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Abstract

Background

Rehabilitation technology for upper limb training can potentially @seethe amoun
duration, and quality of therapy offered to patients by targetive needs of individus
patients. Empirical evaluations of such technologies focus onallifectiveness; howeve
little is known regarding the implications of their implementaiionlaily practice. Tailoring
training content to patients requires active participation by pistsa and requires &
extension of their role to include authoring and modifying exercisds not yet knowr
whether this is feasible, and the socio-technical requiremeritsvilhanake it successful i
practice have not yet been explored. The current study investiga¢ extent to whig
therapists can take the role of authoring patient-specificitigaicontent and whether effg

savings can be achieved by sharing the created content.




Method

We present TagTrainer: an interactive tabletop system labrktation that can be operated
by manipulating every day physical objects in order to carrgxercises that simulate dajly
living tasks. TagTrainer supports therapists in creating thair exercises that fit individual

patient needs, in adjusting existing exercises, and in putting togethenalized exercise
programs for and with patients. Four therapists in stroke- and pgiapehabilitation have

used TagTrainer for three weeks. Semi-structured interviewe wenducted with the
therapists, questionnaires were administered to them, and observatisramdtasage logs
were collected.

Results

A total of 20 exercises were created from scratch, whilehanthree exercises were credted
as variations of the existing ones. Importantly, all these sesravere created to address
specific needs that patients expressed. The patients found thsexenotivating and these
exercises were integrated into their regular training.

Conclusions

TagTrainer can support arm-hand rehabilitation training by incrgaiserapy variability and
tailoring. Therapists consider TagTrainer most suited for growgiossswhere they supervise
many patients at once. Therapists are motivated and artoablgh minimal training, create
and tailor exercises for patients fitting individual needs apaluéties. Future research wiill
examine the socio-technical conditions that will encourage th&apisontribute and share
training content, and provide the peer support needed for the adoption of a new technplogy.

Background

Upper limb dysfunction has a major impact on many patients s\gf&énom a neurological
disease. For example, more than 40% of stroke survivors suffer framiclipper extremity
problems, which limits functional performance and engagement in ooityrife [1,2]. In
addition, in tetraplegic patients, upper extremity impairment hdsgh impact on the
patient’s functioning and is raised to the first priority for tali@tion [3]. Rehabilitation can
improve arm-hand performance after stroke and spinal cord injunésnereasing exercise
therapy intensity can improve treatment outcomes [4,5]. Howeverjrajfincreased training
intensity to patients is hampered by the growing demand for resoarcthe health system,
associated with current demographic trends and the need to address thg gradences of
spinal cord injuries [6] and strokes [7].

Technology-supported rehabilitation can potentially enable independaimingr with
minimal therapist involvement. A literature survey of reseam rehabilitation technology
for arm-hand training [8] shows that the majority of this work toasised on impairment-
based training and is not fully aligned with state-of-the-a@mhds in neurorehabilitation,
which requires offering patient-tailored [9,10] and task-orientditrg [5,11], [12]. Another
important requirement is variation in training, which has been showantoilsute towards
enhanced motor learning by increasing engagement and attention khaniniopg [13], by
allowing for random practice [11], and by offering a broader rafgeovement experiences,



used in performing new skills [14]. Lack of exercise variabil@ads to a cessation of
progress in patients because training offers no new challenges to them [15,16].

Exercise variability and training content tailored to patientsedses essential in technology-
supported training, in order to sustain compliance of patients to th@pyhéor longer
periods. For example, a clinical trial of a sensor based techntiad supports arm-hand
training with real life objects for stroke patients, showed thay gatisfactory treatment
effects could be obtained, even in the chronic phase after the strokeNg\rtheless,
patients found that after eight weeks, the challenge had decrebhseguhatients indicated that,
to keep training with the system, a higher number and a wideryafieixercises would be
necessary.

Achieving exercise variability in technology-supported trainggot trivial. Even in regular
therapy, exercise variability is bounded by the expertise ofpists and other contextual
constraints. Even more so, the range of exercises that can lezldrgat technology provider
is bounded and current technologies offer quite a limited number ofise®games to
support training. A potential solution is for therapists themselvég tempowered to create
exercises in technology supported training systems. This hasdttaatage that a therapist
can create exercise content that fits the patient’s indivicnelsgand ambitions, in line with
the concepts of client-centred therapy, i.e. training where anpate practise exercises that
support his/her own training goals. Client-centred training incseasdient motivation,
patient self-efficacy, a patient’s training adherence, and conségtleneffectiveness of the
training program [9,10]. Furthermore, a larger number of exercaesbe made available
depending on the creativity of the individual therapists [17] andinie available to them,
while sharing and exchanging exercises among therapists garpaignts benefit from
diverse expertise and backgrounds.

Previous research has shown that technology acceptance [18] aafficatly [19] play an
important role when it comes to implementing technology in théd f&f (neuro-)
rehabilitation [20]. However, little is known about what factors cag plaole in enabling
therapists to beconmm@eatorsof technology supported training content.

The current paper presents an implementation study of TiagTra newend-user extensible
rehabilitation technology for arm-hand training, at a rehahditatlinic. An action research
approach was adopted in the current study. Action research combineschboth and
research within the same process and aims at generating kgewdgdmproving practice,
and improving practice by the application of knowledge [21].

This study aims to identify whether and how therapists can sfallgstake the role of

authoring training content, tailoring exercises to individual patiestsl whether effort
savings can be achieved by sharing the training content they create.

Methods

TagTrainer

The TagTrainer system (see Figure 1) consists of an intexdmiard (TagTile, developed by
Serious Toys BV, The Netherlands) and a laptop running accompasofimgare developed
by the first author (DT). The TagTile board [22] is a programmainiteractive table top



device that is able to detect and identify physical objectsppgdiwith Radio Frequency
Identification (RFID) tags, locate them on a grid (12 x 12 a#llé cnf each), and provide
both visual and auditory output. RGB LEDs on each cell of the grid @Heveells to be lit

up, thus providing potential visual stimuli and feedback for exercisegctd with one or

more RFID tags (see Figure 1-B) can be used to interactthetfboard. During the study,
one TagTrainer system was available for stroke rehabilitatiopopes and one for spinal
cord injury (SCI) rehabilitation. For both groups, the systems were ewwrt a mobile,

height-adjustable table (see Figure 2).

Figure 1 Components of the TagTrainer systemPatients perform training exercises on the
TagTile board, while being guided by the TagTrainer Patient Inteffgdcd agging physical
objects with 2 x 2 cm sized RFID tags enables their use in TagTraineises@sg.

Exercises can be modified or created with the TagTrainer Exercise Gf&ator

Figure 2 A fully set-up TagTrainer system, ready for therapy.

TagTrainer exercises typically include spoken instructions @gléngek for the patient, and
provide targets for different kinds of movements as lit areas omdhed. When a tag is
detected on the target, indicating that the corresponding objectebasniioved correctly,
TagTrainer gives confirmatory feedback and sets new targete&xértise is built up by
choosing and tagging physical objects appropriately and planningea sémactions on the
TagTile board, in order to elicit appropriate movements from the patient.

Tag exercise creator

To address the challenge of creating exercises effigiemd with low costs, the Tag
Exercise Creator (TEC) was developed: a software applicatritten in Java that enables
the creation of exercises without the need for extensive progragnmsing a simple
graphical user interface (see Figure 1-C). TEC runs on eoR&ected to the TagTile board.
The TEC was developed in a user centred manner involving therapietgyhout its

conception and design, as well as an extensive user test withyéaa students in

physiotherapy [23]. With the results from that test, as wellgaidelines derived from
previous research [24], the TEC was further developed to a leveledesufficient for its

initial implementation in daily therapy.

The current version of the TEC allows therapists to modify enedte exercises for the
TagTrainer system, by sequencing graphical blocks that represt@rsaon the TagTile
board. Examples of these actions are object manipulations suacasmpht, movement, and
lifting, but also sound playback, breaks, and instructions to the patieatTEC allows
therapists to use any object of their choice within an exerarse® also allows for exercises
that make use of multiple objects. Actions are linked to individual tshgew therefore allow
for bi-manual tasks, such as lifting one object with the left hahdewlacing another object
with the right hand. An action or a series of actions may jpeated and can be assigned to
different objects. For example, an exercise (see Figure @htnebnsist of the following
steps:

Figure 3 Example exercise (cutting movement) in the Tag Exercise Creator.




1. The patient places the tips of a knife and a fork on the board.

2. The patient moves the tip of the knife over the board (i.e. cutting movement) three
times.

3. The patient lifts the fork and the knife from the board.

Although the TEC has been endowed with an intuitive interface to nz@ithe chance that
therapists make mistakes while creating exercises, it @dtsely monitors the creation
process and immediately notifies therapists of presumed mistadesxample, if an object
placement action is used without specifying the location wherelifeet should be placed,
the TEC will notify the user of this missing information. Finakercises can be tested
directly from within the TEC, both virtually (on screen) and on the TagTile board.

All exercises that are created with the TEC are storedcentral library of exercises and can
be found by their name, description, and/or the objects used in the exercise.

TagTrainer patient interface

While the TagTile Board can be operated as a stand-alonexdiarg software application
has been developed that runs on an accompanying laptop for communicatintaiivior
about the exercise progress to the patient. This softwarétemwrin Java and called
TagTrainer Patient Interface (TTPI), allows therapists taatcexisting exercises and
compose a tailored training program for each patient consistingultiple exercises.
TagTrainer stores the training history of patients, such that therapistsveaarhaverview of
previously executed exercises when composing a new exercigeamrdor a particular
patient. Once the exercise program is started, the TTP3 fieepatient instructions on what
objects are to be used within an exercise and how the exercisd blegorformed. Finally,
the TTPI provides feedback about the patient’s progress on completing theesxercis

Study design

An action research approach was adopted in the current study wistinthe® understand
whether and how therapists can act as creators of therapy cosit@ptTagTrainer. Action
research combines both action and research within the same pnodesisna at generating
knowledge by improving practice and at improving practice by pipdication of knowledge
[21].

A three-week long study was carried out at Adelante Rehaioitit&@entre in Hoensbroek,
the Netherlands. Three occupational therapists and one physiothé2apist2f), all highly
specialised in arm-hand training of stroke patients (n = 2) gindlscord injured patients (n
= 2) participated in the study. All participants were considéoetle innovators, or early
adopters [25] within the environment of the clinic. The therapistscgeated voluntarily and
did not receive any incentive, besides the possibility to learn abwltwork with a new
technology for rehabilitation. The management of the clinic allofeed therapists to be
involved in this research, freeing them from part of their regtliaical work to participate.
The management was not further involved in the current study and hafluemce on the
decision whether or not to use TagTrainer. Rehabilitation thextithe clinic was provided
either individually (a therapist treating a single patientjnoa group (a therapist treating
multiple patients simultaneously). During group therapy sessionsiptaydatients took turns
working with TagTrainer.



TagTrainer training was used as part of the regular trajriogram of the patients involved
in this study. Note that the decision of whether or not to use aawfrfor a particular
session and patient was left entirely to the therapists, i.e. iemgatvere pre-selected for the
TagTrainer training. Even if the TagTrainer training was swetdbt a particular patient, a
therapist could still decide to apply a different training method.

The current study has been put before the local Medical Ethicsn@@® of Adelante in

Hoensbroek, the Netherlands. However, as all activities describbis iarticle were part of
the patients’ regular rehabilitation programme and no patientwata collected, no a priori
ethical approval was necessary. Written informed consent was obtainedh&garticipating

therapists. No written consent was obtained from patients, asMéi®ynot subjects of the
current study and no patient data were collected.

Study procedure

The study was divided in two consecutive phases dubbed as the ‘useaithde ‘creation
phase’, reflecting the way therapists would use TagTraineruséghase lasted for the first
week of the study, during which therapists were asked to iéetira TagTrainer system in
their daily arm-hand therapy programs. The therapists weeetdrarrange the TagTrainer
system placement according to their own insights, i.e. in arythaat they thought would
support the arm-hand training. Although they were allowed to modifftirisontent or
create new content for the TagTrainer system, this was noacyieely encouraged. The
second phase of the study, the creation phase, lasted for the rerhamingeks. During this
phase therapists were actively encouraged, during an introductiomgnesianized by the
researchers, to become creators of therapy content for the TagTraiear.syst

After the study, the two TagTrainer systems were letia@ttinic to allow for their continued
usage, which supports the original action aim of the study to imp@atice, rather than to
contend with evaluating the system. Informal contact was ma@ttavith therapists, which
served to get an impression of the usage of the system after the end of the study.

Use phase

During the use phase, which lasted for the first week of the ssedwral instruction and
feedback sessions were planned with participating therapists. &ioste-hour introduction
session was conducted with all participants and researchers. Doisnglenary session,
participants were briefed about the goals of the study andrtfleiwithin the study. After
this introduction, feedback sessions with individual therapists edcetwice a week for the
remainder of the use phase. These meetings lasted for 30 mandtegere used to discuss
the progress of the study with the participants. Therapists weeged to discuss any
problems, requests, or remarks they had concerning the TagTratemsy the study itself.
Additionally, therapists could use these sessions to learn more alogtthes TagTrainer
system. Such technical support to the therapists was also providedeotlte scheduled
feedback sessions. Researchers were also at hand during thessipynssén which the
TagTrainer system was used for patient treatment. During desstons, the researchers
were able to observe the therapists and the way they worked with the ihagTra



Creation phase

At the start of the second week, another 1-hour introduction meetiagplaaned. This
meeting mainly served to introduce therapists to the modificationceeation of therapy
content for the TagTrainer system.

Further, two individual meetings per week were scheduled for atglsts. Finally, at the
last day of the study, a 1-hour reflection session was scheduletich all participants
(researchers, therapists, and management) were invited to diseussiews on the past
three weeks.

Measures

In their stepwise guidance to facilitate successful implgation of technology in therapy,
Hochstenbach-Waelen and Seelen [24] argue that after the pii#es, during which
awareness and insight about the new technology are spread amongstnthangy of
therapists, a phase of acceptance follows. During this phase,tithdeatmotivation and
willingness to change are crucial factors in the succedseafitplementation process. Since
we were interested in the extent to which the implementatioregsoaf TagTrainer would
develop, the focus of the research efforts has been on measurinfatiiesseand collecting
in-depth information about the practices, events, and opinions that underlie these factors

Logging

An automated log containing details about the usage of the Tagmistem was kept. A
log entry was added each time an exercise was executed,ncupntdie time of use, the
therapist using the system, the pathology of the patient training with the sgsigthe name

of the exercise used. Log entries were also added upon the manfifieatd creation of

exercises; these entries contained the name of the exerdiskeeatherapist involved, as well
as the date of modification or creation.

Self-efficacy

Self-efficacy directly affects intent [26]: if a therapigels that (s)he has not mastered
working with the TagTrainer system, (s)he will be less likelyuse the system, let alone
create new therapy content with it. A self-efficacy questiman@ased on [19], scaled 0—
100, see Table 1) was administered at three moments during thergihtgt the start of the
study, after one week and at the reflection session at the ¢he sifudy. The questionnaire
was administered at these three different moments to gauglhgww takes for therapists to
feel confident they can use the system correctly. Note thaigulestionnaire measures
therapists’ perception and not actual performance — hence, theognase was first applied
at the start of the study, even though therapists had not yet worked with the system.



Table 1 TagTrainer self-efficacy questionnaire

I'm confident that | can... Confidence (0—100)
1. Set-up an exercise program with the TagTrainer

. Find the right exercises for a given patient

. Modify an existing exercise to fit a particutatient

. Create an entirely new exercise from scratch

. Use the TagTrainer system in individual therapy

. Use the TagTrainer system in group therapy

. Convince a patient of the usefulness of the Taig€r

. Solve a technical problem with the TagTrainesetfy

9. Help a patient in using the TagTrainer

10. Use new objects/items for TagTrainer therapy

11. Convince another therapist to start using dgTfainer

12. Help a therapist in using the TagTrainer

13. Help a therapist in creating new exercisesterapy

o ~NO O h WN

Technology acceptance

To evaluate acceptance and how it is influenced by increased exposufamiliarity with
the system, the UTAUT questionnaire [18] has been administered tthreg during the
study (coinciding with the administration of the self-efficapyestionnaire). UTUAT is a
model that examines the relation between people’s acceptaracéeohnology and several
potential determinant factors such as: their behavioural intene{pedclikelihood) to use it,
ease of use, usefulness, and social norms. The questionnaire includesabesufispoint
Likert scale), of which only behavioural intent, performance eqpey, effort expectancy,
social influence, and facilitating conditions have been shown to be goodtpredof
acceptance [18].

Credibility and expectancy

At the end of the study, therapists were invited to give their @piabout the credibility and
the expected treatment effectiveness of the provided relsibilitsolution. These factors
were measured with a version of the credibility/expectancytignesire (CEQ) [27]. This

guestionnaire includes six questions that asked therapists to intheatethoughts and
feelings about the treatment on offer, on both a 9-point and an 11-pkéart &cale. The

credibility and expectancy factors (each scoring between 0 ahdar27 calculated by
aggregating the normalized scores of three questions each,\anhigja internal consistency
and good re-test reliability. In contrast to the other measurésvdtre mentioned before,
these measures were only taken once, at the end of the study, as we aimeit tioesioinost

informed opinion after they have worked with the TagTrainer system.

Observations

Therapists were observed by the lead researcher (DT) dimenfyll duration of the study,
whenever they were using the TagTrainer system. Both writieas and pictures were taken
during the observations. The observations focused on the context of useoftpptient,
individual or group therapy, etc.), the mode of use (exercisesuted, objects used, etc.),
and organizational issues (setup of TagTrainer system for theo#per activities during
TagTrainer use, etc.).



Interviews

Semi-structured interviews were held with therapists duringndividual feedback sessions.
These interviews covered several topics: the usability of Bagdir, its use within therapy
(times of use, context of use, experiences during usage, etc.), astdutttare of the study
itself. The (exemplary) testimonials of therapists as used in this paperh thalpjgctive, may
give detailed insight to technology developers on how to take into acotinidally
important issues associated with the (non-) use of technology. cdmglement objective
measures which, being generic and summative, do not provide sufficggitt into the
issues underlying the use and non-use of technology on their own.

Data analysis

Data from the UTAUT questionnaire was analysed with Wilcoxgnesl-rank tests. Data
from the self-efficacy questionnaire was analysed usinggaample t-tests. Furthermore,
select items from the self-efficacy questionnaire (e.g. usagjlrainer in individual therapy
vS. group therapy) were compared by performing independent two-satepts.tAlthough
the current study has a small sample size, recent redeasckhown the applicability of t-
tests for such sample sizes [28].

Data from observations and interviews were analysed and clustered usiny didigiams.
Results

Logging

The log shows that the TagTrainer system was used in 34 thersgigrss, about 1/4 of all
arm-hand training sessions held for the duration of the study. Obesé 134 sessions, 20
sessions were group therapy; the other 14 were individual theemsjons (see Figure 4).
The system was used 25 times in stroke therapy, and nine itin&SI therapy. Thirteen
different patients have trained with the system (ten strokematiand three tetraplegic
patients). Note that during some group therapy sessions, multimatpaave subsequently
worked with TagTrainer, such that the number of treatments vatjilfainer is slightly
higher than the number of sessions in which TagTrainer has been usdditionathere is
not a strict one-on-one relation between patients and therapigitiesnt might receive
therapy from more than one therapist.

Figure 4 TagTrainer usage in therapy (working days only, cumulative)The figure shows
that the system has been used more during group therapy than during individugl therap

All four participating therapists created new exercises for th@raager system. The number
of created exercises ranges from two to seven per therapistaln20 new exercises have
been created during this study (see Figure 5). In addition atirqyenew exercises, therapists
also modified three existing exercises structurally.

Figure 5 Number of therapist-created and therapist-modified exercises pgathology
(working days only, cumulative).




As is visible from Figure 5, exercise creation had started speotusly before the planned
‘create’ phase of the study had started: one therapist whawmasis about the possibilities
of the TagTrainer system, in terms of task oriented themdguided to create exercises for
tasks that were not covered by the default set of training exercises.

Technology acceptance and self-efficacy

As visible in Figure 6, scores on most subscales of the UTAUTtiqueaire are close to
neutral apart from anxiety, which is generally low. No sigaifit differences were found
between the results from the start and the end of the studultRé&om the self-efficacy
guestionnaire show a significant increase in self-efficacy dxtvthe start (M = 52.3, SD =
37.6) and the end (M = 75.4, SD = 19.1) of the study (t (3) = —2.356, p = 0.05). halgene
therapists reported moderate to high self-efficacy, excephéar perceived ability to resolve
technical problems with TagTrainer (M = 32.5, SD = 28.7). In additibay treported
significantly higher levels of self-efficacy (t (3) = 4.899, ©.616) for using TagTrainer in
individual therapy sessions (M = 80.0, SD = 21.6), compared to group {heasgions (M =
60.0, SD = 28.3).

Figure 6 Boxplots for the UTAUT questionnaire subscalesBehavioural intent and self-
efficacy have increased (not significantly) during the study, but othesuresa(such as effort
expectancy, facilitating conditions and social influence) remainedvallastable over time.

Credibility and expectancy

The credibility (M = 19.5, SD = 3.11) and expectancy (M = 13.9, SD = 5a2i?gs that the
therapists gave for the TagTrainer system show that theytfiodoe credible for arm-hand
rehabilitation, but are neutral in respect to the expected eteess of the system for the
improvement of arm-hand performance. The expected therapeuticofalagTrainer seems
to be corroborated by the scores for performance expectancy BfT#ET questionnaire.
During interviews, therapists mentioned that they were somewhatariieso use the
TagTrainer system, because it had not yet been clinically validated.

Observations and interviews

TagTrainer usage

Observations and interviews revealed a difference in the wayraiagr was integrated in
the workflow for stroke therapy and SCI therapy. Stroke and $@intent take place in two
separate rooms that differ in terms of layout, content, and use. The room wher¢hstragg
is given is relatively crowded with equipment and has mantovss(patients, therapists, and
other staff). Therefore, the TagTrainer system was in the mdynwhen it was to be used.
When not in use, the system was stored in the clinic’s lab facility. Orottieagy, the system
that was available for SCI-therapy was placed in the SCI npemmanently, regardless of
whether it was in use or not. Therapists treating stroke patiedicated that not having
TagTrainer available in the treatment room at all times limited thaivation to use it.



Target population

Therapists agreed in their opinion that the usefulness of the diagfrsystem varies
between and within pathologies. For example, stroke patients mighgbiively affected to
an extent, which makes it hard for them to work independently with dgé&r&iner system.
Besides a patient’s cognitive abilities, therapists identdi@ee other factors that influence
the suitability of the system for a particular patient. For example, orepteeremarked:

“l think that patients with low to moderate [arm-hand] function can profit

from working with the [TagTrainer] board. For somebody with really good
function, the system provides no challenge. The board is simply too emall f
these high-potentials”.

Still, the relatively small size of the TagTile board wégn mentioned as a limiting factor in
the types of exercises that could be executed with the TiagTFsystem. In addition, the fact
that the current TagTrainer system only supports exerdisgsate performed on a single
board was mentioned as a factor that limited its usefulness:

“Multiple [TagTrainer] boards would make the system much more useéful, i
would greatly enhance [our] liberty in creating exercises”.

Individual and group use

Although TagTrainer was used more often during group training, orepieeremarked that
the system was more suitable for use during individual thebapguse patients using the
board required 1-on-1 guidance that is not feasible during group therapheQ@ontrary,
another therapist thought that using the TagTrainer system in grotgpyhearried an
advantage over traditional group therapy methods:

“By using it [TagTrainer] you force the patient to be more accurate and
precise than by just telling somebody ‘put the thing here’. When workthg wi
a 5-patient group, you can’'t check everyone on their exercise execltion.
that light, the TagTrainer system does a better job”.

Nevertheless, therapists were hesitant to let patients wehnktlne TagTrainer unsupervised.
An important requirement for this is that clear feedback should dnéded to patients to

enable them to carry out exercises and to observe how well théyedo One therapist

suggested that:

“It would be beneficial to patients if long-term feedback (such as acgurac
speed and quality of movements) be collected, so they can compare their
performance to previous attempts”.

Another therapist supported this statement, suggesting that:

“...four weeks of doing the same exercises won't work. But if youlzam s
people their progress (in a graphic), it gets interesting”.

Aside from therapists, patients also seemed to agree on this peepdtticular patient was
observed motivating himself by trying to perform an exerasequickly as possible, even



though the system did not provide any relevant scores or performegatigatk to support
this use.

Content created

Creation efforts ranged from adjustments to existing exayci® the conception and
implementation of an entirely new range of exercises. Bi@snof small adjustments are
increasing the size of the target areas in an exercise, yimgdthe number of repetitions of
an exercise, and the use of different objects that are easier for patieatsite.

Therapists also performed modifications that changed the actuetusér of an exercise. For
example, an exercise that previously demanded a patient to p@ronation and supination
in the forearm by rotating a cup was modified to also train ulleaiation in the wrist.
Finally, therapists also created new exercises, entirety gcratch. Some of these exercises
were based on already existing exercises, while others egpedsentirely new ways of
exercising. An example of a derivative exercise that wadenleoy a therapist for a particular
patient would be when a patient was trained to write the ndnmés gyranddaughter (see
Figure 7), which was adapted from an exercise featuring a different text.

Figure 7 Two exercises that share a common structurd.he left image shows the original
exercise, the right image shows the modified exercise. The modifiedsexasgs the same
object, but lets the patient follow a different pattern on the board.

An example of an exercise that was custom created for afpften scratch would be when
a patient was trained to open a box of tea (see Figure 8, bottmnehis exercise, tags
were placed on the bottom and on the sides of the tea box, aswallthe lid. By equipping
the tea box with two tags, the therapist was able to creatmplex exercise, challenging the
patient to put the tea box down on the board, after which it had to bedoméosed, and
finally lifted from the board.

Figure 8 Four exercises that were created by therapists during the studin clockwise
order, starting top-left: pouring from a bottle, dishwashing, window cleaning, opeioxg
of tea.

Equally relevant is the fact that therapists not only modiéied created exercises for the
TagTrainer system but created and adjusted physical objectsotlidt be used in therapy.
For example, one patient performed a training exercise inhwdi®elcro strip that was
attached around the patient’'s wrist had to be moved in a circudgre sbn the board.
However, due to spasticity, the patient constantly performed farpawsnation, which was
not intended. In response, the therapist ordered at the clinic’s workshgmoduction of a
cylinder attached to a disc-shaped piece of wood (see Figufi8 tool had a tremendous
effect on the patient's performance and made certain egsrdizat were previously
inaccessible manageable for the patient.

Figure 9 A custom-made object for the TagTrainer systemit consists of a cylinder which
is mounted on a disc-shaped piece of wood.




Therapist and patient motivation

The act of creation has its influence on the satisfaction thigptisés experience from using
the TagTrainer system. One therapist explained:

“I got a feeling of satisfaction when [name of patient] showed his
appreciation for the exercise that | had created especially for him”.

A specific patient was unmotivated to train initially when givee exercises that were
included in the initial setup of TagTrainer, describing therfchgdish and not fun to use”
Suspecting this was due to the generic nature of the exertisgbgetapist developed for the
following training session two exercises custom tailored to phisicular patient. As the
therapist recalls:

“The patient initially was not motivated, so | asked him: what do youZvant
He wanted to train in preparing sandwiches. At that time, he wasn’t doisg t

at all, so | took a piece of foam and a knife, and created the exdtggeld

me after the weekend, that for the first time in 9 months he had pdepsre
own sandwiches! I'm not sure whether this has caused it, but suddenly his
motivation had increased”.

Another source of motivation for therapists was the creations of tdeagues. Upon
witnessing the newest creation of his colleague, a therapist jokinglykeanar

“That looks impressive, of course now | have to beat [your creation]...”.

Although the remark was made as a joke, later that day the steagpially sat down to
create a new exercise for his patient.

Sharing of created exercises

Therapists had one TagTrainer system available per pathologyeyaltvays had to share
their system with a colleague. Since exercises weredskocally, per system, this meant that
all created and modified exercise content was there to be shamysintherapists for a

given pathology, without them having to take any explicit action.

Explicit sharing, consciously initiated by therapists towards twleagues, happened only
on a modest scale during the study. Especially in the stroke domaitmerapists were often

unaware of the exercises that their colleagues had modifiegatedr However, in the SCI

domain, the participating therapists regularly witnessed occasiavisich the other therapist

was applying a self-created exercise in therapy. Aparh finforming them about the

availability and application of new exercises, this stimulakesint to create new exercises
themselves.

Exercise reuse

Therapists found it hard to identify the exact nature of the esesrthat were available in the
system. For example, one of the therapists remarked:



“I find it difficult to use the [TagTrainer] system in therapy, ®ntdon’t

know exactly what all of the exercises entail. Just a name and eptiesc

are not enough for me to estimate, for example, how long a patient would take
to complete an exercise”.

The fact that it is hard to capture the exact nature of aicis®en just a couple of words had
also influenced the way therapists approached content that was prdgucelleagues. One
therapist remarked:

“I hardly try out any new exercises. I'd like to, but | feel thathouldn’t
experiment with this during a patient’s therapy time”.

This touches on another, more general issue that was named byratistseduring the
study: time shortage. In the current situation, the clinic doeslloctte time for therapists to
work on things that are not directly beneficial to a patient’shiéitetion process. In other
words, although creating a new exercise migventually contribute to a patient’s
rehabilitation, it is nodirectly beneficial and hence, strictly speaking, not part of the work
that therapists are expected to perform. Still, the therapistsaged to create 20 new
exercises, mostly during the time that was reserved for felkediatche study, as well as
during breaks and after-hours.

Discussion

TagTrainer is a technology for upper limb training that allowsefgrcise variability and
tailoring. The study focused on the acceptance of TagTraingrebgpists and the extent to
which they can adjust their practices to assume the role ofisxeauthor that exercise
‘tailorability’ requires.

Acceptance and self efficacy

Therapists indicated lower self-efficacy for TagTrainer us@roup training compared to
individual training. This seems to be related to the amount of suppompahants working
with TagTrainer currently require — in group sessions, such support ipenotanently
available. However, in this respect, when anticipating future amgments therapists
envisioned TagTrainer as a suitable technology for group theragiprs®sTagTrainer could
monitor a patient’s performance, providing therapists with extra time talattber patients.

During this study, the therapists’ self-efficacy and their behaeal intent increased. The
increase in self-efficacy indicates that therapists cailyel@arn to use TagTrainer. The
increase in behavioural intent suggests that after an initial training peagdrainer reached
satisfactory acceptance among therapists.

On the other hand, the measures on performance expectancy, gbectagcy, and social

influence showed virtually no variation over time. This was toxpeeed regarding social

influence, since the social context of use remained constant fdutagon of the study. One
would however have expected effort expectancy to decrease, sigteaifi@r was adapted

during the study to better fit the needs of the therapists. Glestores on anxiety are a
positive indication for the system though it could be attributed tepkeific therapists who

are early adopters.



Creation process

To the best of the authors’ knowledge this study is the firskammae and demonstrate the
feasibility of putting therapists in the role of authors of tragnexercises for rehabilitation
technology. Previous research points at the importance of patientmizestl exercises [8]
and sufficient exercise variability [8,12], which necessit#tes role shift, but until now no
such technology has been implemented as part of daily renamlitaactices and the factors
that will enable this shift are not to this point understood. Exewruijestment in related
systems (e.g., [29]) typically pertains to the tailoring of peai@rs of movements and targets
rather than defining the very purpose and nature of an exercisdhascase in the current
study.

Overall, the results presented show clearly that therapistsacaas creators of training
content. On the downside, they did not re-use existing content as mespexsed. It had
been anticipated that therapists would re-use exercises tofgaveaad this was expected to
be a way to pool resources and achieve an economy of scale. Inegyraotice of the
exercises created during this study were very similar terceses already available.
Therapists perhaps were hampered by the sheer number of avedalieses (about 150 at
the start of the study), which they did not have the time to explaleget acquainted with.
Perhaps regular use of TagTrainer would resolve this issue, eljeatl@aving therapists to
familiarize even with much larger sets of exercises. Fraystem perspective it appears that
auxiliary tools need to be developed to support the browsing of exeratndardized
descriptions of exercises, versioning, and other (visual) means o&ydmplan exercise’s
content and nature.

During this study, a difference emerged in the way in which th&sagrom different
pathologies shared exercises. One possible explanation for tleieddé is the fact that the
therapists working in the SCI domain were often present in the monmewhen one of them
was working with the TagTrainer system. Exercises that loepist was using, were thus
visible to the other therapist. Another factor that may have infeebithe amount of sharing
is the number of patients that received TagTrainer therapysffbke rehabilitation group
used the system with 10 different patients, while the SCI groug wseith only three
different patients. Because of the limited number of differenéipist that were treated in the
SCI group, the number of sessions with the TagTrainer system per patsemigher than for
the stroke group. Because the history of performed exerciseskeyd for each patient,
therapists could easily see which exercises the patient hadyskvbeen doing with the
other therapist. It is likely that this positively influenced tease of exercises by therapists
other than the original creator.

It is also interesting to note that cross-pathology sharimx@ftises was not observed during
this study. Since the two TagTrainer systems used in thig stece not mutually connected,
sharing across pathologies was not explicitly facilitated. Howeyigen the responses of
therapists during plenary feedback sessions in which they exchamgeaxperiences on
creating exercises, exploration of the option to facilitatestieging of exercises in a wider
context seems valuable.

Previous research has indicated that insufficient time is rniarrier for therapists
regarding the authoring of training content [17]. Although the themp@ind enough
motivation to create exercises outside of their paid hours, thisasolatneither sustainable
nor scalable. From an organizational perspective, management can siypgpahift by



allocating time on creating and tailoring exercises. Frolystes design perspective, rather
than looking solely at easy to use authoring tools and improving ugadiliroader range of
solutions need to be considered in future research. One solution shiaédra successful in
the domains of open source software development, Wikipedia, and gémeples of crowd
sourcing, is to establish and support a so-called culture of patibcigd0]. In such a culture
of participation, a community that is centred on the TagTrainatfopin would
collaboratively maintain, extend, and modify available content tcenitaéf optimal use for
rehabilitation therapy. This community would consist primarilyh&frapists, but should also
include stakeholders such as (clinical) technicians and even patexteénding across
multiple clinics, thus allowing rehabilitation centres to pool solutions and resource

Application to different pathologies

Thus far, TagTrainer has only been used as a part of the uxpemigy rehabilitation of
stroke and spinal cord injured patients. Both patient groups suffer payesis, muscle
spasticity, and coordination problems. However, this way of technology+sepptask-
oriented arm-hand training might also be very useful in the retagioh of other
neurological diseases with similar arm-hand performance impais, especially when task-
oriented training has been found beneficial, such as in multiplesidd31] and in cerebral
palsy [32]. Investigations into the feasibility of using the Tagier for arm-hand
rehabilitation in these pathologies are ongoing.

Study limitations

Although the present study resulted in valuable information, which woléected over the
relatively short time period of three weeks, it is expectedrtiwa insights into the adoption
of TagTrainer could have been gained in a longer study and insitese The authors have
planned a longer follow-up study in multiple sites to address this limitation.

Conclusions

Tailorability and variation of rehabilitation exercises carabkieved by providing dedicated
tools that enable therapists to create and modify them eadiig. @aper introduced
TagTrainer, a system that supports the creation and modificatiarnohand training
exercises that are executed on an interactive board, with evgrypldsical objects
augmented with RFID tags. TagTrainer was used as part @iptheffered to patients after
stroke and spinal cord injuries during a three-week period, during whechpists were able
to learn and use the system effectively. With TagTrainerapligs assumed radically new
professional roles as authors, editors, and potential publishersnaigrabontent. This study
has shown that this role switch is feasible, though it was found tortergent on several
contextual factors, such as organizational support, physical arad sagironment, support
by peers, as well as technological factors, such as easseadnd availability of tools to
monitor patient performance and progress. Future work will focus on botert authoring
and sharing practices can be supported and sustained for longer periods.
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