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Abstract

Over the last decades increases in life expectancy have led to a growing population of
older people and growing healthcare demands. Among older people a common cause
of death is stroke, but a large number of people survive strokes and need rehabilitation
to regain motor functions lost due to brain damage. However, there are not enough
physiotherapists to optimally provide the necessary therapy. This is where rehabilitation
robotics can be of use. In this project the user interface for the iPAM robotic system
has been adapted in interaction with users. iPAM is a robot that attaches to the lower
and upper arm to provide upper arm rehabilitation. The aim of this project was to im-
prove the initial iPAM user interface by adding feedback to aid users’ motivation. The
user interface was changed from a screen showing a stick figure of the arm and a com-
plicated robot status indicator, to a 3D scene with simplified indicators and additional
feedback screens. The interface development was an interactive process between de-
velopment and patient questionnaires, adding feedback regarding knowledge of results
and regarding knowledge of performance. Patients were positive about the changes to
the user interface, confirming that the added feedback screens were clear, useful and
motivating. We conclude that the iPAM user interface has thus been improved by the
addition of the feedback screens. Now that it has been shown that these feedback
screens are motivational, the user interface might be improved further by adding more
feedback about the quality of the movement, in order to make a rehabilitation robot
that can be used in clinical practice.
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1 Introduction

Over the last decades improvements in healthcare have led to an increase in life expectancy.
However, this has also lead to a higher healthcare demand as many older people need treat-
ment. One of the leading causes of death in older people is stroke. Strokes occur when the
blood supply to the brain is interrupted or when a blood vessel in the brain bursts (Neuro-
logical Disorders & Stroke, 2007), which causes brain damage and in some cases leads to
death. A person who survives a stroke often shows symptons such as numbness and weak-
ness of limbs as well as trouble with walking, balance and coordination. Stroke patients can
only return to normal life if they relearn everyday skills. An important way to achieve this is
through physiotherapy. However, because there is a growing number of stroke patients and
the amount of physiotherapists is limited, there are not enough resources to optimally help
these patients.

This is where rehabilitation robotics can be of benefit. The idea behind rehabilitation robotics
is to help several patients at the same time. Physiotherapists could treat multiple patients
in a session by setting them up in robotic devices that exercise their affected limbs. Another
advantage of using robotic devices for rehabilitation is that it relieves therapists of the need
to lift (heavy) limbs. Furthermore, a robot can accurately repeat a specific movement, which
aids the strengthening of the neural connections in the brain that need to regrow.

This research project is concerned with improving the user interface for a specific rehabilitation
device, called iPAM; the intelligent pneumatic arm movement robotic system. This device was
constructed at the University of Leeds to “provide responsive coordinated active assistance
of upper arm and forearm to facilitate the patient’s reaching movements” (A. E. Jackson et
al., 2007a). iPAM consists of two robots, one for upper and one for lower arm attachment,
that help patients move their arm to target positions. Figure 1 shows how the iPAM robots
can be attached to the upper and lower arm. The therapist can record an exercise movement
because the robot control stores the target positions. The robots guides the patient’s arm
to these target positions when the patient is exercising. These exercises generally consist of
reach and retrieve movements. To work with iPAM, a user interface is used, which shows
the user a virtual representation of the work space; a 3D virtual space with an arm and a
target. The patient has to reach out her arm to the position set by the therapist, in order to
touch the virtual target with the virtual arm. A figure of the user interface as well as further
explanation of the iPAM system are given in section 2.3.6.

The aim of this project is to improve the user interface of the iPAM robot system by adding
performance feedback. The research question is whether motivation can be improved by
giving appropriate performance feedback and/or by changing the indicators on the screen. It
is important to motivate patients to make sure that they will try their best at the exercises
and will not stop early, because according to Parasuraman and Rizzo (2007) the rehabilitation
progress depends on the training intensity. Potentially there will be only one physiotherapist
overseeing the work of several stroke patients. This physiotherapist has to be able to trust
that the robotic system motivates the patients to keep exercising and to keep doing their best,
as she will have no time to continually motivates patients herself, like a physiotherapist would
normally do during a treatment session.
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Figure 1: The two iPAM robots are attached to the arm (Holt et al., 2007b)

This thesis starts out with a literature review beginning with motor learning and recovery, the
basis of recovery for stroke patients. Then feedback and motivation in physiotherapy practice
is discussed to find out how physiotherapists keep patients motivated to exercise. Feedback
and motivation in games, sports and game-based learning are discussed as well, to see how
people can be motivated in different contexts, related to learning through a computer screen.
These parts of the literature review also show the importance of feedback in the acquisition
of skills. To be able to compare this project with other research, the literature review also
encompasses literature on other robotic rehabilitation devices and user interfaces, showing how
much work has been done already on developing user interfaces and feedback mechanisms for
rehabilitative devices.

After the literature review, the research methods and results are discussed. This project
started out with the construction of mock-ups to determine colour usage and lay-out of the
components on the user interface. This was evaluated at a user group meeting, where stroke
patients as well as engineers, physiotherapists and psychologists were present. The next stage
of this project was the construction of three versions of the user interface. These were all
used in patient trials and evaluated using questionnaires, filled in by respectively eight and six
stroke patients. The results from the first questionnaire were used in the construction of the
second user interface, and the results from the second questionnaire in the construction of the
third (final) user interface. This made sure that the development of the user interface was an
interactive process with a lot of user involvement. It is also the reason why the method section
of this thesis has been split up in four parts, elaborating on the methods and results per stage
of the research. The discussion section briefly recaptures the discussion of the separate user
interface sections and draws some general conclusions about the user interface.
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2 Literature Review

This section provides a theorectical basis for the addition of feedback mechanisms to the
iPAM user interface. Feedback and motivation in physiotherapy are discussed to see how
physiotherapists keep their patients motivated when exercising their affected limbs. Motivation
in games is also looked at to understand why people are motivated to play games and how
this can be used in therapy with a rehabilitation robot and a computer screen. As mentioned
in the introduction, other rehabilitation robots and user interfaces will also be considered, to
see how other user interfaces have been constructed and whether these can give guidelines for
the design of the iPAM user interface. First of all motor learning and recovery are discussed,
to understand the problems in the human brain after a stroke and how treatment can best
take place.

2.1 Rehabilitation after stroke

A stroke can be caused by bleeding or closing of a blood vessel in the brain. In either case
brain damage will occur, which causes the symptoms seen after a stroke such as spasticity,
high or low tension, and difficulty with balance. This project focusses on the recovery of upper
arm function as the iPAM robot system has been constructed to rehabilitate the upper arm.
The next section discusses the way our brain can (re)learn movements.

2.1.1 Motor relearning after stroke

The acquisition and modification of movement is considered as motor learning (Shumway-
Cook & Woollacott, 1995). When people have to relearn motor skills after a stroke, this is
classified as recovering functions; re-acquisition of movement skills that have been lost through
the injury. Not only basic motor processes need to be relearned, but often new strategies for
sensing have to be formed as well. According to Shumway-Cook and Woollacott (1995) there
are two ways of learning; procedural and declarative learning. Procedural learning concerns
tasks that can be performed automatically, by repeating a functionally relevant task over many
trials, one can learn or relearn movements. Declarative learning concerns tasks that have a
conscious component, these require attention, awareness and reflection. If a declarative task
is repeated constantly, it can be transformed into a procedural task.

Motor learning of basic limb movements falls under procedural learning. An example is the
way people walk; one does not make a conscious decision to lift up a foot, swing a leg forward
and put it down again. For stroke patients such basic movements might have to be relearned
and although these actions might need conscious decisions at first, by repeating them over
and over again they will eventually become automatic movements. Relearning can occur if the
damaged brain region recovers or if another brain region compensates for the lost function or if
new synaptic connections are generated in the brain due to the neural plasticity of the central
nervous system (Parasuraman & Rizzo, 2007). This neural plasticity enables the brain to
make changes in the organization and the numbers of connections among neurons, a feature
that does not disappear with age (Shumway-Cook & Woollacott, 1995). The advantage
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of this is that although the brain might adapt to disuse of a limb, it can also make new
connections if training takes place at a later stage. To make use of the neural plasticity it
is good to practice a certain movement often. If a movement is repeated frequently, the
respective neural connections will be activated and the connections strengthened (Shumway-
Cook & Woollacott, 1995). Improvements in muscle strength and movement coordination
can result from doing task-relevant repetitive movements (Parasuraman & Rizzo, 2007). This
corresponds to current treatment methods, which are the next point of interest.

2.1.2 Rehabilitation Methods

After a stroke, patients are first seen by doctors. When still in the hospital, initial treatment
begins, which can consist of physiotherapy, occupational therapy and medical treatment.
After a patient is discharged a period of physiotherapy sessions often takes place. There are
several ways in which physiotherapists treat stroke patients. Approaches include the Bobath
approach (Bobath, 1990) and the Carr and Shepherd approach (J. H. Carr & Shepherd,
1998). The differences between these approaches have reduced over the last twenty years and
physiotherapists often use guidelines from several theories in their treatment of patients. Most
methods aim at doing many functional exercises with the affected limb. Stroke patients can
also be treated with functional electrical stimulation (FES), where external devices generate
action potentials in the uninjured motor neurons to cause the wanted movement. Treatment by
injecting Botulinum Toxin (Botox) in high tone muscles, by applying acupuncture and by using
mental practice, are a few other treatment methods that can be used for the rehabilitation of
stroke patients.

A problem with physiotherapy is that it is resource-limited. There are not enough physiother-
apists to provide enough therapy sessions to optimally help stroke patients in their recovery.
This is where rehabilitation robotics can be of help. The aim is not to replace physiotherapists,
but to provide a means for enabling them to treat more patients at a time. One can imagine
a therapist overseeing three patients working with rehabilitation robots at the same time. To
enable this, we need to make sure that the rehabilitation robots provide the same (or better)
physiotherapy practice as physiotherapists do. Therefore tasks used in physiotherapy practice
will briefly be considered here and the use of feedback and motivation in physiotherapy will
be discussed in section 2.2.

The previous section mentioned that for procedural learning it is good to do task-relevant
repetitive exercises. This view is also supported by physiotherapists who indicate that phys-
iotherapy exercises should be task-specific (Coote & Stokes, 2001; J. H. Carr & Shepherd,
2003). Ballinger, Ashburn, Low, and Roderick (1999) investigated activities that take place
in occupational therapy and physiotherapy, by evaluating details about treatments which
therapists recorded over a 17-month period. For occupational therapy 12 different kinds of
activities were distinguished; personal activities, domestic activities, physical function, percep-
tion, cognition, home visit, social activities/leisure, education of patient, education of carer,
wheelchair/seating, aids & equipment, and other. The physical function (e.g. mobility, bal-
ance, grip, muscle tone), social activities/leisure (e.g. social groups, hobbies), and ‘other’
categories were recorded most during the 17-month period. For physiotherapy 14 different
activities were distinguished; positioning/passive movements, bed mobility, sitting balance,
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standing balance, sit to stand/transfers, walking, stairs, control of pain, movement patterns
of upper limb, movement patterns of lower limb, aids & equipment, education of carer, home
visit, and other. Of these activities walking, standing balance, and upper limb movement
patterns turned out to be used most in the 17-month period of the study. For the present
research, the focus lies on upper limb movements as the iPAM robotic system aims to re-
habilitate the arm. Normal upper limb functions that should be recovered are “locating a
target, reaching, grasping and postural control” and patients have indicated that they wish to
be able to do activities such as “eating and drinking, writing, washing oneself, dressing and
household activities” (Hawkins et al., 2002).

Motor relearning is best achieved by doing repetitive movements as done in physiotherapy
practice, which should also be possible with a rehabilitation robot. The iPAM robotic system
already enables a therapist to record an exercise so that the patient can do repetitive move-
ments (see section 2.3.6), but previous research showed that the user interface did not give
enough feedback about user performance and improvement (A. E. Jackson et al., 2007a).
The next section will look at how physiotherapists motivate patients as well as at why people
are motivated to play games. This will give an idea of what kind of feedback could be given
via the computer screen.

2.2 Motivation and feedback

As mentioned in the introduction, one of the important factors in physiotherapy is that the
patient should be motivated to do their exercises, in order for the therapy to be successful,
which has also been shown by J. Carr and Shepherd (1979). The issue of how to motivate
people can be considered in several domains. First of all basic questions arise about what
motivation encompasses and whether feedback aids motivation. Furthermore it would be
useful to know how patients are normally motivated during rehabilitation, in order to motivate
patients in the same way with the feedback given in the user interface. Because this feedback
will be given through a computer screen, rather than received from a therapist, and this
resembles computer games, motivation in computer games will also be discussed in this section,
as well as motivation in sports, as this is related to games.

2.2.1 Motivation

Motivation can be intrinsic or extrinsic, i.e. either motivated by internal or external factors.
Both are important to this project, but it is interesting to have a look at intrinsic motivation
first. Intrinsic motivation means that a patient is motivated to learn without any reward or
punishments (Snow & Farr, 1987).

Snow and Farr (1987) distinguish four kinds of intrinsic motivation; challenge, curiosity, control
and fantasy. Challenge is most relevant to this project, the other kinds of motivation will be
hard to realise in this project due to the nature of the exercises. The level of challenge, if
kept optimal, can greatly stimulate intrinsic motivation. The aim is to make a task that is
challenging, but not too difficult to achieve. According to Snow and Farr (1987), such a task
has to have a goal and an uncertain outcome, there has to be a certain kind of performance
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feedback and it is beneficial if the task can create or enhance self-esteem.

To go a bit more in-depth, Snow and Farr (1987) describe that it is best to do a task with a
goal that is reachable, but the outcome of the activity should not be certain yet to be sure
that the activity is kept interesting. This can be achieved by having variable levels of difficulty,
multiple levels of goals, hidden information or by adding randomness. Snow and Farr (1987)
state that to keep a task challenging it also helps to give frequent, clear and constructive
feedback, which aids reformulation of goals and thus aids motivation. However, feedback is
an external factor, and motivation caused by external factors is extrinsic motivation. This
kind of feedback will be further discussed in the next section.

2.2.2 Feedback

The most important factors of non-compliance with therapy are perceived barriers, a lack
of positive feedback and perceived helplessness (Sluijs, Kok, and Zee (1993) as cited by
Talvitie (2000)). An example of a perceived barrier is when an exercise is not fitted to the
situation of the patient or his daily routine. This will cause motivation and attitude problems
and should therefore be avoided by practicing relevant and functional tasks, which is also
supported by rehabilitation treatment theories, as shown in section 2.1.2. Because a lack
of feedback can lead to non-compliance in physiotherapy practice, it is important to provide
a user with adequate feedback. One can also deduce that because non-compliance causes
motivation problems and feedback is necessary to avoid non-compliance, feedback is necessary
to motivate patients.

In order to help people acquire a skill, feedback is also necessary (Talvitie, 2000). Feedback can
be divided into intrinsic feedback, coming from the person’s own sensory systems, and extrinsic
feedback, as provided during or after a task. Extrinsic feedback is the kind of feedback that
will be focused on in this research, as no attempts will be made to control the intrinsic (e.g.
tactile/proprioceptive) feedback. Extrinsic feedback can be split up in ‘knowledge of results’
and ‘knowledge of performance’ (Magill (2003) as cited by Vliet and Wulf (2006)). The former
concerns information about the outcome of the action (goal-oriented), the latter is concerned
with how the action was accomplished (process-oriented), ‘the movement characteristics’. The
aim for this project is to provide extrinsic feedback, starting out with knowledge of results and
adding knowledge of performance later on.

Feedback can be prescriptive (body-oriented, about changing behaviour and performance) or
descriptive (environment-oriented, about specific behaviour and impact on others). Research
showed that prescriptive is more effective than descriptive feedback (Kernodle and Carlton
(1992) as cited by Vliet and Wulf (2006)). However Wulf, McConnel, Gartner, and Schwarz
(2002) have shown that an external focus (descriptive) is better than an internal focus (pre-
scriptive). They investigated the benefits of using external focus feedback in a sport learning
environment by conducting two experiments. In the first experiment the aim was to examine
the generalizability of the benefits of external as compared with internal focus feedback. The
participants, both advanced and novice players, were split into groups, who were given either
internal or external focus feedback on how to serve a volleyball. In this experiment they were
judged on both accuracy (movement outcome; result) and movement form (quality of move-
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ment). What was found was that groups with external focus feedback were more accurate
than the groups with internal focus feedback and they also had higher movement form scores,
both for novices and experts. The benefits of the accuracy, but not the movement form
scores, were also seen after a one week retention interval. This shows that, at least in some
tasks, it is better to give external focus feedback.

Wulf et al. (2002) tested in their second experiment possible interactive effects of the fre-
quency and type of feedback on the focus of attention. The participants were split into groups
with feedback after every trial (100%) or after every third trial (33%), either with an inter-
nal or external focus. This time the experiment concerned learning how to shoot a soccer
ball. Overall the external focus groups produced more accurate results than the internal focus
groups. For the external focus groups the 100% feedback group produced better results, but
for the internal focus groups the 33% feedback group produced better results. After the one
week retention interval, these results were still the same. This shows that the optimal sort of
feedback is external focus feedback with 100% feedback.

Wulf et al. (2002) thus showed that it is better to give a lot of feedback, which contradicts
other research that showed that a reduction of the feedback given, can result in better learning
(Winstein and Schmidt (1990); Wulf, Lee, and Schmidt (1994); Wulf, Shea, and Rice (1995)
as cited by Talvitie (2000)). Delaying extrinsic feedback for a few seconds as opposed to
immediately after learning, can also aid learning (Swinnen, Schmidt, Nicholson, and Shapiro
(1990); Linden, Cauraugh, and Greene (1993) as cited by Talvitie (2000)). These results do
not give clear guidelines about when to give feedback and how to present it.

Chiviacowsky and Wulf (2007) found that learners prefer feedback that is given after a rela-
tively successful trial and not when they were doing poorly. Their research showed that the
group which received feedback after relatively successful trials had higher accuracy scores than
the group which received feedback after relatively poor trials, indicating that it is better to
give feedback after good trials. However Magill (2003) (as cited by Vliet and Wulf (2006))
state that it is better to give feedback that contains information about errors than feedback
that gives information about correct performance. This is another contradiction that makes
it hard to say what kind of feedback should be given, only feedback after good trials or only
feedback on errors.

The aim for this project will be to give clear neutral feedback after every trial, with a reward if
the patient’s performance is excellent. The benefit of providing feedback after every attempt
is that this enables patients to change their behaviour during the exercise. If feedback is only
given at the end of an exercise (e.g. after 10 attempts), there would be no opportunity for
changing the behaviour on that specific task. To see how the aforementioned theories about
feedback apply to physiotherapy practice, the next section discusses how physiotherapists
motivate their patients.

2.2.3 Motivating patients

Physiotherapists often use structuring (e.g. spontaneous, forward-directed, prepares for com-
ing actions) and soliciting (aimed at inviting responses from participant) strategies, they give
verbal direction and tactile cues and either neutral or motivating (showing understanding and
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empathy) and encouraging (rewarding) feedback (Talvitie, 2000). Talvitie (2000) also showed
that the most effective way of helping patients to understand the purpose of their exercises
and how sequential subroutines are organized, is to give a demonstration of the activity, using
relevant visual and verbal cues, instead of giving only (auditory) instructions. Therefore this
project will aim to give both auditory and visual feedback. Giving demonstrations of the
movement will be more difficult, but will also be considered where possible.

Maclean, Pound, Wolfe, and Rudd (2002) investigated how therapists understand the con-
cept of motivation and how they use this in their practice. Interviews were held with 32
physiotherapists about their practice, what they thought could influence the outcome after a
stroke, what behaviour they approved and disapproved in patients, what they thought causes
could be of disapproved behaviour and how they dealt with such behaviour. The research
results showed that motivation is often recognized in patients that show bold and proactive
demeanor and that unmotivated patients can be recognized by a converse demeanor, “marked
by passivity, pessimism, noninteraction with therapy staff and little apparent interest in reha-
bilitation”. Maclean et al. (2002) mention that if you want patients to be motivated, you
have to make sure that the ward environment is stimulating, you should not label a patient,
e.g. as “likely to be (un)successful”, and therapists should not have a low expectation of
their performance. What can help is striking up a rapport with the patients and talking to
them about their lives, setting small and achievable rehabilitation goals, providing information
about the rehabilitation, accessing and using their cultural norms and providing good social
support. These last factors however will be difficult to realise in this project, as the patient
interacts with the robotic system and a computer screen, which is not capable of small-talk.
This is best left to the supervising physiotherapist and will not be included in the iPAM user
interface.

Motivation can be improved if the tasks to be performed are tasks that the participants would
like to add to their daily activities (Dobkin, 2004). In the case of stroke patients, this could
be “turning a key in a lock, reaching for cups and silverware until they empty a shelf, pulling
shirts on hangers from a rack, and typing with whichever fingers function at increasing speed
and accuracy”. Section 2.1.2 also mentioned activities, such as “eating and drinking, writing,
washing oneself, dressing and household activities” (Hawkins et al., 2002).

This section showed how physiotherapists motivate patients, mainly by giving neutral or mo-
tivational and encouraging feedback. Because the feedback for the iPAM system will be given
through the user interface and this resembles computer games and computer advice, we will
now look at motivation in games and acceptance of computer advice.

2.2.4 Motivation in games

This section discusses motivation in sports and computer games to determine what elements
of games motivate users. Game-based learning will also be considered to see how learning via
a computer screen can be kept interesting. Furthermore whether or not computer advice is
accepted by humans will be discussed, which is relevant if we want to motivate patients by
giving advice via a computer screen, which only helps if this advice is accepted.

Most people who play computer games are motivated to play these games, sometimes to the
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point of addiction. Games are inherently related to play. Attributes of play are that play is
voluntary, intrinsically motivating, involves active and often physical engagement and has a
make-believe quality (Rieber, 1996). Connected to play is a microworld, which is a “small
but complete version of some domain of interest”. The characteristics of a microworld are
that it has to present a simple case of the domain and that it has to match the cognitive and
affective state of the learner. Learners have to self-regulate learning in a microworld, and this
can only be achieved if the microworld has the previously mentioned characteristics. So when
designing a game, and when designing a microworld, it is important to remember to create a
task-specific domain that relates to the user.

The question that arises here is how self-regulated learning can take place. According to
Rieber (1996) there are two main theories that describe this; Piaget’s theory of intellec-
tual development and the Flow Theory of Optimal Experience (respectively Piaget (1951,
1952) and Csikszentmihalyi (1990), as cited by Rieber (1996)). According to Piaget’s theory,
self-regulated learning is composed of epistemic conflict, self-reflection and self-regulation.
Epistemic conflict means that there is an “ongoing cognitive balancing act” where we try to
organise our world but on the other hand have to deal with a dynamic world, self-reflection
means that we have to be able to assess and understand a situation we are in, and self-
regulation is necessary in order to arrive at a solution or resolution to the epistemic conflict.
A conflict can be resolved by matching it to a mental structure or creating a new mental
structure, which means that learning takes place. Indirectly this means that learning can not
take place if there is no disequilibrium. Relating this to rehabilitation, the conflict could be
that the patient cannot perform the activity she wants to perform. This is already present
when designing a system for stroke patients and therefore does not have to be integrated into
the user interface.

The Flow Theory of Optimal Experience focuses on adults and describes an adult’s motivation
to learn. People can be so absorbed by a certain activity that nothing else seems to matter
and they ‘flow’ along with it, no matter what the costs are (Csikszentmihalyi (1990) as cited
by Rieber (1996)). Inherently connected to this is that you need to be able to focus attention
and concentrate without distraction. Rieber (1996) explains that flow comes about from
activities that cause enjoyment; activities that have clear goals, clear and consistent feedback,
where challenge is optimized, the activity is absorbing, the individual feels in control, there
is no self-conciousness and time is transformed so that hours pass by in what seems like
minutes. A danger here is that people could become addicted to the activity. The flow
theory basically comes back to increasing motivation by adding challenge and giving proper
feedback. Therefore care will be taken to construct clear and consistent feedback for the
iPAM user interface.

Rieber (1996) states that in order to make an intrinsically motivating game, it is necessary to
include feedback and to make sure that the activity is anchored or situated in an authentic
situation, e.g. placing a grasping exercise in a home setting. In this way, games “provide a
socially acceptable means of rehearsing the necessary skills and anxieties that may be needed
later in life”. This shows once again that it is important to practice functionally relevant tasks
rather than random movements.

Game-based learning
In order to be able to learn from a computer screen, the next point of interest is how game-
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based learning takes place. The key structural elements of games are the rules, goals &
objectives, the outcomes and the feedback given, whether there is conflict, competition,
challenge or opposition, the interaction between computer and player, social interaction, and
the story line or representation (Prensky, 2001). Good game design means that the game
is balanced, creative and focused, and it should have character, tension and energy. This
can be improved if the designer makes sure that there is a clear overall vision, the focus is
always on player experience, the game has a good and strong structure, it is highly adaptive,
challenging, gives rewards, provides assistance, has a useful interface and provides the ability
to save your progress. A user interface should not necessarily be simple, but it has to be
useful. Players should know what to focus on when they first see the interface but there
should also be enough options and control for advanced players. For this project, it means
that the iPAM interface should be a clear and simple interface. Possibilities for improving
the interface would be to add rewards, provide assistance, show progress and include different
levels of difficulty.

Betker, Szturm, and Moussavi (2005) investigated game design in a rehabilitation context.
Their project focused on games that should help patients with the rehabilitation of balance, by
controlling the game through centre of foot pressure. Game parameters could be configured
to different levels of difficulty that introduced cognitive distractions. Furthermore the stability
bounds of the patient were calculated and integrated into the game. These games were
“Tic-Tac-Toe”, “Memory Match” and “Under Pressure”. To show the stage of the game,
light indicators were used in the Tic-Tac-Toe and Memory Match game, using the colours
red, yellow and green. Sound was used to indicate the passing of time while the user was
selecting a square. The Under Pressure game was slightly different, users had to catch apples
that were dropped from a tree or do target practice by moving their centre of foot pressure
horizontally or vertically, which could be achieved by shifting weight, and in this game sounds
were played when objects were caught, reinforcing success. The results of user questionnaires
showed that the game contained enough difficulty levels and patients agreed that they could
improve their performance over time, from which Betker et al. (2005) concluded that the
game was challenging and the goals were achievable, showing they made a challenging game
for rehabilitation purposes.

Feedback and advice can be given via a computer screen, but one can question whether or
not people will be open to accepting advice from a computer. Wærn and Ramberg (1996)
investigated the acceptance of human versus computer advice. In a first experiment partici-
pants rated trust in humans higher than trust in computers. However in a second experiment,
where experts often gave the wrong answer, the computers were trusted more than the hu-
mans. Wærn and Ramberg (1996) suggest that people might be more willing to trust advice
from a computer than a human if they do not know the answer themselves, which is encour-
aging for this project.

This section has shown that to relearn movements, it is good to do many repetitive, task-
relevant movements. Practising locating, reaching and grasping are good upper limb exercises
patients would like to be able to do. The iPAM robotic system already enables such therapy
movements, as will be further explained in section 2.3.6. Literature on motivation and feedback
showed that it would be good to give feedback during task-related exercises to aid extrinsic
motivation. Such feedback could either be knowledge of results or knowledge of performance.
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There are some discrepancies between different research groups concerning the best time to
give feedback and whether to give prescriptive (internal focus) or descriptive (external focus)
feedback. Providing feedback after every attempt however enables patients to change their
movements during the exercise, which would not be possible if the feedback was given at the
end of all exercises, and will therefore be the approach taken in this project.

It has been shown that it is good to give feedback through different modalities, auditory as well
as visual, and giving demonstrations should benefit patients even more. Literature on games
showed us that you need to think of a game setting as a microworld and therefore it is important
to take care that the environment is domain-specific and related to the user. Furthermore the
interface should be kept clear and simple, possibly including rewards, assistance, and different
levels of difficulty. Literature also suggests that it would be good to create a realistic virtual
environment, but other robotic research has suggested that this might not be good for stroke
patients, as will be described in section 2.3.2.

2.3 Rehabilitation robots

Apart from the iPAM robotic system, other rehabilitation robots have been constructed.
This section discusses these robots as well as the iPAM robot system. As mentioned in
the introduction this gives an overview of work that has been done already in rehabilitation
robotics and checks whether any work has been done on adding feedback to a user interface
with user involvement.

2.3.1 MIT-MANUS/In-Motion2

The MIT-Manus was one of the first robots for upper-limb rehabilitation (Krebs, Hogan,
Aisen, & Volpe, 1998). It was constructed to help a patient by moving, guiding or perturbing
the movement of the upper limb. A patient had to hold the wrist module of the device and the
robot would then guide the patient to perform the wanted trajectory. The device recorded the
motions and the mechanical quantities at the time of usage. This was used to evaluate and
adapt the device; the mechanical impedance was continually adapted to match the patient’s
abilities.

The MIT-Manus consists of two modules; a planar module and a wrist module. The planar
module provides elbow and forearm movement (2 degrees of freedom) and the wrist module
provides wrist movement (3 degrees of freedom), see Figure 2. The whole workstation was
mounted on a table that was adjustable and custom-made, with an adjustable chair. The
patient was strapped to the chair using seat-belts in order to make sure that she would not
move her torso too much when doing the exercises. The chair also included an adjustable
footrest. When a patient used the robot, the arm had to rest in an elbow support on the
table.

The successor and commercial version of the MIT-Manus robot is the InMotion2 robot (Fasoli
et al., 2004). The most recent research (Fasoli et al., 2004; Finley et al., 2005) was done with
this robot. The robot is able to cope with subjects that are unable to move the robot handle
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Figure 2: The planar and wrist module (Krebs et al., 1998)

autonomously as well as subjects that can already reach all targets. In the first case, the
robot offers movement assistance, in the latter case, no assistance is given. The movement
assistance could be given using an adaptive algorithm based on the individual’s performance,
or at a constant level (Krebs et al., 2003).

Krebs et al. (1998) performed an experiment where the users were asked to play ‘video-
games’. These games were simple, 2D games and the users had to draw circles, stars, squares
and diamonds and they had to navigate through windows. There were eight targets in the
visual display that were equally spaced around a center target, as shown in Figure 3 (Finley et
al., 2005). The subjects had to move from the center target to peripheral targets and back
in a clockwise direction. The visual feedback consisted of the target location and the robot
handle motion. Auditory feedback was given to indicate to patients that they had made a
correct movement (Volpe et al., 2000). A limitation to this system is that all movements can
only be made in a planar space, which is not comparable to a therapist doing exercises with
a patient because these are inherently in a 3D space.

The visual display was kept as simple as possible and the interface does not appear to have
changed much over the years, comparing Krebs et al. (1998), Volpe et al. (2000) and Finley
et al. (2005). The patient has to move towards a target that is visually highlighted. The
advantage of using such a simple design is that minimal cognitive functioning is required.
Because stroke patients might have problems with speaking and other cognitive functions,
this is highly preferrable over a design where decisions have to be made.

According to Krebs et al. (2003) motivation was maintained by the use of an algorithm
that challenged improving patients and made the task easier when performance was getting
worse. A patient’s movement was tracked for the first couple of games, and it was determined
whether the patient performed better or worse than her estimated ability, which was then used
to adapt the robot control. After every five attempts four bars were shown that displayed
the patient’s ability to initiate movement, move from start to target position, aim movement
along the target axis, and reach the target position. Although these bars were added to the
interface, no reference was given to user involvement during the design of this feedback and
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Figure 3: Exercise paths - elbow and shoulder movement (Krebs et al., 1998)

no proof that these bars were actually understood by patients and whether they improved
motivation. This might not have been the aim of their project, but it would have been good
to know, considering that it is important to make sure that the feedback that will be added to
the iPAM system will be a useful addition and that users will understand and like the feedback
given.

The MIT-Manus robot is an interesting robotic system, as it was one of the first rehabilitation
robots for upper limb rehabilitation. It has a simple user interface and is therefore easy to use
by stroke patients, and it contains a mechanism to increase the level of difficulty by changing
the impedance level. Limitations of this research are that it only works in a 2D environment
and that there was little user involvement during the development. In contrast to the MIT-
Manus project, this project will aim at maximising user involvement. Furthermore the iPAM
robotic system will be able to work in a 3D space, which has more capabilities, but could also
complicate the user interface. Therefore it is important to remember to keep it simple, like
the MIT-Manus user interface.

2.3.2 GENTLE/s

Another rehabilitation robot is the GENTLE/s system. The research aim in this project, was
the aim of any rehabilitation treatment; to achieve physical rehabilitation by therapies that
should use the neural plasticity of the brain to enable patients to perform certain actions
again (Loureiro, Amirabdollahian, Topping, Driessen, & Harwin, 2003). The system consisted
of a frame, chair, shoulder support mechanism, wrist connection mechanism, elbow orthosis,
embedded computers, computer screen with speakers, exercise table, keypad and a haptic
interface, the HapticMaster (MOOG-FCS HapticMaster, 2004). Patients were seated in a
chair with their arm in the elbow orthosis and their wrist in the wrist orthosis, see Figure 4.
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Figure 4: A patient with her arm in the
elbow and wrist orthosis (Loureiro et al.,
2003)

Figure 5: The GENTLE/s user interface
with the Bead Pathway (Loureiro et al.,
2003)

Three modes were tested in the experiments; patient passive, patient active assisted and
patient active, with decreasing amounts of support. The idea behind having three different
modes of assistance is that patients can start in the patient passive mode and as their per-
formance increases, higher modes can be used. In the patient passive mode the robot moves
the patient’s arm along the trajectory. In the patient active assisted mode the robot starts
moving only when the patient initiates a movement that is in the direction of the trajectory.
After this, it helps the patient to get to the end position.

The patient active mode uses the ‘Bead Pathway’ method. Between the start and endpoint,
the system assumes that there is a Bead Pathway, implemented by a virtual spring and damper.
This means that if the person deviates from the path, it will feel a force pulling it back in a
way you would feel a force if you stretch a spring. Because of this mechanism deviations from
the path will not be too big and the user is guided and corrected. The Bead Pathway can
also be seen in the user interface, as shown in Figure 5. The robot will not help the patient
unless they deviate from the trajectory. If that is the case, the spring-damper construction
will make sure that the patient will return her arm to the desired position.

The user interface consisted of a virtual environment which could either be an empty room, a
real room or a detail room, as shown in Figure 6. The empty room is the simplest interface.
The real room has the same elements as the real world; in the real world a mat with shapes
was presented to the user. The detail room contained a lot of (unnecessary) details. All
environments were 3D environments and there was a target to which the patients had to
move their arm. This target could move in a horizontal as well as a vertical direction. The
interface contained shadows of the targets and lines connecting the shadows to the target, in
order to help the user perceive the depth and height of the positioned points. Research with
eight patients showed that six of the eight patients preferred working with the real room above
working with the empty or detail room (Loureiro, Amirabdollahian, Coote, Stokes, & Harwin,
2001). This contradicts the view as found in the literature on motivation and feedback in
games, that predicted that a more realistic environment would benefit the users. The most
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likely cause here is that the intended users are stroke patients, who can have problems with
reading, hearing and attention and therefore it is better to keep things relatively simple instead
of realistic.

Figure 6: The virtual rooms: the empty (A), real (B) and detail room (C) (Loureiro et al.,
2003)

Feedback to the user was given by using visual, auditory, haptic and performance cues. The
auditory cues were used for giving encouraging words and sounds, congratulatory and consola-
tory words. As opposed to the MIT-Manus research discussed in section 2.3.1, the motivation
of the users was investigated. Loureiro et al. (2001) noted that the users were enthusiastic
about the virtual and haptic cues and seven out of the eight participants stopped because of
arm fatigue rather than boredom. It is good to see that user involvement has taken place,
although it seems that this was only after the interface had been developed.

In this research project attention will be paid to having more user involvement during the
development phase of the user interface and feedback screens and another aim is to construct
more feedback screens as well. The GENTLE/s research has shown that although a realistic
3D environment can be created, it might be more beneficial to keep the user interface relatively
simple, which is a good guideline for developing user interfaces for stroke patients. Another
good thing about the GENTLE/s research is that it had different levels of difficulty, which
keeps a task challenging.

2.3.3 MIME

The MIME robot is a “Mirror Image Movement Enabler” (P. S. Lum, Burgar, Shor, Maj-
mundar, & Loos, 2002a). It is partly similar to the MIT-Manus robot in that it also acts
in a 2D space. However, the MIME robot involves using both arms rather than just the
affected arm. The MIME robot helps the impaired arm to perform the same movement as
the unimpaired arm, and consists of two forearm-elbow-arm exoskeletal orthoses as can be
seen in Figure 7, resulting in a master-slave system. The patient using the robot was seated
at a table on which the robot was mounted. Both arms were put in the orthoses, who sup-
ported the weight of the limbs. The motion of the unimpaired forearm was transferred to
the other orthosis so that mirror-image movements could be made. Movements that could
be performed with this system included tabletop tracing of circles and polygons and three
dimensional targeted reaching movements (Burgar, Lum, Shor, & Loos, 2000).
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Figure 7: A patient with his arms in the
MIME orthoses (Lum et al., 2002a)

Figure 8: The ARC-MIME robot system
(Lum et al., 2002b)

According to older papers, the patients worked with physical goals and objects (Burgar et
al., 2000). There was no graphical user interface or computer screen involved. Newer papers
suggest the usage of a graphical user interface, but no description of this interface was given
(P. Lum, Reinkensmeyer, Mahoney, Rymer, & Burgar, 2002b). Patients were given (verbal)
performance feedback after each trial. In at least one experiment (P. S. Lum et al., 2002a)
verbal encouragement was also given during the exercise in the form of “go, go, go”.

A newer version of the MIME robot is called the ARC-MIME robot, which combines concepts
from the MIME robot with concepts from the ARM Guide in order to create a commercially
viable system with similar outcomes as MIME (Mahoney, Loos, Lum, & Burgar, 2003). The
ARM Guide is a device that was constructed to aid in reaching movement (P. Lum et al.,
2002b). The system contained linear slides that could guide reaching movements, see Figure
8. Visual feedback about the movement, based on the sensory data (position and force), was
given via a computer screen. An addition to the MIME robot system thus consisted of adding
a sliding mechanism. According to Mahoney et al. (2003) the ARC-MIME robot is able to
replicate the therapy treatments as performed so far by the MIME robot, thereby showing
that it is a commercial alternative for the MIME robot.

Not much information is given about the development of the user interface and the feedback.
This makes it hard to judge this aspect of the MIME research. One can assume that because
no papers have been written about it, the user interface did not get a lot of attention in their
research. No comments are made about user involvement either. So although the MIME
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robot might be a good rehabilitation device, it could probably benefit from more research in
these areas. Apart from the user interface and user involvement, this robot is also limited
to working in a 2D space, like the MIT-Manus robot, and could therefore never fully replace
physiotherapy treatment.

2.3.4 Two rehabilitative devices for wrist, shoulder and elbow

Colombo et al. (2005) developed two robotic devices for rehabilitation, a wrist rehabilitation
device and a shoulder and elbow rehabilitation device. The wrist rehabilitation device provided
elbow extension and flexion, see Figure 9. The elbow and shoulder rehabilitation device had
two degrees of freedom, see Figure 10. If the arm was fixed to the trolley, it could move in the
horizontal plane and perform linear motions. The robot had an active and a passive mode:
the patient could drive the handle or let the robot drive the handle.

Figure 9: One DoF wrist rehabilitation de-
vice (Colombo et al., 2005)

Figure 10: Two DoF shoulder and el-
bow rehabilitation device (Colombo et al.,
2005)

The visual feedback that was provided during a session consisted of three coloured circles;
yellow for the start position, red for the target position and green for current position of the
handle. The patient was supposed to follow a circular arc from start to end position in the
wrist exercise and to trace a square in the shoulder/elbow exercise, and was aided by the robot
if unable to complete the trajectory alone. The difficulty level could be changed by changing
the length of the path. Patients received feedback about the current score and the (mean)
score over the whole session during the exercises, where scores would increase if there was
active participation of the patient proportional to the amount of segments of the path that
were covered.

Although a user interface and visual feedback were clearly part of this research, the details
given suggest that not much focus was put on the design of the user interface. The circles used
are coloured yellow, red and green which are not colour-blind proof. Furthermore feedback
is only given about scores (knowledge of results) and not about knowledge of performance.
So although this is a start, there is definitely room for improvement in this user interface.
For the iPAM system the aim is to make a user interface that can be used by colour-blind
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people and that will not only give feedback about knowledge of results but about knowledge
of performance as well.

2.3.5 Other robotic rehabilitation devices

Many more upper-limb rehabilitation devices have been constructed so far, such as ProVar,
AutoCITE, the Rutgers Arm and REHAROB (Loos et al., 1999; Taub, Lum, Hardin, Mark,
& Uswatte, 2005; Kuttuva et al., 2005; Toth, Fazekas, Arz, Jurak, & Horvath, 2005). How-
ever not all of these robots are as important to this project, as not all papers discuss the
user interface. Therefore only some of the aforementioned robots are briefly discussed here,
focussing on their user interfaces rather than the robotic systems, and after discussing the
iPAM robotic system, user interfaces in rehabilitation devices are discussed.

The AutoCITE system was constructed to automate constraint-induced movement therapy.
Taub et al. (2005) only show two graphical user interfaces for a reaching and a tracing task,
other tasks were performed with physical objects and included a peg board, supination and
pronation, threading, arc-and-rings, finger-tapping and object-flipping. The user interfaces
only showed the object to be reached/traced and no further information is given. It seems
that the AutoCITE system would benefit from a research concerning the user interface of the
device. The REHAROB system is used for spastic hemiparetic patients to train the extremities.
According to Toth et al. (2005) the therapist user interface showed the programmed path
that the patient had to follow, along with labeled endpoints, and a 3D visual model space of
the patient and exercises could also be displayed. Another option for the therapist is to load
a previously applied therapy and play it back, so older therapy session can be re-used. Little
is said about whether or not the patient sees this interface as well, as no information is given
about the user interface for patients.

Both of these robotic systems do not have very elaborate user interfaces. The AutoCITE
system only had a user interface for two of the tasks and the user interface was not described
(Toth et al., 2005). The REHAROB system seems to have a more developed interface, but
only the therapist interface is explained and not whether there is a user interface as well.
Furthermore the REHAROB system is a huge robotic system that can be used in a laboratory
setting but would be impractical for home use and perhaps even clinical use. Compared to the
previously described robotic systems it seems that there has been a gap in most researches,
leaving out research about the user interface and motivation of participants, though according
to physiotherapy and game literature, performance could be improved if patients are motivated.

Another type of robotic rehabilitation devices is the exoskeleton type, an example of such a
system is the ARMin (Nef & Riener, 2005). This semi-exoskeleton is fixed to the wall. The
patient is then strapped into the robotic arm, as shown in Figure 11. The ARMin has four
control methods; prerecorded trajectory (therapist sets trajectory), predefined motion therapy
(use preprogrammed exercises), point and reach (target based), and patient guided force
supporting mode (patient defines route). Only initial testing has taken place of the ARMin
system, therefore not much can be said yet about user satisfaction, user involvement and user
interface development. An advantage of the ARMin system is that almost any wheelchair can
be placed underneath the system, however the fact that the system has to be mounted to a
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wall, makes it a static system which could be difficult to place, as a sturdy wall is required.

Figure 11: ARMin: a semi-
exoskeleton for rehabilitation.

The rehabilitation robots discussed in this section can
be grouped in two kinds of robots, those that enable
2D therapy movements and those that can handle 3D
movements. The disadvantage of 2D movements is
that it is not realistic comparing it to the exercises a
therapist does with a patient. However, it is easier
to make a simple and understandable user interface in
2D than in 3D. Sadly user interface development did
not seem to be a big part of the discussed research
projects. Comparing the aforementioned robotic sys-
tems to the iPAM system, the iPAM is potentially a
better system than most of the already mentioned sys-
tems, as it provides 3D therapy movements and it is
a relatively small system and easy to attach to pa-
tients. Although there are also good aspects about
the mentioned robots, such as adapative algorithms
that provide different levels of difficulty, for the devel-
opment of the iPAM user interface it would have been
more interesting to get more information about the

user interfaces. Therefore section 2.4 will discuss development of graphical user interfaces,
after discussion of the iPAM robotic system.

2.3.6 iPAM

iPAM is an intelligent pneumatic arm movement robotic system. The system has a dual-robot
design, which means that two robots are used to assist the patient (A. Jackson et al., 2007b).
These two robot arms are physically the same, one provides support to the lower arm and
the other to the upper arm. Besides the robot arms, the system consists of orthoses; the
parts that attach the robot to the patient. The robots and orthoses can be seen in Figure
12. These orthoses can be switched around so that the iPAM robot can provide treatment for
patients with right hemiparesis as well as patients with left hemiparesis. The robot system was
designed with a lot of user involvement, but the visual and auditory feedback of the system
were still insufficient (A. E. Jackson et al., 2007a).

iPAM had a simple interface. The patient saw a 3D coordinate system with a target and a
two-segment piece representing the arm of the patient, see Figure 13. The aim of the task
was to reach the target, represented by a green ball with a yellow stick underneath showing
the height. If the patient got close to the ball, the colour of the ball would change from
green to yellow and to red if the patient reached the ‘hit’ zone. The distances representing
the zones could be adjusted for each patient and each exercise. Figure 13 shows an image
of the user interface. No performance feedback was displayed on the screen. The user only
received feedback by watching the movement of the arm and the change in colour of the balls.
The iPAM status window on the right-hand side showed the status of the robot and status
changes, e.g. going from cold stopped (off) to warm stopped (on, but not doing anything
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Figure 12: The iPAM robotic system (Jackson et al., 2007b)

except for gravity compensation of the robot arms) mode. Patients had to perform reach and
retrieve movements, with the aim to reach to one or more targets.

The iPAM robotic system was designed with a lot of user involvement. Although many
researchers in rehabilitation robotics agree that the user should be involved in the development
of rehabilitation technology (Holt et al., 2007a), there are few cases in which this has been done
properly, as was seen in the previous sections about other rehabilitation robots. Often user
involvement only takes place after the device has been constructed and not during the design
process. In the iPAM project both patients and therapists were involved in the development
of the iPAM dual robot system. This involvement led to some guidelines for developing iPAM
(Holt et al., 2007a). Regarding the user interface it was found that there should be a way of
monitoring progress in the client and another important aspect was how the session could be
kept interesting for the patient, how patients could be kept motivated. As mentioned in the
introduction, this led to the question how to keep a session interesting, which was researched
in the literature review. This project intends to fulfill these needs. The next section will discuss
development of graphical user interfaces in order to see whether reseach projects aimed at this
development can provide us with guidelines for the development of the iPAM user interface.

2.4 Graphical User Interfaces

The previous section discussed the iPAM robotic system as well as other rehabilitation robots.
In most of these research projects not much attention was paid to the development of the
user interface. Therefore this section will look at research where the user interface was more
important than the device used, in order to see what the important aspects in the design of
a user interface are.
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Figure 13: The iPAM user interface

2.4.1 Rutgers Glove and Arm

Over the last couple of years a lot of research at Rutgers University concerned the Rutgers
Master glove, and the Rutgers Arm was also developed there. The Rutgers Master glove is a
force feedback glove that can measure finger grasping, abduction/adduction and can deliver
forces at each fingertip (Burdea, Popescu, Hentz, & Colbert, 2000). This kind of glove is
ideal for virtual reality systems in order to give the user haptic feedback and it was used for
rehabilitation of the hand.

Figure 14: The games, top row: rubber ball squeezing, power putty, DigiKey. Bottom row:
ball game, pegboard (Popescu et al. (2000), Burdea et al. (2000))

The user interface consisted of a 3D virtual hand, constructed with the 3D WorldToolKit
library (Burdea et al., 2000). The hand was situated in a room with a tiled floor, to provide
perspective cues. The tasks the user had to perform as part of physical rehabilitation were
rubber ball squeezing, power putty and a DigiKey. As part of functional rehabilitation the

21



patients had to do a ball game or work with a peg board. Figure 14 shows screenshots of the
games. The patient could control the system through voice commands (Popescu, Burdea,
Bouzit, & Hentz, 2000).

Feedback was given by changing colours and through indicators. For example in the ball
squeezing game, the ball stiffness was colour-coded, so the patient could distinguish the
difficulty by looking at the ball’s colour. As can be seen in Figure 14, all games showed the
time left for the exercise. The ball game also provided the number of misses and catches.
All games provided different levels of difficulty. Of course the patients also received haptic
feedback through the glove.

Merians et al. (2002) described slightly different exercises, designed to train specific parts of
hand movements, such as the range of motion, speed of movement, fractionation of finger
motion and strengthening of the fingers, see Figure 15. Participants received both haptic,
visual and auditory feedback during exercises. Knowledge of results (reaching the goal) and
knowledge of performance (quality of movement) were both said to be provided. A “per-
formance meter” was shown after each exercise, indicating the target level and the actual
performance. Participants generally enjoyed working with the system, apart from one patient
who wanted more of a competition element. One of the exercises, the finger fractionation
task, was found to be more difficult than the others, partly because from the visual feedback
it was unclear how the patients had to move their hand to improve performance.

Figure 15: The four VR games (clockwise,
starting top-left): range of movement, speed
of movement, finger fractionation, strenght of
movement (Merians et al., 2002)

Figure 16: Example of a virtual reality
game with performance feedback (Morrow
et al., 2006)

Adamovich et al. (2003) describe the performance meters as giving both numerical and
graphical feedback about the level of success in relation to the target goal. At the top of the
screen, above the game part of the interface, there is a row that showed the wanted target
levels per finger and a row with the accomplished levels per finger, as can be seen in Figure
16.

As opposed to the previously discussed robotic systems, the Rutgers Glove research put a big
focus on the user interface. As can be seen in the images the 3D interface shows an accurate
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representation of the human hand and the papers also describe research on providing feed-
back. However it seems that participants were not involved during the design, which could
have avoided the difficulty in interpretation for the finger fractionation task. Furthermore
not much information was given about the kinds of feedback, which is a shame as it would
have been interesting for this project and any other user interface design projects. To avoid
problems with the user interface after construction and to make sure that all elements on the
user interface will be understood, users will be kept involved during the development of the
iPAM user interface.

Figure 17: The Rutgers Arm system
set-up (Kuttuva et al., 2005)

Rutgers Arm
The Rutgers Arm is an upper extremity rehabilitation
system, consisting of a pc, tracker (measuring arm
movements), low-friction table and armrest, internet
connection (making tele-rehabilitation possible) and a
clinical database. The set-up can be seen in Figure
17. Two virtual reality games were created to be used
with the Rutgers Arm; a pick-and-place exercise and
“breakout” exercise, as shown in Figure 18. In the
first game, the patient had to move along a trajectory,
pick up balls and release them in the target box, thus
training precision and shoulder motor control. The
feedback consisted of seeing the hand path and audi-
tory feedback. This auditory feedback was not further
defined.

In the second game the patient had to move the paddle
to make sure the ball would bounce back and destroy
the blocks. This game trained hand-eye coordination,
reaction time and speed of movement. The feedback
that was given during a game was the current score,

the number of balls left, the ball speed and size, and the paddle length. After a game the
peak velocity and the game success rate, which is the number of destroyed blocks out of the
total available, were displayed.

Although these user interfaces look really nice, they might be a bit overcomplicated, as both
games are planar games and thus could have been represented in a 2D space. Considering
that this literature review has shown that it is better to keep things simple for stroke patients,
it would have been good to construct a 2D user interface. Although the Rutgers Arm research
does not seem to be bad research, it could have been improved by using a 2D interface and
by adding feedback about the quality of the movement, besides feedback about the scores.

2.4.2 The SMART Project

The SMART project focused on a home-based rehabilitation system consisting of a motion
tracking unit, a base station unit and a web-server unit (Zheng et al., 2006). The motion

23



Figure 18: The pick-and-place and breakout games (Kuttuva et al., 2005)

tracking unit tracked the movement of the upper limb and the information was send to the
base station; a pc that displayed the movement in a 3D environment, stored and analysed the
data and uploaded it to the server. The server provided a way for therapists to access the
patient data via the internet.

Both knowledge of performance and knowledge of results were identified as having to be
presented in the system as feedback. Bringing up issues such as which method to use to
present the information, how to present feedback positively, how to show targets etc., Zheng
et al. (2006) constructed a preference window, where the size of the text, text colour and
background colour could be chosen as well as what part of the history to include and how the
image should be rendered. There were two ways of rendering; split level or super imposed, as
shown in figure 19. Both provided patients the ability to learn by imitation. Users could view
tables or graphs of their performance after an exercise, showing measures such as the length
of reach or the arm angle.

Figure 19: Split level (left) and super imposed (right) rendering (Zheng et al., 2006)

A good thing about this project is that the patient could choose a representation that he
understood best (split level or super imposed). However one can question if someone can really
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compare quality and difference of two movements if they are displayed split level, especially if
the differences are very small. This suggests that it would be better to use the superimposed
view, but this view might be more difficult to understand. A disadvantage of both views is
that it only shows the movement from the side, thereby losing one of the three dimensions
in which the movement was made. Zheng et al. (2006) mention that the users in the focus
group were “quite sophisticated in their observation of differences between their movement
and the template”, but the question that arises here is whether or not the focus group was
diverse enough to make this judgement for the whole stroke patient population.

2.4.3 Virtual environment for upper limb training

Holden and Dyar (2002) described a virtual environment training system. It consisted of a
computer and an electromagnetic motion-tracking device. During training the screen showed
prerecorded movements as well as the arm movements the patient was making, in order to
enable learning by imitation. The prerecorded movements were shown by a “Virtual Teacher”
in the same coordinate frame of reference as the patients’ movements. Feedback was given
about the temporal and spatial match between the two trajectories. There were many optional
settings to tailor the feedback to the patient’s needs. The scoring could also be adjusted to
emphasize different aspects of the movement the therapist thought most important. Another
feature of the system was the ability to play back the previous performance, so the patient
could review his previous movements.

The system was tested in a study where patients had to do reaching movements composed of
a mail posting exercise. The patient had to hold a Styrofoam ‘envelope’ and would also see the
envelope in the virtual environment. Furthermore the environment contained a mailbox where
the envelope had to be put in. Different levels of difficulty could be achieved by changing
the distance to the mailbox and the way the arm had to move, e.g. pronation/supination.
Feedback was first given in 90-100 percent of the trials, diminishing to 50-75 percent of the
trials. Performance of the patients was measured in the trials and improvements were seen,
but feedback from the users about the user interface was not reported. The ability to review
movements seems a good part of the user interface. This was also suggested in literature on
giving feedback via multiple modalities. However, there seems a lack of user involvement and
user feedback, which would be necessary to claim the success of the system.

2.4.4 Design for Dynamic Diversity - older people

Gregor, Newell, and Zajicek (2002) give an extensive overview of problems you encounter with
designing user interfaces for older people and aspects that have to be taken into consider-
ation. They state that older people can be classified as fit, frail or disabled, depending on
the amount of disabilities. Furthermore in comparison to younger people they define seven
characteristics; greater variability in physical/sensory/cognitive functionality, increasing rate
of decline, problems with cognition, multiple disabilities, different needs and wants, changed
usable functionality and wider experiences and knowledge. To be able to design software that
is usable by all older people not “user centred design” is needed, but an adapted version,
which they introduce as “user sensitive inclusive design”.
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User sensitive inclusive design addresses issues of coping with the greater variety of user
characteristics, “representative users”, conflicts of interest, characteristics and functionality
of the user group, adaptive interfaces and accessibility of other components. The problem
with older people is that you can not have a truly representative user group and there are no
representative users, since the target group is too diverse. So you have to “design for dynamic
diversity”.

Gregor et al. (2002) developed a web browser designed for dynamic diversity. They support
visual diversity by using function keys driving the (optional) speech output, adding a text
banner which shows the spoken output and a standard graphical rendering for the people
who are capable to read everything themselves. Another feature was that short and simple
messages could be used for instruction, because larger messages seemed to confuse people
rather than aid them by giving additional information. They recommend to use user sensitive
inclusive design rather than user centred design, since in this new approach you seek out
diversity and key areas of dynamic diversity are considered, thus leading to software that will
be usable by more people.

Gregor et al. (2002) showed the importance of involving as many users as possible into
the design of a user interface and the importance of trying to make it work for all users.
Furthermore designing for dynamic diversity implies that it would be good to have optional
elements in the design to accomodate patients’ preferences.

Reviewing the above user interface research has shown that although these research projects
were aimed more at user interface development, most of them did not contain all aspects that
should be part of a good user interface research. The Rutgers Glove research looked good,
but lacked user involvement during the design and feedback mechanisms. The Rutgers Arm
research had a good looking 3D interface, but since the task was in a 2D space this could
have been simplified, which is preferrable when designing for stroke patients. The SMART
project developed feedback mechanisms that should enable the patient to learn by imitation,
but these seem complicated and it is questionable whether the user group was representative
for the stroke population. However the ability to review movements seems a good addition
to a user interface and should be considered when designing user feedback. Furthermore
it is important to involve a lot of users, especially as the stroke population is very diverse.
Another suggestion when designing for dynamic diversity, is to include optional elements in
the user interface. This was taken into account during the development of the new iPAM
user interface.

2.5 Summary

This literature review has shown that recovery after stroke can best take place by doing repet-
itive movements to facilitate the strengthening of neural connections. Most physiotherapists
aim to do repetitive movements, but there are not enough physiotherapists to help all stroke
patients maximally. Therefore rehabilitation robots could be used and it is important to sim-
ulate physiotherapy treatments as good as possible. Literature showed that physiotherapists
motivate patients by giving neutral or motivational and encouraging feedback. Literature on
how feedback should be given differs, which makes it difficult to set general guidelines. For
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this research it was chosen to start out with feedback about the results and later on about
the quality of the movement, giving feedback after each attempt to enable patients to change
their behaviour. Furthermore it is important to practice in a task-relevant environment, but if
this is a virtual environment, it would be good to make sure that the simulated environment
will not be over-complicated.

Feedback about knowledge of results or knowledge of performance can be given. The former
is often quite easy to give, but the latter could prove to be more beneficial. Therefore this
project will try to add both kinds of feedback to the iPAM user interface. Providing feedback
auditory as well as visually could also aid in learning, and will therefore also be considered
for this project. As was seen in section 2.3, most rehabilitation robotics research has not
investigated the design of the user interface and in graphical user interface development user
involvement often does not take a big place in the research. This project tries to bridge the
gap between users and developers to construct a user interface that will help the user as best
as possible.
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3 User Interface Development

The goal of this research project was to add feedback to the iPAM user interface in order to
increase users’ motivation. The approach taken was to make mock-ups first and then three
versions of the user interface, the first version at the start of the first patient trial, the second
half-way through the first trial and a third and final version at the start of the second patient
trial. The two patient trials involved all kinds of stroke patients (high/low tone, short/long
after stroke), to be able to test the system and user interface on all kinds of potential users.
User feedback was taken into account by holding a user group meeting and handing out
questionnaires. This ensured that the design process was an interactive process with a lot of
user involvement.

As explained in the literature review, there are many kinds of feedback one can give. The
first two versions of this user interface provide feedback concerning knowledge of results,
about whether or not targets were hit during the exercises. The third user interface version
introduced feedback about knowledge of performance, regarding the quality of the movement
the patient makes. Because the patient trials were based on a treatment plan, patients’
motivation could not be tested by letting patients use the robotic system as long as they
were motivated to use it. Therefore questionnaires were handed out to get patients’ opinions
and possible points of improvements. This section discusses the method and results per user
interface version, because the questionnaire results of one user interface version determined
design decisions for the next version. Every discussion section per user interface will review
the previous problems, implementations made and remaining problems.

3.1 Initial set-up & Program Design

Before patients use the iPAM system, the physiotherapist assesses their abilities and disabili-
ties. This is again done after all sessions, to see if any differences can be found. Generally a
patient has twenty robot sessions with approximately three sessions in a week. This section
discusses the previous user interface of the iPAM system as well as the new program design
for the patient trials.

3.1.1 Previous User Interface

Figure 13 in section 2.3.6 (page 19) showed the old user interface of the iPAM robotic system.
This interface contained the representation of the arm and target on the left-hand side and
indicators that showed the current time, attempt number and robot state. The robot state
indicator was divided into different stages; cold stopped (cold standby, not doing anything),
warm stopped (gravity compensation) and parked (in between attempts). Between these
stages other indicators ran up or down to show the progress from one stage to another. When
patients used the iPAM system, the screen from Figure 13 was all they saw, no additional
feedback or information was given via the computer. The ball colour changed from green to
yellow to red if a patient respectively got closer to or hit a target, but this was not registered
and no score was shown to the patients, so patients had to remember how well they performed
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themselves. This was not ideal, considering stroke patients might have cognitive difficulties,
nor were the indicators easily readable. Furthermore the representation of the arm did not
resemble a human arm accurately, which made it difficult to determine the shoulder and hand
position and to compare the movement of the arm on the screen with patients’ own arms. As
will be discussed in section 3.3 the colours used for the target ball were not optimal either.

The exercises that took place were reach-and-retrieve physiotherapy exercises, called active
exercises. The physiotherapist recorded a movement and then set up an activity with a certain
amount of attempts, i.e. the amount of times the patient had to do that specific exercise.
Generally patients exercised for approximately 30 to 40 minutes, doing different activities. The
therapist was able to prescribe different exercises or to change the difficulty of an exercise by
changing the assistance level of the robot or the size of the targets.

The main problem with the previous user interface was that there was no kind of performance
feedback, so patients did not have an easy way of seeing whether or not they were performing
well. Furthermore the system information that showed the robot state was too complicated,
the colours were not good for colour-blind people and the representation of the arm was too
simple. For the new user interface, these issues were addressed along with other issues that
arose from newly introduced elements in the user interface.

3.1.2 Program Design

For the current patient trials it was decided to add a startup exercise and an assessment
exercise to every session, apart from the active exercises, to enable the patient to get used
to the robot and virtual arm, and to be able to assess patients’ performance. Therefore a
redesign of the program structure was made. Figure 20 shows this new structure, showing
that a session starts with a startup exercise, followed by an assessment exercise. After these
the active exercises follow, of which there can be several within one session, and the session
ends with another assessment exercise.

Figure 20: Design of the program structure

The startup exercise is a warmup exercise, which enables patients to get used to the robot
moving their arm and to get used to the representation of the arm on the screen. The therapist
usually prescribed a circular motion for the startup exercise. In this exercise there were no
targets on the screen as the user did not have to do anything, the robot just moved the
patient’s arm. During a startup exercise the patient had to do three attempts.

The second exercise in a session, the assessment exercise, contained a near and far reach
target. These targets were based on targets already used in the initial kinematic assessments
with the Optotrak Certus Motion Capture System. The idea is that the patient can reach the
near target, of which the time to hit the target is measured, and the patient cannot reach
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the far target, so the distance to that target is measured. Every patient had two attempts
at the assessment exercise, two chances for the near target and two for the far target. The
assessment was done both at the start and the end of the session, to be able to find effects
of an exercise session both within and in between sessions.

The active exercises are the prescribed exercises as set up by the therapist. The therapist can
move the robots to make the motion she wants the patient to make, which is then recorded
by the system. The size of the targets and the assistance during a movement can then be
set up by the therapist as well as the number of attempts the patient will have to do. One
attempt can have up to eight different targets, starting and ending at a home target.

The above described program design was used throughout the whole project. The startup
exercise could be recognized by the number of targets (only a start and end target and no other
targets), the assessment exercise by the absence of robot assistance and the active exercises
were all other exercises. This made it possible to show different screens and feedback for the
different exercises.

3.1.3 Robot Therapy Set-up

All user interfaces in this project were evaluated using questionnaires, that were handed out
in between and after the patient trials, following changes to the user interface. This thesis
has discussed the program design with the different aspects of a treatment session and Figure
12 in the literature review already showed the robotic system. The set-up in the laboratory
will briefly be explained here.

Figure 21: A patient working with the iPAM system

Figure 21 shows a patient working with the iPAM system. As can be seen, the patient is
strapped into the chair with a racing harnas and the orthoses are attached to the patient’s
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left arm. The racing harnas make sure that the patient does not move too much when
exercising. Ideally the patient should be able to reach forward without trunk movement. The
laptop displays the Matlab therapist interface and the screen in front of the patient displays
the user interface. The patients’ screen is a 42 inch lcd screen with a 1024x768 resolution
that stands approximately one meter in front of the patient. A shoulder monitor is taped to
the patients’ left shoulder to determine the position of the shoulder. The patient also has a
stop button in front of the unaffected arm to be able to stop the robots if necessary.

3.2 Procedure

The above sections have described parts of a therapy session, which will briefly be summarized
here to give an overview of the whole procedure.

When a patient is recruited, the patient first comes in for a physiotherapy assessment to mea-
sure the patient’s capabilities and problems. The next time the patient comes an assessment
will take place based on movement analysis with the Optotrak system, which consisted of
a near reach (15 cm), a far reach (30 cm) and an unreachable reach (approximately arm
length). Each reaching exercise contained approximately nine attempts. This assessment is
followed by a short session with the iPAM robot of approximately five minutes. If patients
want to take part in the trial, they then have to come for approximately 20 sessions of robotic
treatment, with 2-4 sessions a week. During these sessions the patient starts out with a
startup exercise, which contains three attempts, then proceeds to an assessment exercise (two
attempts), performs the active exercises for approximately 30 minutes (approx. 30 attempts
in total) and ends with another assessment exercise (another two attempts).

After the 20 sessions the patient is assessed again, both with the Optotrak system and by the
physiotherapist. After a retention interval of approximately two weeks, the physiotherapist
assesses the patient one last time. These assessments take place in order to find out if the
patient had benefits from using the robotic system. After all robotic sessions are over, the
patient receives a general questionnaire about the whole experience with iPAM and to get
information about how they felt when using and after using the system. Because these ques-
tionnaires did not assess the human-computer interaction experience, different questionnaires
were constructed to evaluate the user interface.

3.3 Method Mock-ups

Figure 13 in section 2.3.6 (page 19) shows the user interface as it looked at the start of this
project. As user involvement is a big part of this project, the first step in this project was
to make mock-ups of possible user interfaces and presenting these to the user group. Three
mock-ups were made of possible layouts and five of possible colours. Furthermore a mock-up
of the performance feedback was presented.

31



3.3.1 Layout Design

Three mock-ups were made for possible positions of the indicators around the 3D scene that
showed the arm of the patient and the targets. Figure 22 shows these mock-ups. All mock-ups
were made using Labview 8.2.1, using a screenshot of the 3D scene. The indicators displayed
here, namely progress, assistance level, current time and camera indicator, were based on the
indicators in the previous user interface.

Figure 22: Possible layouts for the position indicators: around, right, left

Figure 23: Previous user inter-
face, normal sight

Figure 24: Previous user inter-
face, simulated deuteranopia, a
failure to respond to green

Figure 25: Previous user in-
terface, simulated protanopia, a
failure to respond to red or green

Figure 26: Previous user inter-
face, simulated tritanopia, a fail-
ure to respond to blue and yellow

3.3.2 Colour Design

The colour design for the previous user interface was not optimised. As explained in section
2.3.6, there was a transition from green to yellow to red, which is counter-intuitive to the

32



notion that green is good. Figures 23 up to 26 show how the user interface looked when
colour-blindness was simulated using a colour-blindness simulator1. It is clear from these
images that the used colours were not well distinguishable for people with colour-blindness.

Figure 27: Possible colour schemes for the 3D display

Figure 28: Performance Feedback
Mock-up

Figure 27 shows five mock-ups with different colour
schemes for the 3D display. These mock-ups were
constructed by editing a screenshot of the new 3D arm
design with Jasc Paintshop Pro. All possible colours
schemes were tested with the aforementioned colour-
blindness simulator to make sure that colour-blind peo-
ple would be able to distinguish these colours.

3.3.3 Performance Feedback

A mock-up for performance feedback was presented
at the user group meeting as well. This mock-up can
be seen in Figure 28. The feedback shows a bar that
represents the number of targets that were nearly hit
(yellow) or fully hit (red), as well as the percentage of
targets fully hit. This feedback used the colours that
were used in the previous user interface, because the

new colours had not been decided upon yet.

1http://etre.com/tools/colourblindsimulator/
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3.3.4 User Group Meeting

The mock-ups for the layout, colour design and performance feedback for the new user in-
terface were presented at a user group meeting. At this meeting five stroke patients (with
partners) as well as physiotherapists, psychologists and mechanical engineers were present.
The user group meeting consisted of a formal part and an informal part. During the formal
part presentations were given about the progress of the iPAM research, and the lay-out and
colour mock-ups were shown in a short presentation. During the presentations the users were
asked for feedback and during the informal part the users were also asked to express their
preferences and to give their opinions about all mock-ups.

3.4 Results & Conclusions Mock-ups

Table 1: Overview of problems and solutions - Mock-ups
Problems Previous - Bad representation of the arm
User Interface - Difficult to read indicators

- Not colour-blind proof colours
- No performance feedback

Implemented - 3D representation of the arm
- mock-ups layout of indicators
- mock-ups colour schemes
- mock-up performance feedback

Results & - layout preference: around or on right-hand side
Suggestions - too many indicators: remove current time & camera recording

- not one preference for colour scheme, suggested: improve
through brightness/contrast/patterns
- performance feedback unclear, suggested: images of apples
- not a functional reaching movement, suggested: change target
sphere to apple

Feedback was obtained from the user group during and after the presentation. Table 1 provides
overviews of the problems with the old user interface, the mock-ups that were made and the
results from the user group meeting. The layout mock-up with the indicators on the left-hand
side was judged to be a bad design by a psychologist, because people who have had a stroke
might suffer from unilateral neglect, which would make the indicators ‘invisible’ to the user.
Among the stroke patients there were different preferences for the position of the indicators,
there was not one specific preference.

One stroke patient noted that the “current time” and “camera recording” indicators would
not be necessary. When asked, it turned out that none of the present patients thought that
these indicators added value. A patient suggested to put an indicator on the screen that
could display the apples achieved so far, but some of the users thought that this might be
distracting and a comment that was repeated several times was to “keep things simple”.

Concerning the colour mock-ups, there was no specific preference for one colour scheme. Some
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people preferred the first colour scheme, some the fourth and some the fifth. A psychologist
noted here that the colour schemes could be improved by taking brightness and contrast
differences into account as well as different patterns. It was also suggested that it would
be good to make the target an apple instead of a sphere, so that the task would become
a functional reaching task, relating more to activities of daily living. This suggestion is
also consistent with the literature on motor learning and physiotherapy practice, and was
implemented in the first user interface version.

The user group also commented on the performance feedback mock-up, indicating that the
bar was not very clear and it might be useful to present the number of targets by images of
the targets, in this case apples. This was also implemented in the first user interface version.

3.5 Method - User Interface Version 1

For the first user interface version, the feedback from the user group meeting was taken into
account as well as ideas from the research team. The different elements of the user interface
are discussed in the next subsections, starting with basic elements and then discussing the
different elements of the user interface in the order a patient sees them. This order is described
in the program design in section 3.1.2 (page 28); a session consists of a startup exercise,
assessment exercises and active exercises. The first user interface version started out with
feedback containing knowledge of results and was evaluated using questionnaires.

3.5.1 Basic elements

This section begins with a discussion of the basic elements of the first user interface version,
followed by the interface elements belonging to the different parts of a session in the same
order as in the program design (see Figure 20, page 28).

Colour Design
During the user group meeting suggestions were made about the colour design. These led to
the construction of a new colour scheme, as shown in Figure 29. The target starts out as black
and changes to pink and green, making green the best result. Initially red and green were
chosen as apple colours and these colours were tested with the colour-blindness simulator.
During a process or refining and testing the colours, pink, green and black were chosen as
the three best colours to use for a colour-blind proof design. Figures 30 up to 32 show
the new colour scheme as people with different kinds of colour-blindness would see it. These
images show that for all kinds of colour-blindness the colours of the targets are distinguishable.
Furthermore the background colours were chosen to be lighter than the foreground colours,
leading to a big difference in contrast and brightness, which increases the distinguishability of
the arm and the targets. Because this colour scheme can be used by both colour-blind people
as well as people with normal sight, it was decided to use this colour scheme for the new user
interface.

Scene window
The 3D scene window, the main part of the user interface, was written by a team member
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Figure 29: Normal colour
scheme

Figure 30: Colour-blindness:
deuteranopia

Figure 31: Colour-blindness:
protanopia

Figure 32: Colour-blindness:
tritanopia

using Labview 8.2.1 and its integrated OpenGL packages. The colours were adapted to those
chosen in the colour design, as mentioned above. For the floor and walls respectively a light
green and light blue colour were used, and lines were drawn on the floor to make it seem like
a tiled floor and to improve perspective.

The 3D scene is linked to the matlab code that interacts with the Labview robot control. It
displays the arm in a 3D space as well as the possible targets. These targets are set by the
therapist. When a patient first uses the robot system, the therapist can prescribe an exercise
movement by moving the arm with attached robots, which is then recorded. Each time she
holds the robot arms at a certain position and presses a foot switch, a target is set. An
exercise always has to consist of two base targets, the start and end position, and up to six
targets can be added in between. The control of the prescription and the setting of target
sizes and robot assistance level, all lies within the already existing matlab therapist interface.
This interface was not changed throughout this project and will not be considered here.

As part of this interface version a mechanism was implemented that determines the size of the
3D scene window and the indicator window dynamically. The window bounds of the attached
screen are retrieved and used to determine the size of the 3D scene window and the indicator
window. The 3D scene window is a square window with the width and height the same as
the screen height. Because a computer screen is a horizontal rectangle, this leaves a space
on the right which was used for the indicator window. The indicators consisted of a patient
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identifier, an attempt indicator and a robot assistance level indicator (see the right-hand side
of the middle image in Figure 34). The attempt indicator reads the current attempt number
and the total number of attempts and uses this to fill the bar. It was changed to a bar instead
of a numeral (fraction), which was used in the previous user interface, to increase readability.
People who do not understand fractions should be able to understand the bar, which gives
a visual representation of the passing attempts. The robot assistance level indicator was not
implemented yet for the first user interface version.

Text to speech
In order to facilitate auditory feedback, a text-to-speech mechanism was used. The text-
to-speech program read all voices available on the computer and one of them was used as
the standard voice, but this could be adapted by the therapist (see section 3.5.5). The
text-to-speech voice spoke out loud all text on the get ready and feedback screens.

Figure 33: Welcome Screen

Start of Session
When the iPAM program is started, the therapist has
to retrieve the patient record and start a new ses-
sion. At that moment there is nothing to show
the user, so a welcome screen, Figure 33, is shown.

3.5.2 Startup Exercise

The patient started out with a startup exercise, as described in the program design (section
3.1.2, page 28), which meant that the robot moved the arm and the patient did not have
to do anything. Before the exercise started the patient saw a “Get Ready” screen, then the
exercise screen followed and at the end of each attempt the patient saw a “Please Wait”
screen. Figure 34 shows the different stages in an attempt of the startup exercise.

Figure 34: Startup exercise: Get Ready, Exercise, Please Wait

Get Ready
The get ready screen is a basic screen that shows the patient a bar, which counts up to 100
percent, to show when the exercise will start. This information is retrieved from the iPAM
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system using notifiers that transmit and receive the robot state and the progress of the robot
state. The robot state is checked to make sure it equals the start of the exercise and if so, the
progress value is read and displayed. When this value reaches 100 percent, the screen closes
itself down and the user sees the 3D display. The get ready screen was added to the user
interface to make sure that patients would not start before the robot started. Patients now
know they can start when the get ready screen disappears, which is a lot simpler than it was
before when it had to be deduced from the robot status indicators. If a patient starts early, the
robot will resist the movement rather than assist it. Therefore it is important that movement
is only initiated when the robots are ready, i.e. when the get ready screen disappears.

3D Display
The 3D display for the startup exercise was kept simple. When the therapist prescribes a
movement, she sets targets at the base position. The patient however does not have to reach
to these targets, as the aim of the startup exercise is that the robot moves the arm of the
patient and the patient relaxes. Therefore the targets are not shown on the screen during a
startup exercise by culling both front and back faces of the apple.

Please Wait
The please wait screen is shown after every attempt ends, when the robot has gone back to
the parked mode. The please wait screen uses no data from the robot, it is merely a screen
with a very long time-out period. When the get ready screen starts for the next attempt, this
event triggers the please wait screen to close. When the last attempt of the startup exercise
ends, the screen thus stays on as long as no new exercise or prescription of an exercise is
started and the time-out is not exceeded.

3.5.3 Assessment Exercise

After the patient finishes the startup exercise, the therapist prescribes the assessment exercise.
As described in section 3.1.2 this consists of reaches to a near and a far target. Again the
standard get ready screen, the same as for the startup and active exercise, is shown before
an attempt. During an attempt the patient sees the 3D display, now with targets, as shown
on the left side of Figure 35. In between attempts the please wait screen is shown. After the
final attempt in this exercise, the assessment feedback screen is shown.

Figure 35: Assessment exercise: 3D Display, Feedback
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Assessment Feedback
The right side of Figure 35 shows the assessment feedback. This feedback screen shows two
graphs; the upper graph shows the time needed to reach the near target and the lower graph
shows how close the patient was able to get to the far target. Because all data during an
exercise is saved, the values are retrieved after the assessment exercise ends. The assessment
feedback scans through this file to find the first time at which the target was hit for the near
target. For the far target it calculates the distance from hand to target during the whole
reaching movement to this target, to find the smallest distance.

The times and distances for both attempts are retrieved and for the near target the average
of the two values is taken, unless one of them equals zero, which means that the patient did
not reach the target and then the other value is taken. For the far target the shortest distance
of the two is taken as the distance the patient was able to get to the target. These values
are then saved to a file and the contents of the file is displayed in the graphs the patient sees
on the screen. To be able to distinguish between the first and second assessment in a session
the activity number, which counts all the exercises in the session, is checked. If this is equal
to or bigger than three, the value 0.5 will be added to the activity number before it is saved
to the file, so that the second assessment value will be distinguishable and will shown next to
the first value in the graph.

The patient has to do an assessment exercise both at the start and end of a session and these
values are stored and shown on the graph. The idea behind having a graph is being able to
show improvement over the 20 sessions, if any improvement exists. Potentially this can aid
the motivation of the patient, which will be checked with the questionnaires (see section 3.5.6
and 3.6).

3.5.4 Active Exercise

In between the two assessment exercises the patient has to do active exercises. These are the
exercises that the therapist prescribes that are part of a normal physiotherapy session. The
patient has to try and hit several targets that the therapist specifies. Before each attempt
the patient sees the same get ready screen as during the startup and assessment exercises.
During an attempt the patient sees the same 3D display as during the assessment exercise.
After each attempt the performance feedback is shown.

Performance Feedback
The performance feedback can be seen in Figure 36. This screen shows the percentage of
apples fully reached (a hit) as well as a visual representation of the achieved apples, grouping
the hits (green), near-hits (pink) and misses (black). The number of hits, near-hits and total
targets are stored. If a patient was able to hit all targets, resulting in a score of 100%,
the text on the screen changed from “The percentage of targets fully reached was .. %”
to “Congratulations, you reached 100% of the targets” and a celebratory sound was played.
This was done to aid the motivation for trying to get to 100% and works as a reward, as was
suggested in section 2.2.4 about motivation in games.

The performance feedback uses the data file that is stored during the movement. It scans
the file for every target and checks what the achieved value was. If it was a hit or a near-hit,
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the respective counter was increased. The total number of hits and total number of targets
was then used to calculate the percentage fully reached. Furthermore the numbers of hits,
near-hits and misses (total targets minus hits and near-hits) was used to make an array for the
achieved apples, which was displayed using a ring of apple images. All these values (session,
activity, attempt, hits, near-hits and total targets) were stored for eventual future use. If
the text-to-speech voice was turned on, all the text on the performance feedback screen was
spoken out loud by the text-to-speech voice.

Figure 36: Performance Feedback
Figure 37: Therapist Interface for User Interface 1

3.5.5 Therapist Interface for User Interface 1

Another interface was constructed to give the therapist control over certain elements of the
user interface. Figure 37 shows this interface. The interface gave the therapist the options
to change the voice and turn it on or off. The transparency of the get ready, please wait and
feedback windows could be changed as well as the transparency of the arm, in case any of
this would be requested by a patient.

The code behind the therapist interface also controlled calling and closing of windows, using
events as set in the matlab code that interacts with the iPAM robot. These events are;
initialisation, loading of parameters, waiting, event processing, show welcome screen, arm
calibrated, prescription start, startup exercise start, startup exercise end, assessment start,
assessment attempt end, assessment activity end, active exercise start, active exercise attempt
end, active exercise activity end and quit. All these events were constructed based on the
program design and provided possible points for displaying feedback or other screens.

3.5.6 User Interface Questionnaire 1

Introductory Presentation
To inform patients of the elements in the user interface, a short introductory presentation
was presented to each patient at the first trial. This was a powerpoint presentation with the
Audrey text-to-speech demo voice from AT&T labs2, speaking out all the text on the screen
to enhance the understanding of the text. The sheets can be found in appendix A (page 76).

2http://www.research.att.com/ ttsweb/tts/demo.php
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Questionnaire
To be able to evaluate the first user interface, a questionnaire was made consisting of 38
questions about elements in the user interface and the introductory presentation. All ques-
tionnaire statements can be found in appendix B (page 77). The questionnaire contained
statements about the introductory presentation, representation of the virtual arm, colour and
transparency of the arm, angle of view, usage of arm and shadow, direction cues, colours of the
apples, likeness of the apple, performance feedback, assessment feedback, attempt indicator,
robot assistance level indicator, general system performance, and overall motivation. Part of
the statements was based on a method for evaluating usability of human-computer interfaces
(Ravden & Johnson, 1989). 36 of the questions had to be answered on a five-point Likert
scale (strongly agree, agree, neutral, disagree, strongly disagree), one question was a “yes-no”
question and the last question was open, asking for more comments. Attention was paid to
make sure that all statements in the questionnaire were written in the same form (positive
sentence) so as not to confuse patients. This questionnaire intended to measure patients’
satisfaction and to get as much feedback as possible about the user interface. Because the
patient trial had standard exercise times, it was not possible to test motivation by letting pa-
tients exercise as long as they liked. Therefore motivation was measured by the questionnaire,
asking participants whether they thought different elements motivating and asking whether
overall they thought anything could have been added to aid their motivation.

The questionnaire was handed out to all eight patients in the first patient trial, after their
fifth exercise session. Patients were recruited without any strict criteria in order to recruit a
very diverse group of patients, to test the usability of the iPAM system. These patients were
41-70 years old and 1-12 years post-stroke. There were four patients with right hemiparesis
and four with left, five men and three women. All these patients had an impaired voluntary
reaching ability and were therefore suited to use the iPAM system. The patients covered the
whole range between minimal active arm movement and independent active reach. High as
well as low muscle tone and coordination difficulties were found. Some patients were able
to functionally use their affected arm, while other did not use it at all. This wide range of
patients was chosen to test if the iPAM system would suit all and also adhered to the idea
of designing for dynamic diversity, rather than choosing a few ‘representative’ users, because
there are no representative stroke patients.

3.6 Results & Conclusions - User Interface Version 1

A summary of the answers to the questionnaire can be seen in Table 2. This table also gives
a short description of what each statement was about. The full statements and answers
can be found in respectively appendix B and C. The cells marked yellow indicate an answer
that is negative or that lead to a change in the system. It has to be noted here that there
was one patient who was very negative compared to all other patients and contributed most
yellow cells. Excluding these results, only the cells at statement 5, 8, 12, 23, 33 and 37
would be yellow. Overall patients were positive about the user interface. The aforementioned
statements with negative answers will be considered here.

The first questions in the questionnaire concerned the introductory presentation that was
shown to the patients before they worked with the iPAM system. All patients agreed that the
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Table 2: Summary of answers to statements of User Interface Questionnaire 1, n = 8 (SA =
strongly agree, A = agree, N = neutral, D = disagree, SD = strongly disagree, Unansw. =
unanswered)

Statement SA A N D SD Unansw.
1 - Introduction, understandable? 3 5
2 - Introduction, useful? 1 7
3 - Introduction, voice clear? 2 5 1
4 - Arm, good representation? 3 4 1
5 - Arm, accurate movement? 2 4 1 1
6 - Arm, distinguish from background? 5 3
7 - Arm, distinguish from target? 5 2 1
8 - Arm, transparency good? 4 2 2
9 - Angle of view, useful to change? 1 5 1 1
10 - Arm, direction cues ok? 3 4 1
11 - Arm, shadow helps to aim? 3 3 2
12 - Arm & shadow, easy to pay attention? 2 3 1 2
13 - Direction cues, easy to see forward? 1 5 1 1
14 - Direction cues, easy to see sideways? 1 5 1 1
15 - Direction cues, easy to see upwards? 1 5 1 1
16 - Apple colours, distinguishable? 7 1
17 - Apple colours, help to aim? 4 3 1
18 - Apple likeness 5 2 1
19 - Target, other than apple? 1 4 2 1
20 - Performance feedback, clear? 6 1 1
21 - Perf. feedback, motivating? 3 4 1
22 - Perf. feedback, 100% different feedback
ok?

3 3 2

23 - Perf. feedback, sound at 100% ok? 4 2 2
24 - Assessment feedback, clear? 1 3 3 1
25 - Assess. feedback, motivating? 3 3 1 1
26 - Assess. feedback, expect improvement? 3 1 2 1 1
27 - Assess. feedback, useful to see chart after
20 sessions?

2 3 2 1

28 - Attempt indicator, clear? 4 4
29 - Attempt indicator, look at often? 3 2 1 2
30 - Robot assistance level, wanted? 4 4
31 - Information, easy to read? 6 1 1
32 - Information, long enough on screen? 6 2
33 - Information, text-to-speech? 1 1 3 2 1
34 - Information, informative? 5 2 1
35 - Information, right amount? 5 2 1
36 - System, actions clear? 3 2 2 1
37 - Overall motivation, could be improved? yes 2 no 6
38 - Additional comments
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introduction was understandable, useful and that the voice that was used was clear.

The representation of the arm was found to be a good representation, although one patient
thought that the virtual arm did not show accurately how their own arm was moving (state-
ment 5). The patient noted that the arm did not appear to straighten from the elbow. This
had been noted already by the research team and for the second user interface a new calibra-
tion method was used, taking the position of the shoulder into account, thereby solving this
problem. Furthermore the arm was found to be well distinguishable from the target and the
background, although one patient disagreed on statement 8 that the transparency of the arm
helped to see the target better. As a comment “hadn’t noticed that it was transparent” was
given. Because this does not mean that the patient did not want the transparency, it was
kept the way it was. A higher level of transparency would not improve the 3D display, as it
would lead to a lesser difference in distinguishing power between the arm and the walls and
floors, and would thus decrease the ability to see how the arm moves.

The questionnaire results also showed that a patient liked to have the angle of view changed,
and a couple of patients agreed, when different angles of view were tried during a few of
their sessions. Therefore this was considered for the development of the second user interface
version.

Patients agreed that looking at the arm on the screen helped them know how to move to
reach the target and the arm’s shadow also helped to aim at the target. However one patient
commented that for stroke patients it can be hard to concentrate on two things at a time,
especially early on in their recovery. This was already known before the questionnaire, but
the shadow is crucial for giving more clues about how to move in the 3D space and although
it might be difficult for some people to shift attention between the arm and the shadow,
deleting the shadow would deprive other users of the chance to use its benefits. Therefore it
was decided to keep the shadow.

Most patients answered to the questionnaire that they found it easy to see how far they had
to move forward, sideways and upwards/downwards. However the patient who had most of
the negative answers disagreed here and during sessions with patients it was also noticed that
some had difficulty with navigating in the 3D space, sometimes asking the therapist how to
move to get the target colour from pink to green. Therefore it was considered to add specific
direction cues to the next user interface version.

The apple colours were found to be easily distinguishable and helpful when judging closeness
to the target. Patients also thought the target really looked like an apple and did not want a
different target. The performance feedback was found to be clear and motivating and patients
liked to get different feedback when they were able to hit all the targets. Not all patients liked
the sound though that was played when they were able to get 100% of the targets. Therefore
it would be good to make the sounds optional for the next user interface.

Most patients thought the assessment feedback was motivating, useful and they expected to
see an improvement, but four out of the eight patients answered either neutral or disagreed
on the clearness of the assessment feedback. During sessions it was also found that several
patients thought the assessment feedback unclear. These patients thought that it was better
to get higher values whereas in the graph lower scores are better. Therefore the assessment
feedback was adapted for the second user interface version.

43



The attempt indicator was judged as clear and more than half of the patients looked at it
often. Four patients indicated that they would like to see the robot assistance level working
as well, which was already planned for the second user interface version.

Furthermore patients thought that the information on the screen was easy to read, stayed
on the screen long enough, was informative and the right amount of information and that
it was always clear what the system was doing. Two patients liked to have the information
on the screen spoken out loud and two patients did not want this. The first user interface
version already included the possibility of having the text on most screens spoken out loud.
The questionnaire thus supported the usage of a “voice option”.

Concerning overall motivation, one patient said that motivation could be improved it if would
be made clearer to patients when a green apple would count as a hit and when not. This
comment resulted from the patient getting an apple green for a little while but not until the
apple disappeared, which lead to the target being counted as a near-hit rather than a hit. The
registering of hits could be changed, e.g. by counting it as a hit if the patient can keep it
green for a specified amount of time instead of having it green at the very end. However, this
could not be changed during this project as it is linked to the way the robot is controlled, and
changing it would need a redesign of the robot control which would have taken more time
than available in this project.

Coming back to the person whose answers were very negative, this patient would have liked
a redesign of the whole user interface, indicating that the used colours were not convincing,
nor was the arm or the apple. Furthermore this patient thought that direction cues were
missing from the interface and not enough feedback was given about the speed and timing
of movements and the amount of effort that had to be put in. Part of the comments were
taken into consideration for the next user interface versions, such as comments about the
difficulty of navigating in the 3D space and the need for different feedback. However, part of
the comments, such as a redesign of the whole system and adding neuro/bio-feedback, could
not be taken into consideration at the moment because the realisation of these wishes would
have gone beyond the scope of this project.

The problems with the previous interface and mock-ups, implementations done as part of this
user interface and the questionnaire results are summarized in Table 3. To conclude, patients
were very positive, but the results from the questionnaire and from comments made during
the sessions showed a need for direction cues, and that the sounds and voice should be made
optional, the angle of view should be changeable, the robot assistance level working, and
the assessment feedback improved. Furthermore different feedback was requested, which was
planned already for the last user interface version, where knowledge of performance will be
shown next to the knowledge of results feedback. At the moment it is not possible to change
the way a “hit” is registered, so this request remains open for the future, as well as adding
neuro/bio-feedback.

3.7 Method - User Interface Version 2

While the patients were using the first version of the user interface, the development of
the second user interface took place. The first user interface version was replaced by the
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Table 3: Overview of problems and solutions - User Interface 1
Problems & - layout preference: around/right-hand side
Suggestions Previous - too many indicators: remove current time & camera recording
User Interface - not one preference for colour scheme, suggested: improve

through brightness/contrast/patterns
- performance feedback unclear, suggested: images of apples
- not a functional reaching movement, suggested: change target
sphere to apple
- unclear when robots start the exercise, unclear system informa-
tion, complicated robot status

Implemented - colour scheme: black, pink, green
- indicators on right side of 3D scene; attempt progress & patient
ID
- sphere changed to apple
- get ready and please wait screen
- assessment feedback
- attempt feedback with images of apples, percentage hit and
sound if 100% hit
- welcome screen
- dynamic screen size
- text-to-speech
- therapist interface
- introductory presentation

Results & - colour scheme is good
Suggestions - indicators are good

- apple is good
- get ready and please wait screens are good
- attempt feedback good
- movement seems incorrect, suggested: new calibration method
- problem with paying attention to both arm & shadow
- problem with registering of a hit
- difficulty navigating in 3D space
- assessment graph unclear
- different preferences for sound & voice, suggested: optional
- request for changing angle of view
- request for seeing robot assistance level
- request for different feedback
- request for neuro-/biofeedback

second after patients had received approximately 10 exercise sessions. Results from the first
questionnaire were taken into account during the development, such as the need for direction
cues and clarification of the assessment feedback, as well as other ideas from the research
team. The get ready screens were adapted as well as the performance feedback and assessment
feedback, new indicators were introduced as well as more feedback screens, making sure that
all possible feedback concerning knowledge of results was given.
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3.7.1 Basic elements

Resulting from the feedback from the first questionnaire, direction cues were added to the
user interface. Furthermore the get ready screens were adapted and a top text area was
introduced. This section covers these elements, the next sections cover the changes per part
of the session.

Get Ready
The get ready screens were adapted to make them appropriate for the specific exercise that
would follow, giving more information to the user and removing the need for the therapist to
specify to patients what exercise they would be doing. Figure 38 shows the three different
get ready screens. All these screens worked in the same way as explained in section 3.5.2.

Figure 38: Get Ready: startup, assessment, active exercise

Direction Cues
From the first questionnaire and during sessions it was found that patients thought it difficult
to see which way they had to move in the 3D space to be able to hit the target precisely
(changing it from pink to green). Therefore direction cues were added to the user interface.
Figure 39 shows these direction cues.

Figure 39: Direction Cues: arrows and hints

First of all boolean indicators were added to
the screen that showed patients whether to
move their arms up/down, left/right or for-
ward/backward. These were placed on the
indicator window, at the bottom right side of
the screen. However, watching these would
require the patient to shift attention between
the arm and the indicators, which is not pre-
ferrable and might not be possible for all
stroke patients. Therefore the direction cues
were also implemented as arrows around the
arm and shadow in the 3D display. At the
hand there are two arrows that show the up-
down and left-right directions, at the shadow
is an arrow that shows the forward-backward
direction. If the position of the hand is cor-

rect for either of these directions the appropriate arrow disappears and the appropriate indi-
cators turn dark, as can be seen in Figure 39 for the forward-backward indicator and arrow.
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Correctness of position was determined by comparing the position of the target with the
current position of the hand. If the x, y or z value comes into the range of the target position
plus or minus the target radius, it is considered correct. The arrows are images that are added
to the 3D display, using the position of the hand, plus or minus a space based on the width
or height of the arrow. There is one image for each direction that is rotated if it needs to
point the other way, e.g. left instead of right, and the images disappear from the scene if the
position is correct, by culling front and back faces.

Top Text
As already shown in Figure 39 the second user interface version also contained a top text
area, the white area above the 3D display of the arm. This area was made on request of a
patient, so that the therapist could leave messages (points of attention). The patient would
be constantly reminded of these messages instead of hearing them only once. The area is
a text area that reads a global variable (a string) a couple of times per second to see what
should be displayed. A string can be written to the global variable in any VI, but for the
first user interface version it was only linked to the therapist interface, as explained in section
3.7.4.

3.7.2 Assessment Exercise

Figure 40 shows the new assessment feedback, which was changed to increase clarity. The
start and end of session assessments were given different colours to be able to distinguish
them better. Furthermore space was added in between two sessions so that it would be easier
to see what values correspond to what session. During the usage of the first user interface
version it was found that patients thought it difficult to see that lower values were better, as
it is often better to get higher values in a graph. Changing the graph upside down would have
been difficult as well as constructing the graph by subtracting the values from a maximum
value, as there was no standard maximum value. Therefore a target line was added to the
graphs as well as an arrow on the right-hand side and the text that states ”lower = better”.

Figure 40: Assessment Feedback Figure 41: Performance Feedback

The retrieval of the values for the assessment feedback stayed the same as in the first user
interface version. However, to improve the clarity of the graph it was decided to group the
values per session and to give different colours to the value for the start and the value for the
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end of the session. Because this could not be done automatically in Labview, code had to be
written to split up the measures and reconstruct arrays to feed into the graph. The measures
were first split up into two clusters, one for the start of the session and one for the end, to be
able to show them in different colours. This was done by decimating the x and y value arrays.
Then certain amounts were added to the x values, either -0.15 or +0.15, so that the values
would be displayed next to each other. The gaps in between sessions were added by using an
array with only zeros at the x+0.5 positions. This thus resulted in the start of the session
value being shown at x-0.15, the end of the session at x+0.15 and a gap at x+0.5. For this
mechanism the assumption was made that no values were missing in the measurement file.

3.7.3 Active Exercise

For the active exercise, the robot assistance level was implemented, the performance feedback
adapted and extra feedback screens were added, so that all possible knowledge of results
feedback would be shown.

Robot assistance level
The robot assistance level indicator was implemented for this user interface version. To show
the assistance level, the human impedance level is read from the robot parameters. The
impedance level corresponds to the amount of support the robot provides. This value is then
passed on to the indicator, which uses a logarithmic scale for displaying the value. The value
can be between 0.05 (low assistance) and 1.0 (high assistance), which means that a value of
0.25 corresponds to medium assistance. These values were not displayed next to the indicator,
but the text “low” and “high” was added, to avoid confusing the patients with those numbers.

Performance Feedback
The performance feedback was minimally adapted, changing the apple images from an image
that resembled a well-known trademark, to custom-made images of apples. Figure 41 shows
the new performance feedback. Furthermore a check was made to show, if for some reason
data was missing, the text “The data for this attempt has not been recorded, no feedback
can be given. Please wait.” This check made sure that no incorrect data would be shown.

Exercise Feedback
Apart from the normal performance feedback, a summary of this feedback was introduced,
which was shown after an exercise ended. Figure 42 shows this exercise feedback. The idea
behind using a bar plot is that if there is an improvement during an exercise, it would be
easy to see from this graph. Because the number of hits and near-hits was already stored in
the attempt feedback, the exercise feedback could easily use this file to get the data for the
last activity. It looks for the rows with the right session and right activity number. Because
Labview did not have an automatic function to make a stacked bar plot, this had to be done
manually. First, arrays were constructed of the columns with the hits, near-hits and total
targets. Then the values of the hits had to be added to the near-hits to be able to show the
near-hits on top of the hits.

Session Feedback
Another addition to the user interface was the session feedback. This feedback was shown
after the second assessment feedback, at the end of the session. At first the therapist could
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Figure 42: Exercise Feedback Figure 43: Session Feedback

activate this window, but this was automated after a few sessions, with the feedback appearing
after 30 seconds, so that the therapist no longer had to remember this. The session feedback
shows the total number of hits and near-hits over all active exercises for the current session as
well as the previous session. It reads the file with the stored values from the attempt feedback
and sums the amounts of hits, near-hits and total targets to get the total amounts for the
session.

The first idea was to show this information as a pie chart, but there was no easy way of
doing this in Labview. Therefore it was decided to make stacked bar plots again, although
these needed manual addition of values, because they were the best alternative of showing
the relative amounts of hits, near-hits and misses in a session. So again the near-hits were
increased by the number of hits to be able to show the near hits on top of the hits.

The session feedback shows the total number of targets and attempts that were in the session
in a textual form. The idea behind this feedback is that patients can compare whether they
did as much in the current as in the previous session and if they performed better. Figure 43
shows the session feedback. Using suggestions of patients the words “targets” and “attempts”
were changed to “apples” and “runs” after a few sessions.

3.7.4 Therapist Interface for User Interface 2

The therapist interface for the elements of the user interface was adapted as compared to the
first version. Figure 44 shows this new therapist interface. Apart from the ability to turn the
voice on or off and to change the transparency of the arm and windows, the therapist now
also had the ability to turn the sounds on or off and change the camera angle and position
for the 3D screen. Furthermore the arrows and direction cues could be turned on or off. On
the bottom left side the therapist could type a message for the top text area and apply it, or
pop up an entire new screen with a goal for the day. Furthermore the interface contained a
button to show the session feedback, although as mentioned before, this was automated after
a few of sessions.
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Figure 44: Therapist Interface for User Interface 2

Camera Angle

Figure 45: Coordinate
System 3D Scene Win-
dow

The camera angle could be changed by writing to the modelview
matrix of the scene window. To be able to change this angle the
following approach was taken. First, the initial modelview matrix of
the 3D scene was stored. This initial modelview matrix was in fact
the matrix that is made when the 3D scene is called for the first
time. Using the values the therapist sets in the therapist interface, a
rotation matrix was made and combined with this copy of the initial
modelview matrix through matrix multiplication. It is important that
this is done to the initial matrix and not to the current matrix, as
increasing the values would otherwise lead to bigger changes than
anticipated. For example, if the therapist sets the angle to 20 first
and then to 30, a rotation of 20 degrees will be done followed by a
rotation of 30 degrees, if not the original but the current matrix is

taken. By taking the initial matrix the correct rotation of 30 degrees will be made.

For the left-right angle as well as the up-down angle, matrix multiplication took place with
the rotation matrices. However for the left-right and forward-back movement of the camera a
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translation matrix was made and added to the constructed modelview matrix. Rotation would
always be done before translation. After the copy of the initial modelview matrix had been
changed, it would then be saved to the modelview matrix of the scene window.

The values of the angles and placement of the camera were stored at the end of each attempt
and retrieved at the beginning of each attempt. This made it possible to remember camera
orientation per patient, so one could start out with the same orientation as was used in the
previous session. Possibly this could even be linked to exercises, if there would be a way
to recognize certain prescribed exercises. At the moment however this was not possible and
therefore only one orientation was stored and retrieved.

Figure 45 shows the coordinate system of the 3D scene window. For the left-right angle the
sine and cosine of the angle α, converted to radians, were used and added to the rotation
matrix, resulting in a matrix that rotated around the z axis:

cos(α) sin(α) 0 0
− sin(α) cos(α) 0 0

0 0 1 0
0 0 0 1


For the up-down angle the sine and cosine of the angle α, converted to radians, were also
used, but this time resulting in a rotation matrix for a rotation around the y axis:

cos(α) 0 − sin(α) 0
0 1 0 0

sin(α) 0 cos(α) 0
0 0 0 1



3.7.5 User Interface Questionnaire 2

Introductory Presentation
For the second user interface another introductory presentation was constructed and shown to
the patients before they started using the second user interface version, to introduce the new
arrows and direction cues as well as the new feedback screens. The sheets for this presentation
can be found in appendix D (page 83). For this presentation the same voice was used as in
the introductory presentation of the first user interface.

Questionnaire
To evaluate the changes made to the user interface seven patients were given another ques-
tionnaire at the end of the first patient trial. One patient had another stroke during the
course of the trial and was not able to fill out this second questionnaire. The second ques-
tionnaire consisted of 20 five-point Likert scale questions, 1 “yes-no” question and an open
question (extra comments), all concerned with the new elements of the user interface. The
questionnaire statements can be found in appendix E (page 84). The statements concerned
the introductory presentation, arrows, direction indicators, top text area, assessment feedback
(adapted), exercise feedback, session feedback, and overall motivation. The questionnaire
measured patients’ satisfaction with the new interface elements and whether they thought
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these elements were motivating. The next section discusses the results of this questionnaire.

3.8 Results & Conclusions - User Interface Version 2

Table 4 gives an overview of the statements and results of the second user interface question-
naire. The full statements and answers can be found in respectively appendix E and F. From
the answers of this questionnaire followed that overall patients thought the user interface
was good. The introduction was again found to be understandable, useful and the voice was
judged to be clear. Patients thought the arrows helped to aim for the apple, they often used
them and most of the patients thought the arrows were clear. One patient noted that they
were not clear and commented was that “sometimes they are obscured by the apple ‘pole”’
and that “moving or duplicating them elsewhere would be helpful”. The arrows could be
moved, but this would require an extra check to see if the arrow is in line with the pole and
the arm is near the pole. If so, the arrow could be moved to the left or right of the pole,
depending on the angle of view.

Table 4: Summary of answers to statements of User Interface Questionnaire 2, n = 7 (Ab-
breviations as in Table 1)

Statement SA A N D SD Unansw.
1 - Introduction, understandable? 3 4
2 - Introduction, useful? 2 5
3 - Introduction, voice clear? 2 3 2
4 - Arrows, clear? 4 2 1
5 - Arrows, help to aim? 3 4
6 - Arrows, used often? 2 5
7 - Direction indicators, clear? 2 3 1 1
8 - Dir. indicators, help to aim? 3 1 3
9 - Dir. indicators, used often? 2 2 3
10 - Top text, useful? 2 4 1
11 - Top text, spoken out loud? 1 2 3 1
12 - Assessment feedback, clear? 7
13 - Assess. feedback, better than previous? 6 1
14 - Exercise feedback, clear? 4 3
15 - Ex. feedback, motivating? 2 2 2 1
16 - Ex. feedback, useful addition? 3 2 1 1
17 - Session feedback, clear? 3 4
18 - Sess. feedback, motivating? 3 1 2 1
19 - Sess. feedback, number of apples/runs
useful?

2 4 1

20 - Sess. feedback, useful addition? 3 2 1 1
21 - Overall motivation, could be improved? yes no 5 2
22 - Additional comments

Most patients thought the direction indicators were also helpful when aiming for the apple,
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but one patient noted that they were not clear and three patients indicated that that they did
not often use the direction indicators. This suggests that it might not be necessary to have
them on the screen. However, as the direction indicators were already optional, it was chosen
to leave them on the screen to see whether the patients from the second patient trial used
the direction indicators more. If not, they could still be removed at a later stage.

The questionnaire results further showed that the top text was found to be helpful. Again
there were different preferences for having the text spoken out loud or not. At the moment
this was not yet implemented, as the top text was refreshed several times a second and there
was not yet a mechanism to prevent the text to be spoken out loud that often. This however
could be done for the final user interface.

The changes to the assessment feedback were well received, all patients now stated that
the feedback was clear and better than the previous assessment feedback. The exercise and
session feedback were new additions to the user interface. All participants agreed that these
were clear and although more than half of the patients agreed that they were motivating as
well, there was more of a spread here, suggesting that they might not always be motivating.
This was confirmed by a patient who commented that ”the goal of motivating clients is
praiseworthy, but with impairment, attempts at motivation may be counter-productive as it
actually underlines the unwanted impairment”, suggesting that it might be better to give
feedback about whether certain muscles have improved. As was already mentioned in section
3.6, the plan for the next user interface was already to include extra feedback. Possibly even
more quality of movement feedback can be included in future stages of the iPAM research.

Interesting this time was that there were no longer participants who said that anything could
have been added to aid their motivation, as opposed to the first user interface questionnaire
answers. Although one of the patients made the aforementioned comments, this patient said
that nothing else could have been added to aid motivation. This could mean that all patients
were motivated enough or they could not think of anything else that could motivate them.

Table 5 gives an overview of the problems with the previous user interface, the changes made
in this interface and the results of the questionnaire. To conclude, the overall consensus
was positive. Changes that could still be made would be to remove the boolean direction
indicators, to make a mechanism that can move the arrows if they are in line with the apple
pole, and to add extra feedback, e.g. about the quality of the movement. At this stage, the
direction indicators were not removed, because a different group of patients would use the
system over the third user interface version and they might like the direction indicators. The
changes concerning the arrow position will be a suggestion for future changes, as the focus
for the third user interface will be on adding feedback concerning knowledge of performance,
next to the already existing knowledge of results feedback.

Assessment Feedback Results
The first patient trial ended with this second user interface. Therefore it was possible to
evaluate the assessment graphs of the stroke patients from this trial to see if improvements
took place during the trial. Opposed to the physiotherapy assessment measures and the
assessment results from the movement tracking system, this measure is the only measure
that can be shown during the trial and that could potentially help stroke patients. If no
improvements can be seen in this group of patients, it can be considered to remove these
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Table 5: Overview of problems and solutions - User Interface 2
Problems & - movement seems incorrect, suggested: new calibration method
Suggestions Previous - problem with attending both arm & shadow
User Interface - problem with registering of a hit

- difficulty navigating in 3D space
- assessment graph unclear
- different preferences for sound & voice, suggested: optional
- preference for changing angle of view
- preference for seeing robot assistance level
- preference for different feedback

Implemented - get ready screens improved
- direction cues added
- assessment feedback improved
- attempt feedback improved
- exercise feedback
- session feedback
- optional elements enabled
- changeable angle of view
- new calibration method
- robot assistance level implemented
- top text area
- therapist interface adapted

Results & - direction indicators not often used, suggested: possible re-
moval?

Suggestions - arrows not clear when in line with pole, suggested: moving
arrows
- different feedback requested, suggested: quality of movement
feedback
- unsolved: problem with attending both arm & shadow
- unsolved: problem with registering of a hit

graphs as they could be demotivating if a decreasing performance is shown.

Figure 46: Assessment graphs for near and far target
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Figure 46 shows an example of the assessment graphs for one patient. The left graph is for
the near target, measuring time, and the right graph is for the far target, measuring distance.
In both graphs a downwards trend can be seen that suggests improvement in the patient.
An interesting trend that can be seen in especially the time graph is that the patient was
usually faster at the start of the session compared to the end of the session, perhaps due to
fatigue. For some other patients the opposite effect could be seen, suggesting that for them
the sessions actually loosened their muscles. Figure 47 shows an example of a graph in which
the patient was generally better at the end of the sessions.

Data analysis

Figure 47: Assessment graph for far target
- better at end of session

The data from the timed assessment attempts
was used to compare the first half of the patient
trial (UI1) with the second half (UI2) by mak-
ing box plots per patient. Analysis was done for
seven patients, the eighth patient only reached
the near target twice over the whole patient
trial and therefore analysis was not useful. A
note has to be made here that during the us-
age of the third user interface (second patient
trial) it appeared that the distance measures for
the far target were not always accurate. This
was led back to a problem in the control of
the robot system where the component index
(target number) was not always changed at the
correct time, which could have lead to the dis-

tance being measured for the wrong target in an attempt. Problems were solved during the
second patient trial, but the far target graphs for the first patient trial could still contain
errors. Therefore the analysis of the assessment graphs was only done on the time graphs.

Figure 48 shows the box plots for the time assessment measurements per patient. For five
out of the seven patients a downwards trend can be seen, and an improvement in the number
of successes was also noticed for five out of the seven patients (see values on x-axis, Figure
48). These results suggest that patients improved during the patient trial, confirming the
motivating capabilities of the assessment graph. To make an even better judgement, it would
be good to make similar graphs for the second patient group and possibly for a third patient
trial.

3.9 Method - Final User Interface

The first two user interface versions provided feedback about knowledge of results, so the
aim for the final user interface was to include feedback about knowledge of performance as
well. The first idea was to use measures of elbow extension and shoulder abduction to provide
feedback about the movement of the patient. The values for elbow and shoulder abduction
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Figure 48: Box plots comparing performance during the first and second half of the clinical
patient, for the timed assessment (near target).
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were collected for every target, just before the target disappeared. The value with the biggest
difference from the prescribed position was used for the feedback. The two resulting values
(one for elbow extension and one for shoulder abduction) were compared and for the one with
the biggest difference the corresponding feedback was shown.

Figure 49 shows a mock-up with the two kinds of feedback in 2D. The drawings were made
using the lengths of the arms of the patients as given to the robot control, to show the arm in
the right proportions. Furthermore rounded rectangles were drawn to represent the body and
thick lines to represent the arms. All positions had to be determined from the 3D values that
were stored during the exercise. Because the coordinate system is different from the drawing’s
2D coordinate system, several values had to be negated to be able to replay the movement
correctly. A replay of the whole movement towards a target, on which the shown measure
was worst, was shown in this feedback. As can be seen in the right hand image, the shoulder
abduction feedback was very unclear if the arm moved across the body and it was difficult to
see how the arm extended as the lengths looked odd. Therefore it was decided to make the
feedback in 3D, the same as the patient sees it when exercising.

Figure 49: 2D Feedback: elbow extension and shoulder abduction (brown = prescribed move-
ment, white = actual movement)

Figure 50 shows the feedback in 3D. Again a replay of the whole movement to the target
with the worst measure, was shown. The 3D image was zoomed in more than patients see it
when exercising, but as you can see, especially for the arm abduction, the difference between
the prescribed (brown) and actual (white) movement was still very hard to distinguish. It
did not help that it was a replay of the movement rather than a static image. Therefore a
reconsideration of the used measures and displaying method took place.

Considering that elbow extension can be controlled by using the target position together
with the shoulder position (if you have to stay back, you need to extend your arm more), it
was decided to use the shoulder position for forwards-backwards (protraction) and up-down
(elevation) movement and the shoulder abduction instead. Furthermore the choice was made
to communicate the feedback visually (words) and auditory (text-to-speech), to keep things
simple and understandable. This also corresponded to the literature that suggested to convey
information through multiple modalities. The therapist in the research team constructed
three short understandable sentences per measure and this was integrated with the attempt
feedback.
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Figure 50: 3D Feedback: elbow extension and shoulder abduction (brown = prescribed, white
= actual movement)

Figure 51 shows the new attempt feedback screens. The percentage of apples achieved is
no longer shown, for simplicity purposes. Only a visual representation of the apples and, if
necessary, feedback about the movement is provided. The left hand side of Figure 51 shows
an example of feedback concerning the shoulder up-down movement. The right-hand side
shows the feedback as it could look when the patient is able to hit all targets, giving a virtual
‘reward’.

This additional feedback was also linked to the top text area. After determining which measure
was worst, the right feedback was shown on the screen and at the same time written to the
global variable that is read from the top text area. Because this value is read multiple times
per second, it could not be linked to the text-to-speech mechanism directly. Instead another
variable was introduced to safe the top text value to. In case the value in the top text global
variable was different from the local variable in the top text application, it would be passed
on to the text-to-speech mechanism. This ensured that only new strings would be spoken
out loud and would not be repeated continually. In order to make sure that the text would
be spoken again if the same feedback was given in succeeding attempts, the top text local
variable was made empty at the start of every attempt, just before the new text would be
read from the global variable and displayed.

Figure 51: Attempt feedback with and without reward.
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Classification of measures
To compare the values for shoulder abduction, elevation and protraction, the attempt feedback
application first calculated the difference between the prescribed and actual movement at the
moment the patient hit the target, for each measure. This value was then stored in an array
and for each array the value with the biggest difference was taken. The difficulty here was
that it was not possible to directly compare the measures with each other since the abduction
measure was in degrees and the elevation and protraction measures were in meters. Therefore
a system of classifying the measured differences had to be made.

The process of classification was the same for all measures, the measured value would be
classified in one of five classes, using four thresholds. If a value was bigger than the highest
threshold the class would be ‘awful’ and if the value was smaller than the lowest threshold
the class would be ‘best’. These class names were only used virtually, and never shown to
the patient, and the classification was passed on as a number (1 for best, 5 for awful). The
thresholds for the different measures were established through a trial with the robot. A team
member used the robot and moved around as much as the robot system would allow, to find
the maximum values. Then the team member made a normal reaching movement to look at
possible minimum values. The established thresholds are shown in Table 6.

Table 6: Thresholds for the different performance measures
Measure Threshold 1 Threshold 2 Threshold 3 Threshold 4
Shoulder abduction (degrees) 5 10 15 20
Shoulder elevation (cm) 1.5 3.0 4.5 6.0
Shoulder protraction (cm) 2.0 4.0 6.0 8.0

To compare the thresholds first a check would be made that at least one value was worse than
the third classification (‘intermediate’), to make sure that feedback would only be given if
necessary. Then if the abduction was worse than the elevation and protraction, the abduction
feedback would be given. If the elevation was worse than the abduction and protraction,
elevation feedback would be given, and if protraction was worse than the other two, protraction
feedback would be given. If neither of the above was the case, there were two or three values
with the same classification. It would then be checked which values were worst and for all
of these the respective feedback would be given. This classification system made sure that
normally only feedback about the worst measure is given and multiple feedback is only given if
absolutely necessary. This keeps the performance feedback as simple as possible, so patients
will not have to focus on multiple aspects at once.

3.9.1 Assessment Exercise

As was mentioned in section 3.7.2, at that time the assumption was made that no data would
be missing in the data files used for the graphs. However, it is not good practice to assume
this, because one has to make software that can deal with potential difficulties, such as data
loss, for example if a therapist forgets to do an assessment exercise or if a patient requests to
stop early and therefore does not do an assessment. Therefore a mechanism was implemented
that ensures that if the patient, for whatever reason, misses an assessment, this missing value
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will be automatically added as a “0”, when processing the next assessment exercise. First the
file is checked to see if the values of the last sessions were present, e.g. if the current session
is the second session than the values 1 and 1.5 for the first session need to be present. If this
is not the case, a new line will be written to the file for each missing value, with the correct x
value and a zero for the y value. If this would not be done, values that belong at the end of
a session might end up at the beginning of a session due to the decimating of the value array
that takes place for displaying the graphs, as explained in section 3.7.2. This new mechanism
thus makes sure that the graph will not be incorrect.

3.9.2 Therapist Interface for UI 3

To make sure that feedback would not be given too often or unwanted, an addition to the
therapist interface was the threshold sensitivity, see the top-right side of Figure 52. These
slides control how sensitive the feedback is to the measures. If the therapist moves a slide
for a measure up, the feedback will be made less sensitive for this measure. This is done by
multiplying the thresholds by a factor between 1 and 4. If the measure is made more sensitive,
the thresholds will be multiplied by a factor between 0.1 and 1. This gives the therapist the
ability to personalize the measures, for example if trunk movement can not be prohibited in
a certain patient and feedback is not wanted.

Figure 52: Therapist Interface for Final User Interface

At the lower right part of Figure 52 the therapist can also control the wording of the feedback.
Each combo box contains three sentences that the therapist can use to correct the specified
measure. For example the shoulder protraction (move forward/back) feedback text options
are “shoulder back”, “body back” and “lean back”. The therapist can also add a new text
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in the combo box, but this will only be saved for the current patient. The text options were
obtained from the therapist in the research team. Per patient these texts are saved to a file,
which is retrieved and saved again each session. This gives the possibility for the therapist to
change the values in between sessions, if necessary.

The therapist interface has been slightly reorganized compared to the second user interface
version. Apart from the addition of the threshold sensitivity and feedback text options, the
arm and window transparency as well as the goal screen were removed. This was done as they
were never used during the first patient trial and were therefore found redundant. For the final
interface version a new text-to-speech (TTS) voice was purchased. For the previous versions
the standard computer voices, Microsoft Sam, LH Michelle and LH Michael, were used, but
for this version the Allison voice by Cepstral3 was added, which has better intonation and
pronounciation.

3.9.3 User Interface Questionnaire 3

Introductory Presentation
The final user interface was introduced for the second patient trial. Patients were shown an
introductory presentation, see the sheets in appendix G (page 87). The presentation combined
the presentations of the first and second user interface with new slides to introduce all the
elements in the user interface. For this presentation the same TTS voice was used as in the
user interface, namely the Allison voice, as opposed to the voice used in previous introductory
presentations.

Questionnaire
To be able to evaluate the final interface version another questionnaire was made, that was
handed out to six patients of the second patient trial. Since these patients had not worked
with the system yet, this questionnaire was a combination of the first and second user inter-
face questionnaires. The patients could not make a comparison with previous user interface
versions, but the idea with this questionnaire was to get new feedback and see whether the
new patients liked the user interface as well and also found the feedback screens motivating.

The second patient trial contained eight patients, but only six of these patients were given
the questionnaire, as the others had not been able to use the iPAM system for a few sessions
yet at the time of handing out the questionnaire. Again there were no strict selection criteria
to get a diverse group of stroke patients. In this second trial patients were aged 44-81 and
were between four months and four years post-stroke. Seven men and one woman took part
in this trial, of which six with right hemiparesis and two with left hemiparesis. For this group
of patients, the same diversity in movement capabilities was found as in the first group of
patients (see section 3.5.6, page 39); minimal to indepedent active reach abilities, low and
high muscle tone, and only part of the patients had functional use of their affected arm.

The questionnaire consisted of 48 five-point Likert scale questions, 2 “yes-no” questions
and an open question (extra comments). The questionnaire statements can be found in

3http://www.cepstral.com/downloads/
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appendix H and concerned every element of the user interface; the introductory presentation,
representation of the arm, distinguishability of the arm colour, apple colours, attempt indicator,
robot assistance level indicator, arrows, direction indicators, top text, assessment feedback,
performance feedback, additional feedback (quality of movement), exercise feedback, session
feedback, general system performance and overall motivation. This questionnaire’s aim was
the same as for the first and second user interface, to measure patients’ satisfaction with the
system and their motivation. Two patients requested an explanation of the questionnaire,
saying they did not understand what they had to do with the questionnaire. An explanation
was given by going through the questionnaire briefly and outlining the different aspects of
the questionnaire, indicating that their opinion about each aspect of the user interface was
wanted. This was found to be sufficient explanation. Attention was paid to make sure that
these patients were not influenced in any way, so that the results from the questionnaire would
be reliable.

3.10 Results & Conclusions - Final User Interface

Tables 7 and 8 show a summary of the answers from the questionnaire for the final user inter-
face. Full answers can be found in appendix I (page 91). The results from this questionnaire
were again positive. The yellow cells indicate negative answers, at statements 3, 8, 21, 29,
32, 33, 34, 40, 42, 45 and 46. Of these statements 29 and 46 concern preferences. These
elements are already optional and these answers confirm that it is good to have these options.

The six patients that answered this questionnaire thought that the introduction was easy to
understand, useful and most agreed that the voice that was used was clear. One patient
however thought this voice was not clear. Through a conversation with the therapist further
comments were made, indicating that the voice was found irritating and it would be better to
use recorded voices of, for example, an actor. However, the problem with using a prerecorded
voice is that you need to standardise the text you want to use. Using a text-to-speech voice,
you can add personal messages or change text at any time and you do not have to have a
recording sessions where all text has to be recorded, e.g. all possible numbers of apples that
could be hit or near-hit. As a settlement one could think of changing only the voice used in
the introductory presentation, making either a video demo of iPAM or recording the sentences
instead of using a text-to-speech voice.

Answers to the questions regarding the representation of the arm showed that patients thought
it a good representation, the arm accurately showed how patients’ were moving their own arm
and the arm was easy to distinguish from the background and targets. One patient thought
that the transparency of the arm did not help. This was clarified through comments made
to the therapist. The patient said that the view of the arm becomes confusing when the
arm is in line with the target. The patient suggested to simplify the view, going back to a
stick-figure, or changing the angle of view. This last comment can be taken into consideration
for future versions of the user interface. One can think of a self-adapting angle of view, where
the camera position is changed depending on the position of the targets, so that the arm will
never occlude a target. A possible negative effect of this could be that it confuses patients or
makes them nautious, but this could be tested with a trial.
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Table 7: Summary of answers to statements of User Interface Questionnaire 3, n = 6 (Ab-
breviations as in Table 1)

Statement SA A N D SD Unansw.
1 - Introduction, understandable? 1 5
2 - Introduction, useful? 2 3 1
3 - Introduction, voice clear? 1 4 1
4 - Arm, good representation? 6
5 - Arm, accurate movement? 5 1
6 - Arm, distinguish from background? 1 4 1
7 - Arm, distinguish from target? 1 5
8 - Arm, transparency good? 1 3 1 1
9 - Apple colours, distinguishable? 4 2
10 - Apple colours, help to aim? 1 4 1
11 - Attempt indicator, clear? 4 2
12 - Attempt indicator, look at often? 1 3 2
13 - Robot assistance level, clear? 1 3 1 1
14 - Robot assistance level, look at often? 1 3 1 1
15 - Arrows, clear? 2 3 1
16 - Arrows, help to aim? 2 2 2
17 - Arrows, used often? 2 1 3
18 - Direction indicators, clear? 3 3
19 - Dir. indicators, help to aim? 3 3
20 - Dir. indicators, used often? 3 2 1
21 - Top text, useful? 4 1 1
22 - Assessment feedback, clear? 3 3
23 - Assess. feedback, motivating? 1 1 1 3
24 - Assess. feedback, expect improvement? 1 1 1 3
25 - Assess. feedback, useful to see chart after
20 sessions?

1 2 3

26 - Performance feedback, clear? 3 3
27 - Perf. feedback, motivating? 2 3 1
28 - Perf. feedback, 100% different feedback
ok?

2 3 1

29 - Perf. feedback, sound at 100% ok? 2 2 1 1
30 - Additional feedback, noticed? yes 5 no 1
31 - Add. feedback, clear? 3 2 1
32 - Add. feedback, useful? 2 2 1 1
33 - Add. feedback, like in top text? 2 1 1 1 1
34 - Add. feedback, helps? 2 1 1 1 1
35 - Exercise feedback, clear? 3 3
36 - Ex. feedback, motivating? 2 4
37 - Ex. feedback, useful? 2 4

63



Table 8: Summary of answers to statements of User Interface Questionnaire 3 (2) (Abbrevi-
ations as in Table 1)

Statement SA A N D SD Unansw.
38 - Session feedback, clear? 3 3
39 - Sess. feedback, motivating? 2 3 1
40 - Sess. feedback, number of apples/runs
useful?

2 2 1 1

41 - Sess. feedback, useful? 2 4
42 - Sess. feedback, “total apples” clear? 2 2 1 1
43 - Sess. feedback, “total runs” clear? 3 2 1
44 - Information, easy to read? 2 3 1
45 - Information, long enough on screen? 2 2 1 1
46 - Information, text-to-speech? 3 1 2
47 - Information, informative? 2 4
48 - Information, right amount? 2 4
49 - System, actions clear? 1 4 1
50 - Overall motivation, could be improved? yes no 5 1
51 - Additional comments

Patients though that the apple colours were well distinguishable and helped them to judge
whether they were near the target. The attempt indicator was found to be clear and patients
looked at it often. The robot assistance level was also judged to be clear and most patients
looked at the robot assistance level often too. Both the arrows and the direction indicators
were judged as clear, helpful and patients often looked at both of these direction cues. From
the previous questionnaire (section 3.8) it could be deduced that it might be good to remove
the direction indicators as not many patients seemed to use them. The results from this
questionnaire however showed that almost all patients used the direction indicators (statement
20, Table 7). This confirms that it was a good decision to keep the direction indicators and
they can be kept optional, so that they can be switched off if there are patients who find
them confusing.

The top text area was found to be useful, although one patient did not think it useful. This
is related to the patient’s problems with the additional quality of movement feedback, which
will be discussed further on.

The assessment feedback as well as the performance feedback were judged to be clear and
motivating. Patients expected to see improvement in the assessment feedback graphs and
thought it would be useful to see that chart after having done all treatment sessions. Again
patients liked getting different feedback when able to hit all targets and most patients liked
the sound, only one patient did not like it, but because this had been made optional this was
not a problem.

Five of the patients had noticed the additional, quality of movement, feedback. These patients
thought this feedback was clear and most thought it useful, liked seeing it in the top text area
and thought it helped them how to remember to move correctly. One patient however was not
happy with the feedback about the quality of the movement. This probably resulted from the
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patient constantly receiving the same feedback about one measure. As discussed before, the
therapist can choose to decrease the sensitivity of this measure in case the feedback is shown
too often. However, in this case the therapist chose not to do so as this particular measure
was actually something the patient needed to work on. This leads to a dilemma, where the
question is whether or not the amount of feedback needs to be reduced in such a case. The
therapist would not do so, but if the patient gets irritated, it is not likely to help motivation
and will not benefit therapy. An alternative could be to include an option to hide the message
if it has been shown for a certain amount of times, say five, and bring the feedback back if
the problem is not solved over another specified amount of attempts. This feature could be
turned on if the therapist notices that the patient gets annoyed by the message instead of
motivated.

The exercise and session feedback were both judged as clear, motivating and useful. One
patient thought that showing the numbers of apples and runs was not useful and that the words
“total apples” were not clear. Comparing the results of the second and third questionnaires,
the majority of the patients agreed however that it was useful to see the total numbers of
apples and runs. Therefore these displays were kept on the session feedback.

Concerning the information display and system information, patients agreed that information
was easy to read, informative and that the right amount of information was given. One patient
thought that the information did not stay long enough on the screen to be able to read it.
Since most patients thought that it stayed on the screen long enough, it would not be useful
to change this generally. However, it might be useful to make this an optional feature of the
user interface, but to do this in the best possible way it would lead to the necessity of a trial
session where the optimal time of display can be calculated and it would also have to be linked
up to the robot control, as at the moment the therapist sets the time in between attempts
(used for the feedback) when she records a movement. Adding a trial session might not be
preferrable, as it would lead to less therapy treatments, but considering that the potential
user group is very diverse, it might be useful to introduce an introductory session where not
only the reading time, but also other preferences, for example colours and sounds, could be
determined and stored for future use.

Furthermore different preferences in the text-to-speech option were noticed, which confirmed
that it is good to have this as an option, rather than providing feedback both visually and
auditory all the time, which is what literature would suggest. This shows the benefit of
involving users during the development. Patients also agreed that it was always clear what
the system was doing and no patients could think of anything that could have been added to
aid their motivation, which is very encouraging for this research and shows that the interactive
approach to this user interface design has been very useful, leading to a user interface that
patients are generally very happy with.

To conclude once more, all patients were very positive about the user interface. Table 9 list
the problems before and after the implementation of the quality of movement feedback in
this user interface. All the good elements of the user interface are not listed separately in the
results part of this table to limit the size of the whole table. Suggestions for future adaptations
are changing the voice in the introduction to a prerecorded voice, implementing a self-adapting
angle of view and moving arrows, implementing an irritation-prevention mechanism for the
quality of movement feedback and adding an option to change the time in between attempts.
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Potentially, if the robot control is adapted at any time, the way a hit is registered could be
changed as well, which would aid patients’ understanding.

Table 9: Overview of problems and solutions - User Interface 3
Problems & Sugges-
tions Previous

- direction indicators not often used, suggested: possible re-
moval?

User Interface - arrows not clear when in line with pole, suggested: moving
arrows
- different feedback requested, suggested: quality of movement
feedback
- unsolved: problem with attending both arm & shadow
- unsolved: problem with registering of a hit

Implemented - feedback about quality of movement implemented using shoul-
der abduction, protraction and elevation
- classification mechanism for quality of movement feedback
- link between the quality of movement feedback and top text
area, with text-to-speech
- therapist interface adapted

Results & - overall, user interface elements very good
Suggestions - text-to-speech voice found irritating, suggested: recording hu-

man voice or video demo for introduction.
- view of arm confusing when in line with target, suggested: self-
adaptable angle of view.
- arrows not clear when in line with pole, suggested: moving
arrows
- quality of movement feedback potentially shown too often, sug-
gested: irritation-prevention mechanism.
- text on screen shown too short, suggested: make a preference,
test in trial session.
- problem with attending both arm & shadow
- problem with registering of a hit

66



4 Discussion

This thesis showed that the user interface of the iPAM robotic system has been improved by
improving the information display and adding feedback screens that aid patients’ motivation.
This project started out with a literature review on stroke recovery, physiotherapy, feedback
and motivation, other robotic devices and user interfaces. The iPAM robotic system provides
upper limb therapy treatment by enabling the patient to do repetitive reaching movements,
set by a physiotherapist. Previous research showed that patients wanted feedback about their
performance. Normally physiotherapists provide neutral or encouraging and motivational feed-
back during a physiotherapy treatment. Based on literature about feedback and motivation
it was decided to start out in this project with giving feedback about knowledge of results,
adding feedback about knowledge of performance later on. The feedback was given after ev-
ery attempt to enable patients to change their behaviour. The reaching tasks did not change,
other than that the 3D display was adapted to make the reaching task a functional reaching
task, as the patient had to reach towards an apple. Possibly this could be transformed into
a reach and grasp exercise in a later stage of the iPAM project for patients that do not have
trouble reaching but trouble with grasping. However, during this project it was kept a reaching
task, focussing on arm rehabilitation rather than hand rehabilitation.

The feedback in this project was given both visually and auditory. Literature showed that it
would be beneficial to give feedback through different modalities, therefore this was made
possible. However, this project was focussed on involving users and making sure that the
user interface would be liked by all patients using it. Because some patients did not like the
auditory feedback, this was made optional. As a standard, feedback was given both visually
and auditory, but the auditory feedback could be turned off if necessary.

Most rehabilitation robotics research has focussed neither on user interface development nor
on user involvement. This project tried to bridge the gap between users and developers,
constructing a user interface that could help all stroke patients. Three user interfaces were
made and evaluated during two patient trials using questionnaires.

Questionnaire results
The results of the first user interface questionnaire showed that, although patients were quite
happy with the user interface, there were some points of improvement. There was a need
for direction cues, the sounds and voice should be made optional, the robot assistance level
implemented and the assessment feedback improved. These requests were fulfilled in the
second user interface version. This interface also enabled the therapist to change the angle
of view, which was another request from the first user interface questionnaire. Other kinds of
feedback were also requested and this was implemented in the third user interface version.

For the second user interface questionnaire, the results were again very positive. The ques-
tionnaire showed that the arrows were not always clear, which could be solved by moving the
arrows if the arrows are in line with the pole. Different feedback was requested and this was
implemented in the third user interface, where quality of movement feedback was constructed
that measured patients shoulder abduction, elevation and protraction and gave feedback about
the measure that differed the most from the prescribed movement. This last user interface
was used by a different group of patients, therefore they received a questionnaire that was
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a combination of the first and second user interface questionnaires. Once again the results
were very positive.

Table 10: Overview of problems and suggestions after User Interface 3
Problems &
Suggestions

- text-to-speech voice found irritating, suggested: recording human voice
or video demo for introduction.
- view of arm confusing when in line with target, suggested: self-adaptable
angle of view.
- arrows not clear when in line with pole, suggested: moving arrows
- quality of movement feedback potentially shown too often, suggested:
irritation-prevention mechanism.
- text on screen shown too short, suggested: make a preference, test in
trial session.
- problem with attending both arm & shadow, suggested: no change
- problem with registering of a hit, suggested: change if possible, needs
change in robot control

Future work
From the results of the first, second and third questionnaire some suggestions arose for possible
future adaptations to the iPAM user interface. Table 10 lists the issues that remained unsolved
after the final user interface version. First of all the request to change the way a “hit” is
counted. As mentioned in the evaluation of the first user interface questionnaire, this is linked
to the robot control and could therefore not be done during this project. However, it would
be good to determine a hit based on the time the arm was held at that position rather than
checking if the arm was at the right position just before the target disappeared.

The results from the second questionnaire showed that it could be useful to implement a
mechanism that moves the arrows if they are in line with the apple pole and arm. This
however requires extra checks and might have to be linked to the camera position and angle.
This is certainly doable, but it could not be achieved during this project’s time span and is
therefore suggested for future adaptations.

Another suggestion for the user interface was to make a self-adapting angle of view, depending
on whether the arm and pole are in line or not. It has to be considered whether implementing
this is preferrable, as this alone could be something that makes users nautious, and having
both a self-adapting angle of view as well as moving arrows could be thoroughly confusing.
Therefore it is suggested to try the current system out on more patients before implementing
such systems, to see if it is really necessary to have these mechanisms. It might be avoidable
if the 3D scene can be changed to one where perspective cues are better, so that no arrows
would be necessary. In that case, one could implement only a self-adapting angle of view,
which might be less confusing than having both.

The third questionnaire results suggested to change the voice used in the introduction and
the one used during the exercises to a human voice. As mentioned in the results from
the questionnaire (section 3.10), changing the voice used during the exercises would limit
the system and make it less dynamic, but it could be changed for the introduction without
negative consequences. Perhaps a video introduction could be made instead of a powerpoint
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presentation, where the patient can see another patient working with the system, which could
aid in understanding the instructions.

The last questionnaire also showed that there was a patient who thought the feedback about
the quality of the movement did not help. This patient saw the same feedback after every
attempt and found it irritating rather than encouraging. As suggested in section 3.10, it
might be useful to make an irritation-prevention mechanism, by counting the number of times
a message has been shown successively and hiding the message for a couple of attempts.
One has to be careful with this though as perhaps another patient would like to see it every
attempt. This shows the difficulty of designing for a dynamic, diverse user group. Again there
is the option to make this mechanism optional as well, which could be linked up with a trial
session, as suggested in section 3.10.

Such a trial session could be used to get values for all the optional items of the user interface,
such as the voice, sounds, direction indicators, arrows, and perhaps the time in between
attempts, the irritation-prevention mechanism, and to test the arrows that change position
and patients’ sustainability to the self-adapting angle of view. Another item that could be
added to the user interface and tested in such a trial session would be a colour scheme option.
The current colour scheme should be good for colour-blind people, but perhaps people who
are not colour-blind prefer different colours, e.g. no black apples. Considering the way the
program is set up in Labview, this is easy to implement, and even if the current user interface
would be implemented in Java or C++ rather than Labview, a mechanism for using colour
schemes should still be easy to make.

More feedback concerning knowledge of performance could be added to this user interface,
such as information about the patient’s effort during an exercise and whether this effort was
the right amount of effort and in the right direction. Information about the speed of movement
and the discrepancy between the patient’s and robot’s initiation of the movement could also
be shown. When these kinds of information are calculated, this could also be used to make
the exercises more challenging. If the feedback was linked up to the robot control, the robot
system could adapt the exercises, e.g. by decreasing the target size or the assistance level,
to make the exercises more difficult for patients who are performing excellent, or easier if a
patient is not able to do the exercises correctly. This would also remove the need for the
therapist to set this up and give her more time for other things, such as evaluating the benefit
of prescribed exercises.

Research Methodology
Most patient feedback was retrieved through patient questionnaires. A disadvantage of using
questionnaires is that stroke patients might have difficulty with writing and therefore do not
give as many comments as possible. This could be solved by performing interviews with the
patients or by putting the questionnaires online, but both of these methods also have their
disadvantages. Online questionnaires might be easier to fill in, as the patient could use the
unaffected hand, but could only be done if the patient has a computer and is able to work with
it. Interviews are more demanding, requiring not only the patient to be present, but often a
partner as well who could help explaining what the patient is trying to say. One has to be
careful as well that the comments will be the patient’s own comments and not the caregivers.
Because patients could do the questionnaires at any time they wanted to and did not require
them to come in another time, which would have been difficult for some patients with tight
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schedules, this approach was taken in this research.

Patient Performance
Apart from the positive results to the questionnaire, it is interesting to see whether patients
improved during the trial. Although showing this is not the main aim of this research, and the
analysis based on the physiotherapist’s assessments and data from the optotrak assessment
will be done at a later stage of the iPAM research, some analysis was done in section 3.8
(page 51). The error plots constructed from the time assessment data of the first patient
trial showed a downwards trend for five out of seven patients. This trend is encouraging and
confirms that the assessment graphs could potentially motivate stroke patients during their
exercise sessions, to improve their performance.

Conclusion
Overall, this project has shown how a user interface can successfully be developed by max-
imising user involvement. Handing out questionnaires at the same time as developing the
software, made sure that the applied changes would be liked and that additional changes
requested by the patients could easily be made. Often one finds that users are only involved
in research after the software has been developed, as shown in the literature review, which
could make it difficult to change certain aspects, but difficulties with necessary design changes
have been prevented by involving users throughout the whole development of the iPAM user
interface.

The literature review also indicated that it would be good to have very diverse participants,
in order to make sure that the design would be able to handle the dynamic diversity of
the stroke population. No other rehabilitation robotics research focussed this much on user
involvement. During this project there were no particular selection criteria, such as age or
movement capabilities, to be able to test whether the diverse stroke population can work with
the iPAM system. This shows the benefit of user involvement, designing a user interface that
can adapt to the wishes of any stroke patient and not designing for a ‘standard stroke patient’,
because nobody is standard. The results of this project are very encouraging, showing that
the stroke participants were content with the final interface version.

The results showed that most patients found the added feedback clear and motivating, which
was the aim of this project; to add feedback that could improve motivation. The informa-
tion display has also been simplified and improved, giving users only information they found
necessary, e.g. leaving out current time as suggested at the user group meeting and adding
direction indicators as suggested via the questionnaires. All possible knowledge of results
feedback has been added to the user interface as well as some feedback concerning knowledge
of performance, and these have been found motivating and useful by most patients. The
results of the last two questionnaires also showed that patients could think of nothing else to
aid their motivation, suggesting that either they could not imagine anything else or they were
already motivated enough. This shows that the iPAM user interface and patients’ motivation
was indeed improved by adding appropriate performance feedback and by changing the indi-
cators on the screen, which answers the research question, and most of the patients’ wishes
were fulfilled. One could think of adding more feedback about the quality of the movement
to the user interface, e.g. about the effort the patient makes and whether or not this is in
the direction of the prescribed path, but this will have to be part of future research projects
within the iPAM team.
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Overall the iPAM robotic system has greatly been improved by improving the user interface.
Patients indicated that they were motivated to work with the system and could not think of any
possible improvements to motivate them even more. In order to replace physiotherapists, there
are still some aspects that could be changed, such as the time it takes a physiotherapist to set
up a patient in the robot. Compared to other robotic systems that are in use in rehabilitation
robotics, the advantage of the iPAM system is the great amount of user involvement that took
place throughout the whole development. If physiotherapy practice is to be (partly) replaced
by ‘robotic physiotherapy’, one should take care that the treatment will be at least as good as
when given by a physiotherapist. Involving users, stroke patients as well as physiotherapists,
is the only way to make sure that rehabilitation robotics can eventually be introduced in the
health care, which should be the main aim of rehabilitation robotics research. It is more
important to make a good and usable device than developing for the sake of developing or
for the sake of scientific improvements. If the results of research are never given back to
the people it was once intended for and it leads to no other social benefits, the research
is useless. The iPAM robotic system is certainly at a stage now that it can be introduced
in clinical practice and with the help of even more physiotherapists and stroke patients it
can be further developed to the ideal arm rehabilitation robotic system. In the future, one
physiotherapist could be helping multiple patients at a time, solving the limit in resources of
current physiotherapy practice.
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A Appendix: Introduction User Interface 1

Figure 53: Powerpoint sheets of the first user interface introductory presentation.
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B Appendix: Questionnaire 1 Statements

1. The introduction was easy to understand.

2. The introduction was useful.

3. The voice used in the introduction was clear.

4. The arm gives a good representation of my own arm.

5. The arm accurately shows how my own arm is moving.

6. The arm is easy to distinguish from the background.

7. The arm is easy to distinguish from the targets.

8. The transparency of the arm helps me see the target better.

9. It would be useful to change the angle of view.

10. Looking at the arm on the screen helps me know how to move to reach the target.

11. The arm’s shadow helps me aim at the target.

12. It is easy to keep an eye on both the shadow and the arm.

13. It is easy to see how far forward I need to reach.

14. It is easy to see how far sideways I need to move.

15. It is easy to see how much upwards or downwards I need to move.

16. The different colours are easy to distinguish from each other.

17. The colours help me to judge whether I am near the target.

18. The target looks like an apple.

19. I would like the target to be a different object.

20. The feedback given is clear.

21. The feedback is motivating.

22. I like getting different visual feedback after hitting all the targets (100%).

23. I like hearing a sound after hitting all the targets (100%).

24. The assessment feedback is clear.

25. The feedback is motivating.

26. I expect to see an improvement in this chart.
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27. It would be helpful to have access to my assessment chart after my 20 treatments.

28. The attempt indicator is clear.

29. I often look at the attempt indicator.

30. I would like to see the robot assistance level during an exercise.

31. The information on the screen is easy to read.

32. The information stays long enough on the screen for me to read it.

33. I would like to have the information spoken out loud as well.

34. The information on the screen is informative.

35. I feel I am given the right amount of information.

36. It is always clear what the system is doing.

37. Is there anything that could have been added to help your motivation within the exercise
session? ( yes/no)

38. If you have any more comments, please give details here.
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C Appendix: Questionnaire 1 Answers

Table 11: Answers to statements of User Interface Questionnaire 1 (1) (Abbreviations as in
Table 1)

St. SA A N D SD Unansw.
1 3 5
2 1 7
3 2 5 1

4 3 4 1
5 2 4 1 1

- the arm does not appear to straighten from the elbow (P5)
- I’m afraid I find the arm very unconvincing. The non-anti-aliased graphics combined
with the collection of cylinders which comprise the representation re-inforce a very poor
self image. As the interface has grown more complex (now with a sphere at the shoulder)
it is becoming very cluttered whilst giving not actually the sort of clear feedback required
to navigate towards the targets (P4)

6 5 3
7 5 2 1
8 4 2 2

- I hadn’t noticed that it was transparent (P5)
- The colour is actually irrelevant, in my opinion until the functional requirements of the
exercise/interface are better executed. (P4)

9 1 5 1 1
- I think this is a detail when a more radical re-think is necessary. Why don’t my legs
and the chair arms appear, since my movements often touch them? (P4)

10 3 4 1
11 3 3 2
12 2 3 1 2

- not easy for stroke victims to concentrate on two things at a time, especially early on
in their recovery (P6)
- I’d much prefer to see a clearer ‘targeting interface’ as the present one fails at crucial
moment to help me ‘fine tune’ my position as to hit the target accurately. (P4)

13 1 5 1 1
14 1 5 1 1
15 1 5 1 1

- it is difficult to concentrate on moving and looking at the position of the shadow at
the same time (P6)
- the existing cues are non-existent, poorly executed or unhelpful... Unfortunately I feel a
radical redesign would be helpful, especially as newer ‘extras’ (like the shoulder position)
are added (P4)

16 7 1
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Table 12: Answers to statements of User Interface Questionnaire 1 (2) (Abbreviations as in
Table 1)

St. SA A N D SD Unansw.
17 4 3 1

- Sometimes it appears that you are on the target (i.e. green) and the target shows
pink – can be confusing (P6) (means that feedback is different than what shows during
attempt)
- I’m afraid I’m unconvinced by the whole apple/traffic light imagery. Who in real
life would reach out to grab a black (ie rotten) apple. Red/Green is a traffic light
image applied to apples but it also ignores the fact that some people have colour vision
deficiencies. For example, what is the most common colour blindness? (99% red/green
as I understand)... At the very least other (non-colour dependent) visual cues might be
explored to help navigate in the three planes, especially as red/green change (even if
visible to someone with colour blindness) is a one-dimensonal cue. (P4)

18 5 2 1
- It’s not a ‘photorealistic’ apple and the symbolic apples look like copies of a Rival
computer maker’s Trademark (minus the bite), Whilst (as a Mac user) I can understand
the desire to copy such a cool company, I’m unconvinced of the symbology vs a proper 3D
targeting/positional feedback interface. I’d prefer something simpler and more functional
so I can achieve quicker a much better feel for what corrections I should apply to get a
better ‘score’. (P4)

19 1 4 2 1
- apples are fine! (P6)
- the shoulder target is 2D so can be simpler (P4)
- the target doesn’t need to be an object, but would help me if it was a better 3D
targeting feedback device (P4)
- I’d like feedback showing what the robot is expecting on each segment of a move
and where my contribution is relative to expectation ... maybe this is a progress bar
for the robot with a second bar overlayed showing my progress within that segment.
That hopefully would help timing discrepancies as well as differences of power/speed.
Progress bars don’t need to be numbered.. a simple number can replace such interface
clutter. (P4)

20 6 1 1
21 3 4 1
22 3 3 2
23 4 2 2

- sometimes it is confusing to know whether you have scored a green or a pink (P6)
(same as problem on qu. 17)
- The fanfare is ‘cheesy’ and tires after minimal repetition. A better visual targeting
system may provide sufficient motivational feedback in itself so that less emphasis needs
to be put on the feedback screens which actually mean more waiting and less actual
activity. (P4)
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Table 13: Answers to statements of User Interface Questionnaire 1 (3) (Abbreviations as in
Table 1)

St. SA A N D SD Unansw.
24 1 3 3 1
25 3 3 1 1
26 3 1 2 1 1
27 2 3 2 1

- When explained to me, chart is understandable (P1)
- my brain doesn’t assimilate graph info as well as it used to but have finally g.. it after
six sessions (with Sophie’s help!) (P6)
- I find it hard to relate properly to Assessment at the moment as I’m not yet sufficiently
‘in synch’ with the robot for any measurements to feel valid. I have no clear feedback
whether I’m moving fast/slow enough, working/resting enough. Partly this is down
to calibrating the robot for me, but it’s also about having the expectations/delivery
made more explicit through the interface. At that point Assessment may become more
important/relevant (P4)

28 4 4
29 3 2 1 2

- The progress bar is interface ‘overkill’ with no real ‘added value’. 3/10 would give as
much information in a more succinct and compact form. (P4)

30 4 4
- Not only would I like to know at any instant what is expected of me, but also how
‘on target’ I am regarding activity/input. The Assessment screens then might try to
show what is happening over time to the mismatches between ideal and achieved, such
feedback may be more motivational/‘real’ compared with seemingly arbitrary numbers.
(P4)

31 6 1 1
32 6 2
33 1 1 3 2 1
34 5 2 1
35 5 2 1

- as previously mentioned, level of robot assistance would be good (P6)
36 3 2 2 1

- it is not always clear whether we have scored a hit or near miss (P6) (see qu. 17 & 20)
- There are a lot of times when the system expectations of the client are unclear... when
will a particular move start... once a move starts, is the user leading or lagging... how
long will a pause last before the next move starts (e.g. how long is there to ‘fine tune’
a target position?)... what tunings are necessary to precisely hit the target...(P4)
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Table 14: Answers to statements of User Interface Questionnaire 1 (4) (Abbreviations as in
Table 1)

37 yes 2 no 6
- need 36 (P6)
- Rethink the interface elements so as to give cleaner more focussed feedback regarding
effort and target expectations. At the moment motivation seems to correlate to task
success, but at any point in time it’s not abundantly clear what specific goals are with
targeting and effort, so one is left to guess and ‘thrash around’ rather than develop better
controlled and specific movements. With a better linkage between client and machine,
it then might be useful to explore further any measurable micro improvements. Without
a more fine-tuned interface, any possible improvements may get lost in the noise of the
interpretation of the visual feedback, so a poor performance might result from poor or
unclear instructions. (P4)

38 - I am surprised there is not more evidence of Neuro/Bio-feedback techniques so that
the activity of specific weak/poorly controlled muscles can be automatically identified,
targeted and amplified. Although that might provide a huge flow of complex data, with
a finetuned device and neural analysis techniques, there may be a possibility of robot
generated ‘re-targeting’ exercises (so a target might make subtle shifts over time). I’m
also surprised that ‘twisting’ of the forearm, though accommodated by the swivelling
cuff seems neither to be monitored nor assisted and that the standard hand position
is akin to gripping a handlem when reaching out for an apple would generally have an
‘open-fingered’ gesture. If Power+Control=Function then I’d like a way of discovering
if a particular deficient movement is primarily a Power or Control issue so that remedial
exercise provided by the robot could then help me improve my functionality. (P4)
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D Appendix: Introduction User Interface 2

Figure 54: Powerpoint sheets of the second user interface introductory presentation.
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E Appendix: Questionnaire 2 Statements

1. The introduction was easy to understand.

2. The introduction was useful.

3. The voice used in the introduction was clear.

4. The arrows are clear.

5. The arrows help me to aim for the apple.

6. I often use the arrows.

7. The direction indicators are clear.

8. The direction indicators help me aim for the apple.

9. I often use the direction indicators.

10. The top text is useful.

11. I would like the information in the top text area to be spoken out loud.

12. The assessment feedback is clear.

13. The new assessment feedback is easier to understand than the previous feedback.

14. The exercise feedback is clear.

15. The exercise feedback is motivating.

16. The exercise feedback is a useful addition to the system.

17. The session feedback is clear.

18. The session feedback is motivating.

19. It is useful to see the total numbers of apples and runs.

20. The session feedback is a useful addition to the system.

21. Is there anything that could have been added to help your motivation within the exercise
session? ( yes/no)

22. If you have any more comments, please give details here.
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F Appendix: Questionnaire 2 Answers

Table 15: Answers to statements of User Interface Questionnaire 2 (1) (Abbreviations as in
Table 1)

St. SA A N D SD Unansw.
1 3 4
2 2 5
3 2 3 2

- The voice of the robot reminded me of Anthony Hopkins in Silence of the Lambs, in
other words it was rather ‘creepy’. (P5)

4 4 2 1
5 3 4
6 2 5

- Nice apple! (P7)
- Sometimes the arrows disappear when one loses the prime target, it would be helpful if
they reappeared. Sometimes they are obscured by the apple ‘pole’. Moving or duplicating
them elsewhere would be helpful. (P4)

7 2 3 1 1
8 3 1 3
9 2 2 3

- Difficult to use because out of direct line of sight (P3)
- I felt my eyes looking towards the direction indicators after they went to the target
(P5)
- I find direction indicators confusing – it is difficult to concentrate on them as well as
the arrows (P5)
- The arrows are much more helpful for me (P4)

10 2 4 1
11 1 2 3 1

- Cheeky! (P5, SAN)
- Text to speech always manages to sound condescending/irritating to my ears ...(P4)

12 7
13 6 1

- This graph in both forms made me want to improve on the previous score (P5)
14 4 3
15 2 2 2 1
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Table 16: Answers to statements of User Interface Questionnaire 2 (2) (Abbreviations as in
Table 1)

St. SA A N D SD Unansw.
16 3 2 1 1

- The goal of motivating clients is praiseworthy, but with impairment, attempts at moti-
vation may be counter-productive as it actually underlines the unwanted impairment. It
may be unrealistic but the details of movement (eg muscle ‘x’ is now contributing 10%
or more) may actually be more ‘motivating’. Also the ‘scoring system’ must be 100%
or there is a chance of feeling ‘unfairly judged’. I’ve had the feeling the reaching green
briefly then ‘slipping off’ is sometimes not ‘noticed’ by the system, which then makes one
feel ‘cheated’. Maybe the focus would be better directed at ‘individual improvement’
rather than ‘scores’, maybe less a ‘video game’ more a ‘feedback system’ (as before,
muscle ‘x’ was more involved/contributing/stronger than before) (P4)

17 3 4
18 3 1 2 1
19 2 4 1
20 3 2 1 1

- Again, the abstract nature of scores feels untargeted. muscle ‘x’ is improving would
personally be more encouraging (P4)

21 yes no 5 2
-

22 - My motivation was helped by the musical fanfare had I scored high & had all hits on
the exercise (P5)
- Keep on with our research! (P7)
- It’s not clear to me whether I’ve improved by using the robot, though I’m generally of
the view that any movement is ultimately helpful in the glacially slow recovery process.
Whether using a cross trainer bike, for example, would have actually had much the same
outcome is a question I’d raise... This is not to question the need for such projects, but
without having the detailed movement analysis explained to me, I’m unclear if there is
real demonstrable improvement or not. (P4)
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G Appendix: Introduction User Interface 3

Figure 55: Powerpoint sheets of the final user interface introductory presentation.
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H Appendix: Questionnaire 3 Statements

1. The introduction was easy to understand.

2. The introduction was useful.

3. The voice used in the introduction was clear.

4. The arm gives a good representation of my own arm.

5. The arm accurately shows how my own arm is moving.

6. The arm is easy to distinguish from the background.

7. The arm is easy to distinguish from the targets.

8. The transparency of the arm helps me see the target better.

9. The different colours are easy to distinguish from each other.

10. The colours help me to judge whether I am near the target.

11. The attempt indicator is clear.

12. I often look at the attempt indicator.

13. The robot assistance level indicator is clear.

14. I often look at the robot assistance level indicator.

15. The arrows are clear.

16. The arrows help me to aim for the apple.

17. I often use the arrows.

18. The direction indicators are clear.

19. The direction indicators help me aim for the apple.

20. I often use the direction indicators.

21. The top text is useful.

22. The assessment feedback is clear.

23. The feedback is motivating.

24. I expect to see an improvement in this chart.

25. It would be helpful to have access to my assessment chart after my 20 treatments.

26. The feedback given is clear.
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27. The feedback is motivating.

28. I like getting different visual feedback after hitting all the targets (100%).

29. I like hearing a sound after hitting all the targets (100%).

30. I have noticed the additional feedback. ( yes/no)

31. The feedback given is clear.

32. The feedback given is useful.

33. I like seeing the feedback in the top text area as well.

34. The feedback helps me to remember to move correctly.

35. The exercise feedback is clear.

36. The exercise feedback is motivating.

37. The exercise feedback is useful.

38. The session feedback is clear.

39. The session feedback is motivating.

40. It is useful to see the total numbers of apples and runs.

41. The session feedback is useful.

42. The words ”total apples” are clear.

43. The words ”total runs” are clear.

44. The information on the screen is easy to read.

45. The information stays long enough on the screen for me to read it.

46. I would like to have the information spoken out loud as well.

47. The information on the screen is informative.

48. I feel I am given the right amount of information.

49. It is always clear what the system is doing.

50. Is there anything that could have been added to help your motivation within the exercise
session? ( yes/no)

51. If you have any more comments, please give details here.
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I Appendix: Questionnaire 3 Answers

Table 17: Answers to statements of User Interface Questionnaire 3 (1) (Abbreviations as in
Table 1)

St. SA A N D SD Unansw.
1 1 5
2 2 3 1
3 1 4 1

- I am a bit hard of hearing (P13)
4 6
5 5 1

- I don’t think that it shows my arm moving (P14)
6 1 4 1
7 1 5
8 1 3 1 1

- By the last one, the meaning is not understood (P13)
9 4 2
10 1 4 1

-
11 4 2
12 1 3 2

- I’ve not noticed (P13)
13 1 3 1 1
14 1 3 1 1

-
15 2 3 1
16 2 2 2
17 2 1 3

- I use direction indicators more (P14)
18 3 3
19 3 3
20 3 2 1

- Very good (P14)
21 4 1 1

-
22 3 3
23 1 1 1 3
24 1 1 1 3
25 1 2 3

- Can’t read the graphs, don’t fully understand the questions? (P14)
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Table 18: Answers to statements of User Interface Questionnaire 3 (2) (Abbreviations as in
Table 1)

St. SA A N D SD Unansw.
26 3 3
27 2 3 1
28 2 3 1
29 2 2 1 1

-
30 yes 5 no 1

-
31 3 2 1
32 2 2 1 1
33 2 1 1 1 1
34 2 1 1 1 1

-
35 3 3
36 2 4
37 2 4

-
38 3 3
39 2 3 1
40 2 2 1 1
41 2 4

-
42 2 2 1 1
43 3 2 1

-
44 2 3 1
45 2 2 1 1
46 3 1 2
47 2 4
48 2 4

-
49 1 4 1

-
50 yes no 5 1

-
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Table 19: Answers to statements of User Interface Questionnaire 3 (3) (Abbreviations as in
Table 1)

St. SA A N D SD Unansw.
51

- Apart from the arm exercises the experience in general has helped with motivation
(P12).
- Afscheids, goed geluk! (P11)
-Patient made comment that physically writing comments is very difficult for a lot
(99.9%) of stroke patients. Suggests record voice comments for later transcription.
Wife was not in to write for him. Additional comments dictated to physiotherapist: -
View of arm becomes exceedingly confusing when arm is in line with the target, therefore
he views hand through the elbow. Suggests wireframe instead of solid model or plan
view (looking from above). - Get rid of electronic voice on introduction – irritating as
hell – find condescending. Also get rid of all voice on exercises. Would prefer real human
voice – any voice. When asked what type he suggests he said: authoritarian but kindly,
e.g. Joanna Lumley, for a man. Would not matter if me or an outside person. Suggests
contacting an actor who is involved with the stroke association & asking them to do a
recording. (P11)
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