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Abstract: Assessment of semantic processing capacities often relies on verbal tasks which are, how-
ever, sensitive to impairments at several language processing levels. Especially for persons with
aphasia there is a strong need for a tool that measures semantic processing skills independent of
verbal abilities. Furthermore, in order to assess a patient’s potential for using alternative means
of communication in cases of severe aphasia, semantic processing should be assessed in different
nonverbal conditions. The Nonverbal Semantics Test (NVST) is a tool that captures semantic pro-
cessing capacities through three tasks—Semantic Sorting, Drawing, and Pantomime. The main
aim of the current study was to investigate the relationship between the NVST and measures of
standard neurolinguistic assessment. Fifty-one persons with aphasia caused by left hemisphere
brain damage were administered the NVST as well as the Aachen Aphasia Test (AAT). A principal
component analysis (PCA) was conducted across all AAT and NVST subtests. The analysis resulted
in a two-factor model that captured 69% of the variance of the original data, with all linguistic tasks
loading high on one factor and the NVST subtests loading high on the other. These findings suggest
that nonverbal tasks assessing semantic processing capacities should be administered alongside
standard neurolinguistic aphasia tests.
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1. Introduction

Semantic cognition allows us to understand and interpret words and objects that we
encounter in everyday life. It is essential for human communication, e.g., for initiating
verbal utterances as well as nonverbal expressions like gestures or drawings. In persons
with brain damage, it can be compromised.

The most common tasks to assess semantic processing in patients with neurologic
conditions rely on verbal processing capacities, as is the case in confrontation naming and
category fluency for production, or spoken word to picture matching for comprehension.
These task types are part of many diagnostic tools, for example the CERAD battery, Con-
sortium to Establish a Registry for Alzheimer’s Disease [1] and the MoCA Test, Montreal
Cognitive Assessment [2] for dementia, or the Aachen Aphasia Test, AAT [3] and the
Western Aphasia Battery—Revised [4] for aphasia after stroke. Persons with damage to the
left hemisphere and aphasia often show deficits in these tasks. However, these deficits do
not allow full conclusions to be drawn on the functional locus of impairment. Disturbed
performance in verbal comprehension tasks may be due to word-form-level deficits and to
impaired semantic cognition [5,6]. In production, the attempt to name a picture may result
in null reactions or different types of incorrect realizations like phonemic paraphasias,
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semantic paraphasias, or neologisms. To determine the functional locus of impairment a
number of different tasks and analyses may be applied, e.g., to disentangle the origin of
semantic paraphasias or null reactions. Since these diagnostic strategies are not always
successful, the use of non-verbal tasks could help to determine if impairments originate at
the level of semantic cognition.

The most common approach relies on picture-based tasks that may be categorized as
semantic sorting tasks, such as the Pyramids and Palm Tree Test, PPT [7], and the—more
sensitive—Camel and Cactus Test, CCT [8,9]. Both require the recognition of associative
relationships. Some of their items are culture-specific and, despite being non-verbal, cannot
easily be transferred to other language communities. In the German-speaking area, a
widely-used test based on an odd-one-out paradigm is the Bogenhausener Semantik-
Untersuchung [10].

In addition to these tasks, which are largely receptive since they require only pointing,
semantic processing capacities can also be assessed in expressive modalities like draw-
ing or the execution of meaningful gestures [11]. Traditionally, these tasks are used in
neuropsychology to examine other cognitive abilities. Drawing is mainly used for the
assessment of visuo-constructional abilities or neglect [12] but has already also been used
to determine the integrity of semantic concepts in patients with semantic dementia [13] as
well as in persons with Alzheimer’s-type dementia [14]. Only recently, a brief drawing task
consisting of only four items has been developed with the aim of differentiating between
different dementia subtypes [15]. In persons with aphasia (PWA) after stroke, drawing
tests have been used to assess object representations [16,17]. The production of gestures
and in particular the production of Pantomime of object use is predominantly used in limb
apraxia assessment, e.g., [18-20]. However, one may take the perspective that impairments
of Pantomime of object use that motivate a diagnosis of apraxia actually reflect impaired
semantic processing, because pantomimes require manual actions to convey information
about the shape of objects and their use [21,22]. In this sense, Pantomime of object use
discloses impairments of semantic processing capacities [23].

Also, in studies concerned with the clinical assessment and treatment of aphasia,
drawing and gesture have been present for a long time, e.g., [24]. Only recently new
assessments of functional communication were developed in which these two modalities
are scored on an equal footing with spoken language, i.e., the Scenario Test [25-27], and
the German KOPS, Kommunikativ-pragmatisches Screening [28]. Moreover, drawing and
gesture play a role in speech and language therapy. For both, facilitatory effects on word
retrieval have been explored in treatment studies [29-32], for gesture observation [33,34].
Furthermore, drawing and gesture have long played an important role as compensatory
expressive means in aphasia therapy [35-38]. Hence, apart from giving insight into se-
mantic processing abilities, the assessment of drawing and gesture abilities allows for the
determination of the potential of these communication channels for PWA.

Assessing semantic processing capacities with different nonverbal tasks is in line
with theories that assume modality-specific semantic processing. A recent approach—
the hub-and-spoke hypothesis—that incorporates many aspects of previous theoretical
accounts assumes an interaction of modality-specific cortical regions with an amodal central
representational hub whenever semantic processing occurs [39—-42].

We recently developed the Nonverbal Semantics Test, NVST [43], that comprises the
three above-mentioned task types—Semantic Sorting, Drawing, and Pantomime. The
Nonverbal Semantics Test is a standardized assessment tool for the clinical assessment
of semantic processing disorders in persons with neurological disorders (cerebrovascular
accident (CVA) and neurodegenerative disease). Results allow comparisons between the
subtests and indicate if particular nonverbal resources are intact and can be used for
successful functional communication. The results may form the basis for tailored therapy
planning and can be used for monitoring therapy outcomes. In persons with dementia, the
test may support differential diagnosis of dementia subtypes. The Appendix A contains a
detailed description of the test.
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One aim of the present study was to investigate how persons with moderate to severe
aphasia in the acute to chronic phase of the language disorder perform in the NVST subtests
and how the subtests are related to each other. Assuming that semantic information is
processed in a modality-specific manner, we hypothesized that the three NVST subtests
would be impaired to different degrees, resulting in different patterns of performance in
the NVST. The second aim was to determine the relationship of the NVST subtests with
standard measures of neurolinguistic processing. To test the hypothesis that the three
subtests of the NVST are indicators of a trait that is separate from aphasia, a principal
component analysis was used to identify the main dimensions of variance when the NVST
variables are pooled together with neurolinguistic measures of aphasia.

2. Materials and Methods

Participants: Participants were recruited in cooperation with several local clinical
institutions (see Acknowledgements). Fifty-one persons with left hemisphere damage
participated in the present study (26 female; mean age 61 years, range 29-82, standard
deviation (sd) = 12.4). Forty-nine participants had suffered a unilateral cerebrovascular
accident (ischemic infarction: n = 40 or hemorrhagic infarction: n = 9), whereas two
had traumatic brain damage resulting in focal lesions. All participants were at least two
weeks post-onset (mean 18, range 2 weeks—198 months, sd = 33.5) and had no additional
significant neurological conditions and no auditory perception deficits according to clinical
records. All patients were rated between zero and three on the verbal communication
scale of the spontaneous speech evaluation of the Aachen Aphasia Test [3] (AAT six-
point-scale for verbal communication (paraphrased and shortened from AAT manual): 0:
no comprehensible utterance production and manifest impairments in comprehension;
1: PWA communicates through incomplete, mostly incomprehensible utterances; the
listener has to guess or ask for more information; 2: talking about familiar topics is only
possible with help of the communication partner, but the PWA is frequently unable to
convey the message; 3: talking about familiar topics is possible with little support of the
communication partner and communication is markedly impaired; 4: fluency of language
production is reduced and/or some verbal difficulties are present; 5: no or minimal
impairment in verbal communication). For a description of the AAT compare also [44].
This criterion was applied as the NVST is considered particularly suitable for persons with
moderate to severe aphasia.

Clinical assessment of aphasia: The Aachen Aphasia Test was administered to all 51
participants. It consists of an evaluation of spontaneous speech and has five subtests—
Token Test, naming, comprehension, repetition, and written language. T-normalized scores
were determined. Aphasia type was classified according to the AAT protocol and in two
cases according to clinical impression. Six participants presented with anomic aphasia
(12%), ten with Broca’s aphasia (19.5%), ten with Wernicke’s aphasia (19.5%), and 23 with
global aphasia (45%). One participant was diagnosed with mixed transcortical aphasia
(2%) and one with transcortical sensory aphasia (2%).

Assessment of nonverbal semantic processing: The NVST was administered to all
participants. It consists of the subtests Semantic Sorting (requiring participants to recognize
semantic relationships in black and white line drawings), Drawing (requiring participants
to depict salient visual features of an object), and Pantomime (requiring participants
to demonstrate the use of an object). A detailed description of the test is given in the
Appendix A. Standardized scores were determined using non-parametric methods, as
specified in the Appendix A.

Statistical analysis: Pearson correlations were calculated between the subtests of
the NVST as well as between the subtests of the NVST and standard neurolinguistic
tasks (AAT). Furthermore, multiple linear regression analyses were performed for each
NVST variable separately, with the AAT subtests as regressor variables. Finally, the
NVST standardized scores and the AAT T-normalized scores were subjected to a principal
component analysis (PCA) with varimax rotation. The standard Kaiser criterion (extract
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factors with eigenvalue >1.0) was used to determine the factors that captured meaningful
variance in the data. All statistical analyses were performed using R [45].

3. Results
3.1. Performance in the NVST Subtests
3.1.1. Degrees of Impairment in the NVST Subtests

The scores obtained in each of the three NVST subtests are listed in Table 1 (left-most
column, shaded). A linear model was calculated using the function ‘Im’ of the R-package
‘Ime4’ to compare the standardized NVST scores across the three subtests, with the question
being whether the three NVST modalities of semantic processing are equally impaired in
patients with aphasia. Testing the model fit using the ANOVA function of R revealed a
significant F-value of 6.48 (p < 0.01). Beta coefficients of Pantomime vs. Semantic Sorting
and Drawing were 0.85 and 0.84, respectively, (p < 0.01 in both cases), while Semantic
Sorting and Drawing were not different (3 = 0.01, p > 0.05). Table 1 also displays the
classification of PWA according to four severity levels based on coarser-grained NVST
distance metrics (see Appendix A). Whereas in Semantic Sorting and Drawing most of the
participants showed no or only mild impairment, Pantomime revealed a high number of
moderately impaired participants.

Table 1. Degree of impairment across tasks. First column (shaded), mean (sd) of normalized scores;
columns 2 to 4, numbers of participants for each severity level (see Table Al in the Appendix A).

Mean No Mild Moderate Severe
(sd) Impairment  Impairment Impairment Impairment
Semantic Sorting ~ 1.45(1.12) 18 19 13 1
Drawing 1.52(1.32) 21 18 9 3
Pantomime 2.24 (1.67) 10 15 18 8

3.1.2. Relationships between NVST Subtests

At the individual level, Figure 1 shows that the examined PWA were not impaired
consistently across tasks. Although the three NVST subtests were moderately correlated
with each other (Pearson, all p < 0.05, compare Figure 1), there were double dissociations in
all three comparisons, with several patients obtaining scores within the normal range (i.e.,
<1) in one task and substantially increased scores in the other. As documented in Table 1,
more participants were impaired in the Pantomime task as opposed to Semantic Sorting or
Drawing, but a sparing of the Pantomime abilities did not necessarily entail a sparing of
Semantic Sorting or Drawing capacities (middle and right panels of Figure 1).
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Figure 1. Relationship of the three subtests of the Nonverbal Semantics Test (NVST). (a) Drawing vs. Semantic Sorting,
(b) Pantomime vs. Semantic Sorting, and (c) Pantomime vs. Drawing. Data points represent normative scores. High scores
indicate a more impaired performance. Red lines mark the cut-off (1).

3.2. Relationship of NVST Subtests with Standard Neurolinguistic Measures (AAT)
3.2.1. Correlations between the Subtests of the NVST and the Subtests of the AAT

Correlations of the NVST subtests with the AAT subtests are tabulated in Table 2. For
Semantic Sorting, significant correlations were obtained with Comprehension, for Drawing
with Written Language and Comprehension, and for Pantomime with all AAT subtests.
However, all correlations were at best weak to moderate.

Table 2. Results for the calculation of the correlation (Pearson) of the subtests of the NVST with
standard neurolinguistic measures (AAT) for 51 persons with aphasia (PWA). Negative correlations
reflect that high scores indicate severe impairment in the NVST, but mild impairment in the AAT.

Semantic Sorting Drawing Pantomime
Token Test r=-0.18,p=021 r=-020,p=0.15 r=—0.43,p<0.01
Repetition r=-0.04,p=0.81 r=-0.07,p=0.68 r=—0.38,p<0.01
Written Language r=-0.13,p=037 r=—0.35p <0.05 r=—0.46,p <0.01
Naming r=-0.15p =029 r=-0.24,p=0.09 r=—0.48,p <0.01
Comprehension r=—0.31,p <0.05 r=—0.32,p <0.05 r=—0.52,p <0.01

Significant correlations in bold.

3.2.2. Linear Regression Models

In order to determine whether the NVST scores can be predicted from the patients’
performance in the AAT testing, a linear regression model was calculated for each of
the three NVST subtests. Computation of the variance inflation factors for the five AAT
variables using the ‘vif’ function in R [46] revealed that all vif coefficients were clearly below
4.0, indicating that multicollinearity was not a problem in these analyses [47] (page 102).
Model fit was tested using the ANOVA function in R. A significant F-value was only
obtained for the model of the Pantomime scores (F(5, 45) = 4.58, p < 0.01), with a significant
-coefficient for only the Comprehension subtest of the AAT (3 = —0.07; note that poorer
performance yielded higher NVST standardized scores and lower AAT T-values). The linear
models for the Semantic Sorting and the Drawing tasks failed to fit the data (F(5, 45) = 1.07
and 2.19, respectively; p > 0.05), and, consequently, none of the AAT scores obtained a
significant 3-coefficient.

Figure 2 illustrates the relationship of the AAT-subtest Comprehension with the
three subtests of the NVST. It demonstrates that semantic processing, as measured by the
NVST subtests, may be unimpaired in persons with even severe language comprehension
impairment according to the AAT scores.
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Figure 2. Relationship of NVST subtests with subtest Comprehension of the AAT. (a) Semantic
Sorting vs. Comprehension, (b) Drawing vs. Comprehension, and (c) Pantomime vs. Comprehension.
For correlation coefficients see Table 2.

3.2.3. Principal Component Analysis

In order to elucidate how the NVST variables combined with the conventional aphasia
scores of the AAT to a lower-dimensional description of the variance, a factor analysis was
conducted. It was hypothesized that the AAT indicators of neurolinguistic impairment and
the NVST indicators of semantic impairment were largely independent. Since the sample
size was too small to conduct a confirmatory factor analysis with two latent variables
loading onto the neurolinguistic and the semantic indicators, respectively, an exploratory
factor analysis was chosen. More specifically, a principal component analysis (PCA) with
factor extractions based on the Eigenvalue criterion was computed, including the five AAT
subtests and the three NVST subtests as independent variables (i.e., with a cases to variable
ratio of >6). Testing the sampling adequacy of the data set using the "'KMO’ function of R
revealed a highly satisfactory overall MSA of 0.78, with all individual MSA coefficients
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>0.6. The PCA, conducted using the ‘principal” function of the “psych’ package in R [48],
resulted in a two-factor solution explaining 69% of the variance in the original data. After a
varimax rotation, the factor loadings indicated a clear separation between the five standard
neurolinguistic measures of aphasia (AAT), on the one hand, and the three NVST variables,
on the other. Factor 1 had high positive loadings on the AAT variables and much lower
loadings, in absolute terms, on the three NVST variables, while the reverse was true for
factor 2 (Figure 3). Note, however, the areas of strain on the NVST Pantomime and the AAT
Comprehension variables in the PCA model of Figure 3, both of which received loadings
that were less compatible with the strict separation between AAT- vs. NVST-related factors.

Factor 1 Factor 2

NVST Semantic Sorting | 0.01 NG 1
NVST Drawing ] - 0.2 G
NVST Pantomime -o50 N o5
AAT Token Test I - 0.20
AAT Repetition G B 0.09
AAT Written Language _l:' - 0.19
AAT Naming s | - 0.14
AAT Comprehension _ 0.63 |:| - 0.45

Loading Strength

Subtests

Figure 3. Principal component analysis (PCA) results. The two panels display the factor loadings
(absolute values) of each task on the two factors. Dark shaded bars represent indicators with absolute
loadings >0.50. Factor 1 explained 44% and factor 2 25% of the variance in the data.

4. Discussion
4.1. How Do Persons with Moderate to Severe Aphasia Perform in the NVST and How Are the
Subtests Related to Each Other?

All 51 PWA were able to complete the NVST subtests. Hence, the test can easily be
administered even in persons with severe aphasia and in the acute phase of their disorder.
The three subtests of the NVST were moderately correlated with each other. However,
individual PWA were not equally impaired across the NVST subtests—double dissociations
occurred in all three comparisons, with several PWA showing normal performance in one
task and a markedly impaired performance in the other. This finding may support the
notion of modality-specific processing of semantic information and underlines that the
three NVST subtests capture different aspects of semantic processing. It also shows that
it is not recommended to calculate a composite score across the three subtests, as the
identification of different patterns of performance provides important information that
may guide therapy planning.

At the group level, impairments in the three different subtests varied in severity:
The performance in the subtest Pantomime was markedly more impaired as opposed
to Semantic Sorting or Drawing. The finding that our sample was more impaired in
Pantomime as opposed to Drawing replicates results of a study that applied previous
versions of the NVST subtests Drawing and Pantomime to 40 PWA [17].

4.2. How Do the NVST Subtests Relate to Standard Neurolinguistic Measures?

All NVST subtests were correlated on a significant level with the AAT subtest Compre-
hension. Moreover, in contrast to Semantic Sorting and Drawing, Pantomime was related
to all standard measures of neurolinguistic processing as measured with the AAT. This
observation seems to be a robust finding since it has been reported several times in studies
that used the previous version of the NVST subtest Pantomime e.g., [17,49]. Recently, it
has been proposed that the production of Pantomime relies on two core neural networks
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combining motor-cognitive and communicative aspects of performance. The observation
of a moderate relationship between neurolinguistic measures and Pantomime could be
explained by this account. For an extensive discussion of this proposal compare Finkel,
et al. [50]. Another factor that might contribute to the association between neurolinguistic
capacities and pantomime is the prevalence of its combination with verbal expression. In
line with the “gesture first” theories of the origins of language that claim that pantomime
preceded speech as an initial form of referential communication [51-53], it might be specu-
lated that their common use in interpersonal communication has led to close functional
and anatomical proximity, and hence similarity of the effects of localized brain damage.

The observed correlative pattern was substantiated by the PCA presented here, which
revealed a clear separation between a factor representing the standard neurolinguistic
capacities measured by the AAT variables and a second factor representing the nonverbal
semantic capacities measured by the three NVST variables. Notably, however, the factor
loadings on the NVST subtest Pantomime and the AAT subtest Comprehension were less
compatible with this overall picture of a strict separation between a “neurolinguistic” and
a “nonverbal semantic” trait as it also became obvious in the regression analysis, where
Comprehension was the only predictor of Pantomime.

The results of the PCA suggest that the NVST measures different aspects than standard
neurolinguistic measures like the AAT. The application to PWA (especially to persons with
severe aphasia) can support a comprehensive assessment and may help to determine if
impairments originate at the level of semantic cognition.

In a recent study [54], 99 persons with mild to moderate chronic aphasias were
assessed on 17 different measures that covered speech perception and production as well
as verbal (word-level) and nonverbal cognition. A PCA revealed a model with four factors
explaining 76% of the variance in the data—two “speech” factors (related to productive
and receptive phonological processes), a “semantic errors” factor loading exclusively on
a variable that counted semantic errors in confrontation naming, and a further factor
of “semantic recognition”, with high loadings on tasks that are generally understood to
explicitly require semantic processing capacities, e.g., verbal tasks like word to picture
matching, synonym judgments, or confrontation naming along with two nonverbal tasks,
i.e., PPT and CCT. These data confirm that, at least in persons with less severe aphasic
impairments, specifically designed verbal tasks (e.g., synonym judgments) or functionally
focused analyses of error patterns (e.g., separate counts of semantic and phonological
errors in picture naming) can reveal semantic processing deficits and generate data that
go together with nonverbal semantic processing data. However, patients with severe
language impairment, such as those included in the present study, may perform poorly on
such measures for many reasons other than semantic impairment. This is precisely why
nonverbal tests such as the NVST are a necessary tool for the clinical diagnosis of semantic
abilities in PWA.

4.3. Why Is Pantomime more Impaired than Semantic Sorting and Drawing?

At the group level, the performance in the Pantomime task was markedly more
impaired than the performance in the other two tasks. As compared to the mainly receptive
Semantic Sorting task, Pantomime is a productive task that requires the retrieval of adequate
features and their actual execution. As such the Pantomime task may per se be more error-
prone than Semantic Sorting. However, it is also more impaired than the productive
Drawing task. Whereas Drawing requires the depiction of aspects of the visual appearance
of an object, the production of a Pantomime requires the depiction of visual aspects of the
shape of an object in combination with aspects of motion. Hence, different types of content
must be depicted with own body movements.

Furthermore, hemispheric lateralization may play a role for the performance patterns
we observed in our sample. It is beyond the scope of this study to make detailed statements
about neuroanatomical relationships with the performance in the NVST, but some more
general aspects of hemispheric lateralization will be discussed, nonetheless.
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The semantic system has often been described as depending predominately on a
left hemispheric network, e.g., [55,56]. However, it was proposed that a less extensive
semantic network exists in the right hemisphere, although the functional and anatomical
differences between left and right brain semantic systems are still under debate [57].
There is broad agreement that the anterior temporal lobes (ATL) are important for the
processing of conceptual knowledge, e.g., [41]. Again, the precise contribution of each side
is debated, but there is consensus though that verbal semantic information is processed
in the left ATL and some authors argue that the right ATL plays a role for the processing
of non-verbal information—in particular for information concerning faces and objects,
e.g., [11,58]. Compare also [41] for a detailed discussion. Concerning the NVST-tasks,
different contributions of the right hemisphere are hypothesized, as described in the
following paragraphs.

For Semantic Sorting there is evidence that the right hemispheric semantic system is
involved in the processing of this task. Most relevant here is a study by Butler, et al. [59]
that investigated the neural correlates of verbal and nonverbal semantic processing in a
large sample of persons with neurodegenerative diseases using voxel-based morphometry.
In this study, the PPT [7] was used in both the word and the picture version. The latter
is similar to the NVST subtest Semantic Sorting in its requirement to make semantic
decisions for line drawings. This study showed that regardless of the PPT version, semantic
processing capacities were correlated with atrophy in both temporal lobes. Of note, for
persons with semantic dementia, larger atrophy in the right ATL was associated with more
impairment in the PPT picture version [59-61] suggesting differential roles of the two
hemispheres for the processing of this task.

A contribution of the right hemisphere has also been described for Drawing. Whereas
magnetic resonance imaging (fMRI) studies revealed activation of a large left hemispheric
semantic network for simulated drawing [62], two other studies also showed considerable
involvement of the right hemisphere for simulated drawing or drawing with a finger in
the air [63-65]. Furthermore, persons with right hemisphere damage (RBD) were found
to be more impaired in Drawing than PWA [17,66], and in PWA drawing capacities were
shown to be independent of the type and severity of aphasia [16]. These findings suggest a
contribution of the right hemisphere to the production of representational drawings.

Likewise, for gesture production, a role of the right hemisphere has been suggested.
However, a study with patients with callosal disconnection [67] as well as studies with
patients after CVA [68-71] showed that different gesture types originate from different loci
in the brain. For the gesture type that is assessed in the NVST, namely Pantomime of object
use, there is abundant evidence that it is a specific left hemispheric function [50,72,73]. For
a comprehensive review on the nature and localisation of Pantomime compare Golden-
berg [21].

To conclude, for the execution of the Semantic Sorting and Drawing tasks PWA may
profit from bilateral networks, whereas their performance in the Pantomime task—that
mainly relies on left hemisphere processes—is more compromised.

This assumption also fits with the results we obtained in a previous study with a
smaller group of PWA and persons with dementia [74] in which we showed that the NVST
subtests were sensitive across both groups, but with a significant interaction of group by
subtest. This interaction resulted from a greater vulnerability of the Pantomime task in
PWA as compared to dementia patients.

4.4. Implications for Treatment Planning

The identification of the different patterns of performance can support tailored treat-
ment planning. Considering NVST results together with the performance on standard
neurolinguistic measures can inform whether it is reasonable to include gesture and draw-
ing in the therapy protocols. Especially for persons with severe aphasia and a highly
reduced verbal output, gestures and drawing can be important resources for communica-
tion. For gesture, it has been shown that the performance in a Pantomime task predicts
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the comprehensibility of spontaneously produced meaningful gestures in persons with
severe aphasia [75-77]. Hence, a relatively preserved performance in this subtest can indi-
cate if a person will benefit from the use of gesture in communication and may therefore
motivate therapists to initiate and reinforce the use of gestures [78]. The same holds for
Drawing—the score in the NVST subtest Drawing reflects if this mode of expression has
the potential to support the conveyance of information for persons with severe aphasia
and if so, it should be included into the treatment protocol [79].

4.5. Limitations of the Present Study

It was beyond the scope of this study to investigate and address the question of
a distinction between impaired semantic representations and impaired semantic access
mechanisms that has been discussed extensively for PWA, e.g., [39,80,81]. For an overview
of this discussion and a study that may disprove some of the accounts of the impaired
access theories compare Chapman, et al. [82]. Additionally, and partly related to the
aforementioned aspect, the impact of neuropsychological disorders that can accompany
aphasia, like executive disfunctions or visuo-constructive disorders, have not been ad-
dressed. Whereas executive disfunctions have a more general impact on the performance
in a range of different tasks, visuo-constructive disorders may have a particular influence
on drawing tasks. Indeed, such an influence on the NVST Drawing task was found in
persons with dementia [74].

5. Conclusions

The Nonverbal Semantics Test (NVST) is a standardized tool for the clinical assessment
of nonverbal semantic abilities. It can be used without problems even for participants with
severe language disorders. The NVST supports a detailed assessment of the underlying
locus of deficit in PWA. Our data suggest that it measures abilities that are not captured by
standard neurolinguistic parameters. Furthermore, the NVST allows for the description of
performance patterns that indicate the potential of different non-verbal communication
channels. The Nonverbal Semantics Test should be administered along with aphasia
assessment to enable a tailored treatment planning.
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Appendix A

The Nonverbal Semantics Test (NVST)

Objectives: The Nonverbal Semantics Test [43] is a standardized tool for the clinical
assessment of semantic processing disorders in persons with neurological disorders (CVA
and neurodegenerative disease). The major objective of the test is to capture semantic
processing capacities using tasks that do not draw on verbal capacities—Semantic Sorting,
Drawing, and Pantomime to command. As the application is independent of spoken or
written linguistic processing capacities, the NVST is also suitable for participants with
severe aphasia. Results allow comparisons between the subtests and indicate if particular
nonverbal resources are intact and can be used for successful functional communication.
The results may form the basis for a tailored therapy planning and can be used for moni-
toring therapy outcomes. In persons with dementia, the test may support the differential
diagnostics of dementia subtypes.

The test allows for the detection of the presence of semantic impairment and the
determination of level of severity. In its current form it has so far been applied to persons
with aphasia after CVA and to persons with neurodegenerative disorders (dementia-type
Alzheimer’s and frontotemporal dementia). An application to other patient groups is
conceivable.

Design: To develop the test, three clinically established tasks [10,17] were revised and
integrated into a comprehensive assessment tool. The first subtest involves a Semantic
Sorting task based on an odd-one-out paradigm, consisting of revisions of three of the
five subtests of the former Bogenhausener Semantik-Untersuchung [10]. Tasks are self-
explanatory and require the participants to make decisions about semantic relationships
between pictured objects and /or situations. Participants give their answer by pointing.
Raw scores are derived from error counts of the 24 items.

Examples for the items of the three different task types (each n = 8) are illustrated in
Figure Al. Task type I (left) requires a matching of objects to a situational context in which
they may occur. As an illustration, in the left panel of Figure A1 four objects are arranged
around an office scenario in the middle. The participant has to point at the object that does
NOT fit this situation (lawnmower vs. telephone, hole punch, and stapler). In particular,
the PWA should benefit from a given situational context in task type I [82].

Type Il Type lll

Figure A1. NVST subtest—Semantic Sorting: Examples of the three different task types.

In the second (II) and the third (III) task, each item consists of four pictures. Again, the
participant has to show the object that does NOT fit (e.g., type II: iron vs. pig, rabbit, and
goat). Task types II and III differ from each other with respect to the semantic proximity of
the target and the foils. Semantic relationships in task III are closer. Hence, the conception
of the tasks represents an increasing degree of difficulty, which had been confirmed using
the original Bogenhausener Semantik-Untersuchung in a group of 71 PWA [10] (p. 15).
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The NVST subtest Drawing is a revised version of the drawing-from-memory task of
the Pantomime and Drawing Test [17]. Participants are asked to draw 12 objects. During
the instruction, a photo of the respective object is briefly shown to the participant to ensure
understanding. To prevent direct copying, the pictured objects are shown in unusual
perspectives or several representatives of the objects are displayed. After removal of the
photo, the participant is asked to draw the object. Raw scores are awarded according to
the representation of pre-defined features in the participant’s drawings. The quality of
the drawings is not taken into account for scoring. A total of thirty features are defined.
Figure A2 illustrates the scoring for the object strawberry.

6 Strawberry | Teardrop Form 1
Pips 0

Figure A2. Drawing Task: Model-photo (left) and a drawing by a PWA (right). The strawberry-item
comprises two obligatory features, i.e., the teardrop form and the presence of pips (bottom). The
example is awarded a score of 1, because the pips are missing.

The subtest Pantomime of the NVST is a revised version of the Pantomime task of
the Pantomime- and Drawing Test [17]. Participants are asked to pantomime the use of
12 objects. During the instruction, a picture of the respective object is briefly shown to
the participant to ensure understanding. The scoring is conducted using a total of 30
pre-defined features. An example for the scoring of the item Lemon squeezer is given in
Figure A3.

8 Lemon |Spherical Grip 1
Squeezer |Rotation of the hand 1
Distance from table 1

Figure A3. Example Scoring Pantomime task

Psychometrics: Psychometric properties were determined using NVST data [43] from
a sample of 82 persons with neurologic conditions, i.e., 34 with aphasia after stroke and 48
with dementia (29-87 years, 49 women).

Calculation of norms: Differential norms were developed based on data from 192
neurologically healthy participants stratified for age (20-39, 40-59, and 60-85 years), gender,
and education (with/without high school graduation). Generalized linear mixed models
(logit) were calculated for each subtest to determine the stratification factors that had
a significant influence on the healthy participants” performance. No stratification was
required for the Semantic Sorting subtest, but a stratification by education for the Drawing
subtest, and a stratification by age and gender for the Pantomime subtest.
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For each subtest and each stratification subgroup, a table is provided which lists the
threshold of impaired test performance (5th percentile) and a coarse metric based on the
distance between the median value (corresponding to a normalized score of 0) and the
5th percentile (corresponding to a normalized score of 1). Thus, normalized test scores
> 1 indicate impaired performance, with higher scores indicating greater impairment.
Similar to a z-score normalization, the units of this non-parametric norm depend on a
central tendency measure as origin and a dispersion measure as distance unit of each raw
parameter’s distribution in the respective stratification group of the calibration sample.
The transformation makes the scores comparable across age, gender, and education groups
as well as across the three subtests.

Furthermore, coarse severity levels can be distinguished (Table A1). These levels were
not derived empirically but turned out in retrospect to yield similar severity classifications
of an NVST evaluation sample of 82 patients with neurologic conditions across the three
subtests.

Table Al. Severity levels.

Normalized Scores Interpretation
<1 No impairment
>1and <2 Mild impairment
>2 and <4 Moderate impairment
>4 Severe impairment

Interrater reliability: Data from 30 participants (10 neurologically healthy, 10 persons
with aphasia after stroke, 10 persons with dementia, quasi-randomly selected) was analysed
independently by two trained raters. Agreement was determined at item level (n = 900). A
reliability analysis using Cohen’s Kappa revealed agreement scores of k = 0.842 (95% CI:
0.765, 0.967) for Drawing and k = 0.798 (95% CI: 0.905-0.979) for Pantomime, indicating
almost perfect or substantial agreement, respectively, according to the criteria of Landis
and Koch [83]. Since the scoring of the Semantic Sorting subtest is limited to pointing error
counts, a calculation of interrater reliability was immaterial.

Internal consistency: Cronbach’s alpha, calculated across the patient group (1 = 82)
was 0.83 (95% CI: 0.75-0.89) for Semantic Sorting, 0.91 (95% CI: 0.87-0.94) for Drawing,
and 0.92 (95% CI: 0.88-0.95) for Pantomime, indicating reasonably good consistency for all
NVST-subtests.

Retest reliability: A two-way mixed effects model (absolute agreement) revealed
reasonable single measure intraclass correlations (ICC) for a subgroup of persons with
neurological conditions (n = 12; Semantic Sorting: ICC = 0.887 with 95% confidence interval
0.668-0.966; Drawing: ICC = 0.873 with 95% confidence interval 0.612-0.964; Pantomime:
ICC =0.960 with 95% confidence interval 0.868-0.988). There were no systematic differences
between the scores of the two assessment points (Wilcoxon signed rank test, all 1Z| < 1.260,
p > 0.208).

Validity: All three subtests conformed to standard criteria of content validity and
criterion validity. In a principal component analysis, the items of the three subtests clearly
clustered into three almost equally weighted factors corresponding with the three NVST
subtests, demonstrating that Semantic Sorting, Drawing, and Pantomime actually probe
different constructs. Furthermore, a comparison with the Pyramids and Palm Trees Test,
PPT [7] through a multiple linear regression analysis revealed that only the subtest Seman-
tic Sorting had a significant influence on the PPT scores of 33 patients with neurologic
conditions (beta = —2.57, p < 0.01). This is a reasonable result, because the PPT and
the Semantic Sorting subtest of the NVST are both picture-based tasks that require the
identification of semantic relationships.

One aspect of discriminant validity that should be mentioned in more detail re-
lates to the prerequisite that test performance—especially for the subtests Drawing and
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Pantomime—should be independent of manual skills. This is particularly important for
test applications in persons with aphasia after left hemisphere damage, most of whom
are dependent on their non-dominant left hand due to a right upper limb paresis. To
investigate the influence of the use of the dominant or non-dominant hand, respectively,
eighty-seven of the 192 neurologically healthy participants from the calibration sample
(45%) had been asked to perform the task with their non-dominant hand. Separate general-
ized linear mixed models (GLMM, logit link) were calculated for Drawing and Pantomime,
with ITEMS and PARTICIPANTS as random effects (intercept) and SEX, EDUCATION, AGE,
and HAND DOMINANCE as fixed effects. In neither model did the factor HAND DOMINANCE
have a significant effect (I 3| < 0.25). Furthermore, two comparative GLMMs in which
the HAND DOMINANCE factor was not modelled were equivalent with the two full models
(x? < 3.5 in both Drawing and Pantomime), which demonstrates that the use of the non-
preferred hand does not provide a disadvantage in the two NVST subtests that rely on
hand motor functions.

A detailed description of the psychometric properties of the NVST subtests is docu-
mented in the test manual [43].
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