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Abstract 

Left brain damage frequently leads to limb apraxia, a motor-cognitive disorder that affects 

both hands. Patients are not able to imitate gestures, pantomime tool-use or to select and 

apply real tools correctly, although they have no motor impairments preventing them from 

doing so. Despite its impact on daily life activities and on rehabilitation success, limb 

apraxia is seldom diagnosed in clinical practice. Moreover, present assessments rarely 

include real tool-use tasks.  

Another striking challenge is that in neurological patients, a lack of insight into their 

impairments can lead to potentially dangerous situations and non-compliance in 

rehabilitation therapy with poorer rehabilitation outcomes as a result. This so-called 

anosognosia is a multifaceted syndrome affecting various neurological or cognitive 

functions. To our knowledge, no study has investigated anosognosia of apraxia for 

common tool-use so far. In addition, rehabilitation approaches for limb apraxia do not 

consider potential anosognosia. 

To address these issues, two test instruments examining limb apraxia and anosognosia 

of common tool-use apraxia, as well as one therapy approach training both disorders 

were developed within the framework of this dissertation. The Diagnostic Instrument for 

Limb Apraxia - Short Version (DILA-S) includes tasks of imitation of meaningless and 

meaningful hand gestures, of pantomime of tool-use, of real tool-use with new and familiar 

tools as well as a naturalistic action task to assess the extensive field of limb apraxia 

(Studies 1 and 2). The Visual Analogue Test assessing Anosognosia of Naturalistic Action 

Tasks (VATA-NAT) diagnoses anosognosia of common tool-use apraxia with a visuo-

verbal approach (Study 3) and the Naturalistic Action Therapy trains patients in activities 

of daily life and in insight into their difficulties regarding these tasks (Study 4). 

 

Study 1: The study's aim is to introduce two new tests to evaluate actual tool selection 

and tool-object-application to assess limb apraxia: the Novel Tools Test (NTT) and the 

Familiar Tools Test (FTT), which are part of the DILA-S. Data from healthy participants 

(N = 82) and patients with left (LBD, N = 33) or right (RBD, N = 20) brain damage due to 

first-time stroke were collected. The tests showed satisfactory reliability and validity data. 

In group comparisons, the LBD group demonstrated a high prevalence rate of limb 

apraxia ranging from mild to severe impairment. Some RBD patients also showed 

impairments in tool-use, though to a much lesser extent than the LBD patients. Further, 

it was demonstrated that the selection and application of familiar and novel tools can be 

selectively impaired.  

 

Study 2: In this study, performance in the DILA-S of four groups with distinct 

neurological disorders is reported. A total of 44 patients with first-time stroke in the left 

hemisphere (LHS), 36 patients with first-time stroke in the right hemisphere (RHS), 27 

dementia patients, 26 multiple sclerosis patients (MS), and 44 patients with traumatic 

brain injury (TBI) participated. Symptoms of limb apraxia occurred in all samples tested, 

but to varying degrees and with dissimilar profiles. LHS patients showed most severe 

deficits in pantomime but occurred also vulnerable to deficits in real tool-use. Dementia 

patients showed high incidence rates of limb apraxia in almost all subscales of the DILA-

S. RHS patients demonstrated difficulties in Imitation and Pantomime of tool-use but did  
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not have severe difficulties with real tool-use. While the tested MS sample did not show 

any clinically relevant symptoms, for TBI patients, more complex naturalistic actions can 

be challenging. 

 

Study 3: 51 stroke patients with left (LBD) or right (RBD) brain damage, including 

patients with and without limb apraxia affecting familiar tool-use, were investigated on 

anosognosia of common tool-use apraxia with the VATA-NAT. Patients responded to the 

VATA-NAT before and after performing a diagnostic session for limb apraxia using the 

DILA-S. Seven percent of LBD-patients with limb apraxia affecting familiar tool-use 

demonstrated anosognosia of common tool-use apraxia before being tested with the 

DILA-S. After the diagnostic session, this number further increased to 20 percent. For the 

VATA‐NAT, psychometric data revealed satisfactory results, despite for divergent validity. 

Patients with co-occuring language comprehension difficulties were not able to 

distinguish between motor and motor-cognitive task demands. Thus, when assessing 

patients with severe aphasia, potential issues with language comprehension have to be 

taken into account for interpretation.  

 

Study 4: Finally, results from two stroke patients who have undergone the Naturalistic 

Action Therapy are presented. At the beginning of therapy, two baseline sessions 

including standardized limb apraxia (DILA-S) and anosognosia (VATA-NAT) 

assessments as well as 18 daily life tasks were performed. They were followed by 15 

training sessions, in which 4-6 of the 18 daily life tasks were trained and two post-training 

sessions including the same assessments used in the baseline sessions. An increased 

performance was found for both patients in trained and untrained tasks. The patients 

revealed better performance in trained than in untrained tasks, nonetheless not showing 

perfect performances even in trained tasks. Further, the patients improved in 

standardized limb apraxia and anosognosia assessments. 
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Zusammenfassung 

Schäden der linken Hirnhälfte führen häufig zu Gliedmaßenapraxie, einer motorisch-

kognitiven Störung, die beide Hände betrifft. Patienten haben hierbei Schwierigkeiten, 

Gesten zu imitieren und den Werkzeuggebrauch pantomimisch oder real vorzuführen, 

obwohl sie keine motorischen Einschränkungen haben, die sie daran hindern. Trotz ihres 

Einflusses auf Aktivitäten des täglichen Lebens und auf den Rehabilitationserfolg wird die 

Gliedmaßenapraxie selten in der klinischen Praxis diagnostiziert. Außerdem beinhalten 

die bisherigen Testverfahren kaum Aufgaben des realen Werkzeuggebrauchs.  

Eine weitere Herausforderung besteht darin, dass bei neurologischen Patienten eine 

mangelnde Einsicht in ihre Beeinträchtigungen zu möglicherweise gefährlichen 

Situationen und geringer Motivation in der Therapie mit daraus folgenden schlechteren 

Rehabilitationsergebnissen führen kann. Diese sogenannte Anosognosie ist ein 

vielschichtiges Syndrom, welches für verschiedene neurologische oder kognitive 

Funktionen auftreten kann. Nach unserer Kenntnis hat bisher keine Studie eine 

Anosognosie für die Apraxie des familiären Werkzeuggebrauchs untersucht. Darüber 

hinaus wurde eine mögliche Anosognosie bei bisherigen Rehabilitationsansätzen für 

Gliedmaßenapraxie ebenfalls nicht berücksichtigt. 

Um diese Probleme zu beheben, wurden zwei Testinstrumente, mit denen die 

Gliedmaßenapraxie und die Anosognosie für Apraxie des familiären Werkzeuggebrauchs 

untersucht werden können, sowie ein Therapieansatz, welcher diese beiden Störungen 

trainiert, entwickelt. Das Diagnostic Instrument for Limb Apraxia – Short Version (DILA-

S) umfasst Aufgaben zur Imitation bedeutungsloser und bedeutungsvoller Handgesten, 

zur Pantomime des Werkzeuggebrauchs, zum neuen und vertrauten Werkzeuggebrauch 

sowie eine naturalistische Alltagsaufgabe zur Beurteilung des umfangreichen Feldes der 

Gliedmaßenapraxie (Studien 1 und 2). Der Visual Analogue Test assessing Anosognosia 

of Naturalistic Action Tasks (VATA-NAT) diagnostiziert Anosognosie für Apraxie des 

familiären Werkzeuggebrauchs mit einem visuell-verbalen Ansatz (Studie 3) und die 

Naturalistic Action Therapy trainiert Patienten in Aktivitäten des täglichen Lebens und im 

Einblick in ihre Schwierigkeiten in ebendiesen Aufgaben.  

 

Studie 1: Ziel der Studie ist die Einführung von zwei neuen Tests, die die 

Werkzeugauswahl und reale Anwendung dieser Werkzeuge zur Beurteilung der 

Gliedmaßenapraxie bewerten: der Novel Tools Test (NTT) und der Familiar Tools Test 

(FTT), welche Teil des DILA-S sind. Daten von gesunden Probanden (N = 82) und von 

Patienten mit erstmaligem Schlaganfall in der linken (LBD, N = 33) oder rechten (RBD, N 

= 20) Hemisphäre wurden gesammelt. Die Tests zeigten zufriedenstellende Reliabilitäts- 

und Validitätskennwerte. In den Gruppenvergleichen wies die LBD-Gruppe eine hohe 

Prävalenzrate von Gliedmaßenapraxie bezogen auf den realen Werkzeuggebrauch auf, 

die von leichter bis hin zu schwerer Beeinträchtigung reichte. Auch einige der RBD-

Patienten offenbarten Beeinträchtigungen bei der Werkzeugverwendung, jedoch in 

einem viel geringeren Ausmaß als die LBD-Patienten. Darüber hinaus wurde gezeigt, 

dass die Auswahl und Anwendung bekannter und neuartiger Werkzeuge selektiv 

beeinträchtigt sein kann. 
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Studie 2: In dieser Studie wird über die Leistungen im DILA-S von vier Gruppen 

mit unterschiedlichen neurologischen Störungen berichtet. Insgesamt nahmen 44 

Patienten mit erstem Schlaganfall in der linken Hemisphäre (LHS), 36 Patienten mit 

erstem Schlaganfall in der rechten Hemisphäre (RHS), 27 Demenzpatienten, 26 Multiple-

Sklerose-Patienten (MS) und 44 Patienten mit traumatischer Hirnverletzung (TBI) teil. 

Symptome der Gliedmaßenapraxie traten in allen getesteten Gruppen auf, jedoch in 

unterschiedlichem Ausmaß und mit einem unterschiedlichen Profil. LHS-Patienten 

offenbarten die größten Defizite bei der Pantomimeaufgabe sowie Beeinträchtigungen 

bei der Lösung von realen Aufgabenstellungen. Demenzpatienten wiesen in fast allen 

Subskalen des DILA-S eine hohe Inzidenz von Gliedmaßenapraxie auf. RHS-Patienten 

schnitten bei Imitations- und Pantomimeaufgaben am schlechtesten ab, hatten aber 

keine großen Schwierigkeiten im Umgang mit realen Werkzeugen. Für TBI-Patienten 

erwies sich die naturalistische Handlungsaufgabe als die schwierigste. Im Gegensatz 

hierzu ließen die Symptome der MS-Patienten keine klinische Relevanz erkennen. 

 

Studie 3: 51 Schlaganfallpatienten mit links- (LBD) oder rechtsseitigen (RBD) 

Hirnschädigungen, einschließlich Patienten mit und ohne Gliedmaßenapraxie, die den 

familiären Werkzeuggebrauch beeinträchtigt, wurden mit dem VATA-NAT auf 

Anosognosie für Apraxie des familiären Werkzeuggebrauchs untersucht. Die Patienten 

beantworteten den VATA-NAT vor und nach der Durchführung einer Diagnostiksitzung 

mit dem DILA-S bezüglich einer Gliedmaßenapraxie. Sieben Prozent der LBD-Patienten 

mit Gliedmaßenapraxie, die den familiären Werkzeuggebrauch beeinträchtigt, zeigten 

eine Anosognosie gegenüber ihren Defiziten vor der Diagnostiksitzung. Nach der 

Diagnostiksitzung stieg diese Zahl sogar auf 20 Prozent. Für den VATA-NAT ließen die 

psychometrischen Daten bis auf die divergente Validität zufriedenstellende Ergebnisse 

erkennen. Patienten mit Sprachverständnisschwierigkeiten waren allerdings nicht in der 

Lage, zwischen motorischen und motorisch-kognitiven Aufgabenanforderungen zu 

unterscheiden. Daher muss bei der Befragung von Patienten mit schwerer Aphasie der 

mögliche Einfluss von Sprachverständnis-schwierigkeiten bei der Interpretation 

berücksichtigt werden. 

 

Studie 4: Zuletzt werden die Ergebnisse von zwei Schlaganfallpatienten, die die 

Naturalistic Action Therapy durchlaufen haben, präsentiert. Zu Beginn der Therapie 

wurden zwei Baseline-Sitzungen durchgeführt, welche aus standardisierter 

Gliedmaßenapraxie- (DILA-S) und Anosognosiediagnostik (VATA-NAT) sowie 18 

alltäglichen Lebensaufgaben bestanden. Dem schlossen sich 15 Trainingseinheiten, in 

denen 4-6 der 18 alltäglichen Lebensaufgaben trainiert wurden, und zwei Post-

Trainingseinheiten, die die gleichen Tests verwendeten wie die Baseline-Sitzungen, an. 

Eine Verbesserung der trainierten und untrainierten Aufgaben konnte bei beiden 

Patienten festgestellt werden. Die Patienten steigerten ihre Leistungen in den trainierten 

mehr als in den untrainierten Aufgaben, zeigten jedoch auch in den trainierten Aufgaben 

keine perfekten Leistungen. Ebenso verbesserten sich die Patienten in standardisierten 

Gliedmaßenapraxie- und Anosognosietestverfahren. 
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1. Introduction 

Worldwide, around 15 million people every year suffer a stroke (World Health 

Organization, 2002). Of those people around 250.000 live in Germany (Bader, 2014). 

Over the age of 40, an average of one person in thirty will suffer a stroke and this 

probability considerably increases with age (from a lifetime prevalence rate of 0.9% for 

40-49-year-olds to 7.1% for 70-79-year-olds; Busch et al., 2013). Since three-quarters of 

stroke patients are at least 65 years old and the number of people older than 65 years is 

continuously increasing, the population of stroke patients is expected to further rise in the 

following years (Go et al., 2014). Although still around one-third of affected people die as 

a consequence of stroke, the number of survivors has been continuously rising in 

Germany since 1998 (Busch et al., 2012). However, stroke is the leading cause of 

physical disability (Deaton et al., 2011) and stroke survivors continue to face severe 

functional impairments, including well-known disorders such as aphasia and hemiplegia. 

Other impairments – like limb apraxia – are often not detected immediately, and their 

serious negative effects on patients’ safety and independence are often underestimated.  

 

1.1. Definition of limb apraxia 
Apraxia (α = without, πραεις = action) was first mentioned by Steinthal (1871) and was 

first defined by Liepmann (1920). He divided apraxia into three different parts: limb kinetic 

apraxia, ideokinetic/ideomotor apraxia and ideational apraxia (Liepmann, 1920). Limb 

kinetic apraxia was described as a disorder, for which even simple movements are 

incomplete and imitation, as well as spontaneous gesture production, are impossible. In 

contrast, patients with ideokinetic/ideomotor apraxia were thought to be able to plan the 

movement but cannot carry out the action. Imitation of movements is therefore not 

possible, and patients confuse the appropriate use of movements. In ideational apraxia, 

patients were thought to have an inadequate activation or loss of knowledge about object 

use or action sequences which leads to difficulties in manipulating or miming real tool-

use. Today, also other forms of apraxia such as conceptual apraxia, dissociation apraxia, 

and constructional apraxia are described (see for example: Cassidy, 2016; De Renzi et 

al., 1982; Hanna-Pladdy & Rothi, 2001; Heilman & Rothi, 1993; Ochipa et al., 1989, 

1992).  

Since the definitions are not universally used in the same way, no universal taxonomy of 

apraxia was established to date (Goldenberg, G., 2011; Worthington, 2016). Therefore, I 

here will refer to the definition of Rothi and Heilman (1997) and Goldenberg, G. (2011) 

who defined limb apraxia as a “neurological disorder of learned targeted movement skills 

at the interface of motor and cognitive control not caused by weakness, akinesia, 

deafferentiation, abnormal tone or posture, movement disorders, intellectual 

deterioration, poor comprehension or uncooperativeness” (Goldenberg, G., 2011; p.1). 

Limb apraxia affects the imitation of movements, the correct use of communicative 

gestures and the appropriate selection and use of tools and objects (Goldenberg, G., 

2011). All of these domains can be impaired separately, while most patients are 

significantly more impaired when imitating movements or pantomiming tool-use as 

compared to using real tools and objects (e.g., Buxbaum et al., 2007).  
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Limb apraxia commonly occurs after left hemisphere brain damage (e.g., Donkervoort et 

al., 2000; Goldenberg, G., 2011). Although the left parietal lobe seems to play an 

important and primary role in all limb apraxia related domains, lesions in other parts of 

the brain seem to further provoke distinct limb apraxia symptoms. For example, difficulties 

in imitating gestures are also related to left frontal and deep lesions (Alexander et al., 

1992; Basso et al., 1987; Basso et al., 1985; De Renzi et al., 1983; Haaland et al., 2000; 

Halsband et al., 2000), while lesions in the left posterior temporal lobe, left inferior frontal 

lobe and left supramarginal gyrus extend the difficulties in pantomime of tool-use (Choi 

et al., 2001; Fridman et al., 2006; Goldenberg, G. et al., 2007b; Goldenberg, G. & 

Randerath, 2015; Hermsdörfer et al., 2007; Johnson-Frey et al., 2005; Moll et al., 2000; 

Mühlau et al., 2005; Ohgami et al., 2004; Randerath et al., 2015; Rumiati et al., 2004). 

Moreover, left temporal lesions frequently lead to difficulties in retrieving knowledge about 

the prototypical use of tools and objects, whereas the left precentral and middle frontal 

gyrus are important for mechanical problem solving when using new tools and objects 

(Goldenberg, G. & Spatt, 2009; Hodges et al., 1999; Spatt et al., 2002). These results 

clearly indicate that the spectrum of responsible brain regions is widely spread in the left 

hemisphere and consequently leads to distinct symptoms of limb apraxia. Since these 

regions can be affected by multiple neurological disorders such as stroke, dementia, 

multiple sclerosis or traumatic brain injury, limb apraxia can occur in all of these diseases. 

Nonetheless, it is mostly studied in stroke and Alzheimer´s Disease patients (e.g., 

Donkervoort et al., 2000; Dovern et al., 2012; Johnen et al., 2016).  

Additionally, the regions mentioned before are commonly associated with aphasia 

(Goldenberg, G., 2011), which complicates the diagnosis of limb apraxia symptoms 

through lacking instruction comprehension and language disabilities. Patients also 

regularly suffer from hemiplegia. Nevertheless, limb apraxia symptoms should be visible 

in a precise diagnostic session, because in most cases both limbs are involved 

(Goldenberg, G., 2011; for exceptions see: Pilgrim & Humphreys, 1991; and Riddoch et 

al., 1989) and therefore the motorically unaffected hand (ipsilesional hand) can be tested 

to clarify the diagnose.  

Studies show that limb apraxia is highly relevant to daily life activities since, for example, 

aphasic patients cannot use gestures to compensate for their language production 

deficits (Dovern et al., 2012). Additionally, it has been shown that apraxic patients are 

more often dependent on their caregivers (Poeck, 2006; Wu, A. J. et al., 2014), that they 

are less likely to return to their job (Dovern et al., 2012; Wang et al., 2014) and that limb 

apraxia severity negatively impacts the rehabilitation outcome (Dovern et al., 2012; 

Hanna-Pladdy et al., 2003).  

 

1.2. Diagnosis and rehabilitation of limb apraxia 

1.2.1. Diagnostic approaches 

To date, limb apraxia is still underdiagnosed, even though 30-60% of patients with left 

hemisphere stroke (e.g., De Renzi et al., 1980; Dovern et al., 2012) or Alzheimer´s 

Disease (e.g., Ahmed et al., 2016; Ozkan et al., 2013) suffer from it. Moreover, limb 

apraxia diagnostics are often based on clinical ratings (Dovern et al., 2012) without a 

standardized diagnostic procedure (Worthington, 2016). More than 20 assessments of 

limb apraxia exist, but often only single domains are captured (for examples see table 
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1.1; Dovern et al., 2012; Kipps & Hodges, 2005) and the tests do not correlate well with 

each other (Butler, 2002). This could be due to the fact that different domains (e.g. 

pantomime of tool-use versus real tool-use) were tested in the heterogeneous continuum 

of limb apraxia (Butler, 2002; Cassidy, 2016). Additionally, a lot of the available tests were 

not consequently checked for reliability and validity characteristics (Butler, 2002; 

Buxbaum et al., 2008).  

Typically, sensitive tests of limb apraxia request the imitation of meaningless or 

meaningful hand postures and the pantomime of tool-use. In imitation tasks, patients are 

instructed to imitate the hand or finger postures of the examiner with their ipsilesional 

hand in a mirror-inverted way. For pantomime of tool-use, patients are mostly verbally 

invited to demonstrate a tool-use action as if the tool was actually held in hand (e.g. “Show 

me how to hit a nail with the hammer.”). These tests are exemplified by the TULIA (test 

of upper limb apraxia; Vanbellingen et al., 2010), its short version the AST (apraxia screen 

of TULIA; Vanbellingen et al., 2011), the KAS (Kölner Apraxie Screening; Weiss et al., 

2013; Wirth et al., 2016a) or the BAXT (Berliner Apraxie Test; Liepelt et al., 2007), which 

are four frequently used limb apraxia tests in Germany. Although these tests are well 

validated, even Vanbellingen (2012b) states, that they are not extensive enough to show 

a comprehensive picture of all limb apraxia domains. Moreover, for patients, the 

usefulness of these tests is not always plausible. Imitation and pantomime tasks seem to 

be abstract and intangible and thus not relevant to the patients´ daily life (Worthington, 

2016). In addition, problems with the execution of real tool-use actions can also be part 

of the apraxic symptoms. Patients with apraxia of real tool-use may select the wrong tools 

for use with corresponding objects (e.g. a spatula to scoop soup), produce a wrong 

movement with the tool (e.g. stir the soup instead of scooping it) or produce no movement 

at all (Bohlhalter, 2009). To date, this part of the apraxic spectrum has not received 

enough attention. So far, tests developed for real tool-use (see table 1.1) have not been 

adequately examined regarding their psychometric properties and do not consider the 

selection of tools. The only real tool-use test with reliability and validity data (SAST: short 

apraxia screening test; Leiguarda et al., 2014) includes two items of real tool-use, 

whereby one of these (the rotation of a coin in the hand) is not a motor-cognitive but rather 

a motor-technical task. Consequently, this task does not reflect the true demands of tool-

use in daily life. 

 

1.2.2. Rehabilitation approaches 

Regarding rehabilitation of apraxic symptoms, only a few therapy approaches are known 

so far. Four reviews, as well as two book chapters over the past decade all report the 

same therapy approaches (Buxbaum et al., 2008; Buxbaum & Randerath, 2018; Dovern 

et al., 2012; van Heugten & Geusgens, 2017; West et al., 2008; Worthington, 2016). Half 

of the studies mentioned in the above-referenced reviews described only single cases 

and of the remaining ones, only four considered activities of daily life (see table 1.2; 

Geusgens et al., 2007; Geusgens et al., 2006; Goldenberg, G. & Hagmann, 1998a; 

Pastorino et al., 2014; van Heugten et al., 1998), whereas the others concentrated on the 

rehabilitation of imitation and pantomime abilities (Daumüller & Goldenberg, 2010; 

Goldenberg, G. et al., 2004; Smania et al., 2006; Smania et al., 2000). Buxbaum et al. 

(2008) and Worthington (2016) criticised that training methods of the reviewed 
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rehabilitation approaches were neither standardized nor controlled for spontaneous 

remission. They also claimed, that patient selection was not based on reliable and valid 

limb apraxia measurements and that none of the training methods was protocolled 

precisely, so a replication of results would not be possible. Moreover, none of the therapy 

approaches concerning activities of daily living considered the appropriate selection of 

tools and objects for the actual task, nor a potential anosognosia of limb apraxia. 

However, Buxbaum et al. (2008) already pointed out that the consideration of 

anosognosia is important when applying a rehabilitation approach to any neurological 

disorder because anosognosia leads to less training motivation and consequently a lower 

rehabilitation success (e.g., Prigatano, 2008). Nonetheless, only one study (published 

simultaneously with Buchmann et al., 2018) even examined the existence of anosognosia 

of limb apraxia to date (Kusch et al., 2018).  

 

1.3. Aim and object of this thesis 
In order to capture limb apraxia in all its heterogeneous features, to date, it is 

recommended to apply three or more tests with different scoring systems (Dovern et al., 

2012; Vanbellingen, 2012b). Therefore, there is a need to develop a reliable and valid 

test instrument covering all domains of limb apraxia. With respect to rehabilitation 

approaches, the previous training procedures turned out to be useful for training of 

specific activities of daily life. However, none of the training methods have been 

recommended as a gold standard (Buxbaum et al., 2008; Worthington, 2016). Hence, a 

structured and methodologically well-described training method that is also feasible for 

relatives should be developed. Moreover, the test instrument, as well as the rehabilitation 

approach, should be easy to administer, possible to establish in rehabilitation clinic 

settings, able to consider anosognosia of common tool-use apraxia and also be 

applicable to aphasic patients.  

The overall aim of this thesis was to improve diagnostic and rehabilitation approaches for 

limb apraxia. To accomplish this aim, a comprehensive limb apraxia test instrument, an 

evaluation method assessing anosognosia of common tool-use apraxia, as well as a limb 

apraxia rehabilitation approach were developed. The Diagnostic Instrument for Limb 

Apraxia – Short Version (DILA-S) combines established and newly developed tasks 

concerned with the imitation of meaningless and meaningful gestures as well as the 

pantomime of tool-use and the single- and multistep real tool-use. Subtests of it were 

integrated with permission from the author (Imitation of meaningless gestures: 

Goldenberg, G., 1996) revised (Novel Tools Test: Goldenberg, G. & Hagmann, 1998b; 

Pantomime of tool-use: Goldenberg, G. et al., 2003; Naturalistic Action Task - Breakfast 

Test: Schwartz et al., 2002) or newly developed (Imitation of meaningful gestures, 

Familiar Tools Test). The subtests of the DILA-S are evaluated separately with distinct 

cut-off values to gain an overview of the affected domains. All tasks can be clearly and 

concisely explained to the patient with the help of associated pictures and example trials 

to increase the patients’ understanding. The whole test instrument could be completed in 

around 30 minutes, and an application of subtests only is also feasible. The DILA-S was 

tested for healthy participants, patients with left or right hemisphere stroke (Studies 1 and 

2), traumatic brain injury, dementia or multiple sclerosis and subsequently proved to be 

sensitive for these specific clinical patient groups (Study 2). Further, the Visual-Analogue 
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Test assessing Anosognosia of Naturalistic Action Tasks (VATA-NAT) uses pictures of 

familiar tool-use tasks and the accompanying question of whether this task is difficult for 

the patient to first-time assess anosognosia of common tool-use apraxia (Study 3). The 

task can also be completed with aphasic patients by using the pictures and a visual-

analogue scale to answer. Test application takes around 10 minutes. Finally, the 

Naturalistic Action Therapy combines the training of familiar tool-use tasks and of the 

awareness of ones´ own constraints (Study 4). The patients are trained in tasks like 

making a call, sharpen a pencil or filling a pill box with pills with step-by-step support and 

a concept of errorless learning using shaping methods. After completing each task, the 

patients are asked about their difficulties with this task and the examiner reports his 

impressions to improve the patients´ insight into illness. Training sessions should be set 

daily for not longer as one hour each and should be conducted over a period of four 

weeks. 
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Tab. 1.1: Overview of common upper limb apraxia tests. 

Authors Name of 

instrument 

Tested 

domains 

 

Stimulus Patient population 

De Renzi et al., 1980  I G 100 NNP, 100 LBD, 80 RBD 

Kertesz & Ferro, 
1984 

IAT 
 

P (I) 
 

S, G 
 

177 SP 
 

Rothi et al., 1984 

 

FAST 

 

I, P 

 

S, G, rO 

 

15 P with apraxia, 6 P without 
apraxia 

Duffy & Duffy, 1990 

 

LAT 

 

I 

 

G 

 

77 LBD, 44 RBD, 30 HC 

 

Neiman et al., 1994 KHMT I G 23 LBD 

Goldenberg, 1995 

 
 

I 

 

G 

 

80 LBD, 40 RBD, 60 HC 

 

Dobigny-Roman et 
al., 1998 

IAT 

 

I 

 

G 

 

55 AD, 26 HC 

 

Kokmen et al., 1998 
 

 
I, rTU 

 

G, rO 

 

18 AD, 29 PD, 16 NNP, 29 
OD, 81 HC 

van Heugten et al., 
1999 

 
I, P, rTU 

 

G, S, rO 

 

44 SP with apraxia, 35 SP 
without apraxia, 50 HC 

Neiman et al., 2000 MOT+SOT rTU rO 30 LBD, 10 HC 

Goldenberg et al., 
2001 

 
ADL 

 

rO 

 

6 LBD with apraxia 

 

Almeida et al., 2002 SFA P   Ph, S 37 SP, 30 HC 

Schwartz et al., 2002 
 

NAT 

 

ADL 

 

rO 

 

30 LBD, 45 RBD, 25 TBI 

 

Crutch et al., 2007 QPA I G 35 AD, 75 HC 

Liepelt et al., 2007 BAXT I, P S, G, Ph 60 SP, 12 AD 

Bartolo et al., 2008 
 

 
I, P, rTU, 
RC 

G, S, rO 
 

60 HC 

Lunardelli et al., 
2009 

BNS 

 

I, P 

 

G, Ph 

 

68 LBD, 51 RBD, 15 SP*, 247 
HC 

Power et al., 2010 FABERS I, P S, G 16 HC 

Vanbellingen, 2010 

 

TULIA 

 

I, P 

 

S, G 

 

84 LBD, 49 RBD, 50 HC 

 

Stamenova, 2010 WatAB I, P S, G 43 LBD, 38 RBD, 27 HC 
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Psychometric data 

Reliability 

 

 

Validity 

 

Sensitivity/  

Specificity 

 

Cut-off values 

   domain specific  

interrater 
 

  
over all domains 
 

 
 

  
over all domains 
 

interrater &  
test-retest 

   

intrarater convergent    

 
 

  
domain specific and 
over all domains 

interrater 
 

 
x 

 
domain specific  
 

   
over all domains 
 

internal consistency 
 

 
x 

 
over all domains 
 

intrarater    

interrater 
 

   

    

interrater & 
internal consistency 

concurrent &  
construct  

 
domain specific 
 

 convergent    

interrater criterion    

   over all domains 

 
convergent  
 

 
over all domains 
 

interrater    

interrater &  
test-retest 

criteria & convergent  
  

over all domains with 
severity differentiation  

intrarater content   over all domains  
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Authors Name of 

instrument 

Tested 

domains 

 

Stimulus Patient population 

Vanbellingen, 2011 
 

AST 
 

I, P 
 

S, G 
 

31 SP 
 

Weiss et al., 2013 / 
Wirth et al., 2016 

KAS 
 

I, P 
 

Ph 
 

188 LBD, 48 HC 
 

Leiguarda et al., 
2014 

SAST 
 

I, P, rTU* 
 

S, G, rO 
 

70 LBD, 40 HC 
 

Demeyere et al. 
2015 

OCS 
 

I 
 

G 
 

635 SP, 100 HC 
 

Tessari et al., 2015 STIMA I G 111 HC 

Johnen et al., 2016 
 

DATE 
 

I, P 
 

S, Ph, G 
 

24 FTD, 28 AD, 35 HC 
 

 

 

Tested domains:  ADL = activities of daily living, D = drawing, I = imitation, P = 

pantomime, RC = recognition, rTU = real tool-use (* motor-

technical task)  

Stimulus:   G = gestures, Ph = photos of objects, rO = real objects, S = speech  

Patient population: AD = patients with Alzheimer´s Disease, FTD = patients with 

frontotemporal dementia, HC = healthy controls, LBD = patients 

with left brain damage due to stroke, NNP = patients without 

neurological disease, OD = patients with other forms of dementia, 

P = Patients, PD = patients with Parkinson´s Disease, RBD = 

patients with right brain damage due to stroke, SP = stroke patients 

with unclear lateralization (* lesions in both hemispheres), TBI = 

patients with traumatic brain injury 
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Psychometric data 

Reliability 

 

 

Validity 

 

Sensitivity/  

Specificity 

 

Cut-off values 

test-retest 
 

discriminant &  

convergent 
x 

 
over all domains with 
severity differentiation 

interrater 
 

concurrent 
 

x 
 

over all domains 
 

interrater 
 

convergent 
 

x 
 

over all domains 
 

interrater &  
test-retest 

convergent 
 

x domain specific 
 

    

interrater &  
internal consistency 

construct 
 

x 
 

over all domains 
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Tab. 1.2: Overview of rehabilitation approaches for limb apraxia that train activities of 

daily life. 

Authors Therapy  

approach 

Method Patient 

population 

Forde & Humphreys,  
1998 / 2002 

script learning  
practice 

multimodal cueing & errorless 
learning 

´98: N = 3 
´02: N = 1 

Butler, 1997 
 
 

sensory stimulation 
 
 

tactile and kinesthetic  
stimulation & visual and verbal 
mediation 

N = 1 
 
 

van Heugten et al., 
1998 

strategy training 
 

teaching compensatory  
strategies 

N = 33 
 

Goldenberg &  
Hagmann, 1998 

direct training 
 

errorless learning & training in 
details 

N = 15 
 

Butler, 2000 
 

sensory stimulation 
 

tactile and kinesthetic  
stimulation 

N = 1 
 

Donkervoort et al., 
2001 
 

strategy training 
 
 

teaching compensatory 
strategies for internal and  
external constraints 

N = 113 
 
 

Goldenberg et al., 
2001 
 

exploratory training 
vs. direct training 
 

focus attention on functionally 
aspects vs. errorless learning & 
training in details 

N = 6 
 
 

Bickerton et al.,  
2006 

script learning  
practice 

verbal cues & errorless  
learning 

N = 1 
 

Geusgens et al.,  
2006 / 2007 

strategy training 
 

teaching  
compensatory strategies 

´06: N = 113* 

´07: N = 29 

Boluc & Lawrence, 
2011 

 
constraint induced movement 
therapy 

N = 1 
 

Pastorino et al.,  
2014 

CogWatch 
 

errorless learning & awareness 
training 

N = 9 
 

 

* same patients as in Donkervoort et al., 2001 

** no results reported 
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Treatment  

duration 

Control for  

spontaneous remission 

Effect in 

trained tasks 

Generalization 

7 sessions 
 

1 control patient   

3 weeks 
 
 

  x 

12 weeks 
 

 x x 

2-5 weeks  x  

4 weeks 
 

 x  

8 weeks control group with occupational 
therapy 
 

x (x) 

10 weeks chronic patients with stroke onset 
at least 6 months ago 
 

only for direct 
training 

 

28 weeks baseline 1 two months before 
training started 

x  

8 weeks control group with occupational 
therapy 

x x 

11 days 
 

  x 

30 sessions 
 

 **  
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2. Selection and application of familiar and novel tools in 

patients with left and right hemispheric stroke: 

Psychometrics and normative data (Study 1) 

2.1. Introduction 
The term apraxia refers to ‘higher level’ disorders of motor control (Goldenberg, G., 

2013b). It occurs independent of pure motoric deficits like hemiplegia or cognitive deficits 

like aphasia. Goldenberg, G. (2013b) describes apraxia as a motor-cognitive disorder 

with impairments typically in imitation, execution of communicative gestures and/or usage 

of tools and objects, respectively.  Apraxia in most cases follows left brain damage, 

typically affects both sides of the body, and often co-occurs with aphasia (Donkervoort et 

al., 2000; Goldenberg, G., 2011). Besides stroke or traumatic brain injury lesions, it can 

also occur with neurodegenerative lesions such as dementia (e.g. Chandra et al., 2015; 

Cotelli et al., 2014) or corticobasal syndrome (e.g. Burrell et al., 2014; Stamenova et al., 

2015). Traditionally, it is tested by asking the patient to pantomime object use movements 

(e.g. “Show me how to use a toothbrush.”) or by imitation of gestures. However, patients 

can also be impaired in the actual application of real tools and objects (tool-use apraxia; 

Goldenberg, G., 2011). Patients may choose the wrong objects (e.g. soap instead of 

toothpaste for brushing the teeth) and/ or perform the movement wrongly or not at all (e.g. 

not moving the fork into the mouth or not even exploring the fork).  

It is a known phenomenon that the classic tasks of imitation and pantomime are more 

sensitive to erroneous behavior compared to real tool-use tasks (De Renzi et al., 1982; 

Randerath et al., 2011). The differences between performance in for example the 

pantomime task on the one hand and real tool-use tasks on the other hand could either 

be explained by different domains of limb apraxia or by differing workload, respectively 

(Belanger et al., 1996). The “disconnection hypothesis” proposes that the described tasks 

are solved by differing independent neuropsychological processes. In contrast, the 

“severity hypothesis” implies that the different tasks are solved by a common mechanism 

and that there is a continuum of task-difficulty. Previous studies demonstrated that 

improved behavioral performance when actually applying the tool compared to 

pantomiming was especially found in more complex actions (Hermsdörfer et al., 2013b; 

Randerath et al., 2011). The greater extent of contextual information occurred to curtail 

action opportunities (affordances) provided in real tool-use tasks which might minimize 

demands on working memory involved in the retrieval and integration of information 

necessary for planning the action. However, despite the relative improvement of behavior 

in real tool-use settings, patients still can be affected significantly (Randerath et al., 2011). 

Obviously, limb apraxia has high relevance for maintaining independence in daily life 

activities (Goldenberg, G. et al., 2001; Goldenberg, G. & Hagmann, 1998b; Unsal-

Delialioglu et al., 2008). Patients who have been classified as apraxic by pantomime or 

imitation tests are more often dependent on nursing staff (Poeck, 2006; Wu, A. J. et al., 

2014) and return less often to work than non-apraxic patients (Dovern et al., 2011; Wang 

et al., 2014). Additionally, the severity of apraxia predicts the rehabilitation success for 

patients with hemiplegia (Dovern et al., 2011; Hanna-Pladdy et al., 2003).  
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Despite the fact that the use of tools and objects is especially relevant to empower 

patients for an independent daily live (De Renzi & Lucchelli, 1988; Goldenberg, G. & 

Hagmann, 1998a; Mayer et al., 1990; Poeck, 1983), limb apraxia assessments still are 

not conducted for standard diagnostics in most clinics, notwithstanding that validated test 

batteries are available that typically include the traditional tests of imitating gestures and 

pantomime of tool-use, e.g. the TULIA (test of upper limb apraxia; Vanbellingen et al., 

2010), its short form, the AST (apraxia screen of TULIA; Vanbellingen, 2012a, 2013), the 

KAS (Kölner Apraxie Screening; Weiss et al., 2013) or the STIMA (short test for ideomotor 

apraxia; Tessari et al., 2015).  

Several points may explain why this significant disorder still does not receive enough 

attention to be diagnosed. First, the impact of limb apraxia may be overlooked, because 

of other impairments receiving amplified attention by caregivers and patients. For 

example, hemiplegia and aphasia are two obvious detectable co-occurring deficits that 

patients and relatives are concerned about and want to be taken care of. Further, the 

traditional tests included in standard batteries (imitation or pantomime tasks) may appear 

quite abstract to the patient and the therapist. Remediation could be achieved by 

introducing tests with real tools and objects that directly relate to activities of daily living. 

Thus far, there are only few tests which directly assess tool-use apraxia with real objects. 

Even the newly developed test batteries that include real tool-use have a limited amount 

of items devoting to the impairment. For example, the SAST (short apraxia screening test; 

Leiguarda et al., 2014) only has two items included: to rotate a coin between fingers and 

to use a nail cutter, whereby the first task is rather a mechanical motor task testing fine 

motor skills instead of the application of tools. Further, the KAS reports that preliminary 

versions included real tool-use and complex tasks but then were removed for the final 

version due to missing sensitivity and high material effort (Weiss et al., 2013). 

 

Thus, there are few approaches available to diagnose difficulties in the actual use of novel 

or familiar tools in patients. Further, of these few approaches most concentrate on 

difficulties with tool application but neglect to look at problems with tool selection, which 

undoubtable is highly relevant in daily activities. We propose that real object use has to 

be included into the standard assessment of patients with brain damage in order to obtain 

an impression about the effects of apraxia on daily life activities and thereby to sensitize 

patients, relatives as well as clinicians about the relevance of the disorder.  

Ideally, both familiar tool-use and novel tool-use should be tested in order to better locate 

the source of a patient’s difficulty. The use of novel tools and objects for example 

presupposes familiarity with general principles of physics and mechanics rather than 

reliance on object semantics (Hegarty, 2004; Osiurak, François et al., 2013; Povinelli, 

2000; Zago & Lacquaniti, 2005). In contrast, the FTT is assumed to rely on both, retrieval 

of functional knowledge and object semantics from memory as well as mechanical 

problem solving (Goldenberg, G. & Spatt, 2009; Hodges et al., 1999; Randerath et al., 

2011).  

For this purpose we developed a Familiar Tools Test (FTT) and adapted the Novel Tools 

Test (NTT) from Goldenberg, G. and Hagmann (1998b) for the here used DILA-S 

(Diagnostic Instrument for Limb Apraxia – Short Version). Both tool-use tests include 
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actual tools and objects to manipulate. In order to provide a suitable diagnostic approach 

for clinical settings, care was taken to develop a procedure that is suitable for patients 

with brain damage including those with only minimal to moderate comprehension abilities.  

The here introduced tool-use tasks allow the separate evaluation of performance in tool 

selection and application. The evaluation of tool selection is based on whether patients 

need more than one attempt to select the best suitable tool out of three to manipulate the 

recipient object. The subsequent tool application is separated into a score that assesses 

trial and error attempts for executing the correct action (Execution Scale) as well as a 

score that assesses qualitatively how the action is produced (4-point Production Score). 

For each item four parameters are evaluated: grip-formation, grip-orientation, movement-

content and movement-orientation. 

The study by Goldenberg, G. and Spatt (2009) used a real tool-use approach that is 

similar to ours, but there are some important differences. First, their normative data was 

based on a group of only 15 controls. Second, the novel tool-use test and the familiar 

tool-use test were less controlled with respect to task differences. Whereas the current 

FTT follows the same principle as the NTT (selecting the correct tool out of three to apply 

to the recipient object), the familiar tools task in the Goldenberg, G. and Spatt (2009) 

study included the presentation of only one tool and the participant had to select the 

correct recipient out of five objects on a rack positioned behind the presented tool. In 

addition, a qualitative assessment of the action performance was not provided. We here 

included a qualitative 4-point Production Score because error-profiles of individual 

patients may reveal helpful information for further diagnostics and therapeutic 

approaches (Deutsch-Lezak et al., 2012). 

 

Normative data based on 82 healthy participants was collected. Interrater reliability, test 

consistency, concurrent, divergent and criterion validity were evaluated. Communicating 

with clinical personnel over the past years we received the impression that the classical 

tests of imitation and pantomime appear rather abstract to therapists, patients and their 

relatives. Low test-acceptance may be a strong reason for why apraxia diagnostics are 

not taken into account in the clinical routine. In order to receive an estimate for 

acceptance of the DILA-S we additionally adapted the questionnaire AKZEPT-L 

(Kersting, 2008) and collected feedback from local occupational therapists, who applied 

the tests. 

2.2. Methods 

2.2.1. Participants 

To obtain normative data 82 healthy volunteers were tested. They were aged between 

20 and 79 years, 63.4% were female and all were right handed (diagnosed with 

lateralization quotient ≥ 60; Salmaso & Longoni, 1983). Because patients may be forced 

to use their non-dominant left hand due to hemiparesis, half of the participants were 

tested with their right hand and half of the participants used their left hand.  

Patients were recruited from the neurorehabilitation clinic “Kliniken Schmieder” in 

Allensbach, Germany. The patients did not require intensive care, were able to participate 

actively in therapy sessions and were resilient during 30 minutes of therapy. Patients 
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were excluded from the study if they had any neurological or psychiatric disorder or did 

not speak German before stroke onset. Further, patients were not included in the study if 

they did not understand the instructions of the “Token Test” which tests speech 

comprehension. Patients were recruited based on the medical record. In order to post-

hoc verify unilaterality, patients’ MRI or CT scans were retrieved from their clinical records 

in the rehabilitation facility or were sent by the admission clinic. Patients were excluded 

from further analyses if it was not possible to obtain the MRI or CT scan. A total of 53 

right handed stroke patients  (diagnosed with lateralization quotient ≥ 60; Salmaso & 

Longoni, 1983) were included in the current study. 

Of these, 33 patients had left hemisphere lesions (LBD). They were in the subacute 

(stroke onset 3 weeks - six months ago; 93.9%) or chronic phase (stroke onset more than 

six months ago; 6.1%). The patients were aged between 30 and 79 years, 48.5% were 

female. 20 patients had right hemisphere damage (RBD) and were included as a patient 

control group.  They all were in the subacute phase. The patients were aged between 27 

and 78 years, 55% were female. 

All patients were tested with their ipsilesional hand and had no general difficulties to 

comply with our task instructions. 

For group comparisons, healthy controls (HC) were matched to the recruited LBD (CL) 

and RBD (CR) patients for age and gender. The CL group included 28 HC using their left 

hand for the requested activities. The CL and LBD groups did not differ in age (p = .402), 

sex (p = .609) and education (p = .289). The CR group, who used the right hand, 

contained 18 HC. CR and RBD groups also did not differ in age (p = .823), sex (p = .752) 

and education (p = .164). Please see table 2.1 for demographic information. 

The study design was approved by the ethical committee of the University of Konstanz. 

All healthy participants and patients were taking part in the study voluntarily. Informed 

consent was obtained and privacy rights were observed. The study was conducted in 

accordance with the Declaration of Helsinki.  

 

Tab. 2.1: Demographic and clinic data  

Group LBD 

n = 33 

CL 

n = 28 

RBD 

n = 20 

CR 

n = 18 

Gender: male/ female 17/16 12/16 9/11 7/11 

Age 60.45  

(30-79) 

57.64 

(25-79) 

59.00 

(27-78) 

59.44 

(24-78) 

days since stroke onset 98.12 

(21-784) 

n. a. 56.05  

(23-102) 

n. a. 

Aphasia:  

No  

Broca (mild/moderate/severe)  

Wernicke (mild/moderate/severe) 

  

11 

22 (6/5/11) 

20 (9/3/8) 

 

28 

 

14 

6 (6/0/0) 

1 (1/0/0) 

 

18 

(n. a.: not applicable) 

 



17 
 

 

 

2.2.2. Developed assessment of tool-use apraxia 

Two tests were developed, a Novel Tools Test and a Familiar Tools Test. The Novel Tools 

Test was based on the one by Goldenberg, G. and Hagmann (1998b). Originally, five 

cylinders of the Goldenberg & Hagmann set and six new ones were used. In each trial 

three tools and one wooden cylinder in a socket were presented in front of the participants 

(for example see figure 2.1 A). The participants had to choose the tool that is best suitable 

to lift the cylinder out of the socket without dropping it. Inspired by the Novel Tools Test 

(NTT), we developed the Familiar Tools Test (FTT). The participants were required to 

choose the correct tool to handle the recipient object and then apply it (see for example 

figure 2.1 B). 

The original version of the NTT and FTT each consisted of eleven different items (10 test 

items and 1 practice item). For each item the object to be manipulated was presented 

centrally in front of the participant on the table and three tools lying next to each other 

were positioned in front of the object. Whereas the tools could occur in different sets, the 

object to be manipulated only was presented once per test. Per item there was only one 

corresponding tool. To avoid any influences of hemiplegia in the FTT or NTT, all tasks 

could be managed single-handedly. While the original version of the NTT and FTT took 

up to 20 min per test, the below described short versions take approximately half of the 

time and are better suitable to fit into the daily routine in clinical practice. The short 

versions were created by selecting the five most sensitive items out of the ten original test 

items per test. The item-analysis was run on a data-set of 36 patients whose major 

damage was in the left hemisphere. Sensitivity was determined by using the 

discrimination score P (P = Σ points of patients/ Σ max. possible points) and the selectivity 

of each item (correlation of each item with the whole subtest).  Further, in order to facilitate 

and confirm comprehension also in aphasic patients, three items were suggested for 

practice trials. In order to help the examiner with the correct interpretation of task 

comprehension, and in order to facilitate the start of the task for the patients, these 

practice items were chosen based on the idea that the probability of solving them (at least 

partly) is high. The selected practice items were solved correctly by more than 90.0% of 

the 36 patients. We recommend making use of at least one practice item to confirm task 

comprehension. If the patient immediately understands the task, the test items (n = 5) 

can be presented. Please see the evaluation sheets in the supplementary material that 

include images of the used objects per setting as well as the below described evaluation 

criteria. Further, the sheets inform about whether a patient’s performance should be 

considered as apraxic. 

For the evaluation of the Novel Tools and Familiar Tools Tests, three scales were used: 

one to evaluate tool selection and two to assess the suitability of tool application. For the 

selection of the correct tool it was evaluated how many attempts a participant needed to 

choose the correct tool. A tool was determined as being selected as soon as the 

participants made an effort to apply it at the recipient object (as opposed to just lifting and 

looking at the tool). If the first attempt was correct, then 2 points (first correct) were given, 

at second attempt 1 point (second correct) or else 0 points were noted (e.g. total error: 

the person did not detect the correct tool or tried the other two tools before using the 

correct one). For the application of the tools the so-called Execution Scale was similarly 
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evaluated with 2 points (first correct) for showing immediately the correct use, 1 point 

(second correct) for trying movements leading to suitable tool-use and 0 points (total 

error) when the patient needed more than two attempts before using it correctly, or when 

the patient omitted the action because he or she had no idea of how to use the tool 

together with the object. In order to decide whether an action has been executed correctly, 

test evaluation sheets were used that describe clearly defined action characteristics for 

each item. These action characteristics had to be fulfilled in order for the action to be 

classified as correct. The description of each action characteristics includes information 

about four parameters: grip-formation, grip-orientation, movement-content and 

movement-orientation. In order to provide a measure that informs qualitatively about the 

type of difficulties patients have with the task, the 4-point Production Score was included 

that evaluated each of the parameters1. The participant received each one point for the 

grip-formation, the grip-orientation (thumb-direction on tool-handle), the movement-

content and the movement-orientation for each item. The 4-point Production Score was 

included in order to provide potentially essential information for therapists about what 

aspects to primarily train with the patient, e.g. rather grip-formation or the movement-

content or both. Patients were allowed to correct their movement in a second attempt if 

their first try was erroneous. If out of two attempts the second was improved, then the 

second attempt was evaluated for the 4-point Production Score. The maximum score that 

could be achieved was 10 points for the Selection Scale, 10 points for the Execution Scale  

each 5 items x 2 points) and 20 points for the 4-point Production Score (5 items x 4 

points).  

 

Fig. 2.1: A. Novel Tools Test. The one tool has to be selected that is best suitable to lift 

the cylinder out of the socket in a safe manner. In the example (Item 2) the correct tool is 

the one presented in the middle (solution:  put the loop over the straw, bend the straw 

over and lift). B. Familiar Tools Test: In the familiar tools example (Practice Item 0.2) the 

spatula is the correct tool to take the fried egg out of the pan (shove the spatula 

underneath the egg and lift it out of the pan). 

 

 

                                            
1 For evaluation sheets please see https://www.moco.uni-konstanz.de/publikationen/assessments/  
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2.2.3. Validation in a Naturalistic Action Task 

In addition, it was tested how patients performed in a tool-use activity that involves several 

steps. Inspired by the Naturalistic Action Test (NAT) by Schwartz et al. (2002) the 

patients’ task was to prepare breakfast. In the original version patients were instructed to 

prepare a cup of coffee with milk and sugar and a slice of toast with butter and jam. For 

practical and cultural reasons (to avoid spilling accidents with fluid milk and because 

Germans do not typically use the alternative milk powder) in the current NAT participants 

were asked to make a cup of tea with sugar and a toasted slice of bread with butter and 

jam. Participants had all the time they needed and all ingredients and devices were placed 

in front of them in a defined setting (see supplementary figure S.2.1). No distractor tools 

were presented. This task is more complex than the Familiar Tools Test, because in 

addition to applying the tools and objects correctly, the patient has to memorize the 

instructions and arrange the task into accumulative steps using executive functions 

(Goldenberg, G., 2008b, 2011; Schwartz et al., 2001). To evaluate the task two scores 

were generated: The Accomplishment Score reported whether all steps were successfully 

performed and the Error Score indicated how many errors were made during the 

execution (e.g. spreading butter and jam with finger or spoon, or omitting to stir the tea). 

The final NAT-Score was formed by a combination of the Accomplishment Score and the 

Error Score. 

 

2.2.4. Classic assessment of limb apraxia 

Two classic tasks were used to further assess limb apraxia: imitation of hand-gestures 

(meaningful and meaningless) and pantomiming the use of familiar objects. For imitation, 

the patients had to imitate ten meaningful and ten meaningless gestures. Each imitation 

test was started with one practice trial. The meaningless gestures were obtained from 

Goldenberg, G. (1996). The set of meaningful gestures is a novel assembly and tests the 

imitation of emblems, which are gestures with conventional defined forms and meanings 

like “salute”, “listen carefully” or “blow somebody a kiss”. The division into the two 

categories was confirmed by asking 25 healthy volunteers to rate the familiarity of the 

gestures. Every meaningless gesture was rated by at least 72.0% of the volunteers as 

meaningless, for meaningful gestures every gesture was correctly identified with its 

meaning by at least 80.0% of the volunteers.  

Both subtests were evaluated in the same way: per item participants received 2 points if 

their first attempt demonstrated the correct gesture and one point when the second 

attempt was correct, otherwise the experimenter indicated a total error (0 points). The 

gesture was evaluated as soon as the participant held it in a particular position. If the first 

held position was erroneous, the participant was asked to improve the imitated gesture. 

This allowed the experimenter to rate the second attempt. A maximum of 20 points for 

each imitation category could be achieved (per imitation category: 10 items x 2 points). 

In the pantomime task the participant was presented with a picture of an object and was 

verbally asked to show the typical movement for the particular object as if the object would 

be in their hand (e. g. “Show me how to hit a nail with a hammer.”). Presenting a picture 

together with the verbal command facilitates task comprehension for aphasic patients. 

The test comprised up to three practice trials and 8 test items, which were taken from the 



20 
 

 

 

pantomime task by Goldenberg, G. et al. (2003). Of the original task seven items were 

excluded because they appeared outdated and six items were excluded because of being 

the least sensitive. The evaluation of the pantomime execution was equivalent to the other 

tool-use tasks with an Execution Scale and a 3-point Production Score. In the Execution 

Scale it was evaluated, whether the first or second attempt was correct (first correct = 2 

points, second correct = 1 point). 0 points were noted if the correct pantomime was not 

shown at the second attempt (total error). The maximum score was 16 points for the 

Execution Scale (8 items x 2 points). For the 3-point Production Score, the performance 

per item was rated for the three parameters grip-formation, movement-content and 

movement-orientation. Accordingly, if an item was solved correctly three points were 

achieved leading to a maximum score of 24 points for the 3-point Production Score (8 

items x 3 points).  

Additionally, the apraxia-tests AST (Vanbellingen, 2012a, 2013) and KAS (Weiss et al., 

2013) were tested to gain information about concurrent validity for our imitation and 

pantomime scores. 

 

2.2.5. Neuropsychological assessment 

In both patient groups, motor and language skills as well as semantic processing were 

further examined to determine divergent validity. A short version of the Wolf Motor 

Function Test (WMFT; Wolf et al., 2001), the “Token” subtest of the Aachener Aphasia 

Test (AAT; Huber et al., 1983) and subtests of the Bogenhausen Semantic Assessment 

(BOSU; Glindemann et al., 2002) were applied.  

The WMFT is used to test the contralesional arm and hand function with eight items. The 

AAT Subtest “Token Test” evaluates language comprehension. The BOSU was applied 

to test semantic knowledge with four object related picture based subtests (assigning 

objects to a situation, sorting objects according to a. primary or b. secondary semantic 

characteristics and sorting objects by color).  

The Star Cancellation and Line Bisection Test (Plummer et al., 2003) assessed neglect. 

Care was taken to avoid an influence of visuo-spatial neglect on the tool-use assessment. 

If a visuo-spatial neglect or hemianopia was diagnosed, the item-set of the Familiar and 

Novel Tools Tests was shifted towards the unaffected hemi-space. Further, before the 

start of a subtest all participants were instructed once to pay attention to each of three 

tools, but for patients with visuo-spatial deficits this request was repeated for each trial.  

 

2.2.6. Test applicability and acceptance 

Test applicability and acceptance were estimated by questioning six occupational 

therapists and a subgroup of patients (LBD: N = 26, RBD: N = 17) with the test-

acceptance questionnaire AKZEPT-L adapted from Kersting (2008). 

 

2.2.7. Statistical analyses  

All behavioral analyses were conducted in IBM SPSS Statistics 24.  

Normative data. To obtain Cut-Off values, the 5th percentile was computed for each test 

based on the performance of the normative healthy control group (N = 82).  
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Psychometric data. For the analysis of patient performance, the total scores per task and 

scale were used. To compare scales with different maximum scores, percentage scores 

for all scales were computed.  

Because no variables were normally distributed (tested with Chi², p = .000), non-

parametric tests were used. For correlations (i.e. inter-test correlations, interrater 

reliability, concurrent and divergent validity measures) Kendall´s Tau was applied. For 

calculating differences between scales (Selection, Execution and the 4-point Production 

Score) the Wilcoxon Test was used. Internal consistency was computed using a 

conventional version of congeneric reliability (Composite Reliability) (Cho, 2016, p. 664). 

Criterion validity was determined by group comparisons using Mann-Whitney-U tests. 

Differences between groups should demonstrate typical laterality results found in the 

literature (for a similar approach see e.g. Vanbellingen et al., 2010). For concurrent 

validity we computed correlations with the AST (Vanbellingen, 2012a, 2013) and KAS 

tests (Weiss et al., 2013). In order to obtain a comparable measure for the different tests, 

first a combined Imitation and Pantomime Score was computed. This accommodates the 

less specific evaluation methods used by the AST and KAS, respectively. For calculations 

including the AST, our score was computed as follows: (Imitation Meaningful + Imitation 

Meaningless + Pantomime Execution)/3. For calculations including the KAS our data was 

summarized as follows: (Imitation Meaningful + Imitation Meaningless + Pantomime 

Production)/3. To allow for computations of the less specific evaluation of the AST with 

KAS values, KAS data was transformed into dichotomous answers for every item.  

 

2.3. Results 

2.3.1. Normative data  

Cut-Off values were achieved by testing 82 healthy control persons (HC group). For Cut-

Off values the 5th percentile of the performances by the HC group was determined. All 

Cut-Off values of real tool-use tasks are listed in table 2.2. In contrast to the Novel Tools 

Test (NTT), Cut-Off values in the Familiar Tools Test (FTT), both in selection and 

application were found to be close to ceiling. In our NAT Breakfast Task adapted from 

Schwartz et al. (2002) we exchanged coffee making by tea cooking. Nevertheless, the 

same Cut-Off value was found.  

In addition, normative data for imitation and pantomime tasks were collected. For imitation 

of meaningless and meaningful gestures each a maximum of 20 points could be 

achieved. Different Cut-Off values need to be considered for age groups 21-50 years 

(meaningless: 16, meaningful: 18 points) vs. 51-80 years (meaningless: 15, meaningful: 

16 points). For the pantomime task the Cut-Off values are 12 points in the Execution 

Scale (Max. 16 points) and 22 points in the 3-point Production Score (Max. 24 points).  
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Tab. 2.2: Cut-off values for tool-use apraxia relevant tasks.  

Test  Scale Age/ 

Sex 

Max. 

Score 

Cut-off 

value 

Familiar Tools Test Selection Scale 21-50 10 9 

51-80 8 

Execution Scale  10 9 

4-point Production 

Score 

 20 20 

Novel Tools Test Selection Scale  10 6 

Execution Scale female 10 5 

male 7 

4-point Production 

Score 

female 20 17 

male 18 

NAT Breakfast Task NAT-Score  6 4 

 

2.3.2. Psychometric data 

Task related comparisons and correlations were run for the LBD group only (N = 33) to 

ensure sufficient variability in performance.  

 

2.3.2.1. Interrater reliability 

The interrater-reliability was determined based on data of 15 healthy control persons 

(18.3%) rated by I. B. and C. H.-W. (novice) as well as data of ten LBD patients (27.8%) 

evaluated by I. B., P. L. and I. M. (the latter two were novices). Novice raters used a 

manual for evaluation guidance. For healthy controls, a correlation was not analyzed 

because of missing variance in data, instead only percent of agreement is reported. The 

mean agreement in the subtests exceeded 95% (FTT Selection: 97.3%, FTT Execution: 

98.7%, FTT 4-point Production: 100%, NTT Selection: 94.7%, NTT Execution: 85.0%, 

NTT 4-point Production: 96.0%).  

Substantial to high interrater reliability was found for the evaluation of LBD patients’ 

performance in the FTT and NTT subtests (Kendall’s Tau correlation coefficient FTT 

Selection τ = .965, p = .002, FTT Execution τ = .912, p = .002, FTT 4-point Production τ 

= 1.000; NTT Selection τ = .577, p = .038, NTT Execution τ = .786, p = .004, NTT 4-point 

Production τ = .735, p = .012). There was 100 percent interrater congruence for 

diagnosing a patient as apraxic vs. non-apraxic for each of the subscales. 

 

2.3.2.2. Internal consistency and intercorrelations 

Internal consistency was high in all subscales of the Familiar Tools Test (CR ≥.768) and 

the Novel Tools Test (CR ≥.742). Please note, for one single NTT item (Item No. 1) 
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patients in our sample had no difficulties solving the correct action latest at the second 

attempt. While at the same time this item proved to be highly sensitive for selection errors, 

there was no variability in the NTT 4-point Production Score.  Missing variability in one 

item prevented us from running internal consistency computations for the 4-Point 

Production Score. To still provide an estimate for the remaining items of this scale (CR = 

.848), NTT item No. 1 was removed only for the NTT 4-point Production Score. 

Intercorrelations were measured by correlating subtests of the here tested limb apraxia 

battery in the LBD group. Correlations between subscales of FTT and NTT were 

significant for almost all subscales (τ ≥ .338, p ≤ .014). The same tendencies of worse 

performance in one scale going along with impaired behavior in another scale were found 

for FTT Selection and NTT Selection (τ = .240, p = .092) and FTT 4-point Production 

Score and NTT Selection Scale (τ = .260, p = .070). Imitation and Pantomime tasks and 

subscales correlated significantly with each other (τ ≥ .393, p ≤ .003). While pantomime 

of tool-use and real tool-use tasks correlated consistently across scales (τ ≥ .309, p ≤ 

.025) more variable associations were found between imitation tasks and the different 

subscales of the real tool-use tasks (Min: τ = .070, p =.601, Max: τ = .441, p =.001). For 

a detailed correlation table please see table S.2.1 (supplementary material).  

Figure 2.2 demonstrates that the different domains correlate, but that patients score 

worse on the classic apraxia tests versus the real tool-use tasks. In the LBD group, 

imitation and pantomime tasks were more sensitive than the real tool-use tasks (LBD 

group: Z = -3.026, p = .002). In the RBD group the trend was in the same direction (Z = -

1.682, p = .105). For the classic imitation and pantomime tests 35-79% of the patients 

were impaired according to the normative data (LBD: 78.8%; n = 22; RBD: 35.0%; n = 7), 

while in real tool-use fewer but still an impressive number of patients showed difficulties 

in at least one subscale (LBD: 57.6%; n = 19; RBD: 30.0%; n = 6).   

 

 
Fig. 2.2: Scatter plot for mean percent of accuracy in imitation and pantomime tasks (Y-

axes) and Novel and Familiar Tools Tests (X-Axes) for CL (N = 28), LBD (N = 33) and 

RBD (N = 20) participants.  

 

2.3.2.3. Concurrent Validity 

Concurrent validity could not be determined appropriately due to a lack of comparable 

other tests with actual tools and objects providing psychometric information and/or 
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normative data. However, we computed correlations for the here used imitation and 

pantomime scores with the external tests AST (N = 33) and KAS (N = 14). The AST and 

KAS only provided a combined Cut-off value to diagnose apraxia for the classic tests 

imitation of gestures and pantomime of tool-use. Accordingly, from the current test battery 

imitation and pantomime subtests were combined as well. Inter-test correlations of the 

combined measures were highly positive (DILA-S & AST: τ = .500, p = .000; DILA-S & 

KAS: τ = .522, p = .010; AST & KAS: τ = .530, p = .012).  

Further, we analyzed the association between the performance on the FTT and NTT 

subscales with the performance on a Naturalistic Action Task (NAT: making breakfast) 

adapted for this study. While FTT subscales correlated significantly with the NAT 

Breakfast Task (τ ≥ .414, p ≤ .006), NTT subscales did not correlate with the NAT 

Breakfast Task (τ ≤ .190, p ≥ .179). 

 

2.3.2.4. Divergent validity 

In order to evaluate the influence of external variables on test performance divergent 

validity was analyzed for motor, visuospatial and language tests in LBD patients. Motor 

(τ ≤ .272, p ≥ .058) and visuospatial measures (τ ≤ .218, p ≥ .162) did not correlate 

significantly with any of the tool-use subscales besides the NTT Selection Scale (WMFT: 

τ = .285, p = .036; Neglect tests: τ = -.321, p = .035). To further elucidate these effects, 

group comparisons were run. Accordingly, tool-use performance in patients with 

difficulties in the tested motor (N = 21) or visuospatial tasks (N = 4) did not differ from 

patients without motor (N = 12) or visuospatial deficits (N = 29) in all tool-use scales (U ≤ 

116.0, p ≥ .109) except for the NTT Selection (WMFT: U = 53.0, p = .005; Neglect tests: 

U = 18.5, p = .025).  

Language comprehension correlated highly with all tool-use subscales (τ ≥ .317, p ≤ 

.036). To further elucidate the influence of language on tool-use deficits, group 

comparisons were run. Compared to patients without deficits (N = 10), patients with 

language comprehension deficits (N = 23) demonstrated worse performance in all tool-

use scales (U ≥ 23.5, p ≤ .048) besides NTT 4-point Production (U = 75.0, p = .108).  

Further, the semantic processing task (BOSU) correlated in almost all subtests with the 

FTT but not for most of the NTT subtests (FTT: τ ≤ -.364, p ≤ .031, NTT: τ ≥ -.223, p ≥ 

.159). The exceptions are as follows: the BOSU subtest sorting objects by color did not 

correlate with FTT (τ ≥ -.187, p ≥ .191) and sorting objects by secondary semantic 

characteristics correlated with NTT (τ = -.329, p = .038). 

 

2.3.2.5. Criterion validity 

According to the majority of studies in the literature limb apraxia in right handed stroke 

patients is a disorder that typically occurs in 30 to 50 percent of the patients with left 

hemisphere damage and 0 to 30 percent in patients with right hemisphere damage 

(Donkervoort et al., 2000). Therefore, we consider a strong left lateralization in tool-use 

performance as evidence for criterion validity, i.e. if LBD patients score worse on all 

apraxia tests compared to healthy persons (for a similar approach see e.g. Roy et al., 

1991; Salazar-Lopez et al., 2016; Vanbellingen et al., 2010). Since RBD patients typically 

are not as strongly affected, significant differences should not be expected between RBD 
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patients and the healthy control group (e.g. Roy et al., 1991; Salazar-Lopez et al., 2016; 

Vanbellingen et al., 2010).  

Group comparisons are displayed in figure 2.3. The LBD group scored significantly worse 

in most tool-use measures compared to the CL group (U ≤ 306.0, p ≤ .021), except for 

the selection of familiar tools (U = 365.5, p = .104) and the qualitative assessment of the 

application of novel tools (4-point Production: U = 359.0, p = .110). Despite some LBD 

patients being identified as apraxic in the latter two scales, the group comparison only 

demonstrated a tendency towards worse performance of the LBD group. 

In total, out of the 33 LBD patients 57.6% (n = 19) were classified as apraxic in real tool-

use according to our normative data.  Behavior was defined apraxic if a patient scored 

below Cut-Off in at least one of the subscales of NTT or FTT.  

Except for the application of familiar tools the LBD and RBD group did not differ (U ≥ 

259.0, p ≥ .188). For the Execution Scale and 4-point Production Score in the Familiar 

Tools Test the LBD group performed significantly worse than the RBD Group (Execution: 

U = 179.0, p = .005; 4-point Production: U = 222.0, p = .009).  

Despite the lack of group differences between RBD patients and their respective healthy 

control group (U ≥ 130.0, p ≥ .089), some individuals demonstrated difficulties in the Novel 

Tools Test and/or in the Familiar Tools Test. Based on our normative data, 6 RBD patients 

(30.0%) were classified as apraxic in at least one tool-use measure (for details see 

supplementary table S.2.3).  

 

 
Fig. 2.3: Boxplots present the accuracy (%) for the Selection and Execution Scales in the 

Familiar Tools and Novel Tools Test for each group (CL: N = 28, black; CR: N = 18, dark 

grey; LBD: N = 33, light grey; RBD: N = 20, white). Significant differences between groups 

are indicated [** p ≤ .010, * p ≤ .050, (*) p < .100]. 

 

2.3.2.6. Apraxic profile 

In order to deliver further insight into the measured construct, this section includes a brief 

description of the dysfunction in the applied tool-use tests that was demonstrated by the 
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tested sample of unilateral stroke patients. Detailed information can be found in the 

supplementary material.  

We found performance differences between the tool-selection and tool-application 

parameters.   

Performance varied across the different scales on a group level (see also figure S.2.2). 

For example, in patients with left brain damage, the NTT Selection and Execution were 

similarly affected, while in the FTT the Execution was performed worse compared to 

Selection. The latter difference was not found for RBD patients. We found a few 

individuals to demonstrate selective deficits in NTT or FTT, respectively. In both tool-use 

tests deficits in Selection and Execution emerged most often combined, but selective 

deficits were demonstrated in a few individuals. For a detailed description on selectivity, 

please see table S.2.2 and S.2.3 and the corresponding text in the supplementary 

material.  

Descriptive information on the frequency of error-types occurring in the applied tests is 

available (see also figure S.2.3). When looking at the parameter (grip-formation, grip-

orientation, movement-content or movement-orientation) for which errors were produced 

most commonly, in both LBD and RBD groups, the movement-content was most 

frequently affected. In patients with left brain damage, in the FTT, errors appeared for all 

evaluated parameters. However, grip-formation and orientation of thumb were relatively 

error-resistant, particularly in the NTT.  

Further, the supplementary material provides guiding values that indicate the presence 

of mild, moderate and severe tool-use apraxia in order to enable a severity differentiation. 

The descriptive data demonstrated that the use of familiar tools caused most severe 

difficulties, especially in patients with left brain damage. 

 

2.3.2.7. Test applicability and acceptance  

We collected feedback on the DILA-S by handing a questionnaire to local occupational 

therapists (adapted from Kersting, 2008), who applied the developed tests. The DILA-S 

received the overall grade “good” (Mean = 1.83 on German school grades scale). The 

therapists estimated face validity (Mean = 1.50), reliability (Mean = 1.50) and applicability 

with respect to the workload for implementing the test battery (Mean = 2.08) to be “good”. 

Additionally, patients (LBD: N = 26, RBD: N = 17) stated that all tasks were easy to 

understand and that they were not overstrained by the testing situation.  

 

2.4. Discussion 
We introduced two new tasks - the Familiar Tools Test (FTT) and the Novel Tools Test 

(NTT) - to diagnose limb apraxia for tool-use including actual tools and objects. In 

addition, one naturalistic multistep action was evaluated. Next to providing normative data 

based on a healthy sample (N = 82), psychometric data of patients with first unilateral left 

or right hemisphere stroke were reported. In the following we first will evaluate the 

reliability and validity outcomes including a discussion of the applicability of the DILA-S. 

Thereafter we will discuss the role of actual tool-use as diagnostic instrument.  
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2.4.1. Psychometric data 

2.4.1.1. Interrater-reliability and consistency measures 

To evaluate the tests’ reliability, we computed interrater-reliability and internal 

consistency measures. Further, we computed inter-correlations for the tests and their 

subscales.  

Substantial to high interrater-reliability was achieved. Importantly, the different rater 

agreed completely for diagnosing a patient as apraxic vs. non-apraxic for each of the 

subscales. Correlations of performance scores were significant for all subscales. For the 

Selection component, a satisfactory agreement had to be expected, since for each item 

the correct tool is unequivocally determined. Whereas the qualitative judgment of the tool-

application (Execution Scale) provides room for variability between raters. However, for 

the here described test evaluation, sheets were used that provide clearly defined action 

characteristics that had to be fulfilled in order for the action to be classified as correct. 

The description of each action follows the parameters of the 4-point Production Score: 

grip-formation, grip-orientation, movement-content and movement-orientation. To 

maintain high agreement between different judges for the evaluation of the Execution 

Scale, it is therefore recommended to make use of this qualitative guide delivered with 

the supplementary material.  

We found internal consistency with values larger than .7 to be high. Further, 

nonparametric correlations computed for the purpose of estimating construct consistency 

within the subdomains of the battery (i.e. meaningful and meaningless imitation, 

pantomime, novel and familiar tool-use) revealed predominantly significant associations. 

Correlations were found within tool-use domains and within classic tests. Inter-

correlations between most of the subscales of the FTT and NTT were significant, except, 

the Selection Scale in the FTT and NTT did only show a weak association. This suggests 

that the selection of applicable novel and familiar tools may only partly share an 

underlying construct. Further, performance on the classic imitation and pantomime tests 

only partly correlated with tool-use. While pantomime of tool-use and real tool-use tasks 

correlated consistently, more variable associations were found between imitation and real 

tool-use tasks. In addition, in line with previous literature our data clearly showed worse 

performance for LBD and RBD patients in pantomime and imitation tasks in comparison 

to real tool-use tasks (De Renzi et al., 1982; Randerath et al., 2011). It needs to be noted, 

that we did not expect perfect correlations between the subtests because we propose 

that pantomime, imitation and real tool-use tests may share underlying motor cognitive 

abilities, but are considered to test essentially different domains of this construct. Instead, 

as expected these imperfect associations between the subdomains suggest that 

assessing only single domains may risk obtaining an incomplete picture. 

Future studies including larger samples than the current may provide a better insight into 

the association or distinction between subdomains of apraxia measured with the here 

introduced tests. 

 

2.4.1.2. Indicators of Validity 

In order to further elucidate the measured construct, we provided a rough estimation of 

concurrent validity by computing correlations with external measures. Until now there is 
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a lack of equivalent external tests assessing the selection and application of actual tools 

and objects. Here, an assessment of concurrent validity was approximated by computing 

correlations between tests of a closely related construct: Patient performance in the here 

used imitation and pantomime scores of the DILA-S correlated significantly with 

corresponding results collected with the external tests AST (Vanbellingen, 2012a, 2013) 

and KAS (Weiss et al., 2013). This estimation needs to be interpreted cautiously, 

especially given the above described differential findings between the classic tests and 

real tool-use. 

In addition, we found that performance in FTT but not NTT correlated significantly with 

performance on the Naturalistic Action Task (NAT: making breakfast) adapted for this 

study. Making breakfast is a sequential task that requests general abilities such as 

planning, working memory and attention (Buxbaum et al., 1998; Schwartz et al., 1998). 

But the task is also highly familiar and includes the selection and application of known 

objects and tools from a rather cluttered environment in which intact mechanical problem 

solving may not suffice to solve the task. The strong association with the FTT but not the 

NTT is therefore not surprising. 

While this provides some positive indication of concurrent validity, in the future this 

property should be further assessed using matching test approaches.   

 

Divergent validity was evaluated by analyzing the influence of external variables on test 

performance.  Whereas the assessed motor and visuospatial measures seemed to have 

little impact on performance in our tool-use tests, a difference was found based on 

whether language comprehension was affected. A greater impairment in speech 

comprehension went along with more severe tool-use deficits. A self-evident explanation 

may be the partly overlapping neural substrates of language and praxis. Previous lesion 

studies reported that worse performance in the Token Test as well as worse performance 

in pantomime of tool use and imitation of meaningless gestures go along with overlapping 

lesions in the parietal lobe (Goldenberg, G. & Randerath, 2015).  

The underlying test construct may further emerge by delimiting performance on FTT 

and/or NTT from performance on tasks that are thought to be related in a dissociable 

way. For example, whereas correctly solving the FTT is assumed to at least partly rely on 

semantic knowledge (Goldenberg, G. & Spatt, 2009; Hodges et al., 1999; Randerath et 

al., 2011) performing the NTT is thought to be predominantly based on mechanical 

problem solving, which presupposes familiarity with general principles of physics and 

mechanics rather than reliance on knowledge of familiar objects (Hegarty, 2004; Povinelli, 

2000; Zago & Lacquaniti, 2005).  Accordingly, in patients with left brain damage, 

impairment in the semantic processing task (BOSU) showed significant correlations with 

all FTT subscales and no or only weak correlations with the NTT subscales.  However, 

semantic knowledge appears not to be the sole medium ensuring appropriate familiar 

tool-use. For example, three LBD patients with difficulties in the FTT were not impaired 

in the semantics test but did show difficulties with the NTT Selection Scale. This supports 

previous findings by for example Hodges et al. (1999) as well as by Goldenberg, G. and 

Spatt (2009) who suggested that the selection and application of familiar tools likely is 

supported by both retrieval of functional knowledge from semantic memory and 
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mechanical problem solving.  A possible factor explaining the high coincidence of these 

co-occurring deficits going along with the FTT may be lesion size. A similar explanation 

may hold for the finding that impaired performance in the NTT Selection as the only scale 

went along with motor and visuo-spatial deficits. 

Future studies with the DILA-S including larger patient groups may consider applying a 

factor analysis to further elucidate the existing interrelations or differentiating factors. In 

this context, it should be considered to include an additional task unrelated to tool-use or 

semantics that measures a construct closely related to mechanical problem solving. 

 

Left lateralization going along with limb apraxia in right handed patients is indeed a long 

established finding (Liepmann, 1905).  Previous literature reports a prevalence of limb 

apraxia in 30 to 50 percent of the patients with left hemisphere damage and 0 to 30 

percent in patients with right hemisphere damage (Donkervoort et al., 2000). Accordingly, 

results of left lateralization in our tests were interpreted as an indicator for criterion validity 

(for a similar approach see e.g. Roy et al., 1991; Salazar-Lopez et al., 2016; Vanbellingen 

et al., 2010). Our data is in line with these approximations, although indicating prevalence 

at the higher end. Based on our normative data, 58% of LBD and 30% of RBD patients 

were classified as apraxic in at least one tool-use measure. It needs to be mentioned that 

all RBD patients demonstrated difficulties in only one of the tool related subscales. Our 

group comparisons confirmed the expected laterality effects. While the patient group with 

left brain damage scored worse on almost all real tool-use scales compared to their 

respective healthy control group, the performance of the patient group with right brain 

damage did not differ from their respective healthy control group in all real tool-use related 

subscales. This suggests that lesions in the right hemisphere may more generally lead to 

preponderant mild forms of tool-use apraxia (in patients with right hand dominance, but 

see also Goldenberg, Georg (2013a)). However, on a group-level, RBD and LBD patients 

did not differ from each other, apart from the application of familiar tools.  

Summarized, although apraxia of tool-use after RBD seems not to be rare, it still is less 

prevalent and less severe compared to the deficits after LBD. At the same time our results 

highlight that although limb apraxia may occur not as frequent or severe after right brain 

damage it is tenuous to omit RBD patients in limb apraxia diagnostics in clinical settings 

as well as limb apraxia studies (Bienkiewicz et al., 2015; Goldenberg, G. et al., 2007a; 

Hartmann et al., 2005; Rumiati, 2005; Salazar-Lopez et al., 2016; Schwartz et al., 1999; 

Schwartz et al., 1998; Wirth et al., 2016a).  

Acceptance of the DILA-S seemed to be appropriate amongst applicants. Patients stated 

that all tasks were easy to understand and that they were not overstrained by the testing 

situation. Local therapists estimated face validity, reliability and applicability with respect 

to the workload for implementing the test instrument to be “good”.  

 

2.4.1.3. Apraxic Profile 

According to the normative data, the use of familiar tools appeared to cause most severe 

difficulties, especially in patients with left brain damage. When looking at the type of error 

that was produced most commonly across the evaluated parameters, both patient groups 

concur. In line with prior studies evaluating tool-use with single tools (Randerath, 2009; 
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Randerath et al., 2009), the movement-content parameter was most frequently affected. 

Grip-formation and orientation of thumb were relatively error-resistant in both tool-use 

tests, but particularly in the NTT. One needs to acknowledge that for all NTT items the 

handles look identical (including the practice trials), which may have promoted correct 

grasping.  

Comparisons of performance between application and selection measures demonstrated 

that there can be dissociable performance in individuals and underlines that the use of 

the different tool-use tests and scales is informative. We suggest that within the clinical 

context it is worth to both consider a trial-and-error Execution Scale as well as a 

qualitative Production Score. The Execution Score may reveal whether there are actions 

that a patient fails at completely and may therefore render independence in daily life 

potentially impossible. Whether and which single components (Production Score) are not 

performed correctly may deliver implications for the approach of rehabilitation. 

 

2.4.2. The role of real familiar and novel tool-use 

For many potential applicants, the ecological validity of limb apraxia assessments may 

not be obvious. Many studies unraveling limb apraxia have applied tasks of the gesture 

domains (Barde et al., 2007; Goldenberg, G. & Randerath, 2015; Roy et al., 1991; 

Vanbellingen et al., 2011; Weiss et al., 2013). But only few addressed the domain of real 

tool-use (e.g. Goldenberg, G. & Spatt, 2009; Leiguarda et al., 2014), despite the fact that 

the latter apraxia domain obviously is an important player in managing activities of daily 

living. Here we provided an approach to test real tool-use that is applicable in clinical 

settings, as well as of interest for scientific purposes.   

We proposed that the phenomenon of patients being better at real tool-use tasks in 

clinical or research settings is another reason for why real tool-use tasks are neglected 

for standard diagnostic. Real tool-use tasks in an experimental setting typically are far 

more organized compared to home settings and therefore may facilitate the use of tools 

and objects. We replicated the finding that imitation and pantomime tasks are more 

sensitive to erroneous behavior. However, we also demonstrated that real tool-use can 

be affected in a large number of patients with left and right brain damage. It thus should 

not be underestimated.   

Further, we showed that impaired tool selection and application often co-occur, and in 

some individuals even can be affected selectively. Both, appropriate tool selection and 

application, are important to manage daily life in home setting environments. We therefore 

advise against dropping either evaluation since important information may be lost.  

At last, limb apraxia rehabilitation developments are sparse and stagnate since several 

years (Buxbaum et al., 2008; Cantagallo et al., 2012). Together with other studies 

claiming that the use of tools and objects is especially relevant to empower patients for 

an independent daily live (De Renzi & Lucchelli, 1988; Goldenberg, G. & Hagmann, 

1998a; Mayer et al., 1990; Poeck, 1983) the current data underlines the importance of 

taking tool-use apraxia seriously.  
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2.4.3. Future directions 

Overall, our results tune optimistic that the DILA-S is a useful instrument for standard use 

in clinical settings. The questioned occupational therapists suggested that standard use 

in the daily clinical routine will be facilitated by providing a very detailed test manual as 

well as a hands-on training. The manual will soon be available online. Efforts for 

translation in English started. However, despite all the profound reasons, it still may take 

time and effort until limb apraxia diagnostics will be accepted as standard instruments in 

clinics. Several other factors beyond the scope of this work may play a role as well, such 

as straightening out within each clinic whether its diagnosis should be allocated to 

occupational therapy or neuropsychology. 

Next to diagnosing limb apraxia, the DILA-S may be a useful instrument to measure 

improvement of tool-use deficits during the course of rehabilitation. For this purpose, 

ideally parallel tests using different items will be developed.  

Evidence compiles that there exist different routes in the brain from the visual system to 

fronto-parietal regions that guide and support the planning and production of actions. The 

finding of single cases with selective deficits in the FTT and NTT fits well with the theory 

of differential processing routes (Milner & Goodale, 2008) which has been discussed in 

several studies with respect to the praxis system (Hodges et al., 1999; Osiurak, F. et al., 

2009; for a review see Reynaud et al., 2016) and substantiated by several imaging studies 

(Barde et al., 2007; Binkofski & Buxbaum, 2013).  The subtypes or domains of limb 

apraxia may evolve due to the deficient retrieval and integration of differing sources of 

information distributed in this dual route system (Randerath, 2009). Within the framework 

of these route models it needs further clarification how the selection and execution 

components are distributed for familiar versus novel tool-use.  

 

2.5. Conflict of interest 
We wish to confirm that there are no known conflicts of interest associated with this 

publication and there has been no significant financial support for this work that could 

have 

influenced its outcome. We confirm that the manuscript has been read and approved by 

all named authors and that there are no other persons who satisfied the criteria for 

authorship but are not listed. We further confirm that the order of authors listed in the 

manuscript has been approved by all of us. We confirm that we have given due 

consideration to the protection of intellectual property associated with this work and that 

there are no impediments to publication, including the timing of publication, with respect 

to intellectual property. In so doing we confirm that we have followed the regulations of 

our institutions concerning intellectual property. We further confirm that any aspect of the 

work covered in this manuscript that has human patients has been conducted with the 

ethical approval of all relevant bodies and that such approvals are acknowledged within 

the manuscript. 

We understand that the Corresponding Author is the sole contact for the Editorial process 

(including Editorial Manager and direct communications with the office). She is 

responsible for communicating with the other authors about progress, submissions of 

revisions and final approval of proofs. We confirm that we have provided a current, correct 



32 
 

 

 

email address which is accessible by the Corresponding Author and which has been 

configured to accept email from J_Randerath@hotmail.com. 

 

2.6. Acknowledgement and funding 
This work was supported by grants of the DFG (grant no. RA2492/3-1) and the EU FP7 

Marie Curie Zukunftskolleg Incoming Fellowship Programme at the University of 

Konstanz (grant no. 291784) and an internal Zukunftskolleg Co-Funding grant to support 

research transfer awarded to Dr. Jennifer Randerath as well as the 

Landesgraduiertenförderungsgesetz (LGFG) in Baden-Württemberg awarded to M. Sc. 

Ilka Buchmann. We thank Celina Hirth-Walter, Patrick Lipfert and Inara Makhkamova for 

their interrater judgments, Prof. Dr. Joachim Liepert, Imke Bu¨ sching, Dr. Thomas Hassa, 

Stefan Spiteri and Lisa Friedrich-Schmieder for their support with administrative 

questions in the rehabilitation center of the Kliniken Schmieder, as well as all participants. 

All partners had no influence on the conduct of research, preparation of the article, study 

design, analysis and interpretation of data, writing the report and/or decision to submit 

the article for publication. 

 

 

 



33 
 

 

 

3. Limb apraxia profiles in different clinical samples (Study 2) 

3.1. Introduction 
Limb apraxia is commonly defined as a “disorder of movement not caused by weakness, 

akinesia, deafferentation, abnormal tone or posture, movement disorders (such as 

tremors or chorea), intellectual deterioration, poor comprehension, or uncooperativeness” 

(Heilman & Rothi, 1993). It is characterized by impairments in motor cognitive tasks such 

as imitating meaningless gestures or meaningful emblems, impairments in pantomiming 

tool-use or deficits in real single-step or multi-step tool-use affecting both hands (e.g., 

Goldenberg, G., 2011). Limb apraxia can occur after several neurological disorders like 

stroke, neurodegenerative diseases, traumatic brain injury or Multiple Sclerosis (for 

references see below). Dependent on lesion localization and size, all of the above-named 

domains or just selective parts can be affected (Goldenberg, G., 2009a). Despite the 

diversity in affected domains, when examining limb apraxia, most of the test instruments 

only evaluate performance in Imitation and Pantomime tasks (e.g. the DATE (Johnen et 

al., 2016); the WatAB (Stamenova, 2010); the STIMA (Tessari et al., 2015); the AST 

(Vanbellingen et al., 2011); the TULIA (Vanbellingen et al., 2010); or the KAS (Weiss et 

al., 2013)).  

Research on limb apraxia primarily focuses on stroke patients, which typically are divided 

into patient groups with first time right (RHS) or left (LHS) hemisphere stroke, whereby 

the latter is studied most extensively due to the frequently described left lateralization of 

limb apraxia. Accordingly, reported prevalence rates of limb apraxia range between 0-

34% for patients with RHS (e.g., Donkervoort et al., 2000; Wirth et al., 2016b) and 28-

57% for patients with LHS (e.g., Donkervoort et al., 2000; Dovern et al., 2012; Kaya et 

al., 2006; Weiss et al., 2013).  

Further, limb apraxia is a well-studied symptom in patients with dementia (e.g., Chandra 

et al., 2015; Cotelli et al., 2014; Johnen et al., 2016). It is recognized as a diagnostic 

feature of Alzheimer´s Disease and as such it is included in the criteria of the National 

Institute of Neurological and Communicative Diseases and Stroke-Alzheimer´s Disease 

and Related Disorders Association (NINCDS-ADRDA; McKhann et al., 1984; McKhann 

et al., 2011). Prevalence rates for difficulties in Imitation and Pantomime tasks range 

between 32-69% in Alzheimer´s Disease patients (Ahmed et al., 2016; Ozkan et al., 

2013), while difficulties seem to increase with ongoing disease decline (Edwards et al., 

1991; Parakh et al., 2004; Wu, H. S. & Lin, 2015), and go along with worse Mini Mental 

State Examination (MMSE) scores and deficient language comprehension abilities 

(Cotelli et al., 2014; Stamenova et al., 2014; Wu, H. S. & Lin, 2015). Real tool-use 

prevalence rates seem to be on a similar level with 25-54% of impaired patients (Del Ser 

et al., 2001; LeClerc et al., 2004; Wu, H. S. & Lin, 2015). Moreover, studies indicated that 

Alzheimer´s Disease and Vascular Dementia patients have higher apraxia incidence 

rates than patients with mild cognitive impairment (Ahmed et al., 2016; Ozkan et al., 

2013), frontotemporal dementia (Ahmed et al., 2016; Chandra et al., 2015; Johnen et al., 

2016; Johnen et al., 2015) or semantic dementia (Baumard et al., 2016).  

Limb apraxia is also known to occur in patients with traumatic brain injury (TBI; e.g., 

Acosta et al., 2014; McKenna et al., 2013) or Multiple Sclerosis (MS; e.g., Kamm et al., 
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2012; Staff et al., 2009), however studies on limb apraxia in either of these neurological 

disorders are scarce.  

To date, we only found two articles that diagnosed limb apraxia in a group of TBI patients: 

McKenna et al. (2013) postulated that up to 35-60% of patients with TBI show symptoms 

of limb apraxia, while patients with co-occurring spinal cord injury were reported to be 

especially vulnerable for these symptoms. Further, Falchook et al. (2015) examined 

patients with severe TBI and resulting damage to the corpus callosum with the AST 

(Vanbellingen et al., 2011). They found this patient group on average to show apraxic 

symptoms for the left, but not the right hand. However, prevalence rates were not 

reported. Concluding, to date there is only limited information available about the 

prevalence rates for limb apraxia in TBI patients. 

In MS patients, limb apraxia symptoms seem to occur in about 13-27% of patients, but 

mostly in a mild form (Harscher et al., 2017; Kamm et al., 2012; Rapaic et al., 2014; Staff 

et al., 2009). This low number of affected patients can be explained by the relatively small 

amount of 20% of brain atrophy in the grey matter compared to 80% brain atrophy in the 

white matter (Gil Moreno et al., 2013). At the same time neuropsychological symptoms 

such as limb apraxia or aphasia are typically reported to involve grey matter lesions. In 

line with this, aphasia which frequently co-occurs with limb apraxia has been shown to 

occur in only 0.8% of MS patients (Larner & Lecky, 2007). Nonetheless, the amount of 

affected patients in apraxia increases with a lower Expanded Disability Status Scale 

(EDSS:  score measuring neurological deficits in MS patients; Kurtzke, 1983) and  

disease duration (Kamm et al., 2012; Rapaic et al., 2014). Whether patients with different 

subtypes of MS (PPMS: primarily chronic progressive MS, SPMS: secondarily chronic-

progressive MS, RRMS: relapsing remitting MS) vary in their prevalence rates of limb 

apraxia is discussed controversially (Kamm et al., 2012; Rapaic et al., 2014). 

 

So far, to our knowledge, the described patient groups were examined with different 

apraxia tests which in most studies only included classical imitation or pantomime tasks. 

Here we would like to provide data on different patient samples that were tested with the 

same limb apraxia test battery which includes both classical tasks assessing the Imitation 

of hand gestures and Pantomime of tool-use, as well as tasks involving real tool-use. We 

examined patients with stroke (LHS or RHS), TBI, MS (PPMS, SPMS and RRMS) and 

dementia (Alzheimer´s Disease and Vascular Dementia) using the Diagnostic Instrument 

for Limb Apraxia – Short Version (DILA-S; Randerath et al., 2017).  

Our goal was to provide an overview of sample-related limb apraxia profiles including 

information on different domains in order to contribute to a better understanding of the 

disorder’s impact (Deutsch-Lezak et al., 2012).  

 

3.2. Methods 

3.2.1. Participants 

Participants were recruited from four different clinics in Germany and Switzerland. The 

four different patient groups are described below. For demographic data see table 3.1. 

The study design was approved by the ethical committee of the University of Konstanz 

and the Cantonal Ethics Committee in Thurgovia on research involving humans. All 

patients took part in the study voluntarily. Informed consent was obtained, and privacy 
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rights were observed. The study was conducted in accordance with the Declaration of 

Helsinki. 

 

3.2.1.1. Stroke patients 

Participants were recruited from the neurorehabilitation clinic “Kliniken Schmieder” in 

Allensbach, Germany. All patients suffered from first time stroke, did not require intensive 

care and were able to participate actively in therapy sessions of 30 minutes. A total of 80 

right handed stroke patients with left (LHS, N = 44) or right hemisphere lesions (RHS, N 

= 36), verified by MRI or CT scan, participated. None of the patients suffered from any 

other neurological or psychiatric disease. 56.8% of LHS patients suffered from 

comprehension difficulties, diagnosed with the Aachener Aphasia Test (Huber et al., 

1983), whereas in the RHS patient group only 8.3% showed mild aphasia symptoms. 

Nevertheless, all of the patients were able to understand task instructions. Patients were 

tested with their neurologically unaffected hand (LHS: left, RHS: right). 

 

3.2.1.2. TBI patients 

Participants were recruited from the neurorehabilitation clinic “Kliniken Schmieder” in 

Allensbach, Germany (N = 28) and from the neurorehabilitation clinic “Rehaklinik 

Zihlschlacht Neurologisches Rehabilitationszentrum” in Zihlschlacht, Switzerland (N = 

16). All patients were right handed, suffered from first time TBI and did not suffer from 

any other neurological or psychiatric disease. They did not require intensive care and 

were able to participate actively in therapy sessions of 30 minutes. 20.5% of the patients 

were female, which is in line with previous studies showing that men are more often 

affected by TBI than women, have longer hospitalization times and show higher degrees 

of TBI severity (Röhrer, 2013; Seebauer, 2015), which accounts for the higher number of 

men in rehabilitation clinics. Patients were tested with the hand that showed better motor 

functions according to their performance in a short version of the Wolf Motor Function 

Test (N = 6 with left hand, N = 3 with right hand; Wolf et al., 2001). Patients who did not 

demonstrate motor impairments in either hand were either tested with their preferred hand 

(N = 26) or tested with both hands (N = 9). For patients being tested with both sides, 

performance did not differ between hands (Z ≤ - .520, p ≥ .156), therefore mean 

performance of both hands was used for study comparisons. 

 

3.2.1.3. MS patients 

Participants were recruited from the neurorehabilitation clinic “Kliniken Schmieder” in 

Konstanz, Germany. The patient population was first described in Harscher et al. (2017). 

All patients (N = 26) suffered from MS, diagnosed with the revised McDonald criteria 

(Polman et al., 2011). 15% (N = 4) of patients were diagnosed with PPMS, 42% (N = 11) 

with SPMS and 39% (N = 10) with RRMS. One patient (4%) had a secured MS diagnosis, 

but the diagnosis was not further specified. With the exception of fatigue (a frequent 

symptom of MS; Sehle et al., 2014) and adjustment disorder, the patients did not suffer 

from any other neurological or psychiatric diseases. They did not require intensive care 

and were able to participate actively in therapy sessions of 30 minutes. Patients were 

right handed. To minimize the influence of motor deficits patients were tested with their 

stronger hand (N = 7 left; N = 19 right). The tested hand needed to have a minimal muscle 
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power of 4kg on an electronic hand dynamometer (Trailite TL-LSC100 from LiteXpress 

GmbH; 2012) and a minimum of 15mm discrimination sensitivity (Two-Point Discriminator 

Touch Test from North Coast Medical, Inc. (2013). 77% of patients were female, which is 

in line with reported prevalence rates of MS in Germany (see 

https://www.dmsg.de/multiple-sklerose-infos/was-ist-ms/). 

 

3.2.1.4. Dementia patients 

Participants were recruited from the clinic for geriatric psychiatry at the “Zentrum für 

Psychiatrie” Reichenau in Konstanz, Germany. Inclusion criteria were Alzheimer´s 

Dementia (N = 20) or Vascular Dementia (N = 7), diagnosed by an expert (G.R.). Thus, 

a total of 27 patients were included. None of the patients showed any accompanying 

psychiatric disease. The patients with Alzheimer´s Dementia did not suffer from any 

neurological disorder, all patients with Vascular Dementia suffered from stroke. 43.5% of 

all Dementia patients had comprehension difficulties ranging from mild (N = 7) to 

moderate (N = 3) symptoms. The patients did not require intensive care and were able to 

participate actively in therapy sessions of 30 minutes. All patients were right handed, 

showed no symptoms of hemiparesis and were tested with their right hand. Patients with 

Alzheimer´s Disease or Vascular Dementia did not differ in the neuropsychological tests 

(U ≥ 35.00, p ≥ .283), with the exception of semantic sorting for major features, here 

vascular dementia patients scored worse (U = 33.00, p = .028). Consequently, all test 

results are reported for the whole group in table 3.1, except for the BOSU subtest sorting 

for major features results are reported for vascular and AD separately. 

 

3.2.1.5. Description of patient groups 

Patients differed in gender proportion (H (4) = 24.26, p = .000). There were significantly 

more men in the TBI group than in all other patient groups (U ≥ 249.00, p ≤ .023), whereas 

patients with MS were significantly more often women than in LHS (U = 392.00, p = .013) 

and TBI (U = 249.00, p = .000) patient groups, but comparable to RHS (U = 368.00, p = 

.109) and dementia (U = 289.00, p = .241) patient groups. All other group comparisons 

regarding gender did not reach significance (U ≥ 289.00, p ≥ .241). 

Further, patients also differed in age (F (4) = 35.92, p = .000). Patients with dementia 

were significantly older than patients in other groups (p = .000). Additionally, LHS and 

RHS patients were older than TBI and MS patients (p ≤ .002). The other groups did not 

differ from each other in age (p = 1.000).  

Since gender and age influence cut-off values of apraxia tasks (see table S.3.1), no 

absolute performance scores were used for group comparison but rather distributions of 

apraxia severity per subscale were compared (see 3.2.4 Statistical analyses).  

As described in table 3.1, the distributions of tested hand differed in the patient groups 

(LHS: 100% left, RHS: 100% right; TBI: 66% right, 14% left, 20% both; MS: 73% right, 

27% left; Dementia: 100% right). However, whether the left or right hand was tested 

should have no significant impact on results because for the DILA-S it was shown that 

healthy participants tested with their right versus those tested with their left hand did not 

show differences in performance in any of its subtests (U ≥ 646.50, p ≥ .114; see 

Randerath et al., 2017). 
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Tab. 3.1: Demographic and clinic data 

Group LHS 
N = 44 

RHS 
N = 36 

TBI 
N = 44 

MS 
N = 26 

Dem 
N = 27 
AD     VD 
N=20 N=7 

Gender: male/female 24/20 16/20 35/9 6/20 11/16 

Age 59.09 
(30-79) 

60.22 
(25-79) 

44.95 
(18-77) 

46.23  
(22-61) 

82.07 
 (58-93) 

Days since lesion onset 

 
Years since first diagnosis 

89.50 
(21-784) 

60.31 
(19-212) 

93.82 
(27-364) 

 

 

12.21  
(1-37) 

 

 
no data 

Barthel Index 

 
EDSS 

53.27 
(10-100) 

54.55 
(20-100) 

72.86 
(25-100) 

 

 

4.27 
(1.0-7.5) 

71.40 

(45-100) 
 

Aphasia: 

no/mild/moderate/severe 

AAT Token 

AAT Naming 
           AAT Comprehension 

 

 

19/8/5/12 

16/8/5/15 
n.t. 

 

 

34/2/0/0 

29/6/1/0 
n.t. 

 

 

37/4/2/1 

39/3/2/0 
n.t. 

 

 

25/1/0/0 

n.t. 
n.t. 

 

 

17/7/3/0 

8/8/11/0 
7/11/9/0 

Semantic processing: 

normal/impaired 

sort for major features 

sort for minor features I 

sort for minor features II 
sort for color 

 

 

36/8 

29/15 

24/20 
23/21 

 

 

33/3 

27/9 

27/9 
24/12 

 

 

42/2 

35/9 

37/7 
39/5 

 

 

n.t 

n.t. 

20/6 
n.t. 

 

 

16/4   2/5        

10/17 

10/17 
2/25 

Neglect: no/ yes 

Line Bisection 
           Star Cancelation 

 

39/5 
42/2 

 

24/12 
23/13 

 

42/2 
43/1 

 

n.t. 
n.t. 

 

n.t. 
n.t. 

Working Memory 

Corsi Block Tapping Test 

 

DemTect: age consistent/ 

MCI/dementia 

MMSE 

 
           Clocktest 

 

4.25 
(2-6) 

 

3.81 
(2-6) 

 

5.00 
(2-7) 

 

4.58 

(3-7) 
15/9/2 

 

 

 

 

 

16.73 

(9-26) 

3.23 
(0-6) 

Motor function 
Wolf Motor Function Test 

 

2.43 
(0-5) 

 

2.27 
(0-5) 

 

4.52 
(0-5) 

 

4.68 
(3.38-5) 

 

tested hand: left/right/both 44/0/0 0/36/0 6/29/9 7/19/0 0/27/0 

n.t. = not tested; MCI = mild cognitive impairment; AD = Alzheimer´s Dementia, VD = Vascular 

Dementia  
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3.2.2. Assessment of limb apraxia – the Diagnostic Instrument for Limb Apraxia 

The applied Diagnostic Instrument for Limb Apraxia – Short Version (DILA-S) is described 

in detail in Randerath et al. (2017)2. Subtests of it were integrated with permission from 

the author (Imitation of meaningless gestures: Goldenberg, G., 1996), revised (Novel 

Tools Test: Goldenberg, G. & Hagmann, 1998b; Pantomime of tool-use: Goldenberg, G. 

et al., 2003; Naturalistic Action Task - Breakfast Test: Schwartz et al., 2002) or newly 

developed (Imitation of meaningful gestures, Familiar Tools Test). To calculate cut-off 

values the 5th percentile was computed for each task based on the performance of a 

normative healthy control group (N = 82). A distinction between mild, moderate and 

severe apraxia was drawn for each subset in reference to the performance of 20 LHS and 

5 RHS patients who were diagnosed apraxic (Buchmann & Randerath, 2017). Based on 

their performance distribution, mild apraxia was defined by the 75th to 100th percentile, 

moderate apraxia by the 50th to 74th percentile and severe apraxia below the 50th 

percentile. All cut-off values are listed in table S.3.1 (see supplementary material). 

Task comprehension is checked for during consent procedure. In addition, each DILA-S 

subtest provides the experimenter with up to three practice trials to ensure 

comprehension of simple task instructions. 

In some cases it was not possible to perform all tasks of the DILA-S test battery, 

particularly in the dementia group. In the dementia group three patients did not perform 

the Novel Tools Test and seven patients did not perform the Naturalistic Action Test: 

Breakfast Task. For all other groups, data of maximally one patient per subtest is missing. 

For a distinct group description, including information on missing data, please see table 

S.3.2 (supplementary material). 

 

3.2.2.1. Classical tests: Imitation of hand gestures and Pantomime of tool-use 

Patients were requested to imitate meaningless (IML) or meaningful (IMF) hand gestures 

shown by the experimenter. For evaluation, patients achieved 0-2 points per item 

depending on the correct performance at the first (2 points) or second (1 point) attempt, 

or if both attempts were incorrect 0 points were given.  

Further, patients were instructed to pantomime the use of an object (PTU) by verbal and 

visual cues (e.g., “Show me how to hit a nail with a hammer” with a photo of the hammer). 

For evaluation two scales were used. The so-called Production scale included the 

qualitative rating of different movement aspects such as grip-formation, movement-

content and movement-orientation. Further, the Execution scale evaluated the amount of 

needed attempts with the three-tier evaluation system similar to the Imitation tasks (0–2 

points). 

 

3.2.2.2. Real tool-use tests: Novel and Familiar Tools Test 

Patients were asked to select the one tool that is best suitable to safely lift a cylinder out 

of a socket (Novel Tools Test: NTT) or to manipulate a known object (Familiar Tools Test: 

FTT). An item consisted of three tools and one recipient cylinder (NTT) or one recipient 

familiar object (FTT), respectively. For the NTT and FTT three evaluation scales were 

used. First, selection of the correct tool was awarded with 0-2 points per item. Second, 
 

                                            
2 For materials and examples please see https://www.moco.uni-konstanz.de/publikationen/assessments/ 
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for the evaluation of an appropriate usage the following movement aspects were 

assessed: grip-formation, grip-orientation, movement-content and movement-orientation. 

Similar to the above described Pantomime task two scales were applied that either focus 

on the quality of the finally produced movement (Production Scale) or the amount of 

needed attempts based on a three-tier evaluation system (Execution Scale). 

 

3.2.2.3. Naturalistic Action Test: Breakfast Task 

Patients were asked to prepare a breakfast consisting of a toasted bread with butter and 

jam as well as a cup of tea with sugar. For evaluation, the Naturalistic Action Task Score 

(NAT Score) was derived from combining the so-called Accomplishment Score and Error 

Score. For the Accomplishment Score it was counted how many steps of the task were 

completed. The Error Score indicated the amount of errors made while completing the 

task. 

 

3.2.3. Neuropsychological assessment 

For the distinct patient groups, several tests assessing aphasia, working memory, 

semantic processing, motor difficulties and neglect were used. Results are displayed in 

table 3.1.  

Language comprehension difficulties were tested with the “Token” subtest of the 

Aachener Aphasia Test (AAT; Huber et al., 1983). Only patients who understood the 

instructions for this test were included in the study. Further, special attention was paid 

that all patients were able to understand simple task instructions, and those, who were 

not able to follow the instructions, were excluded. Distributions of patients without, with 

mild, moderate or severe aphasia are shown in table 3.1. 

In addition, visuospatial processing performance was assessed by the Star Cancellation 

and Line Bisection Tests (Plummer et al., 2003). Care was taken to minimize an influence 

of visuo-spatial deficits on the assessment of limb apraxia. In case such difficulties were 

apparent, the item-set of the FTT and NTT as well as the photos for the NAT Breakfast 

Task and PTU Task were shifted towards the unaffected hemi-space. Before beginning 

the FTT, NTT or NAT Breakfast Task participants normally are instructed only once to 

pay attention to each of the three tools and material on the table. However, patients with 

visuospatial deficits received this prompt before each trial and in case they could not find 

certain objects on the table (e.g. “Please make sure to look to your left/ right.”).  

 

3.2.4. Statistical analyses 

All behavioral analyses were conducted in IBM SPSS Statistics 25.  

For age parametric tests could be used since these variable was normally distributed 

(tested with Chi², p = 1.000). For these variables group differences were analyzed with 

one-way ANOVA and post-hoc t-tests with Bonferroni correction.  

Chi² indicated that all other variables were not normally distributed (p = .000), and 

therefore non-parametric tests were applied. For calculating discrepancies between 

patient groups Mann-Whitney-U-Tests were used. P-values lower than .050 were 

interpreted as a significant result. 

For apraxia profile descriptions average percentage scores across subscales of each 

subtest are used. The following values were extracted: Execution scores in IML, IMF, 
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PTU and NAT and the mean of Execution and Selection scores in NTT and FTT, 

respectively. Group comparisons were not run for total scores, since for some tasks age- 

and gender-specific cut-off values have to be used (see table S.3.1 in the supplementary 

material) and patient groups differed in these two variables (see above). Instead, for 

group comparisons patients were classified due to their performance as being not 

impaired or as being mildly, moderately or severely impaired in the respective task, 

according to the normative data. The distributions per group regarding impairment 

severity were then compared between all patient groups.  

Furthermore, the Production scale parameters were used to describe the distribution of 

committed error types in Pantomime of tool-use and real tool-use tasks (for a distinct 

description of Production and Execution scale please see Buchmann & Randerath, 2017). 

Average percentage scores per patient group were used. 

 

3.3. Results 

3.3.1. Limb apraxia prevalence in the different patient groups 

For each of the eleven subscales of the DILA-S, the number and percentage of patients 

per sample who showed no, mild, moderate or severe apraxic symptoms are listed in 

table S.3.2 (supplementary material). For detailed group comparison reports see 3.3.2. 

Further, the specific profile of each patient group is shown descriptively in figure 3.1. Next, 

we will describe the specific profiles of each patient group in the distinct apraxia subtests.  

 
Fig. 3.1: Profile description for the respective patient groups (LHS = stroke in the left 

hemisphere; RHS = stroke in the right hemisphere; TBI = traumatic brain injury; MS = 

Multiple Sclerosis; Dem = dementia) for the average performance across subscales per 

subtest of the DILA-S (IML = Imitation of meaningless gestures; IMF = Imitation of 

meaningful gestures; PTU = Pantomime of tool-use; NTT = Novel Tools Test; FTT = 

Familiar Tools Test; NAT = Naturalistic Action Test Breakfast Task). For Pantomime of 

tool-use the Execution scale is shown. For Novel and Familiar Tools Test, the mean 

performance of Selection and Execution subscales is shown.
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3.3.1.1. Stroke patients 

In line with the known left lateralization of limb apraxia, patients with left (LHS, N = 44) 

versus right (RHS, N = 36) brain damage demonstrated worse task performance in 

several subscales of the DILA-S (five out of eight subscales: U ≥ 385.00, p ≤ .018). 

Consequently, we analyzed data of LHS and RHS patients separately. 84.1% of LHS 

patients (N = 37) and 55.6% of RHS patients (N = 20) showed apraxic symptoms in at 

least one subscale. RHS patients most frequently were classified apraxic in only few 

subscales of the DILA-S. The two most affected RHS patients showed impairments in 

four of the eight DILA-S subscales, whereas 27.2% LHS patients (N = 12) showed apraxic 

symptoms in five or more subscales including 9.1% of patients (N = 4) being impaired in 

all eight subscales. The highest incidence of apraxia in LHS patients occurred in 

executing proper tool-use pantomimes (PTU Execution scale: 61% impaired patients (N 

= 23)), whereas for RHS patients imitating gestures (in IML and IMF both 19% impaired 

patients (N = 7)) was the most difficult task.  

 

3.3.1.2. TBI patients 

45.5% (N = 20) of TBI patients showed apraxic symptoms in at least one subscale of the 

DILA-S. Most of them (19%, N = 8) were unable to complete the NAT Breakfast Task 

correctly. While half of the patients who were apraxic only showed symptoms in one or 

two subscales (50.0% (N = 10) of apraxic patients), the other half of patients (N = 10) was 

impaired in up to seven out of eight subscales of the DILA-S.  

 

3.3.1.3. MS patients 

Limb apraxia was shown in 26.9% (N = 7) of MS patients. Each of these patients showed 

difficulties in only one subscale with mild (19%, N = 5) to moderate (8%, N = 2) symptom 

manifestations. None of the patients showed apraxic symptoms in the FTT or NTT 

Execution scales. Patient groups with PPMS, SPMS or RRMS demonstrated a similar 

level of performance in all of the DILA-S tasks (H (2) ≤ 6.675, p ≥ .217). Due to the small 

number of patients per subgroup and the absence of differences between these 

subgroups, the MS patient group was not subdivided for later group comparisons. 

 

3.3.1.4. Dementia patients 

88.9% of dementia patients (N = 24/27) showed apraxic symptoms in at least one 

subscale.  The severity of deficits varied immensely within the group of apraxic patients. 

Patients´ impairments ranged from mild difficulties in one subscale up to severe difficulties 

in six out of eight subscales. Deficits occurred most frequently in pantomiming tool-use 

(69% (N = 18/26) impaired patients) and preparing breakfast (70% (N = 14/20) impaired 

patients). Since patient groups with Alzheimer´s Disease (N = 20) or Vascular Dementia 

(N = 7) did not show performance differences in any of the applied DILA-S subscales (U 

≤ 35.50, p ≥ .427), the dementia group was not subdivided for subsequent group 

comparisons. 
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3.3.2. Comparison of performance between patient groups 

Patient group performances differed in all but the NTT Execution subscales of the DILA-

S (H (4) ≥ 12.85, p ≤ .010). Differences between the tested clinical samples will be detailed 

below. 

 

3.3.2.1. Classical tests: Imitation of hand gestures and Pantomime of tool-use 

As shown in figure 3.2, LHS patients scored worse than TBI and MS patients in IML and 

IMF (U ≥ 374.50, p ≤ .036). Patients with dementia also scored worse in both IML and 

IMF compared to patients with MS or TBI (U ≥ 174.00, p ≤ .002). Further, they scored 

worse than RHS patients in IML (U = 305.50, p = .006). All other group comparisons did 

not reveal significant results (U ≤ 764.00, p ≥ .051). 

In Pantomime, patients with LHS or dementia scored worse than patients with MS, TBI 

or RHS (U ≥ 110.50, p = .000). All other group comparisons did not reveal significant 

differences (U ≤ 774.00, p ≥ .108). 

 

 
Fig. 3.2: Distribution of apraxia severity (no, mild, moderate and severe apraxia) in 

percent per group for the distinct patient groups (patients with stroke in the left 

hemisphere [LHS], stroke in the right hemisphere [RHS], traumatic brain injury [TBI], 

Multiple Sclerosis [MS], dementia [Dem]) in the subscales Imitation of meaningless 

gestures (left), Imitation of meaningful gestures (middle) and Pantomime of tool-use 

(right). Significant group differences are marked with stars: **= p ≤ .010, *= p ≤ .050. 

 

3.3.2.2. Real tool-use tests: Novel and Familiar Tools Test 

As shown in figure 3.3, in NTT selection scale, the number of patients showing apraxic 

behavior was higher in the LHS group than in the RHS, TBI and MS patient groups (U ≥ 

408.00, p ≤ .018). Also, the number of apraxic patients with dementia was higher than the 

number of apraxic MS and TBI patients (U ≥ 244.50, p ≤ .043). The NTT Execution scale 

did not differentiate between the here tested patient samples (H (4) = 6.28, p =.143).  

In FTT Selection, LHS patients scored worse than RHS, TBI and MS patients (U ≥ 460.00, 

p ≤ .023). On FTT Execution scale, LHS and dementia patients scored worse than RHS, 

TBI and MS patients (U ≥ 234.00, p ≤ .036). All other group comparisons did not reveal 

significant results (U ≤ 775.00, p ≥ .132). 
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Fig. 3.3: Distribution of apraxia severity (no, mild, moderate and severe apraxia) in 

percent per group for the distinct patient groups (patients with stroke in the left 

hemisphere [LHS], stroke in the right hemisphere [RHS], traumatic brain injury [TBI], 

Multiple Sclerosis [MS], dementia [Dem]) in the Novel (left) and Familiar Tools Test (right). 

The subscales Selection (above) and Execution (below) are shown for both tests. 

Significant group differences are marked with stars: **= p ≤ .010, *= p ≤ .050. 

 

3.3.2.3. Naturalistic Action Test: Breakfast Task 

As shown in figure 3.4, LHS and dementia patients scored worse than RHS, TBI and MS 

patients (U ≥ 86.50, p ≤ .012). All other group comparisons did not reach significance (U 

≤ 729.50, p ≥ .095). 

 
Fig. 3.4: Distribution of apraxia severity (no, mild, moderate and severe apraxia) in 

percent per group for the distinct patient groups (patients with stroke in the left 

hemisphere [LHS], stroke in the right hemisphere [RHS], traumatic brain injury [TBI], 

Multiple Sclerosis [MS], dementia [Dem]) in the Naturalistic Action Test: Breakfast Task. 

Significant group differences are marked with stars: **= p ≤ .010, *= p ≤ .050. 
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3.3.2.4. Committed error types 

Profiles for committed error types based on Production parameters in Pantomime of tool-

use, Novel and Familiar Tools Test are shown in figure 3.5. For Pantomime of tool-use, 

LHS patients seemed to have most difficulties with grip formation, whereas dementia 

patients performed most errors in orienting the movement. RHS, TBI and MS patients did 

not demonstrate any particular problem with certain production parameters. For the Novel 

Tools Test, all groups showed the highest error rates for the movement parameter but 

produced nearly perfect grip formation and thumb orientation. For the Familiar Tools Test, 

LHS and dementia patients produced most errors in the movement parameter, while 

RHS, TBI and MS patients did not show any erroneous behavior. 

 

 
Fig. 3.5: Average performance on Production parameters in Pantomime of tool-use (left), 

Novel (middle) and Familiar Tools Test (right). Mean percentage scores of performance 

in grip formation, orientation of thumb, movement, orientation of movement and body-

part-as-object-errors are shown. 

 

3.4. Discussion 

3.4.1. Prevalence rates of limb apraxia 

To our knowledge the present study is the first one examining four in-clinic patient 

samples with different neurological disorders by use of the same limb apraxia test battery 

(DILA-S). In this manuscript we describe and display the apraxic profiles of each group 

for the Imitation of meaningless and meaningful hand gestures, Pantomime of tool-use, 

the selection and use of novel and familiar tools as well as a multistep naturalistic action 

task that comprised the preparation of breakfast.  

Overall, our results confirm previously shown prevalence rates of limb apraxia in the 

different patient groups for the classical imitation and pantomime tests. Including the 

assessment of novel and familiar tool use tasks and a multistep naturalistic action led to 

a slight increase in prevalence rates. LHS and Dementia patients showed the highest 

prevalence rates of limb apraxia in all six tasks of the DILA-S and scored worse than 

RHS, TBI and MS patient groups on almost all subscales except for the Novel Tools Test 

Execution scale.  

 

The high overall prevalence rates of 84% apraxic patients in the LHS patient group and 

of 89% apraxic patients in the Dementia patient group can be explained by the wide-

ranging limb apraxia test instrument which was used here. Previously found prevalence 



45 
 

 

 

rates of around 28-57% in LHS patients (e.g., Donkervoort et al., 2000; Dovern et al., 

2012; Kaya et al., 2006; Weiss et al., 2013) and of 32-69% in Alzheimer´s Disease 

patients (Ahmed et al., 2016; Ozkan et al., 2013) considered performance in Imitation and 

Pantomime tasks only. Had we similarly considered these tasks only (IML, IMF and PTU), 

prevalence rates of apraxia for LHS patients would be at 52% for Imitation and at 61% for 

Pantomime tasks, which is comparable to previously reported results.  

For the here tested Dementia patients, prevalence rates reach 63% for Imitation and 67% 

for Pantomime tasks. This number appears to be in line with the aforementioned reports, 

while at the higher end. Two factors may have contributed to that. First, it needs to be 

pointed out that the age range of the normative sample of the DILA-S was limited to a 

maximum of 80 years whereas in the Dementia patient group, 15 patients (56%) were 

older than 80 years. For tasks with age specific cut-off values such as the imitation tasks 

and FTT Selection, this fact could have skewed the results towards an overestimation of 

apraxia-diagnoses. However, this limitation appears to receive less weight when noticing 

that the vast majority of apractic dementia patients were also impaired in the non-age 

sensitive subscales. Therefore, this point may only play a minor role in inducing the 

relatively high prevalence. Instead a better explanation may be provided by the patient 

recruitment in a psychiatric clinic. Dementia severity in the drawn sample appears to be 

higher than in previously reported studies. The  patient group tested in the presented 

study was predominantly moderately impaired in MMSE (N = 17 (65%); Crum et al., 

1993). With a mean of 16.7 points in MMSE, this patient group showed lower MMSE 

scores than patient groups of previous dementia patient studies (average scores: Cotelli 

et al., 2014: 20.1 points; Johnen et al., 2016: 23.2 points; Johnen et al., 2015: 22.4 points; 

Ozkan et al., 2013: 17.2 points in Alzheimer´s Disease and 19.4 points in Vascular 

Dementia patients). As shown before, prevalence rates of apraxia increase with ongoing 

disease decline (Edwards et al., 1991; Parakh et al., 2004; Wu, H. S. & Lin, 2015) and 

lower MMSE scores (Cotelli et al., 2014; Stamenova et al., 2014; Wu, H. S. & Lin, 2015). 

Moreover, patients with Alzheimer´s Disease and Vascular Dementia did not differ in their 

praxis performance, which is in line with previous results (Ahmed et al., 2016; Ozkan et 

al., 2013).  

When looking at absolute prevalence rates of RHS patients (56%), the number also 

seems to be rather high in this patient group compared to previous studies, which showed 

apraxia prevalence rates of 0-34% in RHS patients (e.g., Donkervoort et al., 2000; Wirth 

et al., 2016b). Again, when only considering classical Imitation and Pantomime tasks, 

prevalence rates decrease to 31% in Imitation and 17% in Pantomime tasks. It should 

also be emphasized that symptoms occur in less subscales and in a milder manifestation 

than in LHS patients, which is in line with previous study results (Buchmann & Randerath, 

2017; Wirth et al., 2016b).  

As expected, MS patients showed the lowest apraxia prevalence rates with 27% of 

affected patients, which is a comparable number to previous study results (Kamm et al., 

2012; Rapaic et al., 2014). However, compared to these results, patients were less 

affected by limb apraxia, demonstrating difficulties in only one subscale of the DILA-S. 

This could be due to the method of only testing the stronger hand (which controlled for 

motor deficits), which has been applied here, compared to testing both hands in previous 

studies (Kamm et al., 2012; Rapaic et al., 2014). Further, in this sample, limb apraxia 
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symptoms did not reach clinical relevance, which is shown by absent complaints by the 

patients as well as absent notes on apraxia in the discharge report of the rehabilitation 

clinic (Harscher et al., 2017). 

A different profile was found for TBI patients, who scored better than LHS and Dementia 

patients on almost all subscales.. When interpreted in reference to the healthy normative 

sample, TBI patients are most strongly impaired in the NAT Breakfast Task. Here, even 

patients who did not show any apraxic behavior in the other tasks, showed striking 

behavior such as infusing the tea in the sugar bowl or sticking the knife in the toaster to 

check whether the bread is toasted. These difficulties could be explained by the high 

number of TBI patients with frontal brain damage (Gentry et al., 1988; Levin et al., 1987) 

affecting executive functions. Frequently, this leads to action planning and inhibition 

disabilities (e.g. Wallesch & Bartels, 2009). Thus, a lack of impulse control may explain 

behavior such as the observed impatience when waiting for the toasted bread to be ready 

and meanwhile starting inappropriate actions leading to apraxic errors. 

 

3.4.2. Task specifics 

As shown in the results section, for all groups besides the MS patient group there are 

specific tasks of the DILA-S which are most sensitive to apraxic symptoms. In LHS and 

Dementia patients, the pantomime task was the most difficult one to solve, whereas for 

RHS patients, imitation of gestures and for TBI patients the NAT Breakfast Task were 

mostly affected by apraxic behavior.  

It has been shown before that imitation and pantomime tasks are more sensitive to 

erroneous behavior compared to real tool-use tasks in LHS and RHS patient groups (De 

Renzi et al., 1982; Randerath et al., 2011). This similarly has been shown for dementia 

patients. Lesourd et al. (2013) for example demonstrated that Pantomime production 

deficits seem to increase with more severe forms of dementia, while real tool-use 

including familiar tool-use and mechanical problem solving seems to remain stable at 

least from mild to moderate stages of the disease. The greater extent of contextual 

information curtails action opportunities (affordances) provided in real tool-use tasks and 

might minimize demands on working memory, and thus leads to fewer errors. However, 

despite the relative improvement of behavior in real tool-use settings, patients can still be 

significantly affected (Randerath et al., 2011). Moreover, while the Familiar Tools Test 

seems to be easier for healthy adults (verified by higher cut-off values than in the Novel 

Tools Test), it seems to be more difficult for LHS and Dementia patients than mechanical 

problem solving. Two reasons could account for this result: First, since cut-off values in 

the Familiar Tools Test are near to ceiling, patients only need to make a few errors to 

score below cut-off. In contrast, the cut-off-values for the Novel Tools Test are lower, so 

patients can make some errors without scoring below cut-off. Second, stroke- or atrophy-

induced lesions in LHS or Dementia patients, are frequently located in temporo-parietal 

regions, which are responsible for semantic processing and thus involved in familiar tool-

use (Goldenberg, G. & Hagmann, 1998b; Hodges et al., 2000).  

 

3.4.3. Limitations and future directions 

To our knowledge, this was the first study that examined four groups of in-clinic patients 

with different neurological disorders with the same limb apraxia test instrument. However, 



47 
 

 

 

the comparison of different neurological samples naturally provokes several challenges, 

such as choosing one clinical reference sample that potentially may not demonstrate a 

representative apraxia-profile for all groups (here we used the DILA-S stroke-sample as 

reference for defining the severity of impairment; Randerath et al., 2017). Based on 

groups of 26 to 44 patients per sample, this study demonstrated that differences between 

patient groups are non-negligible. Of course, another challenge is the choice of 

recruitment. Here we only included patients admitted to local clinics and thereby 

concentrated on the most vulnerable samples. Other patient cohorts (e.g. recruited in 

nursing homes, support groups etc.) may be of interest as well. This study is exploratory 

and calculating comparisons based on five patient groups and eight subscales of the 

DILA-S clearly introduce the drawbacks of multiple comparisons. Although we used 

nonparametric measures the results need to be interpreted with caution.   

Future studies should aim at including larger samples with same sized patient groups for 

statistically ideal group comparisons. The current exploratory study may support 

generating predefined hypotheses. Further, additional brain analyses potentially could 

help to explain sample-specific profiles and deliver a more holistic view on the underlying 

mechanisms of limb apraxia, especially when looking at patients with dementia.  

In addition, although differences are not expected, normative data should be ideally 

extended to include healthy controls younger than 20 or older than 80.  

Finally, since corpus callosum lesions could lead to limb apraxia symptoms for only one 

hand, future studies should consider examining a larger group of TBI or MS patients in 

both hands, if motor abilities permit and are controlled for.  

 

3.4.4. Conclusion 

To our knowledge the current study is the first study to compare praxis performance of 

groups with distinct neurological diseases by use of the same limb apraxia test battery. 

Overall, except for the MS patient group, patients have wide ranging difficulties in the 

here presented tasks. LHS as well as Alzheimer´s Disease and Vascular Dementia 

patients scored worst in all tasks, while RHS and TBI patients only showed difficulties in 

some tasks and MS patients did not show any clinical relevant limb apraxia symptoms. 

Hence, our data suggests to screen patients with LHS, Alzheimer´s Disease or Vascular 

Dementia with the Familiar Tools Test (see also Randerath et al., 2017) and test them 

with the complete DILA-S in case of detection of apraxic symptoms. For RHS patients, 

we recommend having a special look on Imitation and Pantomime tasks, since these 

patients have shown unaffected performance in real tool-use tasks but seem to have 

some difficulties with the more abstract tasks. Lastly, special attention should be paid to 

multistep tool-use tasks for TBI patients. Although these patients seem to be unaffected 

in other tasks, inappropriate use of tools in multistep tool-use tasks might entail a risk of 

injury.  
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4. Assessing anosognosia in apraxia of common tool-use with 

the VATA-NAT (Study 3) 

4.1. Introduction 
Anosognosia (α = without, νόσος = disease, γνώσις = knowledge) was first described by 

Babinski (1914; see Langer & Levine, 2014) as the “denial of motor deficits contralateral 

to a brain lesion” (Canzano et al., 2014). In the last few years the term has been used in 

a broader manner and has been extended to different clinical manifestations (Jenkinson 

& Fotopoulou, 2014; Turnbull et al., 2014). For example, Prigatano (2010) described 

anosognosia as “a multifaceted syndrome where patients show complete or partial lack 

of awareness of specific neurological or cognitive deficits”. It was shown for patients with 

cortical blindness (Anton, 1893; von Monakow, 1885), hemiplegia (Anton, 1893; Cocchini 

et al., 2010a; Pia et al., 2004; Vocat et al., 2010), aphasia (Cocchini et al., 2010b; Kertesz, 

2010; Lebrun, 1987; Rubens & Garrett, 1991), hemianopia (Celesia et al., 1997) and 

dementia (Cotelli et al., 2014; Orfei et al., 2010b; Schacter, 1991; Spalletta et al., 2012; 

Starkstein et al., 2006). Anosognosia can occur after stroke, traumatic brain injury, 

neurodegenerative or neuropsychiatric disorders (Orfei et al., 2008; Prigatano, 2010). 

Patients behave as if they have no neurological or cognitive deficits or deliver evasive 

answers, why they cannot perform the requested action if they cannot execute a given 

activity (e.g., "The arm is tired."; Karnath, 2012). A distinction has been made between 

explicit and implicit anosognosia. If questioned about their abilities, patients with 

anosognosia, deny or underestimate their difficulties.  Patients with explicit denial of the 

deficit may communicate that all is fine, yet they may avoid executing tasks that are 

difficult for them. In contrast, patients with implicit anosognosia tend to approach tasks 

although they cannot meet the demands and are not able to correct their behavior 

(Cocchini et al., 2010a; Garbarini et al., 2013). The complex picture of the disorder is 

complemented by the fact that selective anosognosia can occur, i.e. patients demonstrate 

no insight in one deficit but have good awareness for other deficits (Bisiach et al., 1986; 

Breier et al., 1995; Gasquoine, 2016). Further, it is striking that patients correctly identify 

errors made by others but are not able to recognize their own errors (Canzano et al., 

2016).  

Despite the fact, that patients often spontaneously recover from anosognosia symptoms 

(Starkstein et al., 2010; Vocat et al., 2010), it is a huge obstacle for a good therapy and 

rehabilitation process and predicts worse therapy outcome (Hartman-Maeir et al., 2001; 

Mattioli et al., 2012; Pedersen et al., 1996b; Prigatano, 2008). Patients who do not 

recognize their deficits, typically show little therapy motivation and set unrealistic high 

goals for treatment (Fleming et al., 1998; Peskine & Azouvi, 2007). Further, they 

frequently reject assistance and treatment recommendations (Katz & Segal, 2004) and 

develop less compensatory strategies than patients without anosognosia (Ownsworth & 

McFarland, 2004).  

Despite the increased interest in anosognosia over the past years to our knowledge no 

study so far specifically set out to investigate the possible existence of anosognosia of 

the impaired use of actual common tools and objects (common tool-use apraxia, here: 

CTU-apraxia). CTU-apraxia is a complex but yet underestimated dysfunction after lesions 
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of the left hemisphere affecting tool and object use (Buchmann & Randerath, 2017; 

Dovern et al., 2011; Goldenberg, G., 2011). Patients for example may choose the wrong 

tool to perform an action (e.g., the toothbrush to comb their hair) or do not know the proper 

function of an object. Patients with apraxia are more often dependent on nursing staff 

(Poeck, 2006; Wu, A. J. et al., 2014), its severity negatively predicts rehabilitation 

outcome (Dovern et al., 2011; Hanna-Pladdy et al., 2003) and patients with apraxia return 

less often to work than non apraxic patients (Dovern et al., 2011; Wang et al., 2014). 

Furthermore, Goldenberg, G. (2011) described, that patients with tool-use apraxia may 

not realize their limitations or blame them on their aphasic or hemiplegic symptoms, and 

so do their relatives. However, studies on the topic of anosognosia in apraxia are scarce. 

To date there is one published study that examined anosognosia of bucco-facial apraxic 

deficits (Canzano et al., 2014). 

But to our knowledge to date there is no published diagnostic instrument to assess 

anosognosia of CTU-apraxia. There exist some wide-ranging questionnaires for judging 

competencies of daily life activities, motor abilities, cognitive and emotional behavior (e.g. 

the Awareness Questionnaire by Hart et al., 2004;  the Patient Competency Rating Scale, 

see Leathem et al., 1998; or the Marcel-Moro´s interview, Moro et al., 2011),  which ask 

for activities of daily living and partly include self-ratings or clinical assessment but are 

neither clearly designed to evaluate apraxia nor to assess the insight into the impairment 

in CTU. 

Here, we present the development of a new questionnaire to diagnose explicit 

anosognosia of CTU-apraxia, the Visual-Analogue Test assessing Anosognosia of 

Naturalistic Action Tasks (VATA-NAT).  

To figure out whether participating in an assessment for limb apraxia (DILA-S; Buchmann 

& Randerath, 2017) may change the insight of the patients into their disabilities, the 

VATA-NAT was presented before and after carrying out the DILA-S which includes two 

tests with common tools (Familiar Tools Test and NAT Breakfast Task).  

Psychometric data will be analyzed with respect to interrater-reliability, internal 

consistency, convergent and divergent validity. 

 

4.2. Methods 

4.2.1. Participants 

Participants were recruited from the neurorehabilitation clinic “Kliniken Schmieder” in 

Allensbach, Germany. The patients all suffered from first time stroke, were in the 

subacute or chronic phase of illness, did not require intensive care, could participate  

actively in therapy sessions and were resilient during 30 minutes of therapy. A total of 58 

right handed stroke patients with left (LBD) or right brain damage due to stroke (RBD) 

participated. None of the patients suffered from any other neurological or psychiatric 

disease.  

Due to false answer to the anosognosia control question (“Do you have any difficulties to 

jump over a lorry?”; see Structure of the VATA-NAT), seven patients were excluded from 

further analysis. The remaining 51 patients were divided into four participant groups: LBD-

patients with CTU-apraxia (LBD-ACTU, n = 15), LBD-patients without CTU-apraxia (LBD-
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nACTU, n = 13), RBD-patients with CTU-apraxia (RBD-ACTU, n = 5) and RBD-patients 

without CTU-apraxia (RBD-nACTU, n = 18). CTU-apraxia was assessed with the Familiar 

Tools Test (FTT) and Naturalistic Action Test – Breakfast Task (NAT) of the DILA-S 

(Buchmann & Randerath, 2017) described below (see Assessment of CTU-apraxia).  

Patient groups did not differ in sex, age, days since stroke onset and education level (χ² 

≤ 4.067, p ≥ .248). LBD patients with CTU-apraxia had worse speech comprehension 

than the other three groups (U ≥ 11.50, p ≤ .020). Lesion distribution (middle cerebral 

artery, brain stem, thalamus, pons, basal ganglia) appeared similar in the four patient 

groups. For demographic data see table 4.1. 

The study design was approved by the ethical committee of the University of Konstanz 

(Statement No. 10/2014). All patients were taking part in the study voluntarily. Informed 

consent was obtained, and privacy rights were observed. The study was conducted in 

accordance with the Declaration of Helsinki. 

 

Tab. 4.1: Demographic and clinic data 

Group  LBD-ACTU 

n = 15 

LBD-

nACTU 

n = 13 

RBD-ACTU 

n = 5 

RBD-nACTU 

n = 18 

Gender: male/ female 8 / 7 6 / 7 2 / 3 8 / 10 

Age 57.53 

(30-78) 

56.46 

(41-79) 

53.00 

(27-78) 

60.06 

(25-79) 

Days since stroke 60.80 

(21-149) 

103.00 

(28-644) 

68.00 

(47-102) 

55.28 

(23-164) 

Education level: middle/ high  12 / 3 7 / 6 3 / 2 15 / 3 

Receptive aphasia:  

No 

Yes (mild/ moderate/ severe) 

 

4 

11 (5/2/4) 

 

9 

4 (3/1/0) 

 

4 

1 (1/0/0) 

 

18 

0 

Lesion distribution: 

Middle cerebral artery 

Brain stem 

Thalamus 

Pons 

Basal ganglia 

 

10 (66.7%) 

1 (6.7%) 

1 (6.7%) 

0 

3 (20.0%) 

 

8 (61.5%) 

0 

2 (15.4%) 

0 

3 (23.1%) 

 

2 (40.0%) 

0 

0 

0 

3 (60.0%) 

 

16 (88.9%) 

0 

0 

1 (5.6%) 

1 (5.6%) 

 

4.2.2. Assessment of CTU-apraxia 

CTU-apraxia was assessed with two subtests of the Diagnostic Instrument for Limb 

Apraxia – Short Version (DILA-S; Buchmann & Randerath, 2017): the Familiar Tools Test 

(FTT) and the Naturalistic Action Test – Breakfast Task (NAT).3 

 

                                            
3 For materials and examples please see https://www.moco.uni-konstanz.de/publikationen/assessments/  
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The FTT consists of three example items and five test items, each of them consisting of 

one object that was presented centrally on the table and three tools lying next to each 

other in front of the object. The participants were required to choose the correct tool to 

handle the recipient object. For example, one FTT item includes a pan with a fried egg 

inside as recipient object and three tools to choose from: a spatula, a bottle opener and 

a ladle. The patient was asked to choose the correct tool (e.g., the spatula) and to perform 

its typical application on the given recipient object (e.g., take the fried egg out of the pan). 

To avoid any influences of hemiplegia, all tasks were presented in a way that they could 

be managed unimanually with the ipsilesional hand. To classify patients as apraxic or not 

apraxic in simple CTU, we used the so-called Production Score. With this score the 

performance per executed action is evaluated in detail by judging grip-formation (for the 

fried egg example: lateral or tight cylinder grip), grip-orientation (e.g. thumb directed 

towards the functional part of the spatula), movement-content (e.g. move spatula towards 

the fried egg, slide it under the fried egg and take the fried egg out of the pan) and 

movement-orientation (e.g. upwards when taking the fried egg out of the pan). The cut-

off value and maximum score consists of 20 points (based on norm-data acquired in 82 

healthy subjects). 

Additionally, patients were asked to perform a multi-step naturalistic action-task (NAT). 

Patients had to prepare one toasted slice of bread with butter and jam as well as a cup of 

tea with sugar. The cut-off score is set at 4 points, a maximum of 6 points can be 

achieved.  

For a further description of these two tests please see Buchmann and Randerath (2017). 

 

4.2.3. Assessment of anosognosia 

4.2.3.1. Test construction 

Since apraxia and aphasia often co-occur after left brain damage and the severity of 

apraxia is correlated with the severity of aphasia, language comprehension and 

production deficits need to be considered when constructing an anosognosia test for 

apraxia. To account for the expected difficulties with language production and 

comprehension particularly in patients with left brain damage, the structure of our 

questionnaire follows the standard anosognosia tests for motor and language impairment 

VATA-M (Della Sala et al., 2009) and VATA-L (Cocchini et al., 2010b) which were 

developed to include aphasic patients. These questionnaires take two modalities into 

account: Reading/ hearing the question and seeing a picture which illustrates the context 

to help aphasic patients to understand the instructions.  

The focus of the VATA-NAT is not set on the motor deficits of patients, but rather on the 

patients´ ability to understand the concepts of planning and executing different actions, 

which is emphasized in the verbal instruction: "You now will be asked, how well you 

currently can solve a series of actions. Every task will be shown on a picture. Additionally, 

the question is written above the picture. I will read out loud every question to you. Please 

tell me, how well you can solve the action at this moment. The questions are not about 

the mobility of your arm, but generally, how you are able to mentally plan and execute the 

actions. Below each picture there is an evaluation scale. Please show me your capacity 

on this scale ranging from 0 to 3. Zero means, that you have no problem at all to solve 
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the requested action at this moment. One means minor difficulties and two means serious 

difficulties. Three means, that it is currently not possible for you to solve the requested 

action. You can show me your answer by pointing on the appropriate position on the 

scale. Let´s start with a practice item.". 

 

4.2.3.2. Structure of the VATA-NAT 

The VATA-NAT comprises one example item, 13 test items and one control item. The 

example and control items were obtained from Della Sala et al. (2009). The control 

question asks about an impossible movement (“Do you have any difficulties to jump over 

a lorry?”) to check for language comprehension, perseverations and compliance of the 

tested patient. Patients who provided an incorrect response to this question were 

excluded from further study analysis (see 4.2.1).  

Each item contains a drawing of a daily life activity performed unimanually. To confirm 

that the displayed actions are interpreted correctly, all images were first presented to five 

healthy volunteers who described the action. As a consequence, one of the original 

drawings was modified and one drawing was removed from the set because one of the 

volunteers had difficulties understanding the meaning of the picture, there are two 

versions: one with actions solved with the left and the other version demonstrates actions 

solved with the right hand for LBD or RBD patients, respectively.  

Nine questions are related to single step tasks (take a fried egg out of a pan, open a 

bottle, scoop soup, clean a chalk-board, tighten a screw, fill a flower pot with soil, hang 

out the laundry, eat soup, use the phone) and four questions represent multi-step actions 

(prepare a slice of toast, prepare a cup of filtered coffee, punch paper and order it, set 

the table).  30 % of the illustrated actions were actually tested as part of the DILA-S (3 

single step actions and 1 multi-step action). Overlap between diagnostics of CTU and the 

related anosognosia test provides the advantage of direct reference for the experimenter 

and patient. 

The items are presented in a fixed order with the single step action questions first, 

followed by the multi-step action questions and last the control question (for all questions 

see supplementary material). The items were represented on the patients’ ipsilesional 

site to reduce problems due to neglect or visuo-spatial deficits. Each question is 

presented on a sheet (Din A4) -with one picture (or for multi-step actions with up to three 

pictures) and the visual-analogue answer scale underneath (see figure 4.1). The 

experimenter read the question out aloud and explained the use of the visual-analogue 

answer scale. A score of 0 indicates “no difficulties in carrying out the task”, a score of 3 

indicates “the task is impossible to carry out” (obtained from Della Sala et al., 2009). To 

help aphasic patients, two smileys indicate the respective ends of the scale:  smiling 

(positioned above 0) and with a straight mouth (positioned above 3; see figure 4.1). 
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Fig. 4.1: Illustration and question for the first single step item. Participants indicated their 

answer on the four point visual-analogue scale (0 = no difficulties, 1 = few difficulties, 2 = 

serious difficulties, 3 = impossible). 

 

4.2.3.3. Process and evaluation of the VATA-NAT 

The experimenter asks the patient to rate his/ her actual ability to carry out the shown 

tasks despite his/ her movement impairments. For each presented drawing the patient is 

asked in German to estimate his or her own ability to perform the shown activity such as: 

“Do you have any difficulties to scoop soup out of a pot?”. The patients indicate their 

answer on the 4-point visual-analogue scale. The control and the example items are not 

included in the final evaluation score for anosognosia.  

The VATA questionnaires were administered twice. The mean time between the first and 

second measurement was M = 16 days (SD = 8 days, Range: 3-43 days). Patients rated 

their abilities twice, while the experimenter just rated the abilities of the patients once after 

CTU-apraxia tests.  

To obtain a measure for anosognosia, the self-assessment outcome is compared with 

the evaluation of an independent rater. We deliberately did not choose to ask relatives, 

since these may be emotionally affected by the case and may not be familiar with the 

patients’ actual abilities (Ownsworth, 2014). Consequently, the experimenter rated the 

patients’ abilities in this study after the CTU-apraxia tests to obtain an objective reference 
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value. The difference score between the patient and the experimenter score reflects the 

patients’ level of insight. The maximum score that can be reached for a judgment is 39 

(13 items * 3 points). The patient’s self-rating was then subtracted from the experimenter’s 

rating. Accordingly, the potential range of the resulting experimenter-patient-discrepancy-

value may vary between -39 to 39. A negative value indicates that the patient 

underestimated his abilities in reference to the experimenters’ opinion and a positive 

value indicates an overestimation (anosognosia).  

 

4.2.3.4. Cut-off values for interpretation 

To better describe the grade of anosognosia of apraxic patients, cut-off values were 

determined. Since the variance of ratings between clinical raters may influence whether 

a patient may or may not breach conformity and thus may or may not be diagnosed with 

anosognosia, the cut-off value was deliberately not set at > 0. Instead,  we here used the 

same approach applied by Della Sala et al. (2009) and Cocchini et al. (2010b) who 

determined the cut-off value for anosognosia by using interrater differences. In the current 

study, for ten patients there were ratings by two experimenters. The average difference 

score of these two raters was M = -0.10, SD = 2.64. The cut-off value for anosognosia of 

CTU-apraxia was set at the mean interrater difference plus two standard deviations 

(5.18). Because difference scores just reach half or whole numbers, the cut-off score was 

rounded to 5. This procedure was used in order to minimize the influence of interrater 

differences.  

To provide an estimation of the severity of patient misjudgment we further distinguished 

between mild, moderate and severe anosognosia of CTU-apraxia. Mild to moderate 

anosognosia was defined by adding one point difference per item to the cut-off value (5.5 

to 13), moderate anosognosia was determined by adding two points difference per item 

(ranging from 13.5 to 26) and severe anosognosia was defined by difference scores larger 

than 26.5 (see also table 4.2). 

 

Tab. 4.2: Cut-off values for anosognosia of CTU-apraxia  

 No  

anosognosia 

Mild  

anosognosia 

Moderate  

anosognosia 

Severe  

anosognosia 

Cut-off values ≤ 5 5.5 – 13 13.5 – 26 26.5-39 

 

4.2.3.5. Assessment of VATA-L and VATA-M 

To further evaluate the patients´ ability of estimating their own motor and language skills, 

the VATA-L (Cocchini et al., 2010b) and VATA-M (Della Sala et al., 2009) were applied. 

Structure, processing, evaluation and interpretation methods are similar to the ones used 

for the VATA-NAT. 

 

4.2.4. Neuropsychological Assessment 

Motor and language skills were further examined by using an adapted version of the Wolf 

Motor Function Test (WMFT; Wolf et al., 2001) and the “Naming” and “Token” subtests 
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of the Aachener Aphasie Test (AAT; Huber et al., 1983). The WMFT was used to test the 

function of the contralesional arm and hand with eight items. Patients were allocated to 

one of two motor groups: one with minor or no motor deficits (median points ≥ 4 in WMFT) 

and one with moderate to severe motor deficits (median points < 4 points in WMFT). This 

was done to allow for divergent validity analysis (please see 4.2.5). The AAT “Token” Test 

was used to test language comprehension. The patients were required to understand the 

instructions of the Token Test, otherwise their test results were excluded from further 

analysis. The AAT “Naming” Test was used to test word and sentence production abilities. 

Further, these three tests are consulted by the rater to evaluate the VATA-L (Cocchini et 

al., 2010b) and VATA-M (Della Sala et al., 2009) and thereby contribute to assessing 

anosognosia of aphasia and hemiplegia. 

Furthermore, the Star Cancellation and Line Bisection Test (Plummer et al., 2003) were 

used to test for neglect. For those patients who showed neglect symptoms, the VATA-

booklets were moved towards their less affected visual hemifield and patients were asked 

to also provide their answer verbally. Please note, that only one LBD-patient showed 

neglect symptoms, and this patient had to be excluded due to providing an incorrect 

answer for the control question. All other patients affected by neglect were RBD-patients 

without aphasic symptoms. These patients did not have any difficulties providing verbal 

responses to the VATA-NAT questions read aloud by the experimenter. 

 

4.2.5. Statistical analyses 

All behavioral analyses were conducted in IBM SPSS Statistics 24. Because no variables 

were normally distributed (tested with Chi², p = .000), non-parametric tests were applied. 

To determine differences between all four patient groups Kruskall-Wallis-Tests with post-

hoc Mann-Whitney-U-Tests were used.  

For interrater reliability and convergent validity correlation analyses were applied 

(Kendall´s Tau). Internal consistency was measured with a conventional version of 

congeneric reliability (Composite Reliability, CR; Cho, 2016, p. 664).  

Divergent validity was evaluated especially with regard to the involvement of motor 

function aspects. For this, we concentrated on self-ratings of patients without CTU-

apraxia (LBD-nACTU, n = 13 and RBD-nACTU, n = 18) who were assigned to groups 

with moderate to severe motor deficits (LBD-nACTU n = 7; RBD-nACTU n = 12) and 

groups without or with only minor motor impairments (LBD-nACTU n = 6; RBD-nACTU n 

= 6). A group comparison and Kendall´s tau correlations of patients with or without motor 

difficulties were run separately for the subgroups of LBD and RBD patients, respectively, 

in order to assess whether motor function may have been considered in both patient self-

ratings, in VATA-M but also in VATA-NAT. The reasoning is as follows: if self-ratings of 

patients without deficits in language comprehension or praxis (RBD-nACTU) show 

differences according to the assigned motor function group, then motor function likely 

plays a role for judging the shown activities in the items (even though for the VATA-NAT 

it was instructed that the focus should be on action planning and even though actions 

were illustrated uni-manually). If instead these RBD-patients do not show difficulties to 

distinguish between VATA-NAT and VATA-M demands, but LBD-patients without motor 
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and apraxic deficits do, it is likely that speech comprehension abilities play an important 

role in understanding the different VATA subtest demands. 

 

4.3. Results 
4.3.1. Patient Data 

4.3.1.1. CTU-Apraxia 

Thirteen LBD- and eighteen RBD-Patients did neither show any apraxic behavior in the 

FTT nor in the NAT and were therefore classified as patients without CTU-apraxia (LBD-

nACTU and RBD-nACTU). Fifteen LBD-Patients did show apraxic deficits in either the 

FTT or NAT or both. Six of these patients (40.0%) showed difficulties in the FTT 

Production Score, four (26.7%) in the NAT Breakfast Task and five patients (33.3%) 

showed difficulties with both tasks. These patients were assigned to the LBD-ACTU 

group. In the RBD-patient-group five patients showed difficulties in either the FTT or NAT 

or both. Two RBD patients (40.0%) showed selective deficits in the FTT Production Score, 

two patients (40.0%) only demonstrated deficits in the NAT Breakfast Task and one 

patient (20.0%) showed difficulties in both tasks. These patients were assigned to the 

RBD-ACTU group. 

 

4.3.1.2. Anosognosia of limb apraxia 

Patients with CTU-apraxia 

After testing CTU-apraxia, LBD patients with CUT-apraxia showed higher values in the 

VATA-NAT questionnaire as demonstrated in table 4.3 and figure 4.2. All three patients 

with anosognosia were diagnosed with severe apraxia in the NAT Breakfast Task. Two 

of them (LBD028, LBD098) also showed severe impairments in the FTT Production Score 

and one (LBD053) showed moderate disabilities. Six patients underestimated their 

abilities before being tested with the FTT and NAT Breakfast Task, four of these patients 

did this also after being tested.  

In RBD-ACTU-patient-group no patient showed anosognosia symptoms in neither the first 

nor the second time tested. This could be due to the mild CTU-apraxia symptoms. In FTT 

Production Score all patients reached at least 90% of performance and in NAT Breakfast 

Task only three out of five patients showed apraxic symptoms. Underestimation occurred 

in one patient before being tested with the FTT and NAT Breakfast Task, and two of the 

RBD-ACTU-patients underestimated their abilities after being tested. 
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Tab. 4.3: Frequencies of anosognosic patients in the LBD- and RBD-ACTU-groups.  

 No  

anosognosia 

Mild  

anosognosia 

Moderate 

anosognosia 

Severe  

anosognosia 

Number of affected patients 

before testing CTU-apraxia in 

LBD-ACTU-group (N = 15) 

14 (93%) 1 (7%) 0 0 

Number of affected patients 

after testing CTU-apraxia in 

LBD-ACTU-group (N = 15) 

12 (80%) 2 (13%) 1 (7%) 0 

Number of affected patients 

before testing CTU-apraxia in 

RBD-ACTU-group (N = 5) 

5 (100%) 0 0 0 

Number of affected patients 

after testing CTU-apraxia in 

RBD-ACTU-group (N = 5) 

5 (100%) 0 0 0 
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Fig. 4.2: Overview of all patients´ difference scores in VATA-NAT (above), VATA-L 

(center) and VATA-M (below) at timepoint 1 (begin, left side) and 2 (end, right side). Cut-

off values for the VATAs and the corresponding ability tests (FTT Production Score, AAT 

Naming and WMFT Functional Ability Score) are depicted with grey lines in the figures. 

The three patients who show anosognosia of CTU-apraxia at timepoint 2 (LBD028, 

LBD53, LBD098) are consistently marked by black stars in all figures. 
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Effects of testing timepoint and severity of impaired functions 

Figure 4.2 delivers an overview of the distribution of all patients´ anosognosia scores in 

the VATA subtests for testing timepoint 1 (begin) and 2 (end) and their corresponding 

neuropsychological or motor test values indicating the degree of apraxia, aphasia or 

hemiplegia, respectively.   

For all subtests, session 2 demonstrated a higher frequency of diagnosed anosognosia 

in the respective function of CTU, motor or language abilities. The severity of functional 

deficits was associated with an increased overestimation of ones´ own abilities therein 

(see table 4.4). 

 

Tab. 4.4: Relationships between anosognosia and the respective abilities 

domain test VATA Difference Score 1 VATA Difference Score 2 

apraxia  

(VATA-NAT) 

FTT Production τ = -.174 

p = .130 

τ = -.255 

p = .031 

aphasia 

(VATA-L) 

AAT Token τ = .377 

p = .001 

τ = .297 

p = .009 

AAT Naming τ = -.468 

p = .000 

τ = -.253 

p = .016 

motor function 

(VATA-M) 

WMFT τ = -.320 

p = .002 

τ = -.366 

p = .000 

 

Specificity of anosognosia 

While in the first test session of VATA subtests no patient showed any overlap of 

anosognosia of the different neurological symptoms of CTU-apraxia, aphasia and 

hemiplegia, in the second assessment, a few individuals did (please see figure 4.3). 

LBD028 overestimated her abilities in all three neurological symptoms. Further, three 

patients overestimated their abilities in two of the syndromes: LBD053 for CTU-apraxia 

and hemiplegia; LBD098 for CTU-apraxia and aphasia and LBD018 for aphasia and 

hemiplegia. 
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Fig. 4.3: Distribution of anosognosia including overlapping incidence of CTU-apraxia, 

aphasia and hemiplegia for the entire sample (All, N = 51) and splitted per patient group 

(LBD patients with CTU-apraxia: LBD-ACTU (n = 15); LBD patients without CTU-apraxia: 

LBD-nACTU (n = 13); RBD patients with CTU-apraxia: RBD-ACTU (n = 5); RBD patients 

without CTU-apraxia: RBD-nACTU (n = 18)).  

 

4.3.2. Psychometric data 

4.3.2.1. Interrater reliability 

Interrater-reliability was measured with data of 10 LBD-patients with (n = 6) or without (n 

= 4) CTU-apraxia by I.B. and A.M. In LBD-patients without CTU-apraxia interrater-

reliability was very high (τ = 1.000, p = .000), but also for LBD-patients with CTU-apraxia 

high agreement was achieved (τ = .828, p = .022). 

 

4.3.2.2. Internal consistency 

Internal consistency of the VATA-NAT questionnaire was examined separately for test 

and retest sessions for the patients´ evaluation across all groups. In addition, it was 

evaluated for the experimenter rating. Results indicated very good internal consistency 

for the VATA-NAT (patients´ 1st session: CR = .809; patients´ last session: CR = .845; 

experimenter: CR = .906). 

 

4.3.2.3. Convergent validity 

Correlations between VATA-NAT and the apraxia scores revealed a strong association 

between the VATA-NAT experimenter score and the FTT (τ = -.626, p = .003) in the LBD-

ACTU-group. It was shown, that patients who performed better in the FTT were also 

evaluated to perform better in actions illustrated in the VATA-NAT questionnaire 

(corresponding to lower scores). There was only a weak correlation between the VATA-
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NAT experimenter score and performance in the NAT (τ = -0.319, p = .118) in the LBD-

ACTU-group, whereby it needs to be noted that the overall range in NAT results is quite 

limited (0-6 points) and the NAT consists only of one complex sequential task.  

For RBD-ACTU-patients, LBD- and RBD-patients without CTU-apraxia, no correlations 

could be carried out due to corresponding missing variance in data.   

The VATA-L experimenter score correlated significantly with the “Token” and “Naming” 

subtests of the AAT for patients with receptive and productive aphasia, respectively 

(Token: τ = .542, p = .004; Naming: τ = -.516, p = .001). Patients with more errors in the 

AAT “Token” Test and with less points for speech production were assessed worse in the 

VATA-L (corresponding to higher experimenter scores). Due to missing variance, no 

correlations were correlated for the patients without aphasia.  

The VATA-M experimenter score correlated significantly with the WMFT scores for 

patients with motor impairments (τ = -.466, p = .001). Patients with more difficulties in the 

WMFT were evaluated to perform worse in the actions illustrated by the VATA-M 

questionnaire (corresponding to higher experimenter ratings). 

Correlations of VATA-NAT difference scores with days since stroke onset revealed no 

significant correlations (τ ≤ .600, p ≥ .058). 

 

4.3.2.4. Divergent validity 

To test for the influence of motor skills on the evaluation of VATA-NAT questions, the 

RBD-nACTU-group was divided into two subgroups, one with moderate to severe motor 

deficits (WMFT mean points < 4; n = 12) and one with minor or no motor deficits (WMFT 

mean points ≥ 4; n = 6). These patient groups did not differ in their evaluation of their daily 

living skills in VATA-NAT (begin: U = 34.00, p = .869; end: U = 34.00, p = .890). Also, the 

experimenter ratings of the patients´ abilities did not differ between groups (U = 33.50, p 

= .855).  

To analyze the influence of possible language comprehension impairments going along 

with left brain damage, the LBD-nACTU-group was analyzed in the same way. In the 

VATA-NAT, the patients’ self-evaluations differed between patients with (n = 7) or without 

(n = 6) motor difficulties (U ≥ 1.00, p = .003). This group-difference did not show for the 

experimenter evaluation (U = 10.00, p = .103).  

At the same time, the VATA-M patient as well as experimenter scores both differed 

between patient groups with or without motor difficulties (U ≥ 0.00, p ≤ .011). Further, 

VATA-NAT patient scores of LBD-nACTU patients correlated with VATA-M patient scores 

and WMFT points (τ ≥ .532, p ≤ .024). Accordingly, patients with lower motor abilities in 

the WMFT or VATA-M self-evaluation also scored themselves to perform worse on 

actions illustrated in the VATA-NAT questionnaire (corresponding to higher VATA-NAT 

values). The experimenter rated both patient groups with or without motor disabilities on 

an equal level in planning and executing daily live activities (VATA-NAT; U = 10.00, p = 

.103). Please note that the LBD patients who demonstrated anosognosia of their motor 

abilities (begin: n = 2; end: n = 3) had worse comprehension abilities than RBD-patients 

(U = 72.00, p = .008) which could have influenced these results.  

VATA-NAT experimenter scores did not correlate with the patients’ performance in the 

AAT “Token” test (τ = .416, p = .088). 
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4.4. Discussion 
Anosognosia, particularly for motor impairment, has been frequently observed going 

along with right brain damage. This predominance of patients with right brain damage in 

studies on anosognosia could be explained by the typically investigated subtype, namely 

anosognosia of hemiplegia, excluding patients with aphasia from these studies to ensure 

that difficulties with language will not affect the data (Morin, 2017). With the VATA-NAT 

we introduce a new questionnaire for explicit anosognosia of CTU-apraxia. CTU-apraxia 

is a typical impairment after left brain damage, frequently going along with language 

deficits. To be able to assess anosognosia also in patients with aphasia, the structure of 

the VATA-NAT was adapted to that of the VATA-M and VATA-L, two reliable and valid 

instruments, which measure anosognosia of hemiplegia and aphasia including patients 

with comprehension difficulties. For the VATA-subtests a patient’s self-rating and a 

clinical assessment is obtained, and the difference score is taken as measure for 

anosognosia. To circumvent the problem of subjectivity by relatives, the clinical 

evaluation of the VATA-NAT was carried out by experimenters. It has been shown before, 

that especially in the acute phase relatives may have little information about the actual 

state of the patient (Cocchini et al., 2010b; Starkstein et al., 2006) and that stress and 

anxiety can influence their evaluation of the patients´ abilities (Gambina et al., 2015; Orfei 

et al., 2010a; Prigatano et al., 2005).  

Overall psychometric data showed that the tested VATA-NAT is a reliable and valid tool, 

demonstrating high levels of internal consistency and convergent validity. The 

experimenter rating revealed very good interrater reliability and enabled us to calculate 

cut-off values to estimate the degree of unawareness. The limitations found for divergent 

validity with respect to motor abilities will be discussed in more detail below. 

 

4.4.1. Incidence of anosognosia of CTU-apraxia in the current sample 

In this study, it was shown that during the observed course of rehabilitation in a subacute 

patient sample 20 percent of LBD-patients with CTU-apraxia suffered from anosognosia 

(n = 3) with one patient showing moderate and the other two mild anosognosia. These 

three patients demonstrated moderate to severe CTU-apraxia.  

In the RBD group only a few patients were mildly affected by CTU-apraxia and did not 

demonstrate any anosognosia.  Thus, while several studies emphasized that 

anosognosia mainly follows right (Baier & Karnath, 2005; Baier et al., 2014; Geschwind, 

1965; Pedersen et al., 1996b; Pia et al., 2004) or bilateral brain damage (in 60% of 20 

reviewed studies; Orfei et al., 2009), the current  results are in line with other studies 

which have shown that anosognosia of motor (Cocchini et al., 2009; Cohen et al., 1991) 

or language difficulties (Cocchini et al., 2010b; Kertesz & Benson, 1970; Maher et al., 

1994) after left brain damage is possible. 

Further, patients who were more impaired in the FTT Production Score were more likely 

to show high difference scores in the VATA-NAT.  In fact, for all VATA subtests, the 

severity of functional deficits was associated with an increased overestimation of ones´ 

own abilities therein. This is in line with previous studies which showed that aphasic 

patients with anosognosia showed lower performance scores in language tests (Cocchini 

et al., 2010b) and less self-correction behavior (Dean et al., 2016) than patients without 
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anosognosia. Similarly, patients with anosognosia of dementia showed worse 

performance in autobiographic memory tasks (Berlingeri et al., 2015) and daily life 

activities (Gambina et al., 2015). The association of anosognosia with severe functional 

deficits is in line with the idea that a clear disturbance of intellect, memory and/ or attention 

might be crucial for developing anosognosia (Karnath, 2012).  

 

4.4.2. Influence of impaired language and motor function 

Our questionnaire was adapted from a series of VATA subtests that use drawings of 

activities representing the situation to be judged and a visual analogue scale to indicate 

the judgment: VATA-L for language functions (Cocchini et al., 2010b) and VATA-M for 

motor functions (Della Sala et al., 2009). The items of the introduced VATA-NAT consist 

of drawings of naturalistic action tasks and were developed to evaluate CTU-apraxia 

patients with respect to their insight into their impairments in daily life activities involving 

objects. Anosognosia was indicated by the response deviation between the patient’s self-

evaluated capabilities in the presented object interactions and the assessment of the 

experimenter using the same items. Unlike structured interviews, which often exclude 

aphasic patients from anosognosia screening (Cocchini et al., 2009; Cocchini et al., 2012; 

Cutting, 1978), the VATA subtests were designed to take language difficulties into 

account. Since CTU-apraxia severity highly correlates with aphasia severity, this is a very 

relevant feature. However, despite these undertaken measures language comprehension 

appears to still influence the patient’s response in the here introduced test as will be 

explained below. 

A clear disadvantage is that particularly for patients with left brain damage a differentiation 

between the judgments based on motor difficulties and based on action planning cannot 

be clearly made for the VATA-NAT. Left brain damaged patients without CTU-apraxia 

demonstrated an influence of motor impairment in judging the capabilities for the 

displayed actions. Since this was not found for RBD-patients, it has to be concluded that 

aphasia is impeding the possibility to answer VATA-NAT questions according to the given 

instructions. We recommend to first of course pay attention to clearly instruct the VATA-

NAT, but to additionally collect VATA-M data, which may deliver an additional insight into 

the patient’s self-evaluative behavior. Further, the additional collection of VATA-M data is 

important, since recent studies including the current showed that around 40% of LBD-

patients demonstrate unawareness for their motor deficits, most of them moderately to 

severe (Della Sala et al., 2009; Nurmi & Jehkonen, 2014).  

Thus, our data suggests that LBD-patients with CTU-apraxia may interpret the presented 

naturalistic actions in a more holistic way, i.e. including the evaluation of motor deficits 

next to apraxic impairment instead of following the instructions that put the focus on the 

evaluation of action planning capabilities only. This needs to be taken into account when 

applying this questionnaire. 

 

4.4.3. Effects of timepoint 

We measured anosognosia of motor and language impairment as well as anosognosia 

of deficits in CTU at two timepoints within the subacute rehabilitation phase. In between 
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these testings, a diagnostic session took place assessing motor abilities, language 

comprehension and production as well as CTU performance. The performance in the 

diagnostic session was used as a reference for the clinical rater to evaluate the patient’s 

abilities. It was striking that in all three VATA-tests (VATA-L, -M and -NAT) the frequency 

of diagnosed anosognosia increased at timepoint two. One likely reason for this is that 

patients may have taken their spontaneous or rehabilitation related recovery into account 

and judged their performance to be better at point two. Further, the therapists’ practices 

(e.g. positive feedback) to keep the patient’s motivation on a high level during training 

sessions may play an additional role.  

Thus, to enhance sensitivity for potential misjudgments of performance especially during 

the subacute phase it is highly recommended to both monitor functional deficits and 

awareness in parallel over time. Future studies investigating anosognosia in a subacute 

phase need to consider these fast changes and should disentangle factors that influence 

anosognosia outcomes and may find measures for differentiating between an overly 

positive attitude vs. anosognosia. Further, our study shows impressively that 

confrontation with the fact that one’s action cannot be performed does not help to gather 

a better awareness of one´s disabilities. We propose that anosognosia should be taken 

into account when developing and applying rehabilitation approaches for patients with 

CTU-apraxia. 

 

4.4.4. Limitations and recommendations 

To our knowledge this was the first study which aimed to develop a questionnaire for 

anosognosia of CTU-apraxia. Based on a relatively small sample of 20 subacute patients 

with CTU-apraxia this study demonstrated that anosognosia can occur. With this study, 

a first step towards a reliable and validated questionnaire is taken. However, methods 

should be developed that may allow to improve divergent validity and better extract the 

motor component when assessing anosognosia of CTU-apraxia in left brain damaged 

patients with aphasia. Further, future studies should aim at including a higher number of 

patients with CTU-apraxia following them across different phases of rehabilitation (see 

for example: Vocat et al., 2010). Ideally for statistical comparisons patient groups should 

have the same size.  

Further, we refrained from evaluating test-retest reliability for two reasons: first, to be 

consistent with our hypothesis that the confrontation with diagnostics may influence retest 

results and second, the fact that in a group of subacute patients spontaneous and 

rehabilitation related recovery should play a significant role. To be able to calculate test-

retest reliability future studies should include a repeated testing with a short time interval 

(e.g. 24h after the first session). 

Since anosognosia is a crucial symptom influencing rehabilitation motivation and 

rehabilitation outcome, it is recommended to test for it. When using the here presented 

VATA-NAT, the influence of motor impairment should be taken into account. We 

recommend combining the different VATA subtests. 

Future studies need to address the underlying mechanisms that may explain 

anosognosia of CTU-apraxia. One of several possible explanations to build up on is for 

example the idea that  unawareness is at least in part a higher-order deficit of motor 
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intention or planning, which is both an intrinsic component of the neglect syndrome” as 

stated by Vallar et al. (2003, p.297), as well as a core aspect of apraxia. 
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5. A combined therapy for apraxia of common tool-use and 

related anosognosia (Study 4) 

5.1. Introduction 
Limb apraxia is commonly defined as a motor-cognitive disorder leading to difficulties in 

imitating gestures, pantomiming tool-use and actually using real tools (Goldenberg, G., 

2013b). Despite its negative impact on independence in daily life activities (Goldenberg, 

G. et al., 2001; Goldenberg, G. & Hagmann, 1998b; Unsal-Delialioglu et al., 2008) and 

rehabilitation success (Dovern et al., 2012; Hanna-Pladdy et al., 2003; Wu, A. J. et al., 

2014), studies on the effectiveness of apraxia rehabilitation are scarce (Buxbaum et al., 

2008; Buxbaum & Randerath, 2018; Cantagallo et al., 2012; Dovern et al., 2012; van 

Heugten & Geusgens, 2017; Worthington, 2016). Further, to the best of our knowledge, 

there were only two new rehabilitation approaches published since the review by 

Buxbaum and colleagues in 2008 (see also Worthington, 2016). This included one tDCS 

approach for imitation movements (Bolognini et al., 2015) and one approach treating 

naturalistic actions (Hermsdörfer et al., 2013a), however the latter did not report results 

on the effects on limb apraxia. This apparent lack in novel training approaches may be 

explained by the persisting misbelief, that apraxia only occurs in lab settings but not in 

real life and further, that it recovers spontaneously (van Heugten & Geusgens, 2017). 

However, studies have shown that 88% of patients diagnosed with apraxia were still 

apraxic after 20 weeks of standard neurorehabilitation (Donkervoort et al., 2006). 

Findings like these demonstrate the necessity to generate training programs for apraxia, 

and the need to build upon and advance existing approaches for rehabilitation. However, 

there exist only few studies that described apraxia rehabilitation approaches. Generally, 

these approaches were subdivided into compensatory and restoring training strategies 

that mainly were aimed at improving gesture production or tasks that involve real tool-

use, respectively (Cantagallo et al., 2012).  

Given the relevance for activities of daily living (Keller et al., 2014), we further will 

concentrate on trainings that focus on improving real tool-use actions. The best studied 

compensatory training for real tool-use is the strategy training developed by van Heugten 

and colleagues (Donkervoort et al., 2001; Geusgens et al., 2007; Geusgens et al., 2006; 

van Heugten et al., 2000; van Heugten et al., 1998). In this approach, patients were 

trained in activities of daily living (ADL) for 12 weeks by giving them verbal or mirror 

feedback about their errors. The training intervention resulted in significant improvements 

of motor functions and apraxia in trained as well as in untrained ADL tasks directly after 

training and three months later (Geusgens et al., 2007; van Heugten et al., 1998). A 

restoring method was developed by Goldenberg and colleagues, who applied a combined 

direct and exploratory training (Goldenberg, G. et al., 2001; Goldenberg, G. & Hagmann, 

1998a). In their direct training, ADL tasks were trained until they were solved without 

errors. This led to a significant improvement in the trained but not in the untrained tasks 

and was only stable for 3 out of 6 patients after six months (Goldenberg, G. & Hagmann, 

1998a). In contrast, their exploratory training, which trained patients to recognize the 

function of an object by analyzing its form and structure, had no significant impact on ADL 

(Goldenberg, G. et al., 2001). A further case study by Pilgrim and Humphreys (1994) 

attempted to improve unimanual apraxia affecting ADLs of a patient with traumatic brain 
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injury by analysing single movement steps per task and subsequently giving verbal 

instructions for those steps. For example, the patient was guided through every step by 

giving verbal instructions such as “reach the beaker, clasp the beaker, carry to the lips, 

drink, stop”. This method resulted in an improvement in trained but not in untrained tasks. 

The aforementioned studies showed some promising results for the rehabilitation of 

apraxia. However, for all of these training interventions, Buxbaum et al. (2008) and 

Worthington (2016) claimed in their reviews, that apraxia was poorly diagnosed because 

the used assessments were not checked for reliability or validity. Further, Buxbaum et al. 

(2008) criticized in their review that the published training approaches frequently neglect 

the following points: (a) object recognition tasks were usually not performed,  (b) changes 

in performance in standard apraxia tests were only seldomly evaluated, (c) the evaluation 

of maintenance and generalization of training effects was not standard practice, (d) the 

training was adapted to the individual’s difficulties while omitting standardized procedures 

and (e) often the methods used in training were not sufficiently specified, making a 

replication of results impossible. Moreover, all of these trainings did not control for 

spontaneous recovery although the patients usually received training in the subacute 

phase, on average two months after stroke onset (e.g., van Heugten et al., 1998). Dovern 

et al. (2012) also claimed that only three randomized controlled trial studies were 

published between 1965 and 2011 (Donkervoort et al., 2001; Smania et al., 2006; Smania 

et al., 2000), whereby two of those focused on the training of gestures and not on real 

tool-use.  

A further problem is, that so far none of the trainings included supported self-evaluation 

as an approach to address a lack of insight into the impairment (anosognosia) of solving 

naturalistic actions, despite the fact that anosognosia has been reported to potentially co-

occur with common tool-use apraxia  (Buchmann et al., 2018) and that the performance 

of apraxic patients could benefit when monitoring their errors (Morady & Humphreys, 

2009). Concluding, anosognosia should be taken into account for therapy approaches, 

especially because it also leads to a weaker rehabilitation motivation (Buxbaum et al., 

2008; Fleming et al., 1998; Peskine & Azouvi, 2007) and less independence in activities 

of daily life after rehabilitation discharge (Pedersen et al., 1996a).  

In light of the presented limitations of apraxia trainings so far, we aimed to develop an 

apraxia rehabilitation method which considers the above described demands on efficient 

training interventions. As a result, we here present pilot-data testing the developed 

Naturalistic Action Therapy, which was applied to two stroke patients. Training efficacy 

and feasibility will be discussed. 

 

 

5.2. Materials and methods 

5.2.1. Assessment of limb apraxia 

Patients were selected based upon their performance in the Diagnostic Instrument for 

Limb Apraxia – Short Version (DILA-S; Randerath et al., 2017). The patients were tested 

with the entire test battery. To be included in this study, patients had to show difficulties 

in the application of familiar tools and objects (Familiar Tools Test and Naturalistic Action 

Test – Breakfast Task). The severity of deficits was categorized based on normative data 

of apraxic stroke patients (Buchmann & Randerath, 2017). 
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The Familiar Tools Test (FTT) required the patient to select the correct tool out of three 

and show its application with the presented object (e.g. “scoop soup from pot to bowl”). 

Up to three practice items were used to secure task understanding. The evaluated test 

consisted of 5 actions. The production of each action was scored with a maximum of 4 

points (Max = 20 points, mildly impaired: 19 points, moderately impaired: 18 points or 

severe difficulties: 17 points or lower).  

The Naturalistic Action Test – Breakfast Task (NAT-BT) required the patient to prepare a 

breakfast consisting of a toasted slice of bread with butter and jam and a cup of tea with 

sugar. To facilitate task comprehension, photos of the final products were shown. To 

evaluate the performance, a combined score based on accomplished steps and error 

frequency was calculated (Max = 6 points; mildly affected: 3 points, moderately affected: 

2 points, severely affected: 0-1 points).  

For a more detailed description of these tasks please see Buchmann and Randerath 

(2017) or Randerath et al. (2017). 

 

5.2.2. Assessment of anosognosia of common tool-use apraxia 

Anosognosia was assessed with the Visual-Analogue Test assessing Anosognosia of 

Naturalistic Action Tasks (VATA-NAT; Buchmann et al., 2018). In this questionnaire, 

patients were asked to provide a self-evaluation upon their performance in a set of 

naturalistic actions. Each task was described verbally and presented on a picture. The 

patients evaluated their performance on a 4-point Likert visual-analogue scale (0 = no 

problem, 1 = few difficulties, 2 = serious difficulties, 3 = impossible to plan and execute 

the shown task). This self-evaluation was compared with an experimenter rating, who 

scored the VATA-NAT after seeing the patient performing the FTT and NAT-BT. The 

questionnaire consisted of 13 items plus one practice item. Further, in order to ensure 

task comprehension, the questionnaire includes a control question (“Do you have 

difficulties to jump over a lorry?” taken from Della Sala et al., 2009). It is recommended 

that one should refrain from interpreting data of patients who failed to answer this control 

question by responding that they have no or few difficulties in planning and executing this 

action. Based upon interrater data, a cut-off score of more than 5 points difference 

between experimenter and patient rating was interpreted as anosognosic. For a further 

description of this task please see Buchmann et al. (2018). 

 

5.2.3. Training procedure 

In the pre-pilot stage, the training procedure and evaluation methods were pre-tested with 

four patients suffering from neurological disorders and resulting apraxic symptoms in FTT 

and NAT-BT. The improved training procedure and evaluation method was applied here.  

The study design of baseline assessment, training procedure and post-training 

assessment for both patients is shown in figure 5.1. 

In order to control for spontaneous remission in apraxic deficits, 5 patients (sex: 4 male, 

1 female; age: M = 67.0, range: 61-76 years) diagnosed with common tool-use apraxia 

due to FTT- and NAT-BT-performance in a first session, performed the same tasks after 

4 weeks again. 
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5.2.3.1. Baseline assessment 

Patients were presented with 18 naturalistic action tasks (for all tasks see supplementary 

material), which were neither part of the FTT, the NAT-BT nor the VATA-NAT. Tasks were 

presented by giving a verbal instruction (e.g. “Please sharpen a pencil.”) and by showing 

a picture of the final action product simultaneously (e.g. a sharpened pencil and the rest 

of its shavings). The photos were created using the materials which were presented 

during the training. The experimenter asked the patients to perform each action by 

themselves without support. All materials were in one cupboard with drawers, each 

containing the sorted materials for one task. The patients were requested to select the 

correct materials for the task and then demonstrate the appropriate tool and object use. 

The tasks consisted of two to ten different intermediate steps (for detailed task description 

and evaluation schemes please see supplementary material). The serial tasks included 

different number of steps, in order to vary the demands on the correct selection of objects 

and tools and the sequencing of the single intermediate steps which has been suggested 

for example by Bienkiewicz et al. (2014), Harrington and Haaland (1992) or Weiss et al. 

(2008).  

Points were given for the correct selection of materials, for every correct intermediate 

step towards the final product and for tidying up the material. The patients got no help in 

accomplishing the steps. If they could not accomplish a step by themselves, no points 

were given for this step. To be able to compare the tasks, percentage scores were 

calculated. To ensure that executing the tasks once does not improve the patients´ 

performance, baseline assessment was assessed twice on two consecutive days in 

reversed order of tasks.  

For both baseline assessments interrater data were obtained. The agreement was very 

high (Case 1: baseline 1: α = .979, baseline 2: α = .977; Case 2: baseline 1: α = .999, 

baseline 2: α = .990). 

 

5.2.3.2. Training 

Out of the 18 baseline assessment tasks, training tasks were selected. All tasks, on which 

the patient scored higher than 90% on average, were excluded from the list of possible 

training tasks. To rank the remaining tasks according to the individual’s performance, 

average scores of each task across both baseline measures were calculated. Based on 

the ranking, every second (Case 2) or third (Case 1) task was trained and the other half/ 

two thirds of tasks were not trained. The number of tasks used for training was based on 

the speed and capacity of the respective patient. It was necessary to accomplish the 

training within one hour. To circumvent training order effects, the task which was trained 

last in the previous session was the first one to be trained in the next session. The training 

sessions started one day after baseline assessments. The endpoint of training was 

determined by the patients´ discharge from the clinic. Overall, for each patient it was 

possible to administer 15 training sessions (each lasting 1 hour) within 4 consecutive 

weeks. 

The Naturalistic Action Therapy is based on an errorless learning principle. Similar to the 

baseline assessments, patients were asked to perform a naturalistic action including tool 

selection and application. In contrast to the diagnostic baseline assessment, patients 
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received support when necessary. Using a shaping principle, help was offered in five 

stages:  

1. Specification of action outcome: If the patient was not able to start an action by him-/ 

herself, the examiner first showed the photo of the final product. 

2. Verbal instruction of next step: If the cue with the final product did not help the patient, 

the examiner explained verbally what to do next. 

3. Specification of interim outcomes:  If verbal instruction didn’t suffice, a photo of the 

actual interim goal was shown to the patient. 

4. Correct movement demonstrated by experimenter: If visual and verbal cues did not 

succeed, then the participant was asked to imitate the correct movement shown by the 

experimenter. 

5. Movement guided by experimenter: If all these cues did not help the patient in 

performing the task, the examiner guided the movement of the patients´ arm and hand.  

If necessary, these supportive measures were provided for each step in the same order 

including selecting and tidying up the materials of the requested action. Support was 

given only if needed to both ensure correct task completion but also to maintain potential 

for perceiving self-efficacy. For each step per task five credits could be achieved. For 

every supportive intervention the patient lost one credit point. Total performance was 

again transformed in percentage scores to be able to compare tasks with a differing 

number of steps.  

The shaping principle was also used for the selection procedure. Per default drawers only 

included materials belonging to one specific task. To further amplify similarity to daily life 

environments, the complexity was stepwise enhanced for the selection process. In the 

first step, distractor tools with semantic or visual similarity were included in the drawers.  

In a second step the materials of all tasks were completely mixed up and distributed in 

the entire cupboard. For material selection, each shaping step was only introduced in the 

respective task, after the patient managed to perform a score of 100% three times in a 

row.  

To train self-evaluation, the patient was asked directly after completion of a task to rate 

the amount of difficulty he/ she had with each intermediate step, as well as with the entire 

task. Afterwards, the experimenter estimated the patients’ performance and gave 

feedback. Similar to the VATA-NAT, the evaluation was indicated on a 4-point-Likert 

visual-analogue scale (see above).  

 

5.2.3.3. Post-training assessment 

2-6 days post training, the same 18 naturalistic action tasks that were performed in the 

baseline assessments were assessed once more in one diagnostic session. The apraxia 

assessments FTT and NAT-BT were also repeated 1-8 days post training. Furthermore, 

the VATA-NAT was assessed to evaluate training effects on anosognosia. The evaluation 

procedure was the same as in screening sessions. 

Interrater data were also obtained for post-training assessment and revealed high 

agreement as well (Case 1: α = .927; Case 2: α = .989). 
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Fig.  5.1: Timeline for Case 1 and 2 displaying the study design. Small vertical lines 

indicate one week post stroke onset. Baseline sessions are indicated as “BL 1” and “BL 

2”. Post-training session is indicated as “PT session”. 

 

 

5.2.4. Case description 

Both patients were recruited from the neurorehabilitation center “Kliniken Schmieder” in 

Allensbach, Germany. The patients did not require intensive care and were able to 

actively participate for one hour in therapy sessions. Both patients were initially right 

handed but could only use their left hand due to stroke-induced hemiplegia. 

The study design was approved by the ethical committee of the University of Konstanz. 

All patients (including the patients who were pre-tested with the method) have taken part 

voluntarily. Informed consent was obtained from patients and their authorized relatives 

and privacy rights were observed. The study was conducted in accordance with the 

Declaration of Helsinki.  

 

5.2.4.1. Case 1  

Case 1 was an 80-year old man with an acute left hemisphere hemorrhagic stroke and 

right sided hematoma caused by falling due to the incident. The CT scan showed the 

presence of an embolic stroke with a hemorrhagic transformation in the left territory of the 

middle cerebral artery mainly including angular and supramarginal gyrus. It additionally 

revealed a prior right infratentorial ischemia in the pons. The patient’s brain scan is 

depicted in figure 5.2. 

Case 1 demonstrated severe non-fluent aphasia, he was able to understand and follow 

simple instructions but only produced particular sounds, which he supported by gestures 

and facial expressions. His right arm and leg as well as the right side of the face were 

severely hemiplegic, and his right arm could only be used as stabilizing help to hold 

objects. He used a wheelchair. A reduction of attention and workload capacity as well as 

a listlessness with ongoing retardation reduced the feasible training tasks to four per 

session. Further, he demonstrated a strong visuo-spatial neglect towards the right side, 

so the cupboard and/or objects and tools were all presented on the left side. His Barthel 

Index was 55.  

Fourteen weeks after stroke onset his first study session took place diagnosing apraxia 

with the FTT and NAT-BT. At that time, the patient had been in the rehabilitation setting 

for 12 weeks. Then he received baseline assessment and training and was assessed for 

post-training 23 weeks after stroke onset (see figure 5.1).   
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5.2.4.2. Case 2 

Case 2 was a 56-year old woman with subacute left hemisphere stroke. The CT scan 

showed the presence of a left middle cerebral artery syndrome including basal ganglia 

(with putamen, pallidum, caudate nucleus, omitting the insula) and semioval center. The 

scan additionally revealed lesions in the anterior horn of the lateral ventricle caused by a 

prior right embolic infarction. The brain scan is depicted in figure 5.2. 

Case 2 demonstrated global aphasia, whereby she was able to repeat words. Naming of 

objects was possible for some words while she needed phonemic cues. In the Aachener 

Aphasia Test (Huber et al., 1983) her performance was interpreted as severe or most 

severe aphasia in all subtests. Further, she showed echolalia, perseverations and speech 

apraxia when trying to speak. The patient was only partially able to follow verbal 

instructions. Moreover, she showed severe hemiplegia of the right arm but was able to 

walk with a cane. Nonetheless, she came in the wheelchair to all sessions of the study. 

On Barthel Index she scored 50 points.  

Case 2 was screened twice on apraxia and anosognosia symptoms with the FTT, NAT-

BT and VATA-NAT with a gap of four weeks in between to test for spontaneous recovery 

effects. The first screening was 11 weeks after stroke onset (9 weeks after entering the 

rehabilitation clinic), the second screening 15 weeks after stroke onset. Because the 

patient showed no spontaneous recovery and still demonstrated difficulties in the FTT 

and NAT-BT during the second screening, she received baseline assessment and 

training and was assessed for post-training 20 weeks after stroke onset (see figure 5.1).  

 

 
Fig. 5.2: Multislice head CT images of Case 1 and 2. The images show axial slices of the 

patients’ brains. Per individual slices were selected to enhance visibility of the lesions. 

 

5.3. Results 
Within-subject comparisons of patients being tested with the FTT and NAT-BT twice with 

a four week gap in between revealed that short term spontaneous improvements for these 

patients could not be significantly established (Z ≤ - 0.365, p ≥ .250). 

 

5.3.1. Case 1 

5.3.1.1. Baseline assessment 

The performance of Case 1 was interpreted as severely apraxic in screening session (see 

also table 5.1 and figure 5.3). The patient only achieved 15 out of 20 points for tool-

application in the FTT, and he failed to prepare breakfast in the NAT-BT (0 points). In the 
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VATA-NAT questionnaire the patient judged his ability to solve such actions to be fine. 

While the patients self-evaluation resulted in 5 points in total, the experimenter rating led 

to 30 points, leading to a difference score of 25 points which was clearly identified as 

anosognosic (see also table 5.1).  

Since the patient was very slow, he was not able to perform all 18 tasks of the baseline 

assessment twice before starting training. Consequently, only the tasks that were eligible 

for training (i.e. ≤ 90% in the first baseline assessment and daily relevant for the patient 

(N = 8)) were performed twice before training. In the first baseline assessment, four tasks 

were performed well (pour a cup of water, fill noodles in a box, sharpen a pencil and tack 

papers). From the 14 tasks that revealed difficulties, four were selected for training: stick 

a photo into an album, fill a pill organizing box with pills, prepare a letter to send and make 

a phone call. All other tasks were not trained but re-evaluated in the post-training session. 

Please note, average baseline scores of untrained tasks (without over 90% tasks: M = 

51.35%) were higher than of trained tasks (M = 29.88%; see figure 5.3).  

 

Tab. 5.1:  Cut-off values for the apraxia and anosognosia diagnostic tasks and the 

performance scores of Case 1 directly before (Screening) and after training (Post-

training) 

Test Cut-off value  Screening Post-training 

FTT no apraxia 

mild apraxia 

moderate apraxia 

severe apraxia 

20 

19 

18 

0-17 

 

 

 

15 

 

19 

NAT-BT no apraxia 

mild apraxia 

moderate apraxia 

severe apraxia 

4-6 

3 

2 

0-1 

 

 

 

0 

 

3 

VATA-NAT no anosognosia 

anosognosia 

0-5 

5.5-39 

 

25 

 

15 
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Fig. 5.3: Performance of patients Case 1 (dark grey) and Case 2 (light grey) in percentage 

scores in trained (left) and untrained (right) tasks. For the naturalistic action tasks the 

untrained tasks only represent tasks, on which the patients scored lower than 90% across 

both baselines (BL-Average). These tasks are also displayed for post-training (PT) 

measure. The Familiar Tools Test (FTT) and Naturalistic Action Test– Breakfast Task 

(NAT-BT) were performed in apraxia screening session (here displayed in BL-Average) 

before and post-training. For Case 2, FTT and NAT-BT performance scores of the second 

screening session are displayed. 

 

5.3.1.2. Performance in tasks selected for training 

The performance scores of the patient in the baseline, training and post-training sessions 

for the trained tasks are shown in figure 5.4. For two tasks the patient demonstrated 

improved behavior in baseline 2 (sticking a photo into an album and filling a pill organizing 

box with pills) but he did not show an improvement in the other two tasks (prepare a letter 

to send and make a call). The difference scores of his self-evaluation and the 

experimenters´ rating of performance in the trained tasks are shown in figure 5.5.  

In the following, we will describe the patient’s behavior for each of the trained tasks in 

more detail. 

 

Stick a photo into an album 

In the first baseline session, the patient did not select the correct material and hence was 

not able to execute the task (performance: 8%). In the second baseline testing, he 

selected the correct material and was able to open the album and to spill out the self-

adhesive photo mounting stickers from their package (performance: 50%). Across 

training sessions, the patient was able to profit most from verbal and imitation cues. 

However, until the end of training sessions, he remained unable to independently solve 

the intermediate steps of this task. He still needed verbal cues for handling the stickers 

(applying the photo mounting stickers to the photo and loosening the foil in order to stick 
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the photo successfully into the album). Consequently, he reached only 47% in post-

training session, which compared to the first baseline assessment still represents an 

increase of 39 percentage points but did not exceed the task’s performance level shown 

in the second baseline testing. Except for his rating during his 6th training session, the 

patient demonstrated an adequate self-evaluation of his ability to stick a photo into an 

album shown by experimenter-patient difference scores between -0.5 and +0.5. 

 

Fill a pill organizing box with pills 

In the first baseline session, the patient selected the correct material but had no idea how 

to continue with the task and therefore immediately put the material back into the 

cupboard (performance: 21%). In the second baseline session he also selected the 

correct material, opened both pill packages and got out the blisters. Nevertheless, he did 

neither press the pills out of the blisters nor opened the pill organizing box (performance: 

52%). During the training, he benefited most from verbal instructions and photographical 

cues demonstrating interim action goals. Close to the end of the training, he was able to 

open and close the pill organizing box independently, he opened the pill packages, got 

out the blisters and pressed out the pills. However, he still needed help to sort the pills 

correctly. In the post-training session, the patients´ performance reached 68%, 

demonstrating an improvement of 47 percentage points compared to the first and 16 

percentage points compared to the second baseline assessments. He selected the 

correct material and sorted the first pill correctly but forgot to insert the second pill. For 

sorting pills into a pill organizing box the patient at the beginning rated his performance 

to be better than the experimenters´ evaluations. However, this difference diminished 

during the course of training.  

 

Prepare a letter to send 

In the baseline sessions, the patient successfully selected the correct material and tidied 

it up but he was not able to solve the task (performance in both baselines: 34%). In the 

first three training sessions, the patient profited most from imitating the correct movement 

and from pictures demonstrating the actual interim goal. The more training he received, 

the more he was able to also benefit from verbal cues only leading to success in closing 

the envelope, tear the stamp from stamp-set or affixing the stamp without help. However, 

his performance varied across training sessions indicating that these steps were not 

reliably re-learned. In the post-training session he reached 47% of total performance, 

which was a lower performance rate than he achieved during the training sessions 

because the experimenter was not allowed to help him with folding the letter (which was 

the most difficult step for the patient). Consequently, the patient could not show his ability 

to solve the subsequent steps of the tasks. However, compared to the baseline sessions, 

his performance improved by 13 percentage points. For preparing a letter to send it, the 

patient showed little insight into his difficulties in the first nine training sessions, but his 

self-evaluation improved in the later stage of the training. 

 

Make a phone call 

The patient was able to select the correct material in the first baseline but was unable to 

use the phone (performance: 30%). Since he had never used a mobile phone before, the 
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step “unlocking the phone” was not evaluated and the mobile phone was used like a 

normal landline phone. In the second baseline session he did not even select the correct 

material (performance: 10%). Over all training sessions, it was necessary to assist him 

by imitating or guiding his movements when dialing the number. All other steps (pressing 

the call-button, holding the phone to the ear and hanging up) were sometimes solved 

independently, but other times a verbal cue was needed. In the post-training session he 

selected the correct material but was not able to independently dial the number, so the 

consecutive steps could not be started, and performance reached only 33%. This 

demonstrated only a slightly better performance than in the first baseline session 

(improved by only 3 percentage points). Compared to the second baseline (worst 

performance), in the post-training session his score increased by 23 percentage points. 

The patient improved his self-evaluation in the 10th session and afterwards, he evaluated 

his task-based performance adequately.  

 

 
Fig. 5.4: Performance of Case 1 in the trained tasks for baseline sessions (BL1 and BL2), 

training sessions (T1-T15) and post-training measure (PT). Since the patient was too 

slow, he was not able to execute all training tasks in all training sessions. 
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Fig. 5.5: Difference scores (experimenter score – patient score) of Case 1 on the visual-

analogue scale for rating his actual performance in the trained tasks. 

 

5.3.1.3. Post-training assessment 

On average the patient improved his performance by 18.88 percentage points for the 

trained tasks, though even in the post-training assessment the patient failed to execute 

the trained tasks correctly. The patient also demonstrated improved behavior in untrained 

tasks (with scores below 90% in the baseline sessions) which on average increased by 

11.65 percentage points in the post-training session (see figure 5.3). Thus overall, five 

out of ten untrained tasks in which Case 1 scored less than 90% in the baseline sessions 

improved after 4 weeks, while performance in the other five untrained tasks stagnated at 

the same level or even worsened. For the tasks that were performed better than 90% in 

the baseline assessments, the patient achieved 100% in the post-training session. 

In the post-training diagnostics, the patient scored with 19 points on the tool-application 

scale of the FTT, which was interpreted as being mildly apraxic. Further, he scored with 

3 points in the NAT-BT on an also mildly impaired level. These results show great 

improvement compared to the measurements four weeks ago when the patient was 

classified as performing severely apraxic in both tasks. Moreover, he rated his own 

performance more adequately. While the experimenter-patient difference in the VATA-

NAT initially resulted in 25 points, the difference score was reduced to 15 points post 

training. This value was still interpreted as anosognosic but compared to the first 

measurement, it was at a lower level of anosognosia. For apraxia and anosognosia 

diagnostic scores see table 5.1 and figure 5.3. 

 

 

5.3.2. Case 2 

5.3.2.1. Baseline assessment 

The patient was selected for training because she showed severe apraxic behavior in 

both the FTT and NAT-BT in her first as well as the repeated screening session after four 

weeks. The patient scored with 11 and 13 points on the FTT tool-application scale 
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respectively and with 0 and 1 point on the NAT-BT (see table 5.2 and figure 5.3). It was 

not possible to interpret her VATA-NAT baseline scores since she answered wrongly to 

the control question of the questionnaire. It is therefore not ensured, that she was 

sufficiently able to understand the task. Over the period of four weeks between the 

baseline assessments, the patient only participated in the standard interventions applied 

within the routine of the clinical rehabilitation setting. 

In both baseline assessments, she was able to perform five of the 18 naturalistic action 

tasks without any difficulties (pour a cup of water, apply toothpaste to a toothbrush, fill 

noodles in a box, tack papers and fold a towel). Of the remaining 13 tasks, six were 

selected for training: set the table, fill a pill organizing box with pills, prepare a letter to 

send, make a phone call, take a photo and sharpen a pencil. The baseline average scores 

of untrained (without over 90% tasks: M = 39,71%) and trained tasks (M = 37,50%) did 

not differ (see figure 5.3). 

 

Tab. 5.2: Cut-off values for the apraxia and anosognosia diagnostic tasks and the 

performance scores of Case 2 four weeks before (Screening 1), directly before 

(Screening 2) and directly after training (Post-training) 

Test Cut-off value  Screening 1 Screening 2 Post-training 

FTT no apraxia 

mild apraxia 

moderate apraxia 

severe apraxia 

20 

19 

18 

0-17 

 

 

 

11 

 

 

 

13 

 

 

 

17 

 

NAT-BT no apraxia 

mild apraxia 

moderate apraxia 

severe apraxia 

4-6 

3 

2 

0-1 

 

 

 

0 

 

 

 

1 

 

 

2 

VATA-NAT no anosognosia 

anosognosia 

0-5 

5.5-39 

 

cannot be interpreted 

 

5.3.2.2. Performance in tasks selected for training 

Performance in baseline, training and post-training sessions for all trained tasks is shown 

in figure 5.6. The patient showed a stable performance across both baselines in four out 

of the six trained tasks (set the table, fill a pill organizing box with pills, make a phone call 

and take a photo). The other two tasks (sharpen a pencil and prepare a letter to send) 

were solved better in the second baseline but still far away from an errorless performance. 

While we did include the procedure of supported self-evaluation during training, we refrain 

from reporting and interpreting the anosognosia scores because task comprehension 

could not be secured (see above).  

 

Set the table 

In baseline sessions the patient performed with 65% and 56% on a comparable level. 

She was able to directly profit from the examiners´ help and reached a score of 100% in 
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the 7th training session. Unfortunately, the patient was not able to maintain this high level 

and her subsequent performance varied from 78-100%. The most difficult part for her 

comprised of memorizing the correct positions of fork, knife and spoon. Nevertheless, at 

the end of the training her performance reached a level (71%) that was sufficient to be 

able to eat. Further, this performance improved by 10.5 percentage points compared to 

the average of both baseline performances. 

 

Fill a pill organizing box with pills  

In baseline 1, preparing a pill organizing box was the worst performed task of the trained 

tasks (performance: 11%). In baseline 2, she got a little better (performance: 29%), but 

still remained on a low level of performance. The patient profited from the experimenters´ 

help very quickly and was able to perform the task with a score of 90% or more from the 

2nd training session on. Consequently, after the 8th training session, the selection 

material was extended by semantically and visually similar distractors. These did not 

irritate her at all. Her main problem with preparing a pill organizing box was to determine 

the correct compartment in order to sort the pills. For this step she needed the final goal 

picture and verbal cues in most cases. Since these cues were not given in the post-

training session, she was not able to sort the pills in the correct compartment. 

Consequently, she was only able to achieve 84% in the post-training session, which still 

was on average 64 percentage points better than in the baseline assessments. 

 

Prepare a letter to send 

Starting with a baseline average score of 47.5% she profited a lot from the experimenters´ 

assistance. Once having shown her the interim goal picture of folding the letter she was 

able to retrieve this knowledge in every training session. For her, the main challenge in 

this task was to insert the letter into the envelope. Although the experimenter repeatedly 

demonstrated the action unimanually, the patient was not able to copy the movement. 

However, after showing her how to tear one stamp from the stamp-set with the help of 

her plegic hand as stabilizer, she used this method reliably in the following sessions. 

Affixing the stamp had never been a problem. Since in the post-training session the 

experimenter was not allowed to help with inserting the letter the patient only achieved 

47%, which was at the same level as in the baseline assessments. 

 

Make a phone call  

The patient was not able to dial the number in both baseline sessions and accordingly 

started with an average baseline performance of 20%. In the first training sessions she 

still needed to imitate the examiners´ movement when performing this step. With the help 

of interim goal pictures of every single number she succeeded to dial the number but was 

not at all able to remember the correct position of a number. For the other steps of this 

task (unlock the phone, press the call-button, hold the phone to the ear and hang up) she 

only sometimes needed support by verbal cues. Without the interim goal pictures, she 

had no chance to dial the number correctly and accordingly reached only 57% in the post-

training session, which was still 37 percentage points better than in the baseline sessions. 
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Sharpen a pencil  

In this task the patient showed a much higher performance in the second baseline (75% 

vs. 15%) but still used the wrong hole in the sharpener and did not use her plegic hand 

for stabilizing support. By consistently receiving verbal cues she was able to perform well 

starting from the 11th training session on and maintained this level of performance also 

in the post-training measurement. 

 

Take a photo 

The patient had major difficulties to correctly use the camera. In both baseline sessions 

she scored 32%. Further, she was not able at any point of training to independently take 

a photo. In the majority of cases, even the final goal pictures, verbal cues and interim goal 

pictures did not help her to retrieve the correct movements. Instead, she had to imitate 

the movements in most of the sessions. However, an improvement of her performance 

was observed across training sessions. In the last training sessions and the post-training 

session, she was able to turn on the camera by herself, which resulted in a 23 percentage 

points better performance compared to both baseline assessments. 

 

 
Fig. 5.6: Performance of Case 2 in the trained tasks for baseline sessions (BL1 and BL2), 

training sessions (T1-T15) and post-training measure (PT). 

 

5.3.2.3. Post-training assessment 

In trained tasks, the patient performed on average 31.50 percentage points better in the 

post-training measurement than in the baseline sessions. For untrained tasks, she was 
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able to improve her performance by 14.57 percentage points (see figure 5.3). 

Nonetheless, sharpening a pencil was the only trained task, she could perform perfectly 

after training. Further, the five tasks which were already performed on the 100%-level in 

both baseline sessions remained on this level in post-training measurement. 

The data in table 5.2 demonstrates that the patient was indeed able to improve her 

performance in the FTT and NAT-BT in total points but nevertheless remained classified 

as being severely apraxic in the FTT and moderately apraxic in the NAT-BT. As 

mentioned earlier, results of the VATA-NAT questionnaire could not be interpreted due to 

her repeated inadequate answer to the check question. 

 

5.4. Discussion 

5.4.1. Efficacy of the Naturalistic Action Therapy 

To the best of our knowledge, the here introduced Naturalistic Action Therapy is the first 

training intervention for apraxic patients that was designed to combine therapy for apraxic 

and anosognosic deficits. Based on the recommendations of Buxbaum et al. (2008) the 

training consisted of a variety of ADL tasks with the option to apply shaping to every single 

task by making the selection of tools more difficult and introducing different stages of 

supportive cues. By use of the support options for each task, the therapy approach 

implemented the principle of errorless learning. The training included explicit descriptions 

of defined tasks with distinct intermediate goals. Emphasis was placed on the detailed 

description of methods as well as on the standardization of procedure and evaluation in 

order to facilitate replication and further evaluation of the training. Furthermore, standard 

diagnostics were used by applying the FTT, NAT-BT and VATA-NAT  in order to allow for 

a reliable and valid assessment of the generalization of training effects.  

Although of course the presented pilot-data of only two single cases needs to be 

interpreted with caution, the results give rise to optimism that the training intervention may 

be a suitable approach for rehabilitation of apraxia and anosognosia of apraxia for 

common tool-use.  

Both studied cases represented typical patients in a subacute post-stroke phase in a 

german rehabilitation clinic. In only 15 training sessions both cases were able to increase 

their performance from baseline sessions to post-training sessions in all tasks. While 

trained tasks seemed to profit the most from training, untrained tasks were solved better 

as well post training. Furthermore, improvements were also shown in standardized limb 

apraxia and anosognosia of apraxia assessments, which may suggest generalization of 

training effects. This is in line with other training approaches showing some but smaller 

effects on untrained tasks (Geusgens et al., 2007; Shimizu & Tanemura, 2017; van 

Heugten et al., 1998).  

One may think of spontaneous recovery as an explanation for the positive effects, 

however, as we will explain in the following, we doubt that the improvements are entirely 

interpretable in the light of spontaneous remission. Case 2 was pre-tested two times with 

a four week interval in the diagnostic measures before participating in the taining, and did 

not show significant change between the two timepoints. Additionally, spontaneous 

recovery is most likely in earlier stages of the disease (Kollen et al., 2005). Both patients 

started the Naturalistic Action Therapy greater than three months post stroke onset (14-
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15 weeks after stroke onset). Further, the five tested control patients did not show 

significant improvements in FTT and NAT-BT after a 4 week waiting period. 

Interestingly, results demonstrated that tasks involving technological devices like the 

phone or the camera were the most difficult to handle for both patients and revealed the 

lowest training effects. One explanation may be the reduced affording character of these 

devices compared to classic physical tools, which means that perceiving the object’s 

properties does only provide a low level of prompting for a certain action. This idea is 

supported by the observation that other tasks, which appear rather low-afforded (e.g. 

packing a bag or sticking a photo into an album) were generally performed poorly by both 

patients compared to tasks that appear rather high-afforded (e.g. sharpening a pencil or 

pour a cup of water). This is in line with previous results of Randerath et al. (2011) or 

Barde et al. (2007) who showed that higher affordances facilitate actions and recognition. 

Another explanation for the differences in performance between tasks could be the 

frequency of occurrence in daily life and the complexity of tasks (Bienkiewicz et al., 2014; 

Harrington & Haaland, 1992; Weiss et al., 2008). Interestingly, Case 2 was not able to 

dial a number with the lab phone but was observed to frequently use her own phone. 

When asking her about this discrepancy, she claimed that she mostly received calls and 

therefore just needed to press the green button to pick up. 

Object recognition was supported by showing the final-product photos with exactly the 

same material that the patient was supposed to solve the tasks with. Either patient never 

had difficulties with selecting the correct material. 

Regarding anosognosia therapy, Case 1 showed a satisfactory effect after training.  While 

the patient evaluated his performance quite adequately within the training sessions, in 

the post training assessment using the VATA NAT only little improvement was seen.  He 

correctly evaluated his performance from the 10th training session on in the trained tasks 

and also showed a better insight into his difficulties with other activities of daily life. But 

his answers on the VATA-NAT questionnaire were still classified as anosognosic. This is 

in line with other cognitive behavioral trainings for anosognosia of hemiplegia that were 

able to improve the patients´ insight into the specific activity performed at this moment 

but not when at rest (Ownsworth et al., 2006).  

One explanation for why Case 2 was able to understand task instructions for practical 

tasks but not for the VATA-NAT questionnaire is that she may not have understood the 

concept of scales and thus was unable to answer on the visual-analogue scale. This 

argument is strenghtened by the observation, that she was not able to recognize numbers 

when attempting to make a phone call.  

 

5.4.2. Limitations and future directions 

Although the results of the present study are promising, the interpretability is limited as 

there were only two patients tested. Future studies need to apply controlled designs with 

larger samples. For example, the 18 tasks should be diagnosed in a non-training control 

group of apraxic patients.  Further, patients in a chronic stage outside a regular 

rehabilitation setting should be considered as a target group. Additionally, follow-up 

measures should be implemented in order to check for variability as well as longterm 

effects, e.g. a second post-training session to measure performance of the 18 tasks 

should be implemented because the patients´ performance may vary from day to day. 
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Future studies should consider evaluating the efficacy of the training in the patients´ 

private environment, and when conducted by relatives or caregivers. Further, potentially 

increased effects due to a prolongation or intensification of the training may have to be 

evaluated. 

Unfortunately, the anosgnosia assessment could only be interpreted for the patient who 

understood the instructions. Despite explaining the task in each training it remains 

possible that some aphasic patients (like Case 2) will have difficulties comprehending the 

instructions for self-evaluation by use of the visual-analogue scale – or may indeed 

believe they can jump over a lorry (although this then may rather be a problem rooted in 

delusions of grandeur).  

Another approach to enhance the awareness for own deficits would be to show the patient 

immediately after training the video of their performance and to stop the video after each 

interim goal and ask the patients to rate their difficulties. Like Besharati et al. (2015) have 

shown in their study about anosognosia of hemiplegia, such video analyses helped 

improving the patients´ awareness for their deficits in motor functions. However, the clear 

draw back is that this procedure is time consuming and may require specific data 

protection measures and therefore may be too elaborate to implement into the clinical 

setting.  

Last, for future therapy studies modern technologies like transcranial direct-current 

stimulation (tDCS) could also be useful additive to enhance training effects. For example, 

Bolognini et al. (2015) showed that tDCS stimulation helped patients in planning imitation 

movements. Further, new cognitive assistive technologies like COACH (Mihailidis et al., 

2008) or CogWatch (Hermsdörfer et al., 2013a) have been proven effective for memory 

aid. Combined approaches may increase the effects of ADL trainings.  

 

5.4.3. Conclusion 

With the here introduced Naturalistic Action Therapy, an important step is done towards 

testing a method that facilitates conducting a standardized training of daily life activities 

as well as the related anosognosia. A tremendous advantage of this training procedure 

is, that it is easy to administer. It may even be suitable for being applied by healthy 

relatives of the patients in their home setting and the procedure can be flexibly adapted 

to other multistep activities of daily life, which may be of particular interest for the 

individual patient. This option would address previous suggestions, that apraxia therapy 

should be adaptable to the individual patients´ abilities and needs in daily life 

(Goldenberg, G. et al., 2001).  
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6. General discussion and future directions 

6.1. Diagnosis of limb apraxia 
Compared to the current available limb apraxia test instruments, the Diagnostic 

Instrument for Limb Apraxia – Short Version (DILA-S) is the first reliable and valid limb 

apraxia test instrument which individually assesses the diverse domains of limb apraxia. 

By contrast to other test instruments, there are five major advantages of the DILA-S. First, 

satisfactory psychometric properties were shown for the DILA-S (see Study 1 and the 

manual: Randerath et al., 2017). Second, through the application of the DILA-S it is 

possible to disentangle different limb apraxia profiles for patient groups with different 

neurological disorders (see Study 2). Third, the DILA-S can be evaluated separately for 

the included subtests, thus enabling therapists to draft a distinct profile of the wide-

ranging limb apraxia syndrome for each patient. Fourth, the test instrument is applicable 

even for severely aphasic patients since task comprehension is ensured by using pictures 

of tools and example tasks, which were correctly solved by more than 90% of a subgroup 

of 33 aphasic patients (see Randerath et al., 2017). Finally, the DILA-S is adapted to the 

daily life of patients using tests of real tool-use and thus seems to be perceived as more 

relevant for them compared to test assessments, which are only based on imitation and 

pantomime tasks. 

Nevertheless, the DILA-S is still not implemented in rehabilitation clinics, although it has 

been developed in close collaboration with occupational therapists and has received good 

ecological validity grades (see Study 1). This could be due to the already mentioned 

misbelief that limb apraxia only occurs in lab settings but not in real life (van Heugten & 

Geusgens, 2017). This belief is strengthened by the statement of a popular German 

publisher for assessment batteries, who answered our quote for a publication of the test 

material as follows: “Unfortunately, for many practitioners, apraxia is a marginal issue, 

and the time available for diagnostics is more likely to be used for - in their eyes - more 

centralized issues. In addition, by using ´real´ items, the effort involved in testing is 

relatively high (and to provide the test equipment would be difficult).” (Mail from 2017-02-

21). A second reason for the current under-representation of limb apraxia diagnostics 

may be that therapists are often interested in speedily applied diagnostic test instruments 

because the time available for diagnostic sessions is sparse in rehabilitation clinics. 

Therefore, efforts towards a screening version of the DILA-S were made but did not yield 

satisfactory results, since one or two items per subtest are not enough to illustrate a 

comprehensive picture of limb apraxia. In conclusion, it is recommended to use the 

Familiar Tools Test as a screening test because it reflects the most restrictive domain of 

limb apraxia. Furthermore, efforts to purge the misbelief that limb apraxia is a symptom 

solely existing in lab settings have been made. For example, workshops and lectures on 

this topic have been given on several occasions (e.g. in workshops for occupational and 

physiotherapists as part of the study course “motor neurorehabilitation” at the University 

of Konstanz in 2016, 2017 and 2018 or for psychologists at the conference of the German 

association of neuropsychologists in 2017). To date, these efforts have led to the 

implementation of the DILA-S in three occupational therapy institutions. Consequently, 

efforts to sensitize therapists and donors for this topic should be extended in the future to 
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establish the DILA-S as a regular test instrument in rehabilitation clinics and occupational 

therapy institutions. 

 

6.2. Lesion location of limb apraxia 
Another point of interest that needs to be explored in more detail is the potential 

association between lesion location in the brain and difficulties in the different domains of 

limb apraxia. Compiled evidence suggests that there exist two different streams in the left 

cerebral hemisphere extending from the visual system to fronto-parietal regions that 

guide and support the planning and production of actions (see figure 6.1).  

 

 
Fig. 6.1: Two streams model according to Binkofski & Buxbaum, 2013 4. 

 

Although ventral and dorsal streams process the same set of visual and semantic 

information, both streams seem to follow different aims (Binkofski & Buxbaum, 2013). 

The dorsal stream seems to be a moment-to-moment based processing stream going 

from the occipital cortex to the posterior parietal cortex, which handles visual information 

“on-line” (Sinclair & Stones, 2008). It can be assumed that it is subdivided into two 

segregated but interacting parallel processing streams (Felleman & van Essen, 1991; 

Rizzolatti & Matelli, 2003). The dorso-dorsal stream seems to run from the superior 

parietal lobe to the pre-motor cortex (Rizzolatti & Matelli, 2003) and should mediate the 

visual control of skilled action (Frey, 2007; Milner & Goodale, 2008; Rizzolatti & Matelli, 

2003) by processing hand postures with respect to objects and spatial locations 

(Goldenberg, G., 2009a; Hoeren et al., 2013). Some researchers (Goldenberg, G., 2008a; 

Goldenberg, G. & Hagmann, 1998b; Osiurak, F. et al., 2010; Randerath et al., 2011) 

 

                                            
4 Figure adapted from http://www.uwo.ca/bmi/goodalelab/research/past/two_visual_systems.html  
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additionally argue that this stream is at least partly involved in processing spatial 

relationships between tools and objects as well as between hand and tools or objects. 

The “body part coding hypothesis” suggests that in the “imitation of meaningless hand 

gestures […] body parts and their limitations can be recognized […] and correlated with 

each other” (Goldenberg, G., 2009b). Thus, this component is thought to be essential for 

mechanical problem solving involved in handling novel tools and objects as well as for 

imitating meaningless gestures (Hoeren et al., 2013).  

In contrast, the ventro-dorsal stream seems to process visual information by object 

identification. It is thought to run from the medial superior temporal area to the inferior 

parietal lobe (Rizzolatti & Matelli, 2003). The ventro-dorsal stream seems to process 

manipulation knowledge and generalized abstract representations of skilled movements 

to identify objects and retrieve related action semantics from memory (Buxbaum & 

Kalénine, 2010; Buxbaum & Saffran, 2002; Buxbaum et al., 2000; Sirigu et al., 1991).  

In addition, the ventral stream is based on a stream going from the occipital cortex to the 

inferior temporal cortex (Sinclair & Stones, 2008). Although it seems to pursue the same 

target as the ventro-dorsal stream (Buxbaum & Kalénine, 2010; Milner & Goodale, 2008) 

the ventral stream is thought to process functional object knowledge and domain-general 

retrieval and selection mechanisms to identify the meaning of tools and objects (Buxbaum 

& Kalénine, 2010; Buxbaum & Saffran, 2002; Buxbaum et al., 2000; Sirigu et al., 1991). 

Further, processes in the ventral stream should enable parsing the scene and to think 

about objects and events in the visual world (Frey, 2007) by processing semantics, 

categorical coding and planning of familiar tool-use (Binkofski & Buxbaum, 2013; Choi et 

al., 2001; Frey, 2007; Johnson-Frey et al., 2005; Rizzolatti & Matelli, 2003; Vry et al., 

2012). It is expected that pantomime of tool-use, imitation of meaningful gestures as well 

as selection and application of familiar tools and objects are predominantly processed by 

the ventro-dorsal as well as the ventral stream (Goldenberg, G., 2008b; Goldenberg, G. 

& Spatt, 2009; Randerath, 2009).  

Within the framework of these stream models, it would be interesting to examine how the 

distinct domains of limb apraxia are distributed within this left-hemisphere network. To 

the author´s knowledge, current lesion studies only compare two limb apraxia domains 

with each other (e.g., Goldenberg, G. & Spatt, 2009; Hodges et al., 1999). Thus, there is 

no lesion study considering all existing limb apraxia domains yet. However, a direct 

comparison of all existing limb apraxia domains might elucidate the complex limb apraxia 

network in the brain and will provide important insights into the specific associations 

between the distinct limb apraxia domains and the involved processing streams (rather 

dorsal or ventral) in the left brain hemisphere.  

 

6.3. Diagnosis of anosognosia of limb apraxia 
The Visual-Analogue Test assessing Anosognosia of Naturalistic Action Tasks (VATA-

NAT) was one of the first diagnostic assessments for anosognosia of limb apraxia. 

Accordingly to the results of Study 3 and the recently published article by Kusch et al. 

(2018), anosognosia of limb apraxia is a potentially occurring disorder after left brain 

damage. In contrast to the study by Kusch et al. (2018) which focused on anosognosia of 

imitation and pantomime deficits, the VATA-NAT focusses on anosognosia of common 

tool-use deficits. A major advantage of the VATA-NAT over the method of Kusch et al. 
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(2018) is that it considers language comprehension difficulties. Since aphasia is a 

common comorbidity of apraxia (see for example Goldenberg, G. & Randerath, 2015), a 

control question should be obligatory to insure language comprehension. This missing 

control procedure could account for the higher amount of anosognosic patients (50%) in 

the study by Kusch et al. (2018) compared to our results (7% before and 20% after 

diagnostic session) because patients may have misunderstood the questions, but were 

not excluded from analysis. 

However, the VATA-NAT needed to be improved due to its unsatisfactory divergent 

validity in aphasic patients. Thus, the VATA-NAT had to be revised with items which are 

easy to administer even with one hand to ensure that patients do not consider their motor 

difficulties with the right hand when answering the questions. To achieve this goal, 16 

healthy participants (mean age: 33.3 years, range: 18-65 years) were asked for all current 

and also some new items how difficult it would be to execute the particular task using only 

their left or right hand, respectively. For the revised VATA-NAT, we only implemented 

those items, which were rated as “easy to execute” (M ≤ 1.0 on VATA-scale) for both the 

left and right hand. To conclude, the new questionnaire comprises twelve items, five of 

which are consistent with the actions of the Familiar Tools Test and five items 

representing other single-step activities of daily life. Further, preparing a cup of tea 

extracted from the Naturalistic Action Task – Breakfast Test and one other multi-step 

activity of daily life (´setting the table´) are included. This revised VATA-NAT has to be 

tested for reliability and validity and subsequently be added to the DILA-S as the standard 

test for anosognosia of common tool-use apraxia. 

 

6.4. Opportunities of rehabilitation 
The Naturalistic Action Therapy – presented in Study 4 – was the first rehabilitation 

approach combining training of naturalistic action tasks and treatment of anosognosia of 

common tool-use apraxia. It revealed satisfactory results for the two studied patients in 

trained as well as in untrained tasks. The Naturalistic Action Therapy has five major 

advantages compared to already existing training approaches. First, it controls for 

spontaneous remission by implementing a four-week gap between two screening 

sessions. Second, this therapy approach considers the selection of correct tools. 

Additionally, the Naturalistic Action Therapy uses reliable and valid test instruments to 

measure limb apraxia and anosognosia of common tool-use apraxia. Fourth, the precise 

method description enables the therapist to standardize the training procedure. The last 

major advantage of this procedure is that it is also feasible for relatives to implement.  

Nevertheless, training effectiveness and potential for improvements have to be quantified 

in randomized controlled studies. Furthermore, an evaluation of the training method in 

the patients´ home environment would be desirable. Thus, also the ecological validity of 

this approach could be measured by implementing home-based training.  
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6.5. Conclusion 
With the Diagnostic Instrument for Limb Apraxia – Short Version (DILA-S) and the Visual 

Analogue Test assessing Anosognosia of Naturalistic Action Tasks (VATA-NAT) two 

reliable and valid test instruments for limb apraxia and anosognosia of common tool-use 

apraxia were developed. Moreover, the Naturalistic Action Therapy is the first 

rehabilitation approach considering both disorders. Although substantial effort must still 

be exerted in this area of research by validating the revised VATA-NAT and the 

Naturalistic Action Therapy in a large group of patients, important steps were made 

towards a better understanding of the heterogeneous picture of limb apraxia. The DILA-

S is ready for use in clinical routine and the revised VATA-NAT will be available soon. 

These tests improve the diagnostic accuracy for limb apraxia and anosognosia of 

common tool-use apraxia and thus enhance the patients´ opportunities for personalized 

rehabilitation approaches. 
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Supplementary material 

Study 1 
 

Apraxic profile detailed information 

Differential performance demonstrated in the different scales, the occurrence of selective 

deficits, error-profile, and the differentiation into mild, moderate and severe apraxia. 

Figure S.2.2 shows that patient performance varied across the different scales in FTT 

and NTT. When comparing percentage scores for the Selection Scale, the Execution 

Scale and the 4-points Production Score within the LBD group, differences between these 

three were found in the Familiar Tools Test (Z ≤ -1.748, p ≤ .083) with best performance 

in the 4-points Production Score and worst performance in the Execution Scale. In the 

Novel Tools Test patients performed comparably poor in the Selection and Execution 

Scales (Z = -1.392, p = .168), but distinguishable from these two scales LBD patients 

again demonstrated better performance in the 4-points Production Score (Z ≤ -4.807, p = 

.000). Likewise, in the RBD group, performance in Selection and Execution Scales turned 

out worse compared to the 4-point Production Score in both tool-use tests (NTT: Z ≤ -

3.631, p = .000, FTT: Execution vs. Production Z = -2.060, p = .063 and Selection vs. 

Production Z= -2.632, p = .008). Selection and Execution Scales in this group did not 

show differing performance in either test (NTT: Z = -1.044, p = .329; FTT: Z = -0.424, p = 

.730). 

A few individuals demonstrated selective deficits in NTT or FTT, respectively. For a 

detailed description on selectivity please see table S.2.2 and S.2.3. In both tool-use tests 

deficits in Selection and Execution emerged most often combined, but selective deficits 

can be present. In the current sample of unilateral stroke patients some individuals 

showed sole deficits in the Selection component when performing the NTT (LBD: N = 7, 

RBD: N = 2). Selective deficits in the Application prevailed in the FTT (LBD: N = 9, RBD: 

N = 2).  

 

In order to examine the typical error profile in patients with apraxia, the qualitative 4-point 

Production Score was analyzed for LBD and RBD patients (see figure S.2.3). For the 4-

point Production Score the second attempt was evaluated in case the first failed. Four 

parameters were judged for being accurate: grip-formation grip-orientation, movement-

content and movement-orientation. Overall in the NTT, out of these four parameters the 

accuracy of the movement parameter appeared to be affected the worst in either patient 

group. The same applies for the error profile of the FTT in the LBD patient group.  Only 

one patient of the RBD group completely failed to correctly produce one action in the FTT. 

This patient demonstrated a wrong grip at the second attempt. 

A distinction of mild, moderate and severe apraxia for each subtest was made in 

reference to the performance of LBD and RBD patients who were diagnosed apraxic (N 

= 25). Based on their performance distribution, mild apraxia was defined by the 75th to 

100th percentile, moderate apraxia by the 50th to 74th percentile and severe apraxia below 
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the 50th percentile. The individual Cut-Off values defining the allocation of mild, moderate 

or severe apraxia are listed in supplementary table S.4.4.  

Figure S.2.4 visualizes the degree of severity of apraxia within the different groups and 

its distribution within each subtest by displaying the proportion of patients without apraxia 

versus the proportion of patients with mild, moderate or severe apraxia. This descriptive 

classification demonstrated most variability for the FTT in our tested samples, particularly 

within the correct application of the tool. 

 

 

Fig. S.2.1: Position of the materials (jam, bread, cup, tea, butter, toaster, spoon and 

knifes, water cooking device and sugar) for the Naturalistic Action Task. The toaster and 

water cooking device were plugged in. The water cooking device was preset to 40 

degrees Celsius in order to avoid burns. 
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Fig. S.2.2: Within-Subject-Comparisons for Familiar and Novel Tools Test Scales in LBD 

(N = 33; dark grey) and RBD (N = 20; light grey) patients. Small stars or circles below the 

bars demonstrate outliers. Significant differences between conditions are indicated above 

(** p ≤ .010, * p ≤ .050, (*) p < .100). 

 
Fig. S.2.3: Production parameter accuracy in the parameters of the 4-point production 

score for those LBD (FTT: N = 11, NTT: N = 20) and RBD (FTT: N = 1, NTT: N = 10) 

patients whose first and second attempt was wrong.  

 

 
Fig. S.2.4: Distribution of patients with and without apraxia for each subscale of the 

Familiar and Novel Tools Test separated by group (LBD, RBD). 



 

 

 

Tab. S.2.1: Correlations of all apraxia tests and scales (LBD patients) 

  
Imitation 
Meaningful 
 

Imitation 
Meaningless 
 

Pantomime  
Execution  
 

Pantomime  
Prodution 
  

Familiar 
Tools  
Selection 

Familiar 
Tools 
Execution 

Familiar 
Tools 
Prodution 

Novel 
Tools 
Selection 

Novel 
Tools  
Execution 

Novel 
Tools 
Production 

NAT 
Breakfast 
Task 

Imitation 
Meaningful 

τ 1.000 ,440** ,432** ,393** ,392** 0.259 ,314* 0.070 0.131 0.229 0.263 

p (2-
tailed) 

  0.001 0.001 0.003 0.006 0.059 0.028 0.601 0.331 0.105 0.059 

Imitation 
Meaningless 

τ ,440** 1.000 ,465** ,460** ,426** ,441** ,370** 0.217 ,312* ,325* ,367** 

p (2-
tailed) 

0.001   0.000 0.000 0.002 0.001 0.009 0.100 0.020 0.020 0.008 

Pantomime 
Execution 

τ ,432** ,465** 1.000 ,883** ,616** ,555** ,546** ,439** ,514** ,546** ,309* 

p (2-
tailed) 

0.001 0.000   0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.025 

Pantomime 
Production 

τ ,393** ,460** ,883** 1.000 ,597** ,602** ,601** ,444** ,521** ,545** ,348* 

p (2-
tailed) 

0.003 0.000 0.000   0.000 0.000 0.000 0.001 0.000 0.000 0.012 

Familiar 
Tools 
Selection 

τ ,392** ,426** ,616** ,597** 1.000 ,615** ,535** 0.240 ,554** ,463** ,505** 

p (2-
tailed) 

0.006 0.002 0.000 0.000   0.000 0.000 0.092 0.000 0.002 0.001 

Familiar 
Tools 
Execution 

τ 0.259 ,441** ,555** ,602** ,615** 1.000 ,758** ,338* ,553** ,518** ,540** 

p (2-
tailed) 

0.059 0.001 0.000 0.000 0.000   0.000 0.014 0.000 0.000 0.000 

Familiar 
Tools 
Production 

τ ,314* ,370** ,546** ,601** ,535** ,758** 1.000 0.260 ,512** ,555** ,414** 

p (2-
tailed) 

0.028 0.009 0.000 0.000 0.000 0.000   0.070 0.000 0.000 0.006 

 



 

 

 

 

 
 

Imitation 

Meaningful 

Imitation 

Meaningless 

Pantomime 

Execution  

Pantomime 

Production  

Familiar 

Tools  

Selection 

Familiar 

Tools  

Execution 

Familiar 

Tools  

Production 

Novel  

Tools  

Selection 

Novel  

Tools  

Execution 

Novel  

Tools  

Production 

NAT 

Breakfast 

Task 

Novel 

Tools  

Selection 

τ 0.070 0.217 ,439** ,444** 0.240 ,338* 0.260 1.000 ,412** ,461** 0.170 

p (2-

tailed) 

0.601 0.100 0.001 0.001 0.092 0.014 0.070   0.002 0.001 0.223 

Novel 

Tools  

Execution 

τ 0.131 ,312* ,514** ,521** ,554** ,553** ,512** ,412** 1.000 ,766** 0.190 

p (2-

tailed) 

0.331 0.020 0.000 0.000 0.000 0.000 0.000 0.002   0.000 0.179 

Novel 

Tools  

Production 

τ 0.229 ,325* ,546** ,545** ,463** ,518** ,555** ,461** ,766** 1.000 0.112 

p (2-

tailed) 

0.105 0.020 0.000 0.000 0.002 0.000 0.000 0.001 0.000   0.449 

NAT 

Breakfast 

Task 

τ 0.263 ,367** ,309* ,348* ,505** ,540** ,414** 0.170 0.190 0.112 1.000 

p (2-

tailed) 

0.059 0.008 0.025 0.012 0.001 0.000 0.006 0.223 0.179 0.449   

 

** p < .01. 

*   p < .05. 
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Tab. S.2.2 Number of patients which are impaired in one or both of the real tool-use tasks 

(FTT = Familiar Tools Test; NTT = Novel Tools Test) and their impairment in the classical 

apraxia tests (Imitation and Pantomime) and in a sequential naturalistic action task (NAT: 

Making Breakfast) split by patient groups LBD and RBD 

 LBD 

n = 33 

RBD 

n = 20 

FTT  selectively 1 (3.0%) 2 (10%) 

+ Imitation   

+ Pantomime 3 (9.1%)  

+ Imitation + Pantomime 3 (9.1%) 1 (5%) 

+ NAT  6 (18.2%)   

NTT selectively 1 (3.0%) 1 (5%) 

+ Imitation  2 (10%) 

+ Pantomime 2 (6.1%)  

+ Imitation + Pantomime   

+ NAT 1 (3.0%) 1 (5%) 

FTT + NTT selectively 1 (3.0%)  

+ Imitation   

+ Pantomime   

+ Imitation + Pantomime 8 (24.2%)  

+ NAT 6 (18.2%)  

 



 

 

 

Tab. S.2.3: Number of patients which are impaired in one or more subscales of FTT and NTT specified by their impairments 

Group no difficulties FTT  

Selection 

FTT 

Execution 

FTT 

Production 

FTT  

Selection + 

Execution 

FTT  

Selection + 

Production 

FTT 

Execution + 

Production 

difficulties in 

all subscales 

of FTT 

LBD (N = 33) 17 (51.5%) 0 2 (6.1%) 0 2 (6.1%) 0 7 (21.2%) 5 (15.2%) 

RBD (N = 20) 17 (85.0%) 1 (5.0%) 1 (5.0%) 0 0 0 1 (5.0%) 0 

Group no difficulties NTT  

Selection 

NTT 

Execution 

NTT 

Production 

NTT  

Selection + 

Execution 

NTT  

Selection + 

Production 

NTT 

Execution + 

Production 

difficulties in 

all subscales 

of NTT 

LBD (N = 33) 21 (63.6%) 7 (21.2%) 1 (3.0%) 1 (3.0%) 1 (3.0%) 0 0 2 (6.1%) 

RBD (N = 20) 17 (85.0%) 2 (10.0%) 0 0 0 0 1 (5.0%) 0 
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Study 2 
 

Tab. S.3.1: Cut-off values for mild, moderate and severe limb apraxia (NTT = Novel Tools 

Test, FTT = Familiar Tools Test, NAT = Naturalistic Action Test Breakfast Task; * = no 

further distinction possible because of missing patients with moderate or severe deficits 

in FTT Execution).  

Severity Age Imitation 

Meaningless 

Imitation 

Meaningful 

 

no 21-50 16-20 18-20  

51-80 15-20 16-20 

mild 21-50 14-15 17  

51-80 14 15 

moderate 21-50 13 15-16  

51-80 12-13 13-14 

severe 21-50 0-12 0-14  

51-80 0-11 0-13 

Severity  Pantomime 

Production 

Pantomime 

Execution 

 

no  22-24 12-16  

mild  20-21 10-11  

moderate  15-19 7-9  

severe  0-14 0-6  
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Severity Sex NTT Selection NTT Production NTT Execution 

no male  18-20 7-10 

female 17-20 5-10 

mild male  

5 

 

17 6 

female 16 4 

moderate male  

4 

16 5 

female 15 0-3 * 

severe male  

0-3 

0-15 0-4 

female 0-14 0-3 * 

Severity Age FTT Selection FTT Production FTT Execution 

no 21-50 9-10  

20 

 

9-10 
51-80 8-10 

mild 21-50 8  

19 

 

8 
51-80 7 

moderate 21-50 7  

18 

 

6-7 
51-80 6 

severe 21-50 0-6  

0-17 

 

0-5 

51-80 0-5 

Severity  NAT Breakfast Task   

no  4-6   

mild  3   

moderate  2   

severe  0-1   



 

 

 

Tab. S.2: Number of apraxic patients per group listed for each subscale in every patient group. Data are presented in n (%). 

Group Apraxia  

severity 

IML IMF PTU_E NTT_S NTT_E FTT_S FTT_E NAT 

LHS  

(N = 44) 

no 

mild 

moderate 

severe 

26 (59) 

6 (14) 

3 (7) 

9 (20) 

28 (64) 

6 (14) 

2 (5) 

8 (18) 

17 (39) 

6 (14) 

4 (9) 

17 (39) 

30 (68) 

6 (14) 

4 (9) 

4 (9) 

37 (84) 

2 (5) 

1 (2) 

4 (9) 

34 (77) 

2 (5) 

5 (11) 

3 (7) 

22 (50) 

8 (18) 

6 (14) 

8 (18) 

24 (56) 

1 (2) 

6 (14) 

12 (28) * 

RHS  

(N = 36) 

no 

mild 

moderate 

severe 

29 (81) 

2 (6) 

1 (3) 

4 (11) 

29 (81) 

1 (3) 

3 (8) 

3 (8) 

30 (83) 

4 (11) 

2 (6) 

 

32 (89) 

3 (8) 

1 (3) 

 

34 (94) 

 

2 (6) 

 

35 (97) 

1 (3) 

 

 

32 (89) 

2 (6) 

1 (3) 

1 (3) 

31 (86) 

1 (3) 

3 (8) 

1 (3) 

TBI  

(N = 44) 

no 

mild 

moderate 

severe 

38 (86) 

3 (7) 

1 (2) 

2 (5) 

37 (84) 

1 (2) 

3 (7) 

3 (7) 

36 (82) 

4 (9) 

2 (5) 

2 (5) 

41 (93) 

2 (5) 

 

1 (2) 

40 (91) 

3 (7) 

 

1 (2) 

41 (93) 

2 (5) 

1 (2) 

 

40 (91) 

2 (5) 

2 (5) 

 

35 (81) 

1 (2) 

2 (5) 

5 (12) * 

MS  

(N = 26) 

no 

mild 

moderate 

severe 

24 (92) 

1 (4) 

1 (4) 

 

25 (96) 

1 (4) 

 

 

25 (96) 

1 (4) 

 

 

25 (96) 

1 (4) 

 

 

26 (100) 25 (96) 

1 (4) 

 

 

26 (100) 25 (96) 

 

1 (4) 

 

Dementia 

(N = 27) 

no 

mild 

moderate 

severe 

12 (46) 

3 (12) 

3 (12) 

8 (31) * 

16 (62) 

3 (12) 

4 (15) 

3 (12) * 

8 (31) 

5 (19) 

6 (23) 

7 (27) * 

18 (75) 

3 (13) 

2 (8) 

1 (4) * 

20 (83) 

3 (13) 

1 (4) * 

 

22 (82) 

2 (7) 

2 (7) 

1 (4) 

18 (67) 

3 (11) 

3 (11) 

3 (11) 

6 (30) 

2 (10) 

7 (35) 

5 (25) * 

IML = Imitation of meaningless gestures; IMF = Imitation of meaningful gestures; PTU_E = Pantomime Execution; NTT_S = Novel Tools Test 

Selection; NTT_E = Novel Tools Test Execution; FTT_S = Familiar Tools Test Selection; FTT_E = Familiar Tools Test Execution; NAT = 

Naturalistic Action Test Breakfast Task; LHS = stroke in the left hemisphere; RHS = stroke in the right hemisphere; TBI = traumatic brain injury; 

MS = Multiple Sclerosis 

A star [*] indicates missing patients in this subscale. For all of these stars, data of only one patient is missing in the respective subscale besides 

in the Novel Tools Test and the NAT Breakfast Task in the Dementia group, where data of three (NTT) and seven (NAT) patients is missing.
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Study 3 
 

Questions in the VATA-NAT: 

 

Example Question: Do you have any difficulties to drive a car? 

 

1. Do you have any difficulties to take fried egg out of a pan? 

2. Do you have any difficulties to open a bottle? 

3. Do you have any difficulties to scoop soup out of a pot? 

4. Do you have any difficulties to clean the board? 

5. Do you have any difficulties to screw tight a screw? 

6. Do you have any difficulties to fil a flower pot with potting soil?  

7. Do you have any difficulties to hang out the laundry? 

8. Do you have any difficulties to eat soup? 

9. Do you have any difficulties to use the phone? 

10. Do you have any difficulties to prepare a toasted bread? 

11. Do you have any difficulties to prepare a cup of filter coffee? 

12. Do you have any difficulties to punch paper and order it? 

13. Do you have any difficulties to set the table? 

 

Control Question: Do you have any difficulties to jump over a lorry?



 

 

 

Study 4 
Tab. S.5.1: Material and steps per task of the 18 daily life tasks  

Task Material Step 

fold a towel towel      bisect towel quarter 
towel 

fold towel 
to eights 

   

take a photo camera      switch on 
camera 

take a 
photo  

switch off 
camera 

   

draw a smiley post-it  
pad 

pen     draw 
smiley on  
post-it 

loosen 
post-it from 
pad 

    

load mobile 
phone 

mobile 
phone 

charger     put charger 
in socket 

apply 
charger to 
phone 

    

sharpen a 
pencil 

pencil sharpener    insert 
pencil in 
small hole 

rotate the 
pencil 

    

tack papers 
with a clip 

papers clip     press clip 
apart 

apply clip 
to papers 

    

apply 
toothpaste to 
toothbrush 

toothpa
ste 

toothbr
ush 

    open 
toothpaste 

apply 
toothpaste 
to 
toothbrush 

close 
toothpaste 

   

fill noodles in a 
box 

noodle 
packag
e 

box     open 
noodle  
package 

open box pour 
noodles in 
box 

close box   

pour a cup of 
water 

cup bottle     open bottle  pour water close bottle    

make a phone 
call 

phone paper 
with 
number 

    unlock the 
phone 

dial the 
number 

call (green 
button) 

hold phone  
to the ear 

hang up 
(red button) 

 



 

 

 

Task Material Step 

punch 
documents and 
sort them 

folder docum
ents 

puncher   insert 
documents 
to the 
puncher 

punch open folder sort 
documents 
in the folder 

close folder  

fold a towel towel      bisect towel quarter 
towel 

fold towel 
to eights 

   

prepare a letter 
to send 

letter envelo
pe 

stamp 
set 

   fold the 
letter 

insert the 
letter into 
the 
envelope 

close the 
envelope 

tear one 
stamp from 
stamp set 

affix the 
stamp 

 

stick a photo 
into an album 

album photo adhesive  
points 

  open album spill out the 
self-
adhesive 
stickers 

apply self-
adhesive 
stickers 

loosen foil 
from self-
adhesive 
stickers 

stick photo 
into the 
album 

 

fil pill 
organizing box 
with pills 

pill 
organiz
ing box 

pill 
packag
e 1 

pill 
packag
e 2 

   open pill 
organizing 
box 

open pill 
packages 
1/2 

get out 
blisters 
from pill 
packages 
1/2  

press pills 
1/2 out of 
the blisters 

sort pill 1/2 
in 
compartme
nt 

close pill 
organizing 
box 

pack a bag bag phone purse keys   open bag insert 
phone 

insert purse insert keys close bag  

fil a purse purse cheque 
card 

coins bank 
notes 

  open purse insert 
cheque 
card 

insert bank 
notes 

open coin 
compartme
nt 

insert coins close coin 
compartme
nt 

plant a flower 
bulb 

potting 
soil 

flower 
bulb 

flowerp
ot 

saucer shovel  place 
flowerpot 
on saucer 

open 
potting soil 

put potting 
soil in 
flowerpot 
with shovel 

get out 
flower bulb 

plant flower 
bulb 

close 
potting soil 

set the table glas knife fork spoon plate placem
ats 

place 
placemats 
on table 

place plate 
on 
placemats 

place glas 
right above 
the plate 

place fork 
left of the 
plate 

place knife 
right to the 
plate 

place 
spoon right 
to the plate 
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Figure index 

Study 1 
 

Figure 2.1: A. Novel Tools Test. The one tool has to be selected that is best suitable to 

lift the cylinder out of the socket in a safe manner. In the example (Item 2) the correct tool 

is the one presented in the middle (solution:  put the loop over the straw, bend the straw 

over and lift). B. Familiar Tools Test: In the familiar tools example (Practice Item 0.2) the 

spatula is the correct tool to take the fried egg out of the pan (shove the spatula 

underneath the egg and lift it out of the pan). 

 

Figure 2.2: Scatter plot for mean percent of accuracy in imitation and pantomime tasks 

(Y-axes) and Novel and Familiar Tools Tests (X-Axes) for CL (N = 28), LBD (N = 33) and 

RBD (N = 20) participants 

 

Figure 2.3: Boxplots present the accuracy (%) for the Selection and Execution Scales in 

the Familiar Tools and Novel Tools Test for each group (CL: N = 28, black; CR: N = 18, 

dark grey; LBD: N = 33, light grey; RBD: N = 20, white). Significant differences between 

groups are indicated [** p ≤ .010, * p ≤ .050, (*) p < .100]. 

 

Figure S.2.1: Position of the materials (jam, bread, cup, tea, butter, toaster, spoon and 

knifes, water cooking device and sugar) for the Naturalistic Action Task. The toaster and 

water cooking device were plugged in. The water cooking device was preset to 40 

degrees Celsius in order to avoid burns. 

 

Figure S.2.2: Within-Subject-Comparisons for Familiar and Novel Tools Test Scales in 

LBD (N = 33; dark grey) and RBD (N = 20; light grey) patients. Small stars or circles below 

the bars demonstrate outliers. Significant differences between conditions are indicated 

above (** p ≤ .010, * p ≤ .050, (*) p < .100). 

 

Figure S.2.3: Production parameter accuracy in the parameters of the 4-point production 

score for those LBD (FTT: N = 11, NTT: N = 20) and RBD (FTT: N = 1, NTT: N = 10) 

patients whose first and second attempt was wrong.  

 

Figure S.2.4: Distribution of patients with and without apraxia for each subscale of the 

Familiar and Novel Tools Test separated by group (LBD, RBD). 

 

Study 2 
 

Figure 3.1: Profile description for the respective patient groups (LHS = stroke in the left 

hemisphere; RHS = stroke in the right hemisphere; TBI = traumatic brain injury; MS = 

Multiple Sclerosis; Dem = dementia) for the average performance across subscales per 

subtest of the DILA-S (IML = Imitation of meaningless gestures; IMF = Imitation of 

meaningful gestures; PTU = Pantomime; NTT = Novel Tools Test; FTT = Familiar Tools 
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Test; NAT = Naturalistic Action Test Breakfast Task). For Pantomime of tool-use the 

Execution scale is shown. For Novel and Familiar Tools Test, the mean performance of 

Selection and Execution subscales is shown. 

 

Figure 3.2: Distribution of apraxia severity (no, mild, moderate and severe apraxia) in 

percent per group for the distinct patient groups (patients with stroke in the left 

hemisphere [LHS], stroke in the right hemisphere [RHS], traumatic brain injury [TBI], 

Multiple Sclerosis [MS], dementia [Dem]) in the subscales Imitation of meaningless 

gestures (left), Imitation of meaningful gestures (middle) and Pantomime of tool-use 

(right). Significant group differences are marked with stars: **= p ≤ .010, *= p ≤ .050.  

 

Figure 3.3: Distribution of apraxia severity (no, mild, moderate and severe apraxia) in 

percent per group for the distinct patient groups (patients with stroke in the left 

hemisphere [LHS], stroke in the right hemisphere [RHS], traumatic brain injury [TBI], 

Multiple Sclerosis [MS], dementia [Dem]) in the Novel (left) and Familiar Tools Test (right). 

The subscales Selection (above) and Execution (below) are shown for both tests. 

Significant group differences are marked with stars: **= p ≤ .010, *= p ≤ .050.  

 

Figure 3.4: Distribution of apraxia severity (no, mild, moderate and severe apraxia) in 

percent per group for the distinct patient groups (patients with stroke in the left 

hemisphere [LHS], stroke in the right hemisphere [RHS], traumatic brain injury [TBI], 

Multiple Sclerosis [MS], dementia [Dem]) in the Naturalistic Action Test: Breakfast Task. 

Significant group differences are marked with stars: **= p ≤ .010, *= p ≤ .050.  

 

Figure 3.5: Average performance on Production parameters in Pantomime of tool-use 

(left), Novel (middle) and Familiar Tools Test (right). Mean percentage scores of 

performance in grip formation, orientation of thumb, movement, orientation of movement 

and body-part-as-object-errors are shown. 

 

Study 3 
 

Figure 4.1: Illustration and question for the first single step item. Participants indicated 

their answer on the four point visual-analogue scale (0 = no difficulties, 1 = few difficulties, 

2 = serious difficulties, 3 = impossible). 

 

Figure 4.2: Overview of all patients´ difference scores in VATA-NAT (above), VATA-L 

(center) and VATA-M (below) at timepoint 1 (begin, left side) and 2 (end, right side). Cut-

off values for the VATAs and the corresponding ability tests (FTT Production Score, AAT 

Naming and WMFT Functional Ability Score) are depicted with grey lines in the figures. 

The three patients who show anosognosia of CTU-apraxia at timepoint 2 (LBD028, 

LBD53, LBD098) are consistently marked by black stars in all figures. 

 

Figure 4.3: Distribution of anosognosia including overlapping incidence of CTU-apraxia, 

aphasia and hemiplegia for the entire sample (All, N = 51) and splitted per patient group 
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(LBD patients with CTU-apraxia: LBD-ACTU (n = 15); LBD patients without CTU-apraxia: 

LBD-nACTU (n = 13); RBD patients with CTU-apraxia: RBD-ACTU (n = 5); RBD patients 

without CTU-apraxia: RBD-nACTU (n = 18)).  
 

Study 4 
 

Figure 5.1: Timeline for Case 1 and 2 displaying the study design. Small vertical lines 

indicate one week post stroke onset. Baseline sessions are indicated as “BL 1” and “BL 

2”. Post-training session is indicated as “PT session”. 

 

Figure 5.2: Multislice head CT images of Case 1 and 2. The images show axial slices of 

the patients’ brains. Per individual slices were selected to enhance visibility of the lesions. 

 

Figure 5.3: Performance of patients Case 1 (dark grey) and Case 2 (light grey) in 

percentage scores in trained (left) and untrained (right) tasks. For the naturalistic action 

tasks the untrained tasks only represent tasks, on which the patients scored lower than 

90% across both baselines (BL-Average). These tasks are also displayed for post-training 

(PT) measure. The Familiar Tools Test (FTT) and Naturalistic Action Test– Breakfast 

Task (NAT-BT) were performed in apraxia screening session (here displayed in BL-

Average) before and post-training. For Case 2, FTT and NAT-BT performance scores of 

the second screening session are displayed. 

 

Figure 5.4: Performance of Case 1 in the trained tasks for baseline sessions (BL1 and 

BL2), training sessions (T1-T15) and post-training measure (PT). Since the patient was 

too slow, he was not able to execute all training tasks in all training sessions. 

 

Figure 5.5: Difference scores (experimenter score – patient score) of Case 1 on the 

visual-analogue scale for rating his actual performance in the trained tasks. 

Figure 5.6: Performance of Case 2 in the trained tasks for baseline sessions (BL1 and 

BL2), training sessions (T1-T15) and post-training measure (PT). 

 

General discussion and future directions 
 

Figure 6.1: Two streams model according to Binkofski & Buxbaum, 2013  
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Table S.5.1: Material and steps per task of the 18 daily life tasks



 

 

 

 




