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Abstract

Introduction: Deficits in social interaction and community
functioning, including impaired use, performance, and per-
ception of hand gestures, are key features in schizophrenia.
A well-established tool to assess gesture deficits is the test of
upper limb apraxia (TULIA). However, given its time-con-
suming application based on video analyses, research has
proposed the bedside apraxia screen of TULIA (AST). This
study aims to test the validity and reliability of the AST to
detect gesture abnormalities at bedside in a sample of 27
patients diagnosed with schizophrenia, schizotypal disor-
der, acute and transient psychotic disorders, or schizoaffec-
tive disorder. Methods: Patients completed the 48-item TU-
LIA and the 12-item AST. Two different raters assessed the
AST: one at bedside (online) and the other based on the vid-
eo recordings. Results: The total AST scores demonstrated a
high parallel reliability, moderate inter-rater reliability on a
single-item level, and good construct validities. Conclu-
sions: The psychometric properties of the AST suggest it can

well be used for the clinical assessment of gesture deficits in
schizophrenia. However, when detailed information is re-
quired, the AST rated from video or conducting the full TULIA
is recommended. The findings call for refining the selection
of the TULIA items for a psychosis-AST bedside test to in-

crease specificity. ©2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Ranked among the top 20 causes of disability world-
wide, schizophrenia is a highly disabling disorder [1]. Al-
though the etiopathology varies among individuals,
schizophrenia is typically persistent. One of the most
prominent features is impaired social cognition, i.e., dif-
ficulties identifying the emotions or intentions of others
and responding emotionally to others [2]. Importantly,
impaired social cognition and negative symptoms are
predictors of poor functional outcomes in schizophrenia
[3,4]. Impaired social role functioning is characterized by
difficulties in fulfilling basic social roles such as being a
spouse, parent, or employee. Up to two-thirds of people
with schizophrenia are unable to establish or maintain
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these roles even when remitted from psychotic symptoms
[5]. People with schizophrenia spectrum disorders show
remarkably stable long-term impairments in social func-
tioning — with differences among trajectories already evi-
dent in childhood [6]. In terms of the disorder and its
treatment, social functioning has been recognized as a key
outcome marker [7].

Patients with schizophrenia show deficits in perceiv-
ing relevant cues in nonverbal communication [8]. Ex-
amples are impairments in the perception of incidental
movements as gestures or the false classification of neu-
tral gestures as a threat [9, 10]. Likewise, there are distur-
bances in imitation tasks, such as replicating meaningless
manual and oral gestures or imitating affective facial ex-
pressions [11].

The correct use of hand gestures may indicate the lev-
el of social functioning [12]. Hand gestures, which are key
to nonverbal communication, substitute or support ver-
bal information [13] and rely both on motor and lan-
guage skills [8, 14, 15]. Accumulating evidence demon-
strates gesture impairments, including hand gesture im-
pairments throughout all stages of schizophrenia, from
the prodrome to the chronic state [16-22]. Specifically,
subjects at risk for psychosis tend to use co-speech ges-
tures incongruent to the speech content, rendering the
information ambiguous [21]. Generalized nonverbal def-
icits have been detected in patients with schizophrenia
spectrum disorders. Besides impaired interpretation,
schizophrenia is associated with compromised produc-
tion of gestures, which arise from generalized sensory and
motor deficits [22]. Both these functional domains, pro-
duction and perception, are associated with motor abnor-
malities, frontal lobe dysfunction, impaired working
memory, as well as positive symptoms in schizophrenia
[20, 22-24]. Even when researchers controlled for non-
verbal intelligence and working memory deficits, perfor-
mance in gesture tasks remained strongly impaired in
schizophrenia [22]. Furthermore, gesture deficits are also
linked to negative symptoms [18, 25] and have been
found to predict an unfavorable course over 6 months
with stable negative symptoms and a decline in social
functioning [26]. In sum, the assessment of gesture func-
tioning may provide critical information on the expected
outcome of schizophrenia.

Spontaneous gesturing is distinct from gesturing on
command. Gestures may be tested in two principal do-
mains: imitation (repeat a gesture demonstrated by the
examiner) and pantomime (production following the
verbal command of the examiner). Gesture categories in-
clude nonsymbolic, meaningless (e.g., “put index finger
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on top of nose”), or symbolic, meaningful gestures. Such
meaningful gestures are divided into intransitive, com-
municative (e.g., “salute like a soldier” or “point to a bird
in the sky”), or transitive, object-related (e.g., “use a ham-
mer” or “comb your hair”) [27]. The test of upper limb
apraxia (TULIA) is a valid tool to assess gesture perfor-
mance [27]. Using the TULIA, gesture deficits in the pan-
tomime domain have been found in up to 66% of the pa-
tients with schizophrenia and in up to 33% in the imita-
tion domain [19, 20, 22, 24].

Despite TULIA’s ability to identify gesture deficits in
schizophrenia, it is currently not implemented in clinical
practice because the rating from a video is time consum-
ing and requires training as each item may receive a score
of 0-5. Thus, a short yet valid bedside test is preferable.
Research in apraxia has demonstrated that the adapted
short version, i.e., apraxia screen of TULIA (AST, Van-
bellingen et al. [28]), is less time consuming, and physi-
cians may evaluate gesture performance while testing
(“online,” “at bedside”) without using a camera due to a
simplified dichotomous scoring system. The AST could
be an important screening tool, addressing the detection
of the onset of psychosis, given that subjects at clinical
high risk for psychosis and patients with first episode psy-
chosis already demonstrate critical gesture deficits [21,
29].

This study aims to analyze whether the AST can be as
efficiently used as the full TULIA in screening for gesture
deficits in schizophrenia. Furthermore, we wanted to ex-
plore whether AST bedside and video ratings correlated
and hypothesized strong correlations in schizophrenia
patients. Given the AST ratings prove to correspond to
those of the TULIA, it could be used in research protocols
or clinical evaluations as a novel, more economical tool
to identify gesture impairments.

Materials and Methods

Participants

Patients were recruited from the in- and outpatient depart-
ments of the University Hospital of Psychiatry Bern, Switzerland.
In total, the study comprised 29 German-speaking patients be-
tween 18 and 65 years of age who had been diagnosed with schizo-
phrenia spectrum disorders according to ICD-10 criteria: schizo-
phrenia (F20), schizotypal disorder (F21), acute and transient psy-
chotic disorders (F23), or schizoaffective disorder (F25). Two
patients completed the bedside test AST but refused to complete
the full TULIA. Therefore, they were excluded, leaving a total of 27
participants for further analysis (see Table 1). All but four partici-
pants were outpatients at the time of testing. Exclusion criteria
were substance dependence or any medical/neurological condi-
tion interfering with gesture performance, e.g., stroke. According
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Table 1. Characteristics of patients

Age, years 46.6 (SD =12.9)*
Gender
Women 11
Men 16
Diagnoses
Schizophrenia (F20) 19
Schizotypal disorder (F21) 2
Acute and transient psychotic disorders (F23) 2
Schizoaffective disorder (F25) 5
Episodes, n 5.9 (£6.1)*
Duration, years 19.7 (£12.9)*
PANSS
total 80.3 (£21.3)*
positive scale 18.3 (£6.6)*
negative scale 21.2 (£7.2)*
general scale 40.7 (£10.3)*
Drugs
CPZ, mg 432.4 (+337.2)*
Mood stabilizers, n 6
Antidepressants, n 8
Z-Drugs/benzodiazepines, n 2
lllegal drugs (recreational use of cannabis or cocaine)
total, N 4
Total scores
AST bedside_dichotomous 7.5 (+2.3)*
AST video_dichotomous 9.0 (+3.0)*
AST video 45.8 (£11.7)*
TULIA 199.4 (+33.6)*

PANSS, Positive and Negative Syndrome Scale; CPZ, chlor-
promazine. * Mean (standard deviation [SD]).

to the Edinburgh Handedness Inventory [30], 24 patients were
right- and three were left-handed. At the time of the study, 2 pa-
tients were off antipsychotic medication. For all other participants,
chlorpromazine (CPZ)-equivalent doses of their medication were
calculated according to Woods (2003) [31]. All patients provided
written informed consent. The protocol adhered to the Declara-
tion of Helsinki, 1975, had been approved by the local Ethics Com-
mittee.

Procedures

The TULIA includes 48 items in the domains of imitation and
pantomime. Each domain can be subdivided into three categories:
meaningless, intransitive (symbolic), and transitive (tool-related)
gestures. The strong correlation (r = 0.82) between the TULIA and
the apraxia test by De Renzi et al. [32] indicates that the two scales
measure related constructs of gesture production. The TULIA was
validated with the apraxia test by De Renzi et al. [32] and proved
mostly good to excellent results both at the level of the six subtests
as well as at the individual item level, in terms of high internal con-
sistency, inter-, and intrarater reliability [27]. Total TULIA scores
range between 0 and 240, with lower scores indicating poor per-
formance. The TULIA was originally developed and validated for
stroke patients. For these patients, the threshold for apraxia was set
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at a total score of 194 points, two standard deviations below the
mean score of 217.5 of controls (healthy adults with a mean age of
61 years). Accordingly, cut-off levels for moderate (<130 points)
and for severe apraxia (<60 points) were defined. For administra-
tion in patients with schizophrenia, Walther et al. [19] suggested
an adjusted TULIA cut-off score of 210 points for gesture deficits
when they tested TULIA performance in comparison to an age-
and gender-matched control group with a mean age of 40 years.
Without matching for age, TULIA results are biased, because el-
derly people generally score lower than younger ones [19]. With
the adjusted (i.e., higher) cut-off score, two out of three (66.7%)
schizophrenia patients showed impairments, affecting all catego-
ries of the TULIA [19, 22], compared to 40% with the original cut-
off that was calculated in a study of apraxia patients [17, 20, 22].

Instruction and execution of the TULIA require approximate-
ly 20 min [27], and the rating thereof requires approximately 25
min. TULIA performance is rated item-by-item from the video
recordings using a 6-point scoring method (range 0-5) as indi-
cated in the manual [27]. In the lower range (0-2), content errors
(e.g., substitutions and perseverations) and temporal and spatial
errors (e.g., body-part-as-object errors, errors in spatial orienta-
tion, omissions, overshoot, and extra movements) are considered.
The higher score range (3-4) includes minor temporal and spatial
errors — corrected by the patient or not — as well as slight changes
in movement trajectory. The highest score of 5 is given for entire-
ly correct gestures.

Bedside evaluation was not part of the concept when TULIA
was created. However, an experienced rater may score the TULIA
instantaneously when the performance is slow. To foster time-ef-
ficient assessment in clinical settings, the AST was introduced,
which takes approximately 3 min to administer [28].

The 12 items of the AST were selected by an item-reduction
analysis from all TULIA items. In the AST, items 1-7 belong to the
imitation domain and items 8-12 to the pantomime domain. In
these domains, the AST - as the full TULIA - includes a nonsym-
bolic, meaningless gesture (AST-item 1), intransitive, communi-
cative gestures (AST-items 2, 8, and 9), and transitive, tool-related
gestures (AST-items 3-7 and 10-12) [28]. The validation of the
12-item AST with the full, 48-item TULIA showed remarkable di-
agnostic reliability with high specificity (100%), sensitivity (95%),
positive predictive value (100%), and negative predictive value
(92%) for the presence and severity of apraxia in patients with a
history of stroke. Furthermore, scores of the AST and the full TU-
LIA correlated strongly (Pearson correlation coefficient r = 0.96; p
<0.001), as did the AST scores with their corresponding 12 items
of the TULIA (test-retest reliability of r = 0.95, p < 0.001). Thus,
the AST has proven to be reliable, valid, and cost-effective in post-
stroke apraxia, which can be conducted within several minutes
[28]. The total AST score ranges from 0 to 12, with low scores in-
dicating a gesture deficit and high scores indicating a better ac-
complishment. In comparison, the cut-off levels are 5 for severe
and 9 for a mild version of apraxia in patients with brain damage
following a stroke [28].

The participants performed the gestural tests TULIA and AST
with their dominant hand. For both gestural tests, they were seated
face-to-face with the examiner and rested their forearms on the
table positioned between them. Participants were instructed to im-
itate gestures demonstrated by the examiner or to pantomime ges-
tures following verbal commands. Special care was taken to ascer-
tain that the participant understood every verbal instruction. First,
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Table 2. Sensitivity, specificity, and predictive values of the AST bedside and the full TULIA

Gesture deficit TULIA Total

no yes
AST bedside
No 7 10 Negative predictive value = 70.0%
Yes 7 17 Positive predictive value = 58.8%
Total 14 27

Specificity = 50.0% Sensitivity = 76.9%

Table 3. Sensitivity, specificity, and predictive values of the AST video and the full TULIA

Gesture deficit ~ TULIA Total

no yes
AST video
No 9 2 1 Negative predictive value = 81.8%
Yes 5 10 15 Positive predictive value = 66.7%
Total 14 12 26

Specificity = 64.3%

Sensitivity = 83.3%

the structured AST and then the TULIA (for detailed procedure
see Vanbellingen et al. [28]; Vanbellingen et al. [27]) were con-
ducted and recorded on video. The AST was rated immediately
(bedside, by K.S.) during the examination, while the TULIA was
rated afterward from the video recordings. While conducting the
AST, the examiner rated the participant’s performance in a di-
chotomous score (pass = 1 vs. fail = 0). In fact, passing an AST item
corresponds to a TULIA item rating of 3-5, while failing on the
AST corresponds to a TULIA item rating of 0-2.

In this study, the video recordings of the AST and the TULIA
were rated by an independent expert, entirely blinded to patient
status (H.B.). She had never met the patients or had any informa-
tion about their condition or medical history, nor did she have ac-
cess to the results of the AST bedside ratings. The construct valid-
ity and the test-retest reliability between the AST and the TULIA
were assessed based on independent ratings (H.B. and S.W.).

After the AST and TULIA assessments, the Positive and Nega-
tive Syndrome Scale (Kay, Fiszbein and Opler, 1987) was conduct-
ed to assess general symptom severity. Both, the person conduct-
ing the AST and the TULIA examinations (K.S.) as well as the
person who scored the TULIA and the AST from video (H.B.),
were trained by the senior author (S.W.) to achieve optimal inter-
rater reliability.

Statistical Analysis

First, parallel reliability between total scores of the bedside-rat-
ed AST versus the video-rated AST was evaluated with Spearman’s
rho correlation. By calculating Cohen’s kappa for the AST rating
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performed at bedside versus from video, we tested inter-rater reli-
ability at the individual item level. Sensitivity and specificity be-
tween bedside and video AST ratings (dichotomous in each case)
at the single-item level were calculated using crosstabs in SPSS. For
construct validity, Spearman’s rho correlation analysis was calcu-
lated with the total scores of the TULIA and the AST ratings per-
formed at bedside and from video (rated by the third, independent
rater, S.W.). With crosstabs, sensitivity, specificity, and negative
(the probability that subjects with an AST test score of >9 truly lack
gesture deficits in the full TULIA) and positive predictive values
(the probability that subjects with an AST score of <9 truly have
gesture deficits according to the full TULIA) were calculated for
the AST cut-off score (see Tables 2, 3). We then applied Spear-
man’s rho correlation on total scores as well as Cohen’s kappa on
a single-item level to test the association between the AST ratings
from the videos (S.W.) and the same 12 items selected from the full
TULIA (H.B.) to assess test-retest reliability. In order to exclude
items with ceiling or floor effects, we checked the distribution of
the ratings of TULIA items in patients. Displaying the frequencies
on the single-item levels in histograms provided insight into the
distribution of patient’s gesture performance descriptively. This
was expanded by calculating the items, for which more than 50%
of the patients achieved values <5 and by scaling the variance from
each patient to the mean. Two-tailed p values <0.05 were consid-
ered significant. All statistical tests were performed with “Statisti-
cal Package for Social Sciences” (SPSS), version 28 for windows. A
detailed overview of the procedure is shown in Figure 1.

Bachofner/Scherer/Vanbellingen/
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Fig. 1. Procedure of statistical tests.

Results

Clinical and demographic information is given in Ta-
ble 1.

Reliability of AST Bedside versus AST Video

We found good parallel reliability between the AST
ratings performed at bedside and from video (dichoto-
mized) (p = 0.869; p < 0.001; n = 27). Inter-rater reliabil-
ity at the individual item level reached a Cohen’s kappa of
0.483 (p <0.001; n = 324) between bedside and video AST
ratings. Sensitivity was at 76.6%, while specificity reached
80.0%.

Construct Validity of AST Bedside

The total score of the AST rated at bedside (dichoto-
mous rating) showed a significant correlation with the
full TULIA on video (p = 0.671; p < 0.001; n = 27, see
Fig. 2). Scatter plot in Figure 2 not only shows the corre-
lation between the full TULIA and the AST, but also the
cause for the moderate specificity of the AST. The perfor-
mance of a few patients is just within the norm. Thus, ac-
cording to the AST, they show gesture deficits.

The cut-off score for gesture deficits in patients with
schizophrenia was set at 9 points (see Tables 2, 3 as well
as Vanbellingen et al. [28], 2011). The diagnostic accu-
racy of the total score of the AST bedside compared to the
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full TULIA rated from video recordings showed good
sensitivity (76.9%) and moderate specificity (50.0%) as
previously seen in stroke patients. With a cut-off of 7
points, sensitivity declined to 61.5%, while specificity im-
proved to 85.7%. With cut-offs above 9, the specificity
decreased sharply.

Construct Validity of AST Video

The correlation of the AST rated from the videos (not
dichotomized) with the full TULIA was strong (p = 0.764;
p <0.001; n = 26, see Fig. 3). Similar to the sensitivity and
specificity, the positive and negative predictive value of
the AST bedside improved when the AST rating was per-
formed from videos (sensitivity of 83.3%, specificity of
64.3%, positive predictive value of 66.7%, negative pre-
dictive value of 81.8%). With a cut-off of 10, specificity
decreased to 42.9% and sensitivity increased to 100%.

According to the AST bedside total score, 17 patients
(63.0%), and, according to the video-rated AST total
score, 15 patients (55.5%) had gesture deficits. In con-
trast, according to the total TULIA scores, 13 patients
(48.1%) showed such deficits. There is no significant dif-
ference between the AST bedside mean score and the AST
video mean score (#(25) = —0.66, p 0.511).
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Fig. 3. Scatter plot showing the construct validity.

Fig. 4. Boxplot with the scores (0-5) for the 48 TULIA items of all 27 patients. Imi, Imitation, Pan, Pantomime.
The red bars represent the 12 AST items, starting with no. 1 at the bottom of the boxplot. Note that AST item
nos. 1, 2, and 4 form a ceiling effect, which is why only the numbers are marked with a red star and no bars are
visible. The 13 TULIA items with sufficient variance are listed in bold black font, while red indicates the 4 items,
which are included in the current AST. (For figure see next page.)
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Reliability AST Video versus TULIA

As the AST rated from the videos strongly correlated
with the full TULIA (p = 0.764; p < 0.001; n = 26), we ex-
plored test-retest reliability for specific items. The 12 AST
items rated from videos (S.W.) and the same 12 items
from the full TULIA (H.B.) strongly correlated regarding
the total scores (p = 0.772; p < 0.001; n = 26), while the
inter-rater agreement at the single-item level was fair
(Cohens x = 0.312; p < 0.001; n = 312). When the indi-
vidual item values were dichotomized to pass or fail, the
correlation between the 12 items of the AST and the TU-
LIA, all rated from videos, was not substantially higher
(Cohens k = 0.333; p < 0.001; n = 312).

Explorative Analyses of TULIA Item Variance

For 79% of the TULIA items, more than half of the pa-
tients achieved the maximum score of 5, thus revealing
little variance. Only in 13 of the 48 TULIA items, patients
demonstrated a large variance, both when dichotomized
(pass or fail) as well as when rated 0-5 (see Fig. 4, items
in bold black font). The first six of these 13 items are from
the imitation domain, and the latter seven are pantomime
items. Critically, only four of the original 12 AST items
are among those TULIA items with sufficient variation in
schizophrenia (see Fig. 4, items in bold red font).

The internal consistency of the full TULIA shows a
Cronbach a of 0.945 (p < 0.001; n = 48), leaving 5.5% of
random variance. Similarly, the internal consistency of
the AST items rated from video is 0.865 (p < 0.001; n =
12).

Discussion/Conclusion

Nonverbal communication skills are frequently com-
promised in schizophrenia [22], including the correct use
of hand gestures. Identifying schizophrenia patients with
gesture deficits is critical for outcome prediction [26].
The current TULIA procedure takes 45 min, including
the assessment and rating from video recordings, while
the full procedure of the AST at bedside requires, on aver-
age, 3 min. The extraordinary time efficiency for profes-
sionals and patients as well as the immediate availability
of results at bedside are the strengths of the AST. Here,
we tested the reliability of the AST in schizophrenia spec-
trum disorders, comparing it to the blinded ratings of the
full TULIA.

The AST proves to be a reliable tool to assess gesture
impairments in people with schizophrenia, as total AST
scores from bedside and video ratings were strongly as-
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sociated. This is in line with Vanbellingen et al. [28],
where the AST and the TULIA score correlation was
highly significant (Pearson’s correlation coefficient r =
0.96, p < 0.001). Since in the current study only one ex-
aminer rated the patients from bedside, parallel reliability
was calculated between the bedside and the video ratings
to mimic inter-rater reliability. However, inter-rater reli-
ability was only moderate [33] between online and video
ratings of the AST at the single-item level. This is an un-
expected contrast to the findings of Vanbellingen et al.
[27] concerning the TULIA: Calculating inter-rater reli-
ability with intra-class correlation coefficients and test-
retest reliability with Spearman’s rank correlation led to
a good up to an excellent inter-rater reliability at an item
level (range of weighted kappa’s 0.65-0.99 and weighted
percentage agreement of 80%) for the majority of items
[28]. They excluded four items with lower inter-rater reli-
ability (weighted kappa <0.60) from the 48 TULIA items
for the AST [28]. Unfortunately, Vanbellingen et al. [28]
did not survey inter-rater reliability of the AST on item
basis. It remains unclear whether the AST for poststroke
patients would also only allow moderate inter-rater reli-
ability at a single-item level.

As Walther etal. [19, 20, 22, 24] (2013) suggested, with
a higher cut-off score for schizophrenia patients in the
TULIA, the threshold might also be higher in the AST
than for poststroke patients (5 for severe, 9 for mild
apraxia). Regarding the current sample, higher cut-off
scores led to reduced specificity. Further studies are nec-
essary to clarify this. In the current study, inter-rater reli-
ability of the items could be compromised if the AST rat-
ing is performed by less experienced raters, in a heteroge-
neous sample of schizophrenia patients, or because of the
different rating-forms (online vs. video, the latter provid-
ing more time to do the rating). Despite this moderate
reliability on a single-item level, the total scores were
highly consistent irrespective of the rating mode or exam-
iners.

We detected good construct validity of the AST, as the
full TULIA correlated significantly with the AST rated at
bedside, and even stronger with the AST rated from vid-
eo. However, the diagnostic accuracy of the AST bedside
ratings was only moderate, with a better outcome regard-
ing sensitivity, specificity, and positive and negative pre-
dictive values when applying AST video ratings. The cur-
rent cut-off of the AST rated at bedside seems to be too
sensitive for this population, resulting in many false pos-
itives. As a screening instrument, sensitivity and specific-
ity should be above 80%. Lowering the cut-off to 7, the
AST rated at bedside reached a more balanced specificity

Bachofner/Scherer/Vanbellingen/
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of 86% and a sensitivity of 62%. Ideally, the AST had
>80% sensitivity and 80-100% specificity. This would al-
low testing only those in whom a gesture deficit is sus-
pected. However, gesture deficits are frequent in schizo-
phrenia, and with increased sensitivity, a large number of
subjects would have to be tested subsequently with the
full TULIA (increasing workload). Therefore, we would
rather aim for having close to 0 false negatives, i.e., in-
creased specificity. This would allow running the full TU-
LIA only in those identified as positive with the AST.

In comparison to the excellent sensitivity and specific-
ity in stroke patients [28], the above-illustrated results in
schizophrenia were clearly below our expectations. The
moderate positive predictive value of 58.8% (number of
true positives/sum of all positively tested) of the current
AST rated at bedside indicates that positive results need
retesting with the TULIA for further verification in order
to confirm gesture deficits in clinical practice. This might
also be important, as some features of gesture perfor-
mance seem to be assessed more precisely when rated
from video in contrast to bedside ratings. One explana-
tion, therefore, might be that bedside rating needs more
training, especially taking into account the reduced time
available compared to the video ratings as in the full TU-
LIA and the AST rated from video. Finally, in our sample
of schizophrenia patients, the proportion of patients with
gesture deficits varied substantially: the AST bedside test
identified gesture deficits in 63.0% of the patients, while
the video-rated AST (H.B.) identified gesture deficits in
37.0% and the full TULIA 48% of the patients. Collec-
tively, these numbers are slightly lower than those pub-
lished in previous studies [19, 22].

Besides the heterogeneous sample of schizophrenia
patients, the item selection might provide explanations
for the reduced predictive value of the AST. The item se-
lection for the AST originally considered those suitable to
detect apraxia in stroke patients [28] but might not divide
well enough between schizophrenic subjects with or with-
out a gesture deficit. In fact, gesture deficits are severe
enough to be considered genuine apraxia in about 25% of
the subjects suffering from schizophrenia [24].

Test-retest reliability between the AST rated from vid-
eo by an independent rater and the full TULIA proved to
be excellent on the level of the total scores. This is in line
with the result achieved in stroke patients (AST ratings at
bedside used) [28]. The correlation between the video-
rated AST and the same TULIA items lost precision when
analyzed on a single-item level. These correlations slight-
ly improved when the scores were dichotomized as with-
in the AST rated at bedside. Still, the inter-rater reliabil-

Validation of the AST in Schizophrenia

ity of items that are shared by the AST and the TULIA
remained fair. Similar to the above-mentioned lower in-
ter-rater reliability at a single-item level between the AST
at bedside and online, the rater’s experience or heteroge-
neity of the sample could have influenced the AST’s item
performance. We suspect that the AST total score cap-
tures general gesture performance in schizophrenia fairly
well, which is the main goal of its screening purpose.

Nearly 80% of the items from the full TULIA show
limited variance in patients with schizophrenia. A signif-
icant proportion of them shows ceiling effects, i.e., more
than 50% of the patients achieve the maximum score in
these items. Only 13 TULIA items demonstrated suffi-
cient variance among schizophrenia patients (see Fig. 4,
items in bold black font). Of these 13 items, four are em-
bedded in the current 12-item AST (see Fig. 4, items in
bold red font). This might contribute to the reduced pre-
dictive value of the current AST in schizophrenia. When
the AST was designed to detect apraxia in patients with
brain lesions, one critical step of the item selection was
the exclusion of TULIA items with low inter-rater reli-
ability and internal consistency [28]. However, our find-
ings suggest that this selection of items for the AST needs
to be optimized for detecting gestural deficits in patients
with schizophrenia. Consideration should be given to
whether the other nine TULIA items with the highest
variance (bold black font) should be included instead of
the eight AST items with low variation. The current cut-
off of 9 does not seem to be too liberal as cut-offs above 9
resulted in a decrease in specificity and only a slight in-
crease in sensitivity. In the light of the small sample size
and the variance, patients demonstrate between the AST
items, it is challenging to derive meaningful novel cut-
offs for schizophrenia. A revised AST for schizophrenia
will need to test the above issues in a larger cohort. Im-
portantly, while the AST is less effective in schizophrenia,
our findings do not challenge the use of the AST in other
types of apraxia.

This is the first study with the aim to validate the AST
in schizophrenia. Clearly, larger patient samples are re-
quired in order to substantiate conclusions. However, an
advantage of our patient sample is that it was nearly
equally balanced regarding gender and included out- and
inpatients. Furthermore, our sample consisted mainly of
patients with long illness duration and moderate symp-
tom severity. Most patients were administered antipsy-
chotic medication, which could hamper gesture perfor-
mance. Antipsychotic medication may differentially alter
motor abnormalities, which is in turn strongly related to
gesture performance in schizophrenia [20, 22, 24, 34].
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However, previous studies failed to detect a medication
effect on gesture performance [22]. At the time of our
study, only 2 patients were off antipsychotic medication.
No additional analyses were conducted by excluding
them, as this subsample would also have been too small
for any conclusions about medication effects. Finally,
most gestures are culturally defined, allowing valid out-
comes only for subjects who were raised within the cor-
responding cultural background. Our inclusion criteria
met these concerns.

Subjects with schizophrenia often present impaired
nonverbal skills, including poor gesture performance [17,
20, 22]. Critically, gesture deficits contribute to poor so-
cial function and quality of life [10, 12, 22, 26]. The ges-
ture deficit in schizophrenia shares both the clinical and
neurophysiological features of true apraxia, as in other
neuropsychiatric disorders with impaired higher order
motor control, such as Parkinson’s disease [24]. The field
is currently aiming at improving gesture skills in schizo-
phrenia, applying multiple methods, including noninva-
sive brain stimulation and psychotherapy [35, 36]. How-
ever, these efforts would benefit from precise and fast
identification of gesture deficits in clinical practice. Thus,
the good construct validity found in our study between
the full TULIA and the AST call for refining the selection
of the TULIA items for a bedside psychosis-AST test. The
predictive values could improve through this new item
selection. On these grounds, it seems crucial to find an
optimized item selection for a short test of TULIA. Rapid
detection is required in order to allocate interventions to
those with gesture deficits, as we may hope that interven-
tions will not only improve gesture skills but will also ex-
ert downstream effects on social and occupational func-
tioning [26].

In summary, our findings support the use of the AST
to detect gesture deficits in subjects with schizophrenia.
Furthermore, results call for refining the selection of the
TULIA items for an improved bedside psychosis-AST
test or to determine whether more experience would im-
prove AST bedside ratings. The aim would be to increase
specificity at reduced efforts. A psychosis-AST test may
improve screening for gesture deficits in the clinics.
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