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Abstract. Motor imagery is a promising new intervention strategy within neurological rehabili-
tation. However, previous studies have shown that the ability to perform motor imagery is not
well preserved in all neurological patients. Therefore, patients’ motor imagery ability needs to be
thoroughly examined when they are included in motor imagery rehabilitation programs or studies.
In the past, objective methods to evaluate motor imagery were lacking rigour, and participants’
imagery ability was often insufficiently assessed. The present paper discusses several methods to
assess motor imagery ability and discusses their specific advantages and disadvantages. As well, an
overview is given of studies applying these methods in patients with stroke, Parkinson’s disease and
multiple sclerosis.
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Résumé. Évaluation des capacités d’imagerie motrice chez les patients victimes d’une
atteinte neurologique.

L’imagerie motrice est une technique prometteuse pour la réadaptation des patients victimes d’une
atteinte neurologique. Plusieurs études ont cependant montré que la capacité à utiliser efficacement
l’imagerie motrice n’est pas nécessairement préservée chez tous les patients. Aussi, il est indispen-
sable de l’évaluer objectivement avant d’incorporer un travail mental au cours des programmes de
rééducation. Par le passé, les méthodes objectives utilisées pour évaluer les capacités individuelles
d’imagerie ont souvent manqué de rigueur. Parfois, ces capacités n’étaient même pas considérées.
Cet article présente les avantages et inconvénients des différentes méthodes permettant de le faire.
Les applications chez les patients ayant subi un accident vasculaire cérébral et les personnes atteintes
de la maladie de Parkinson ou de la sclérose en plaques sont également abordées.

Mots clés : Imagerie motrice, mouvements oculaires, mouvements de la main, pratique mentale,
capacité d’imagerie, neuro-réhabilitation

1 Introduction

Neurorehabilitation is based on the idea that cortical rep-
resentations in the adult brain are not fixed but highly
dynamic (Spitzer, 1999). Cortical connections and re-
sponses are being reorganized continuously as a result of
peripheral and central alterations of input to the motor
system (Munzert, Lorey, & Zentgraf, 2009). In the past,
a wide range of rehabilitation approaches have been used
to provide precisely targeted input to the motor system
as to optimise neuroplasticity in neurological patients
(Robertson & Murre, 1999). Recently, studies have shown

that the motor system can even be activated when move-
ments are not overtly executed, such as during motor im-
agery (MI). MI has been defined as a dynamic state dur-
ing which a subject simulates an action mentally without
any body movement (Jeannerod, 1994). According to the
functional equivalence theory, motor imagery partly in-
volves the same neural network that is used in actual per-
ception and motor control, and can also activate neural
circuits used in memory and emotion (Kosslyn, Ganis, &
Thompson, 2001; Moran, Guillot, Mac Intyre, & Collet,
2012; Murphy, Nordin, & Cumming, 2006). As a result,
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imagery can provide an alternative source of information
that might be used for motor training aiming to improve
performance and enhance neuroplasticity.

MI can be performed in different modalities and from
either a first or third person visual perspective (Moran,
et al., 2012). During kinesthetic MI, the individual imag-
ines the feelings or sensations associated with a specific
movement. In contrast, visual MI can be described as
imagining seeing the performance of a task. Visual MI
can be performed from a first or third person perspec-
tive, whereby the person imagines either being inside
his/her body or views him/herself from the perspective of
an external observer. As well, a distinction can be made
between explicit MI, where the action is imagined con-
sciously (e.g., voluntary active imagination of reaching
for a cup), and implicit motor imagery, where MI is per-
formed implicitly (e.g., answering a question about the
handedness of a picture) (de Vries, Tepper, Otten, &
Mulder, 2011). Up to now, the effects of different imagery
types and perspectives on the performance of different
tasks are unclear (Moran, et al., 2012).

In athletes, different types of MI have been used for
many years as an adjunct to other types of training
(Murphy et al., 2006; Weinberg, 2008). Athletes can use
MI either to prepare for an immediately upcoming ac-
tion, since it primes the neural circuitry that needs to
be activated during actual execution of the task, or for
the actual training of motor skills. Motor imagery can be
used throughout the different stages of learning. It might
be used to acquire new skills as well as to assist a per-
son to consolidate known strategies or to correct errors. A
meta-analysis by Driskell, Copper, and Moran (1994) pro-
vided evidence on the positive effects of MI practice on
the athletes’ performance. Specifically, MI practice was
shown to improve motor aspects such as strength, tim-
ing, accuracy and efficiency (Gentili, Han, Schweighofer,
& Papaxanthis, 2010; Yagüez, et al., 1998; Yue & Cole,
1992), as well as motivational aspects (Rogers, 2006). The
effectiveness of MI was shown to be moderated by several
aspects, e.g. the type and complexity of the task, task
familiarity, retention interval between practice and per-
formance, the length and duration of the mental practice
intervention and the imagery perspective (Driskell, et al.,
1994; Olsson & Nyberg, 2010; Weinberg, 2008).

2 Motor imagery as a new therapy tool within
neurological rehabilitation?

In the last decade, also in the field of neurological rehabil-
itation, the interest in MI practice has greatly increased
(e.g., Braun, Beurskens, Borm, Schack, & Wade, 2006;
Dickstein & Deutsch, 2007; Jackson, Lafleur, Malouin,
Richards, & Doyon, 2001; Simmons, Sharma, Baron, &
Pomeroy, 2008). Up to now, most evidence was found re-
garding its use for patients recovering from a stroke. In
stroke rehabilitation, MI has provided promising results

for the training of a variety of tasks. Dunsky, Dickstein,
Ariav, Deutsch, and Marcovitz (2006) reported that MI
practice might be used to improve gait performance in
individuals with post-stroke hemiparesis. After six weeks
of MI practice, the patients showed an increase in walk-
ing speed, stride length, cadence and single support time
on the affected lower limb, while decreasing their double-
support time. A randomised clinical trial by Liu, Chan,
Lee, and Hui-Chan (2004) showed that MI can be used af-
ter a stroke as a training strategy to promote the relearn-
ing of activities of daily living, such as washing the dishes
or folding the laundry. In addition, in a review of Braun,
et al. (2006), an overview was given on the evidence of
MI practice as an additional therapy intervention to im-
prove the recovery of arm function after stroke. However,
caution is warranted since most of the abovementioned
findings were based on research on small subgroups of
patients, and a recent carefully designed randomised con-
trolled trial by Ietswaart, et al. (2011) did not confirm
these initial positive results. As such, there definitely re-
mains a need for additional large-scale randomised con-
trolled trials in this field. Furthermore, previous research
has shown that imagery could not be universally applied
to all stroke patients. For example, MI ability was shown
to be impaired in patients with contralateral parietal and
left prefrontal lesions (Johnson, 2000; Sirigu, et al., 1996).
In line with these findings, Simmons, et al. (2008) re-
ported that in 40% of the stroke patients the accuracy or
temporal coupling of the imagined movements was dis-
turbed as a consequence of the stroke. This phenomenon
was labeled “chaotic motor imagery”.

Another neurological population for which the use of
MI has been investigated are patients with Parkinson’s
disease (PD). In a study of Tamir, Dickstein, and
Huberman (2007), promising results were found regard-
ing the use of MI practice in PD rehabilitation. These au-
thors showed that the combination of MI and real prac-
tice can be effective in the treatment of PD, especially
for reducing the patients’ bradykinesia. Other studies,
however, question the effectiveness of MI practice for this
group, as they showed impairments in MI ability in pa-
tients with PD (Frak, Cohen, & Pourcher, 2004). Dys-
function of the basal ganglia, which is the core deficit
underlying PD, might affect imagery performance, since
several studies have shown that these nuclei are one of
the central elements of a sensorimotor network that is
involved in MI and widely overlaps with that involved
in physical execution of the same movements (Gerardin,
et al., 2000; Grèzes & Decety, 2001; Kühn, et al., 2006;
Leiguarda, Cerquetti, Tenca, & Merello, 2009; Li, 2000).
Decety (1996) showed that the basal ganglia are linked
to the internal selection of sequential motor programs
during MI. As such, it is not unlikely that the nigros-
triatal dopaminergic deficiency of PD may affect imagery
performance. Up to now, however, studies on this topic
are scarce and have reported largely inconsistent results
(Heremans, et al., 2011; Tamir, et al., 2007; Yagüez,
Canavan, Lange, & Hömberg, 1999).
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A third neurological population for which MI practice
might be of use are patients with multiple sclerosis (MS).
However, so far, hardly any studies have been performed
examining MI in this group. A potential problem with
regard to the use of MI in MS, is the high occurrence
of cognitive problems in patients suffering from this dis-
ease. Cognitive impairments are present in 40–70% of the
MS patients and mainly relate to problems in information
processing speed, learning, memory and executive func-
tioning (Calabrese, 2006). Heremans, D’hooge, De Bondt,
Helsen, and Feys (2012) reported a significant correlation
between MI accuracy and impairments in cognitive func-
tioning in patients with MS. As such, it can not be taken
for granted that MI could be successfully used in all pa-
tients with MS.

Overall, in all three of the abovementioned clinical
groups, there remains uncertainty about the effects of MI
interventions as well as on the effects of the neurological
pathology on the patients’ ability to use MI practice. This
is partly due to the fact that many studies did not assess
patients’ imagery ability in a structured and objective
way. If patients with diminished MI ability are included
in an intervention study, the effects of the MI intervention
on a group level are masked. As well, many studies did
not perform any manipulation checks on imagery com-
pliance as to validate their experimental instructions. To
overcome these limitations, in future studies examining
the use of MI in neurorehabilitation, the MI ability of the
participants should be assessed in detail. In the next part,
an overview will be given on the different methods to as-
sess MI ability, and the advantages and disadvantages of
each method will be discussed.

3 Evaluation of motor imagery ability

As the capacity to elicit efficient mental images differs
widely in neurological patients, it is important to utilize
appropriate psychological, behavioural and neurophysi-
ological means to evaluate the participants’ capacity in
forming accurate mental images when using MI in train-
ing or research (Collet, Guillot, Lebon, MacIntyre, &
Moran, 2011; Guillot & Collet, 2005a). In the past, most
studies did not evaluate MI ability at all (e.g., Liu, et al.,
2004; Tamir, et al., 2007), or evaluated it by means of
subjective methods such as questionnaires and interviews
(e.g., Page, Levine, Sisto, & Johnston, 2001). An excep-
tion to this are studies that used the recording of auto-
nomic responses to evaluate MI (see Collet, et al., 2011
and Guillot & Collet, 2005a for reviews). Furthermore, an
alternative method to objectively assess MI ability in a
lab setting was developed by Heremans, Helsen, and Feys
(2008), using eye-movement registration to assess MI.

Secondly, the studies that did take into account the
participants’ MI ability, most often evaluated only one
aspect of imagery such as imagery vividness. However,
MI has a multifaceted nature, which requires a combina-
tion of several methods to analyse this mental process in

detail. Therefore, in a follow-up study, Heremans et al.
(2011) also developed a comprehensive test battery to as-
sess the different aspects of MI ability. In the following
part, we will first discuss the newly developed and ob-
jective method to assess MI based on eye-movement reg-
istration. This method is mainly suitable to be used in
a research context. Next, we will discuss the comprehen-
sive MI ability test battery which is composed of different
tasks and can be implemented easily in clinical practice.
We will discuss the results of studies applying these meth-
ods in healthy persons as well as in two clinical groups,
i.e. patients with PD and patients with MS.

3.1 Eye-movement registration to assess MI ability
in neurological patients

In most motor imagery research, a precise and objective
monitoring tool of the compliance during and ability of
subjects to perform MI is lacking. Therefore, in a previ-
ous study, Heremans, et al. (2008) performed an alter-
native approach to objectively monitor the MI process
online, based on the technique of eye-movement regis-
tration. This approach was based on two lines of evi-
dence. First of all, previous research on movement ex-
ecution has shown a very tight coupling, both spatially
and temporally, between eye and hand movements during
goal-directed upper limb actions, suggesting a common
underlying command structure (Flanagan & Johansson,
1999; Helsen, Elliott, Starkes, & Ricker, 2000; Helsen,
Feys, Heremans, & Lavrysen, 2010). When developing our
method based on eye-movement registration we hypoth-
esized that this coupling would remain intact when goal-
directed movements would be merely imagined instead
of physically executed. Second, previous studies showed
that eye-movement data can provide an excellent on-line
indication of other cognitive processes, such as those un-
derlying visual search and reading (Liversedge & Findlay,
2000). As well, eye-movement recording has been shown
to provide useful information about other types of non-
motor imagery. It has, for example, been shown that eye
movements reflect the content of the imagined stimulus
during other types of imagery such as imagery of audi-
tory scenes, recently viewed pictures and moving stim-
uli (De’Sperati, 2003; Laeng & Teodorescu, 2002; Spivey
& Geng, 2001). These studies all confirmed that, dur-
ing visual imagery of a stationary or dynamic scene, eye
movements can be a precise marker of the spatiotem-
poral evolution of the underlying mental process. How-
ever, despite this evidence in related fields, it was not
clear yet to what extent eye movements could provide a
reflection of the content of people’s MI. To investigate
this, a group of healthy participants was instructed to ei-
ther execute or imagine cyclical flexion-extension move-
ments of the wrist. During this experiment, participants
were seated in front of a computer screen, with their
right arm fixated in an arm orthosis and moved their
wrist between two targets, projected at the screen at
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a rhythm of 1 Hz. They performed this task for three
different inter-target distances and under four different
conditions: i) visual MI with eyes open, ii) visual MI
with eyes closed, iii) physical execution and iv) rest. Dur-
ing all conditions their eye movements were recorded by
means of an electro-oculography device (Porti 7, TM-
Sinternational, Enschede, The Netherlands; sample fre-
quency = 1024 Hz). The main results of this study were
that more than 80% of the participants made task-related
eye movements during MI, both when they kept their eyes
open and closed (89 and 85%, respectively). Furthermore,
their eye movements during imagery showed remarkable
similarities in eye-movement characteristics with those
made during physical execution of the same task and dif-
fered significantly from the irregular eye movements that
were made during rest. The number of eye movements
during imagery did not differ from the number of eye
movements during execution. As well, in the same way as
during execution, during imagery the eye-movement am-
plitude and duration adapted nicely to the distance that
had to be covered in the mind. Based on these results,
it could be concluded that, for most healthy subjects,
eye-movement registration can serve as an objective and
real-time indicator of what they are actually doing dur-
ing imagery. As such, it can be considered an objective
technique to monitor MI.

Next, this new method was applied to investigate MI
ability in two groups of neurological patients, i.e. patients
with PD and patients with MS (Heremans, Nieuwboer,
Feys, et al., 2012; Heremans, Nieuwboer, Spildooren,
et al., 2012). Both groups physically executed and visu-
ally imagined the same task as described above, requir-
ing cyclical goal-directed flexion-extension movements
of the wrist. In both studies it was found that eye-
movement registration nicely captured the patients’ MI
performance. In patients with PD, their slowness in ex-
ecuting as well as imagining this task was reflected in
higher eye-movement times. As well, both the temporal
and spatial eye-movement parameters captured the differ-
ences in performance when the task needed to be imag-
ined for different amplitudes and under different condi-
tions, such as in the presence and absence of additional
visual information regarding the task. In addition, in this
study (Heremans, Nieuwboer, Feys, et al., 2012), similar
results were found when using the eye-movement registra-
tion method during MI of another, more functional task,
i.e. the Box and Block Task. During this task, partici-
pants have to pick up and transport blocks from one side
of a box to another. Although the use of eye-movement
registration definitely needs to be validated for others
tasks as well, the fact that good results were also found
for this more clinical task is promising with regard to the
implementation of this method in other situations.

In a next study (Heremans, Nieuwboer, Spildooren,
et al., 2012), eye-movement registration was used to assess
MI quality in patients with MS. Also in this group, the
eye-movement data were shown to be useful to capture
differences in MI performance between the patients and

controls. More specifically, the eye movements showed
that patients with MS were slower and had a tendency
to spatially overshoot imagined movements, perhaps re-
flecting an ataxic behaviour. When additional visual in-
formation was provided to cue the patients’ movement
amplitude, however, they were able to correct for their
spatial and temporal inaccuracy. As such, the abovemen-
tioned two studies show how eye-movement registration
can be used to assess MI ability in neurological patients,
as well as to assess the effects of strategies to improve the
quality of MI training.

3.2 A clinical battery to assess motor imagery ability
in neurological patients

As described above, the method to evaluate MI based on
eye-movement registration has been shown useful to as-
sess MI in healthy persons as well as neurological patients.
A disadvantage of this technique, however, is that its use
remains limited to lab settings in which specialised equip-
ment is available, and that the transfer to clinical prac-
tice is limited. Therefore, in another study (Heremans,
et al., 2011), a test battery was composed which could
be used to assess MI in neurological patients also in a
clinical context. Furthermore, this test battery aimed at
evaluating the various aspects of MI, such as accuracy,
vividness and temporal organisation, as well as several
types of MI, including visual and kinesthetic MI. It con-
sisted of three components: i) the Kinesthetic and Visual
Imagery Questionnaire (KVIQ) (Malouin, et al., 2007),
ii) a Hand Rotation Test, and iii) a Mental Chronome-
try Task. This test battery was used to evaluate motor
imagery in patients with PD and MS.

3.2.1 Components of the motor imagery test battery

Component 1 – KVIQ

The KVIQ (Malouin, et al., 2007) is a questionnaire in
which imagery vividness is assessed by means of a 5-point
visual analogue scale, in which a score of 1 indicates a
very clear image or very clear kinesthetic sensations and
a score of 5 that the participant does not experience any
image or sensation at all. Imagery vividness refers to the
clarity, brightness, or intensity of the mental representa-
tion (Marks, 1973). The KVIQ assesses both visual and
kinesthetic MI, as the questionnaire comprises 10 visual
and 10 kinesthetic items. After a demonstration by the
experimenter, the participant is always instructed to first
physically execute the movement, then imagine it, and
finally score the imagery vividness on the 5-point scale.
Lateralized items are performed at both body sides. As
all movements can be performed in sitting position, the
KVIQ is well suited to assess imagery ability in popula-
tions with restricted mobility, among which part of the
patients with neurological disorders.
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The main advantage of imagery questionnaires such
as the KVIQ is that they are functional, easy and rapid
to complete and give important information about the
individual’s personal experience with regard to MI vivid-
ness. The main disadvantage is that there remains an
important part of subjectivity as participants perform an
auto-evaluation of their MI vividness. Self-reports imply
that individuals may overestimate their competence, or
that answers may correlate with cognitive functioning or
depression.

Component 2 - Hand Rotation Test

In this test, subjects are presented with 96 succes-
sive line drawings of hands (48 left and 48 right hands) in
four different views (back, palm, ulnar, radial) and 12 dif-
ferent rotations (30 degree steps) (Nico, Daprati, Rigal,
Parsons, & Sirigu, 2004; Sharma, Jones, Carpenter, &
Baron, 2008). In our studies, the drawings were presented
on a computer screen, as this allowed to both measure
the accuracy and response time by means of E-prime 2.0
software and a serial response box (Psychology Software
Tools), connected with a microphone. However, in a clini-
cal setting, the pictures could also be presented on cards,
so that the test can be performed at the patients’ bedside.
During the test, the participants are instructed to judge
as fast and accurately as possible whether it concerns a
picture of a left or right hand, and this without moving
or seeing their own hands which rest on their laps with
the palms down.

This mental rotation task has the advantage that it
offers useful and objective information, while still being
very easy to administer. Disadvantages, however, are that
the test is highly subject to problems with left-right disso-
ciation and that the strategies that people use to resolve
the task are often unclear. Some patients might make
use of alternative strategies that bypass the need for MI
(Sharma, Pomeroy, & Baron, 2006).

Component 3 - Mental Chronometry Test

As third part of the assessment, the participants
performed an adapted version of the Box and Block
Test (BBT) (Mathiowetz, Volland, Kashman, & Weber,
1985), in which a mental chronometry paradigm was used.
This technique is based on the temporal similarities be-
tween MI and actual execution of tasks. In the liter-
ature, this similarity is often referred to as “temporal
isochrony”. Mental chronometry is a useful and widely
applied method to assess the timing preservation during
MI (Decety, Jeannerod, & Prablanc, 1989; Papaxanthis,
Pozzo, Skoura, & Schieppati, 2002). The BBT is per-
formed using wooden blocks of 2.5 cm2 and a wooden
box, which is divided in two equal parts by means of a
partition with a height of 18 cm. The box is placed at
the participant’s midline, with the compartment holding
the blocks oriented towards the hand being tested. Unlike
the original test where the number of transported blocks
was counted within a time limit, the outcome of this test
battery was the time needed to transport 20 blocks.

This method has the advantage that the degree of
similarity between the duration of physically executing
and visually imagining a task offers very objective infor-
mation about the temporal organisation of the imagined
performance. However, we should be aware that several
factors may lead to an over- or underestimation of a move-
ment’s duration during MI (see Guillot & Collet, 2005b
for a review). Also, the fact that no clear cut off point
has been defined to determine whether a difference be-
tween imagery and execution duration should be consid-
ered as abnormal, hampers the use of this technique in
clinical practice. In addition, the information offered by
this method is limited to the global movement instead
of offering a detailed monitoring of the ongoing mental
process. A final limitation is that mental chronometry
does not provide any information about MI accuracy and
vividness.

Importantly, when using mental chronometry, we
should be aware that most evidence on its potential as
a tool to quantify motor imagery was found in healthy
persons (Decety, et al., 1989; Papaxanthis, et al., 2002).
Studies in stroke patients showed mixed results. Malouin,
Richards, Durand, and Doyon (2008) reported that the
temporal congruence between imagined and executed
tasks remained intact in stroke patients performing a rel-
atively easy stepping task. Wu, Hermann, Ying, and Page
(2010), on the other hand, found that using chronometry
to monitor engagement in mental practice was not re-
liable in stroke patients performing more difficult tasks.
So although the temporal congruence between actual and
imagined times has been shown to provide a powerful and
reliable assessment of imagery accuracy (Guillot & Collet,
2005a, 2005b), implementation of this technique in neu-
rological patients requires caution.

3.2.2 Application of the motor imagery test battery
in patients with PD and MS

In previous work, this clinical test battery was already
successfully used to assess MI ability in patients with PD
and MS. In a first study (Heremans, et al., 2011), the MI
ability of 14 PD patients, in early and middle stages of the
disease, was evaluated in comparison to 14 age-matched
controls. All patients were in Hoehn and Yahr stages 1–3
and did not show any severe cognitive decline (Mini Men-
tal State Examination score > 24) (Dick, et al., 1984). All
tests were performed while the patients were in the on-
phase of their medication cycle. As main results, we found
that the patients did not differ from the controls with re-
spect to imagery vividness (measured by the KVIQ) and
imagery accuracy (measured by the Hand Rotation Test).
The BBT however revealed a significant temporal differ-
ence between both groups. PD patients were markedly
slower when imagining movements than controls, in line
with a slower execution.

In a next study (Heremans, D’hooge et al., 2012),
the test battery was used in a group of 30 MS patients
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and 30 age-matched controls. Again, the battery revealed
significant differences in imagery performance between
the groups. Although no differences were found in im-
agery vividness by means of the KVIQ, MS patients were
shown to have significantly lower imagery accuracy (mea-
sured by the Hand Rotation Test) than controls. Patients’
lack of imagery accuracy correlated with cognitive distur-
bances. Furthermore, the BBT revealed differences in the
temporal organization of MI, as patients were shown to be
significantly slower during MI than controls and showed
differences between their most and least affected body
sides, indicating an association between their temporal
parameters of MI and their motor functioning.

4 Conclusion

Previous studies (Dickstein & Deutsch, 2007; Mulder,
2007), showed promising results with respect to the use of
MI as a complement in physical rehabilitation programs.
However, several studies (Johnson, 2000; Simmons, et al.,
2008; Sirigu, et al., 1996) also revealed that MI ability is
not well preserved in all neurological patients. As such,
a thorough screening of patients’ MI ability is recom-
mended to identify those patients who might not benefit
from this technique, or who need additional training with
this method first before using it as a training tool. As well,
a thorough screening of participants’ MI ability is needed
when performing research on the effect of MI programs,
as a large variety in MI ability within the investigated
sample might confound the results of these studies.

In the current paper we presented various methods
to evaluate and monitor MI and discussed the advan-
tages and disadvantages of each approach. Both the eye-
movement registration method and the composite test
battery were shown to be useful to assess MI in clini-
cal groups, i.e. patients with PD and MS. The method
based on eye-movement registration can mainly be rec-
ommended when assessing participants’ MI ability in a
research context. The composite test battery, on the other
hand, is aimed to be an instrument to evaluate MI ability
in neurological patients in a clinical setting.
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