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Background: Only few standardized apraxia scales are available and they do not
cover all domains and semantic features of gesture production. Therefore, the
objective of the present study was to evaluate the reliability and validity of a newly
developed test of upper limb apraxia (TULIA), which is comprehensive and still short
to administer.
Methods: The TULIA consists of 48 items including imitation and pantomime
domain of non-symbolic (meaningless), intransitive (communicative) and transitive
(tool related) gestures corresponding to 6 subtests. A 6-point scoring method (0–5) was
used (score range 0–240). Performance was assessed by blinded raters based on videos
in 133 stroke patients, 84 with left hemisphere damage (LHD) and 49 with right
hemisphere damage (RHD), as well as 50 healthy subjects (HS).
Results: The clinimetric ﬁndings demonstrated mostly good to excellent internal
consistency, inter- and intra-rater (test–retest) reliability, both at the level of the six
subtests and at individual item level. Criterion validity was evaluated by conﬁrming
hypotheses based on the literature. Construct validity was demonstrated by a high
correlation (r = 0.82) with the De Renzi-test.
Conclusion: These results show that the TULIA is both a reliable and valid test to
systematically assess gesture production. The test can be easily applied and is therefore
useful for both research purposes and clinical practice.

Introduction
Limb apraxia is deﬁned by the inability to correctly
perform skilled and/or learned limb movements, which
cannot be explained by elementary motor and sensory
deﬁcits, or cognitive problems [1]. Praxis movements
can be classiﬁed in two main categories: gestures and
real tool/object use. Most clinical tests on apraxia focus
on the examination of gestures, whose impairment has
been demonstrated to be predictive for diﬃculties in
actual tool use [2,3]. Gestures can be tested in two
principal domains, imitation of gestures demonstrated
by the examiner and pantomime on command (elicited
verbally), as well as for three types of their semantic
content. Accordingly, gestures are non-symbolic if they
are meaningless for the examinee (e.g. index ﬁnger on
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top of nose) and symbolic if they are meaningful.
Symbolic gestures are further classiﬁed as being
intransitive, communicative in nature (e.g. military salute) or being transitive, related to speciﬁc object/tool
use (e.g. hammer use).
There is clinical evidence that apraxic patients may be
diﬀerentially aﬀected for these domains and semantic
aspects. Patients with stroke, particularly if left hemispheric, show typically more diﬃculties pantomiming
than imitating gestures and performing transitive than
intransitive or meaningless movements [4]. Furthermore, recent brain mapping studies suggest that their
neural representation may be distinct [5–8].
Apraxia is increasingly recognized as a cognitivemotor disorder of stroke with considerable impact on
everyday life [9–11]. It is associated with poorer outcome for independent living [12,13] or return to work
[14]. Therefore, a reliable and valid assessment of
apraxia, which is not too time-consuming, is important
for both clinical evaluation and research protocols [15].
Currently, the available scales [16–27] either do not

59

60

T. Vanbellingen et al.

meet standard clinimetric criteria or do not cover all
relevant behavioral and motor aspects of gesture production. Accordingly, reliability was assessed only in
four studies [19,25–27] and validity in none of the reports. Furthermore, only two studies [17,24] considered
all domains and semantic categories, but provided no
clinimetric assessment. Finally, many testing instruments lack sensitivity in the scoring for clinical changes
and/or disregard qualitative information on how
movements are disturbed. Therefore, we aimed to develop a novel test for upper limb apraxia (TULIA),
fulﬁlling all the aforementioned requirements.

Methods
Sample

A cohort of 133 patients with a single unilateral stroke
(ischemic or hemorrhagic), 84 with left hemispheric
damage (LHD), 49 with right hemispheric damage
(RHD), and 50 healthy subjects (HS) participated in this
study. If categorized according to the localization within
hemispheres, lesions involved cortical damage (CD) in 96
patients, or were restricted to subcortical damage (SCD)
in 37 patients. SCD patients had small strokes, mainly in
striatocapsular localization. The patients were admitted
to ﬁve diﬀerent neurological rehabilitation centres, three
in Switzerland (Klinik Bethesda, Tschugg, Inselspital
Bern, and Klinik Valens) and two in Germany (KilianiKlinik, Bad Windsheim and Fachklinik Herzogenaurach).
Patients were included if the stroke was radiologically
conﬁrmed by CT or MRI. Exclusion criteria were other
brain disorders, particularly dementia and ParkinsonÕs
disease. Furthermore, patients with orthopaedic disorders of the upper non-hemiplegic limb that could
interfere with the TULIA task were excluded. Healthy
subjects were included if free of any history of neurological disease. All subjects had normal corrected sight
and hearing, and spoke German as native language.
Written informed consent was obtained in all subjects
according to the Declaration of Helsinki, 1975. No signiﬁcant diﬀerences were found for demographic and
clinical data between subjects as listed in Table 1.
Scale development: item selection and scoring method

The concept of the TULIA test was developed along the
principal domains and semantic aspects known for
gesture production. Hence, the scale consisted of 48
items incorporating six subtests for both imitation and
pantomime of non-symbolic, intransitive and transitive
gestures (see appendix 1). The items were compiled
from various sources [18,20,21,24,26,28,29]. They were
selected based on their kinematic features such as

Table 1 Characteristics of patients and healthy subjects [mean (SD)]a
Hemisphere damage

Characteristic

Left (LHD)
n (%)

Total
84
Age
63.51 (12.49)
Range (years)
30–84
Gender
Women
30 (35.7)
Men
54 (64.3)
Type of stroke
Haemorrhage
13 (15.5)
Infarction
71 (84.5)
Lesion Location
Cortical (CD)
63 (75)
Subcortical (SCD)
21 (25)
Time-interval after stroke
Subacute (>3 days) 65 (77.4)
Chronic (>3 months) 19 (22.6)
Time post-onset to initial testing
Period of days
80.77 (112.77)
Aphasia
59 (70.2)

Right (RHD)
n (%)

HS n (%)

49
65.63 (10.98)
33–85

50
61.46 (10.99)
43–93

16 (32.7)
33 (67.3)

33 (66)
17 (34)

7 (14.3)
42 (85.7)
33 (67.3)
16 (32.7)
40 (81.6)
9 (18.4)
110.96 (296.36)
0

LHD, left hemisphere damage; RHD, right hemisphere damage; CD,
cortical damage; SCD, subcortical damage; HS, healthy subjects.
a
No signiﬁcant difference was found between subjects with respect to
age (F = 1.57, P > 0.05), sex (v2 = 0.13, P = 0.72), type of stroke
(v2 = 0.03, P = 0.85), lesion localization (v2 = 1.43, P = 0.49),
time-interval after stroke (v2 = 0.34, P = 0.56), and time (days) postonset to initial test of upper limb apraxia (TULIA) (F = 3.03,
P > 0.05).

proximal and distal as well as simple and repetitive
movements. Items were also selected based on clinical
experience, that is, on gestural diﬃculties observed in
many apraxic patients.
A 6-point scoring method was developed (see Appendix 2). For each item the minimum score was zero and the
maximum score was ﬁve; therefore, the potential score
range was 0–240. The scoring system followed a stepwise
judgement. Firstly, achievement of overall movement
goal was evaluated, narrowing the range of scores to
either 0 and 1, or 2–5. The goal was considered not
achieved if trajectories of gestures were grossly disturbed
or if, in the case of symbolic gestures, their semantic content was incorrect. Trajectories reﬂect the spatial orientation of movements including movement plane relative to
goal object (tool or own body), joint coordination and
movement shape (e.g. chopping or sliding). Secondly, detailed error analysis (e.g. body part as object errors)
according to widely used classiﬁcations [20,24] allowed
ﬁnal scoring, particularly in the upper range (2–5).
Procedures

The TULIA test required about 20 min to administer,
including preparing the subjectÕs position and giving
Ó 2009 The Author(s)
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the necessary instructions. Subjects were seated in
front of the examiner; both with the forearms placed
on the table. Patients executed the movements with
their non-paretic upper limb. Healthy subjects used
their left hand only since previous studies showed no
diﬀerence between right or left hand performance
[18,30]. The examiner demonstrated the movements in
a mirrored fashion. Subjects were instructed to
reproduce the movement after the examiners completed their demonstration. On pantomime, subjects
were asked to carefully listen to the task and to
execute it as precisely as possible. Examiners were
using the formulae in appendix 1. To maintain
attention, subjects were informed whether the movements had a meaning or not before each subtest. For
transitive gestures subjects were explicitly instructed
to imagine holding a tool/object in their hand. The
sequence of subtests was ﬁxed (according to appendix 1). All subjectsÕ performances were videotaped for
later scoring. Three experienced examiners scored the
videos independently: T.V. and B.H. for inter-rater
reliability, T.V. and F.A. (see acknowledgements) for
test-retest reliability and construct validity (TULIA
and De Renzi test [18]).
Statistical analysis

Statistical analyses were performed using SPSS for
Windows (Version 15.0.0; SPSS, Inc. Chicago, IL,
USA) and SAS (Version 8.2, SAS, Institute Inc., Cary,
NC, USA). For the summed scores of subtests internal
consistency was assessed by CronbachÕs a, inter-rater
reliability using intra-class correlation coeﬃcients and
test–retest reliability with SpearmanÕs rank correlation
analysis [31]. In addition, at individual item level, interrater and test–retest-reliability was calculated using
weighted kappa statistics and weighted percentage
agreement [32].
One-way ANOVA was used for the analysis of criterion validity between subjectÕs diﬀerences of total
TULIA scores. Furthermore, we performed a multivariate ANOVA (MANOVA) with the summed scores of
the subtests (domains and semantic features) as
dependent variables and subjectÕs groups (LHD vs.
RHD vs. healthy subjects) as between-subject factor.
Diﬀerences of interest were calculated by post hoc
Tukey honestly signiﬁcant diﬀerence (HSD) test.
Within subjectÕs analysis (both between and within
domains) was examined using repeated measures
ANOVA. For evaluation of the construct validity the
total score of TULIA was compared with the total
score of De Renzi test [18] by SpearmanÕs rank correlation analysis.
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Results
Frequency and severity of apraxia in the patient cohort

There was no ceiling or ﬂoor eﬀect as the lowest and
maximum scores were not reached by any subject.
Based on a cut-oﬀ score of 194 (two SD below mean
score of healthy subjects) within the LHD group 13%
patients were categorized as severely apraxic (<65, onethird of cut-oﬀ), 12% as moderately (<130, two-third
of cut-oﬀ) and 43% as mildly apraxic [16]. In the RHD
group none of the patients was severely, only 2% were
moderately and 37% mildly apraxic. Patients with
cortical lesions were more frequently apraxic, particularly if severely (10.4% vs. 2.7%) or moderately aﬀected
(9.4% vs. 5.4%).
Internal consistency, inter- and intra-rater (test–retest)
reliability

Internal consistency and inter-rater reliability was
assessed in 52 patients and 12 healthy subjects, intra-rater
reliability (test–retest) was assessed in 20 patients
(examined three times within 24 h). The ﬁndings
(Table 2) indicate high consistency and reproducibility
for both domains and most semantic aspects, being partly
lower only for imitation of non-symbolic gestures.
For inter-rater reliability at item level the majority of
items had good (n = 12) to almost perfect (n = 32)
degree of agreement (range of weighted kappaÕs 0.65–
0.99). The remaining items (n = 4) showed fair (item 34
and 46) to moderate (item 3 and 48) agreement (range
0.35–0.50). For test–retest reliability at item level most
items showed good (n = 10) to almost perfect (n = 29)
degree of agreement (range 0.66–1.0), being fair (n = 5)
to moderate (n = 3) for the rest (0.30–0.60).
Table 2 Internal consistency, intraclass correlation and test-retest
reliability of subtests
Test–retestc

Imitation total
Non-symbolic
Intransitive
Transitive
Pantomime total
Non-symbolic
Intransitive
Transitive
a

CronbachÕs
aa

ICCb

Tests
(1–2)

Tests
(1–3)

Tests
(2–3)

0.93
0.67
0.83
0.87
0.96
0.87
0.90
0.91

0.96
0.90
0.91
0.95
0.99
0.98
0.89
0.96

0.85
0.66
0.74
0.85
0.94
0.88
0.93
0.91

0.86
0.46
0.79
0.91
0.95
0.92
0.95
0.96

0.93
0.78
0.89
0.94
0.98
0.93
0.93
0.94

CronbachÕs alpha > 0.7 = satisfactory.
Intraclass correlation coefﬁcients > 0.75 = excellent.
c
SpearmanÕs rank correlation coefﬁcients q > 0.7 = good.
b
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Criterion validity

Criterion-related validity of the TULIA test was assessed
by exploring its ability to conﬁrm hypotheses based on
the widely accepted clinical fact that impairment of
gesture production represents primarily a cortical syndrome, which is more common and severe in left than
right hemispheric stroke. Accordingly, amongst LDH,
RHD and healthy subject groups signiﬁcant diﬀerences
were found (F = 36.319, P < 0.001, g = 0.29), with
signiﬁcantly lower total TULIA scores of LHD than
RHD patients (154.9 ± 59.2 and 193.4 ± 23.8,
P < 0.001, post hoc Tukey HSD) and less pronounced
of RHD patients than healthy subjects (193.4 ± 23.8
and 217.5 ± 11.7, P < 0.05) (Fig. 1a. Similar eﬀects

(a)
250

Total TULIA scores

200

150

100

50

were found between CD, SCD and healthy subjects
(F = 25.484, P < 0.001, g = 0.22), total scores of CD
patients being signiﬁcantly lower than those of SCD
patients (162.35 ± 55.5 and 186.49 ± 39.4, P < 0.05)
and of SCD patients lower than of healthy subjects
(186.49 ± 39.4 and 217.5 ± 11.7, P < 0.05) (Fig. 1b).
At the level of subtests (summarized in Table 3),
scores were signiﬁcantly lower in LHD than RHD patients, regardless of domain. By contrast, signiﬁcant
diﬀerences between RHD and healthy subjects were
found predominantly in the imitation domain. Within
patients with LHD overall performance in pantomime
was signiﬁcantly more diﬃcult than imitation of gestures, which was not detected for the RHD patients and
healthy subjects. Furthermore, between domains signiﬁcant diﬀerences were found for non-symbolic gestures in all groups, which probably accounts for
diﬀerence in overall pantomime measures of LHD. By
contrast, pantomime performances of symbolic gestures
were either superior, particularly for intransitive gestures in RHD or did not show any diﬀerence. Analysis
within domains showed that performance of transitive
gestures was generally more diﬃcult than intransitive
gestures for all groups. Similarly, transitive gestures
were more demanding than non-symbolic gestures,
however, only in the imitation domain.
Construct validity

0
LHD

RHD

HS

(b)
250

200

150

100

Thirty-three patients (21 LHD and 12 RHD) were tested with both TULIA and De Renzi test [18]. Correlation between TULIA and De Renzi scores was strong
(r = 0.82) indicating that the two scales measured related constructs. Furthermore, because the De Renzi
test only includes gestures performed on imitation
separate correlation analysis was also performed for the
two subscales. A higher correlation was found for the
imitation subscale and De Renzi test (q = 0.80) than
for the pantomime subscale (q = 0.65).

Discussion

50

0
CD

SCD

HS

Figure 1 Boxplots (with lowest and highest scores as well as
median separating lower and upper quartile) displaying differences
of total test of upper limb apraxia (TULIA) scores between left
hemisphere damage, right hemisphere damage and healthy subjects (a) and cortical damage, subcortical damage and healthy
subjects (b). Solid lines indicate the cut-off score of 194 for apraxia
(two SD below mean score of healthy subjects).

Test for upper limb apraxia is a test primarily of gesture
production, a process involving the recruitment of timespace programs of skilled movements and their translation into proper limb trajectories. Impaired gesture
production is the hallmark of so called ideomotor
apraxia, the most frequent apraxia disorder in stroke
[1]. The conceptual component of praxis processing is
embedded in the scoring system as content errors are
registered, particularly in lower score ranges. The
TULIA test is comprehensive since all relevant
behavioural (represented in the subtests) and kinematic
aspects of gesture production are considered, which
Ó 2009 The Author(s)
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Table 3 Mean (SD) TULIA scores of LHD,
RHD and HS

LHD
Total score
Imitation
Non-symbolic
Intransitive
Transitive
Pantomime
Non-symbolic
Intransitive
Transitive

154.9
80.3
30.9
26.4
23.0
74.2
22.9
28.3
23.0

(59.2)
(25.0)b
(6.6)b
(9.4)b
(10.9)
(36.1)b
(11.8)b
(13.4)b
(12.6)

Pa

RHD

<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05
<0.05

193.4
95.4
33.9
31.8
29.6
98.0
29.7
36.2
32.2

(23.8)
(14.3)
(4.3)b
(5.5)b
(6.9)b
(13.8)
(6.1)b
(4.4)b
(6.6)b

Pa

HS

<0.05
<0.05
>0.05
<0.05
>0.05
>0.05
<0.05
>0.05
>0.05

217.5
108.1
36.7
37.0
34.3
108.7
35.4
37.9
35.3

Cut-off
(11.7)
(6.3)
(2.7)
(2.9)
(3.3)
(8.2)
(3.9)
(2.8)
(4.7)

194
95
31
31
28
92
28
32
26

LHD, left hemisphere damage; RHD, right hemisphere damage, HS, healthy subjects. aBetween
subjectÕs differences (MANOVA, Bonferroni corrected, post hoc tests).
b
Within subjectÕs differences, between domains, P < 0.05 (repeated measures ANOVA, Bonferroni corrected). Within domains all P < 0.05, except for non-symbolic vs. transitive within
pantomime of LHD and HS P > 0.05.

may be diﬀerentially aﬀected in patients with apraxia
[1]. TULIA allows systematic investigation of these
dissociations, which were assessed by non-validated or
incomplete scales, so far (see Table 4).
Although frequency of mild apraxia was similar for
both stroke groups, severer apraxia was, as expected,
almost only found in the LHD group. Furthermore,
apraxia was also more prevalent and severe in CD than
SCD patients [33,34].
The present study demonstrated that the summed
scores of the TULIA subscales were highly consistent
and reproducible, except for the imitation of nonsymbolic gestures, which was in part less reliable. Furthermore, good to excellent inter-rater agreement was
also obtained at the item level as most items were above
weighted kappa values of 0.60 and weighted percentage
agreement of 80%. Only four items showed fair to
moderate agreement. Similarly, test–retest reliability at
item level demonstrated good to excellent reproducibility for 40 items, being lower only for eight items

(slight to moderate agreement). High intra-rater reliability is particularly important for research purposes,
making the TULIA test a suitable instrument for
intervention studies. The high internal consistency
points to some redundancy of the TULIA items.
However, to maintain the theoretical structure of the
test, we did not perform an item reduction, which
probably would have been possible following strict
clinimetric principles.
Validation of the TULIA test was performed by
assessing its ability to reﬂect external criteria, that is, to
conﬁrm several straightforward hypotheses originating
from clinical knowledge and current literature. Speciﬁcally, the main hypothesis was that in patients with LHD,
in whom apraxia is typically more frequent and severe [4],
as also shown herein, total scores of TULIA would be
signiﬁcantly lower than the RHD. It was also expected
that patients with CD would score lower than SCD. The
ﬁndings demonstrate that the TULIA test was able to
fulﬁl these external criteria. In addition, since apraxic

Table 4 Comparison of existing apraxia tests for gesture production in stroke patients (since 1980)
Reliability
Validity
(inter-rater or (construct or Transitive Intransitive Meaningless
test-retest)
criterion)
gestures
gestures
gestures
Domain tested
De Renzi et al. [18]
)
Kertesz et al. [16]
)
Poeck [24]
)
Alexander et al. [26]
+
Goldenberg [38]
)
Rothi et al. [20]
)
Dobigny-Roman et al. [19] +
Roy et al. [28]
)
van Heugten [39],
+
Zwinkels et al. [23]
Bartolo et al. [17]
)
TULIA
+

)
)
)
)
)
)
)
)
)

+
+
+
+
)
+
)
+
+

+
+
+
+
)
+
+
)
+

+
)
+
)
+
)
+
)
)

)
+

+
+

+
+

+
+

TULIA, test of upper limb apraxia.
Available (+) and not available ()).
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Imitation only
Pantomime and imitation
Pantomime and imitation
Pantomime and imitation
Imitation only
Pantomime only
Imitation only
Pantomime and imitation
Pantomime and imitation

Scoring

0–3
0–3
fail or pass
0–5
1–2
fail or pass
0–3
0–3
summed
scores
Pantomime and imitation fail or pass
Pantomime and imitation 0–5

Cut-off
scores
+
+
)
+
)
+
)
+
+
+
+
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errors are known to occur in RHD [35] and SCD [33]
patients, the hypothesis that they score lower in the
TULIA test than the healthy was also veriﬁed. We did not
formally test speciﬁcity and sensitivity since a gold
standard measure of apraxia or a reliable clinical
assessment is not available. However, the signiﬁcant
diﬀerences between stroke patients groups and healthy
subjects indicate that the TULIA test is able to distinguish between apraxic and non-apraxic subjects. We
determined cut-oﬀ scores for all subtests, which allow
assessing the diﬀerential patterns of apraxia.
Pantomime on verbal command oﬀers few cues in
contrast to imitation, in which the gestural input provides a model for the correct performance. Therefore,
pantomime is usually more diﬃcult for patients than
imitation, particularly with LDH. Our ﬁndings conﬁrmed this premise with pantomime scores being signiﬁcantly lower than imitation scores in patients with
LHD. However, this seems to be related mainly to the
diﬀerence in performance of non-symbolic gestures that
pose particular demands on gesture planning, since
patients cannot rely on a gestural model provided by
the examiner or on learned engrams supporting meaningful gestures. The reason for the lack of diﬀerence
between imitation and pantomime (in LHD) or even
better performance in pantomime (in RHD) of symbolic gestures remains unclear. It is conceivable that
some practice eﬀect may play a role, as imitation was
always tested before pantomime. Transitive movements
are cognitively more complex as their performance involves an imagined interaction with a tool. Our ﬁndings
that transitive subscores were signiﬁcantly lower than
intransitive subscores, for patients as well as healthy
subjects and irrespective of involved domains, were
therefore anticipated [36].
A high correlation between the TULIA and an
existing apraxia test was found (q = 0.82 with De
Renzi test), indicating that related constructs of gesture
production were measured. As expected, correlation
was lower for the pantomime than the imitation subscale, as the de Renzi test assesses imitation only.
Validity is further supported by the ﬁnding that few
patients apraxic in the TULIA test were not apraxic in
the De Renzi test and vice versa. We choose the De
Renzi test since it is evaluated with cut-oﬀ scores
determined in a large population [18], although in
contrast to the De Renzi test, the items of TULIA were
not mixed within subtests allowing better dissociation
between subcategories [37].

Conclusion
The most important advantage of the TULIA test is
that it allows a comprehensive evaluation of gesture

production, which is yet short to administer. Furthermore, the TULIA test fulﬁls clinimetric standards such
as high reliability and validity, which is indispensable,
for instance, in apraxia treatment protocols [9]. In
addition, the TULIA test provides a detailed scoring
system, which is sensitive for clinical changes. The test
can be scored instantaneously by experienced raters.
However, as video monitoring is considered the gold
standard even for clinical use [20], the reliability was
assessed for video based rating in this study. The TULIA test has not been conceptualized for bedside evaluation. Therefore, based on the present work, a
screening version of the TULIA will be developed.
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Appendix 1 – TULIA items*
Imitation, non-symbolic

1. Put index ﬁnger on top of nose
2. Bring thumb extended on forehead, other ﬁngers
point upwards
3. Bring back of the hand under chin, shoulder 90°
abducted
4. Place the hand ﬂat on top of the head
5. Lift only the hand from the table (forearm stays on
the table)
6. Spread little ﬁnger outwards
7. Extend the arm sideward up to shoulder height
8. Lift middle ﬁnger
Imitation, intransitive

9.
10.
11.
12.
13.
14.
15.
16.

Make a catholic cross sign
Show as if someone is crazy§
Wipe dust from shoulder§
Salute like a soldier
Hitch for a car§
Make a stop sign
Clasp ﬁngers
Point to a bird in the sky

Imitation, transitive

17. Drink from a glass
18. Comb hair§
19. Pick up telephone
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20.
21.
22.
23.
24.
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Smoke a cigarette
Use a hammer§
Use a key
Use scissors§
Use a stamp to post-mark

Pantomime, non-symbolic

25. Place your hand ﬂat on your head
26. Put your hand on your right (or left) shoulder
27. Take your left (or right) ear between thumb and
index ﬁnger
28. Put your extended thumb on your forehead, other
ﬁngers point upwards
29. Extend your arm sideward up to shoulder height
30. Bend your elbow and look at the palm of your
hand
31. Lift only your hand from the table
32. Lift your index ﬁnger from the table
Pantomime, intransitive

33.
34.
35.
36.
37.
38.
39.
40.

Salute like a soldier
Throw me a kiss
Show as if someone is crazy§
Scratch your head§
Point to a bird in the sky
Wave goodbye§
Make a stop sign
Make a threatening sign

Pantomime, transitive

41.
42.
43.
44.
45.
46.
47.
48.

Brush your teeth§
Comb your hair§
Eat soup§
Smoke a cigarette
Use a screwdriver§
Use a key
Use a stamp to post-mark
Cut bread that is put on the table§

*Within each subtest the ﬁrst group of four items are
proximal, the second group are distal. All non-symbolic items are simple in nature. For symbolic gestures (intransitive and transitive) simple and
§
repetitive items were selected. 12 items (italics) of the
imitation part were repeated in the pantomime domain allowing direct comparison of performances at
individual item level.

Appendix 2 – Scoring method
5: Normal movement or identical to the demonstrated
movement.
4: Goal of the movement is achieved, but errors occur
not aﬀecting trajectory (normal movement plane relative to goal object [tool or own body], normal joint
coordination and movement shape).
Movement is too slow, hesitating, robot-like, sloppy
with minor spatial errors such as reduced amplitudes.
3: Goal of the movement is achieved, errors subtly
aﬀecting trajectory occur, but are corrected.
Extra movements and omissions are present (mainly
distal), even brief content errors (substitutions, perseverations) may occur; however, corrections are made in
the ongoing movement.
2: Goal of the movement is achieved, errors subtly
aﬀecting trajectory occur, but are not corrected.
Body-part-as-object errors, extra movements and
omissions (mainly distal) occur without correction.
1: Goal of the movement is not achieved, errors grossly
aﬀecting trajectory occur or semantic content is incorrect.
Final position is false, major errors in spatial orientation, overshoot and extra movements (particularly
proximal), however, overall movement pattern remains
recognizable. Persisting substitutions (related or unrelated) and perseverations occur.
0: No movement, unrecognizable movement.
Seeking and amorphous movements, no temporal or
spatial relationship to the requested gesture.
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