, T. C. W., Caljouw, M. A. A,, & Achterberg, W. P. (2020). Impact of visuos-
patial neglect post-stroke on daily activities, participation and informal caregiver burden: A
systematic review. Annals of Physical and Rehabilitation Medicine, 63(4), 344-358. https://
doi.org/10.1016/j.rehab.2019.05.006

Chen, P., Chen, C. C, Hreha, K., Goedert, K. M., & Barrett, A. M. (2015). Kessler foundation
neglect assessment process uniquely measures spatial neglect during activities of daily
living. Archives of Physical Medicine and Rehabilitation, 96(5), 869-876.e1. https://doi.org/
10.1016/j.apmr.2014.10.023

Chen, P., & Krch, D. (2022). Immersive virtual reality treatment for spatial neglect: An agile,
user-centered development process. Annals of Physical and Rehabilitation Medicine,
65(3), Article 101592. https://doi.org/10.1016/j.rehab.2021.101592

Corbetta, M., & Shulman, G. L. (2011). Spatial neglect and attention networks. Annual Review
of Neuroscience, 34(1), 569-599. https://doi.org/10.1146/annurev-neuro-061010-113731

Damschroder, L. J., Aron, D. C, Keith, R. E.,, Kirsh, S. R, Alexander, J. A., & Lowery, J. C. (2009).
Fostering implementation of health services research findings into practice: A consolidated


http://orcid.org/0000-0002-5177-1193
https://doi.org/10.3389/fnhum.2012.00110
https://doi.org/10.3389/fnhum.2012.00110
https://doi.org/10.1016/j.jamda.2023.06.038
https://doi.org/10.1016/j.jamda.2023.06.038
https://doi.org/10.1016/j.rehab.2019.05.006
https://doi.org/10.1016/j.rehab.2019.05.006
https://doi.org/10.1016/j.apmr.2014.10.023
https://doi.org/10.1016/j.apmr.2014.10.023
https://doi.org/10.1016/j.rehab.2021.101592
https://doi.org/10.1146/annurev-neuro-061010-113731

NEUROPSYCHOLOGICAL REHABILITATION 15

framework for advancing implementation science. Implementation Science, 4(1), Article 50.
https://doi.org/10.1186/1748-5908-4-50

Diesfeldt, H. F. A. (2012). The balloons test for the assessment of visual inattention in psycho-
geriatric patients. Tijdschrift Voor Gerontologie en Geriatrie, 43(1), 7-17. https://doi.org/10.
1007/s12439-012-0002-4

Di Monaco, M., Schintu, S., Dotta, M., Barba, S., Tappero, R., & Gindri, P. (2011). Severity of uni-
lateral spatial neglect is an independent predictor of functional outcome after acute inpa-
tient rehabilitation in individuals with right hemispheric stroke. Archives of Physical
Medicine and Rehabilitation, 92(8), 1250-1256. https://doi.org/10.1016/j.apmr.2011.03.018

Elshout, J. A,, Van der Stigchel, S., & Nijboer, T. C. W. (2021). Congruent movement training as a
rehabilitation method to ameliorate symptoms of neglect—proof of concept. Cortex, 142,
84-93. https://doi.org/10.1016/j.cortex.2021.03.037

Esposito, E., Shekhtman, G., & Chen, P. (2020). Prevalence of spatial neglect post-stroke: A sys-
tematic review. Annals of Physical and Rehabilitation Medicine, 64(5), 101459. https://
europepmc.org/article/med/33246185

Hammerbeck, U., Gittins, M., Vail, A,, Paley, L., Tyson, S. F., & Bowen, A. (2019). Spatial neglect
in stroke: Identification, disease process and association with outcome during inpatient
rehabilitation. Brain Sciences, 9(12), 374. https://doi.org/10.3390/brainsci9120374

Huygelier, H., Schraepen, B., Demeyere, N., & Gillebert, C. R. (2020). The Dutch version of the
Oxford cognitive screen (OCS-NL): Normative data and their association with age and
socio-economic status. Aging, Neuropsychology, and Cognition, 27(5), 765-786. https://
doi.org/10.1080/13825585.2019.1680598

Huygelier, H., Schraepen, B., Lafosse, C., Vaes, N., Schillebeeckx, F., Michiels, K., Note, E., Abeele, V.
V. van Eg, R, &Gillebert, C. R.(2020). An immersive virtual reality game to train spatial attention
orientation after stroke: A feasibility study. Applied Neuropsychology-Adult, 29(5), 915-935.

Huygelier, H., Schraepen, B., Miatton, M., Welkenhuyzen, L., Michiels, K., Note, E., Lafosse, C.,
Thielen, H., Lemmens, R., Bruffaerts, R., Demeyere, N., & Gillebert, C. R. (2022). The Dutch
Oxford cognitive screen (OCS-NL): Psychometric properties in Flemish stroke survivors.
Neurological Sciences, 43(11), 6349-6358. https://doi.org/10.1007/s10072-022-06314-2

Huygelier, H., Tuts, N., Michiels, K., Note, E., Schillebeeckx, F., Tournoy, J., Abeele, V. V., van Ee,
R., & Gillebert, C. R. (2025). The efficacy and feasibility of an immersive virtual reality game
to train spatial attention orientation after stroke: A stage 2 report. Journal of
Neuropsychology, 19, 338-389. https://onlinelibrary.wiley.com/doi/abs/10.1111jnp.12403

Jarvis, K, Thetford, C,, Turck, E., Ogley, K., & Stockley, R. C. (2024). Understanding the barriers
and facilitators of digital health technology (DHT) implementation in neurological rehabi-
litation: An integrative systematic review. Health Services Insights, 17. https://doi.org/10.
1177/11786329241229917

Kirchner, J. E., Smith, J. L., Powell, B. J., Waltz, T. J., & Proctor, E. K. (2020). Getting a clinical
innovation into practice: An introduction to implementation strategies. Psychiatry
Research, 283, Article 112467. https://doi.org/10.1016/j.psychres.2019.06.042

Lessiter, J., Freeman, J., Keogh, E., & Davidoff, J. (2001). A cross-media presence questionnaire:
The ITC-sense of presence inventory. Presence: Teleoperators and Virtual Environments,
10(3), 282-297. https://doi.org/10.1162/105474601300343612

Linden, T., Samuelsson, H., Skoog, I., & Blomstrand, C. (2005). Visual neglect and cognitive
impairment in elderly patients late after stroke. Acta Neurologica Scandinavica, 111(3),
163-168. https://doi.org/10.1111/j.1600-0404.2005.00391.x

Lohse, K. R, Lang, C. E., & Boyd, L. A. (2014). Is more better? Using metadata to explore dose-
response relationships in stroke rehabilitation. Stroke, 45(7), 2053-2058. https://doi.org/10.
1161/STROKEAHA.114.004695


https://doi.org/10.1186/1748-5908-4-50
https://doi.org/10.1007/s12439-012-0002-4
https://doi.org/10.1007/s12439-012-0002-4
https://doi.org/10.1016/j.apmr.2011.03.018
https://doi.org/10.1016/j.cortex.2021.03.037
https://europepmc.org/article/med/33246185
https://europepmc.org/article/med/33246185
https://doi.org/10.3390/brainsci9120374
https://doi.org/10.1080/13825585.2019.1680598
https://doi.org/10.1080/13825585.2019.1680598
https://doi.org/10.1007/s10072-022-06314-2
https://onlinelibrary.wiley.com/doi/abs/10.1111jnp.12403
https://doi.org/10.1177/11786329241229917
https://doi.org/10.1177/11786329241229917
https://doi.org/10.1016/j.psychres.2019.06.042
https://doi.org/10.1162/105474601300343612
https://doi.org/10.1111/j.1600-0404.2005.00391.x
https://doi.org/10.1161/STROKEAHA.114.004695
https://doi.org/10.1161/STROKEAHA.114.004695

16 H. HUYGELIER ET AL.

McAuley, E., Duncan, T., & Tammen, V. V. (1989). Psychometric properties of the intrinsic
motivation inventory in a competitive sport setting: A confirmatory factor analysis.
Research Quarterly for Exercise and Sport, 60(1), 48-58. https://doi.org/10.1080/02701367.
1989.10607413

Moore, M. J,, Vancleef, K, Riddoch, M. J., Gillebert, C. R., & Demeyere, N. (2021). Recovery of
visuospatial neglect subtypes and relationship to functional outcome six months after
stroke. Neurorehabilitation and Neural Repair, 35(9), 823-835. https://doi.org/10.1177/
15459683211032977

Morse, H., Biggart, L., Pomeroy, V., & Rossit, S. (2020). Virtual reality telerehabilitation for
spatial neglect post-stroke: perspectives from stroke survivors, carers and clinicians.
medRxiv. https://doi.org/10.1101/2020.01.07.20016782

Nijboer, T., Van de Port, I., Schepers, V., Post, M., & Visser-Meily, A. (2013). Predicting functional
outcome after stroke: The influence of neglect on basic activities in daily living. Frontiers in
Human Neuroscience, 7, 182. https://doi.org/10.3389/fnhum.2013.00182

Nijboer, T. C.,, Kollen, B. J., & Kwakkel, G. (2013). Time course of visuospatial neglect early after
stroke: A longitudinal cohort study. Cortex, 49(8), 2021-2027. https://doi.org/10.1016/j.
cortex.2012.11.006

Nijboer, T. C. W., Kollen, B. J., & Kwakkel, G. (2014). The impact of recovery of visuo-spatial
neglect on motor recovery of the upper paretic limb after stroke. PLoS One, 9(6), Article
€100584. https://doi.org/10.1371/journal.pone.0100584

Palmans, E., Tuts, N., Michiels, K., Note, E., Van den Bussche, E., Gillebert, C. R., & Huygelier, H
(2025). Doesimmersive VR improve diagnostic accuracy of post-stroke spatial neglect rela-
tive to conventional and digital tests?. medRxiv, 25322775. https://doi.org/10.1101/2025.
02.24.25322775

Robertson, I. H. (2001). Do we need the “lateral” in unilateral neglect? Spatially nonselective
attention deficits in unilateral neglect and their implications for rehabilitation. Neuroimage,
14(1), $S85-S90. https://doi.org/10.1006/nimg.2001.0838

Rossit, S., Benwell, C. S. Y., Szymanek, L., Learmonth, G., McKernan-Ward, L., Corrigan, E., Muir,
K., Reeves, |, Duncan, G., Birschel, P., Roberts, M., Livingstone, K., Jackson, H., Castle, P, &
Harvey, M. (2019). Efficacy of home-based visuomotor feedback training in stroke patients
with chronic hemispatial neglect. Neuropsychological Rehabilitation, 29(2), 251-272.
https://doi.org/10.1080/09602011.2016.1273119

Ten Brink, A., Nijboer, T., Van Beekum, L., Van Dijk, J., Peeters, R, Post, M., & Visser-Meily, J. M.
A. (2013). De Nederlandse Catherine Bergego schaal: Een bruikbaar en valide instrument in
de CVA-zorg. Wetenschappelijk Tijdschrift voor Ergotherapie, 6(3), 27-36.

Wade, D. T. (1992). Measurement in neurological rehabilitation. Current Opinion in Neurology,
5(5), 682-686.


https://doi.org/10.1080/02701367.1989.10607413
https://doi.org/10.1080/02701367.1989.10607413
https://doi.org/10.1177/15459683211032977
https://doi.org/10.1177/15459683211032977
https://doi.org/10.1101/2020.01.07.20016782
https://doi.org/10.3389/fnhum.2013.00182
https://doi.org/10.1016/j.cortex.2012.11.006
https://doi.org/10.1016/j.cortex.2012.11.006
https://doi.org/10.1371/journal.pone.0100584
https://doi.org/10.1101/2025.02.24.25322775
https://doi.org/10.1101/2025.02.24.25322775
https://doi.org/10.1006/nimg.2001.0838
https://doi.org/10.1080/09602011.2016.1273119

	Abstract
	Key messages regarding feasibility
	Background
	Methods
	Participants
	CMT training
	Configuration of the CMT trials
	CMT: outcome measures

	Cognitive and neglect screens
	Dutch Oxford cognitive screen (OCS-NL)
	SN screening (usual care)
	Catherine Bergego Scale
	Balloons test
	Semi-structured interviews and questionnaires
	Therapists
	Patients


	Procedure

	Results
	Therapists
	Patients
	Patient descriptives
	Feasibility, performance, and patient user experience


	Discussion
	Disclosure statement
	Authors’ contributions
	Data availability statement
	Ethics approval and consent to participate
	ORCID
	References

