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ABSTRACT

ARTICLE HISTORY

Background: The Comprehensive Aphasia Test (CAT) is
a comprehensive test useful in establishing the language proﬁles
of people with aphasia (PwA). Until the recent publication of the
CAT-HR, there were no tests or language batteries in the Croatian
language for evaluating language among PwA.
Aims: The aim of this paper is to present the results of PwA on
tasks and modalities of the ﬁrst Croatian language test developed
for language assessment among PwA – the CAT-HR. To this end,
their results are compared to that of neurologically healthy individuals (control group; CG). The relationship between PwA’s objective and self-perceived diﬃculties as measured by the CAT-HR are
also described. This paper additionally outlines the entire process
of developing the CAT-HR, emphasising the similarities and diﬀerences from the original version, and presenting some of its psychometric properties.
Methods & Procedures: The sample consisted of 114 PwA and
123 CG participants. PwA completed all three sections of the CATHR, while the CG completed only the Cognitive Screen and
Language Battery. Their results were compared using independent
t-tests with Bonferroni correction for multiple comparisons.
Correlations were calculated for all CAT-HR modalities. Finally,
results of PwA on objective measures were compared with their
self-assessment scores.
Outcomes & Results: The performed analyses indicate that the CG
and PwA diﬀer signiﬁcantly on all tasks and modalities of the CATHR. Correlations among modalities within the Language Battery
are signiﬁcant, as well as those within the Disability Questionnaire.
Language Battery modalities correlate signiﬁcantly with all scales
of the Disability Questionnaire, except with Emotional
consequences.
Conclusions: The test has been demonstrated to possess promising psychometric properties, i.e. the internal consistency of its
tasks and modalities ranges from moderate to high and the measures on the modality mean can discriminate 85% of PwA from
neurologically healthy individuals. Results and ﬁndings are discussed with respect to their clinical and scientiﬁc implications. As
a ﬁnal point, limitations related to the analyses (e.g. lack of data on
test-retest reliability and sensitivity), and suggestions for further
research are provided.
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1. Introduction
Despite the signiﬁcant attention awarded to the investigation and description of aphasia
over the years, its multiple properties and variable clinical picture (in terms of severity
and exact type of language impairment) continue to challenge both researchers and
practitioners. The presentation of aphasia symptoms depends on multiple factors, such
as the severity and cause of brain damage, the location and size of the lesion, time postonset, and demographic factors such as age, gender, education level, previous language
competence, etc. (Eng & Kerman Lerner, 2010; Plowman, Hentz, & Ellis, 2012). Substantial
variations in clinical symptoms among individuals (Goodglass, Kaplan, & Barresi, 2001)
and inconsistencies in terminology, assessment and intervention procedures across
countries inevitably aﬀect therapy planning. Proper management and provision of
adequate therapy are of great importance as they can increase the quality of life of
individuals and their families (Whitworth, Webster, & Howard, 2014). By using a clear set
of assessment procedures and improving the accessibility of objective diagnostic instruments, some of these discrepancies could be diminished.
While numerous tests and batteries for the assessment of language and other aspects
of aphasia have been developed, these have mostly been limited to use in Englishspeaking countries. Examples of such measures include the Boston Diagnostic Aphasia
Examination (Goodglass & Kaplan, 1972, 1983; Goodglass et al., 2001), the
Comprehensive Aphasia Test (Swinburn, Porter, & Howard, 2004), the Aachen Aphasia
Test (Huber, Poeck, & Willmes, 1984), the Western Aphasia Battery (WAB; Kertesz, 2007)
and several others. Other contexts, and smaller languages in particular, are still faced
with a discernible lack of adequate materials for assessment (Ivanova & Hallowell, 2013).
Consequently, researchers in many non-English-speaking countries have somewhat
reduced research possibilities, while clinicians lack proper tools for assessment and
therapy planning. More importantly, PwA are at a disadvantage with respect to inclusion
in adequate evidence-based therapy planned according to their individual language
proﬁle and needs. The need for valid, reliable and comparable assessment tools across
countries (e.g. for conducting cross-linguistic studies) was recognised by Working Group
2 (WG2) within the Collaboration of Aphasia Trialists (COST Action IS1208, 2013–2017).
Working group members were established or leading researchers and respected clinicians from over 26 countries. As part of this project, WG2 members from 11 countries
agreed to adapt the Comprehensive Aphasia Test – CAT (Swinburn et al., 2004) into their
respective languages. The rationale for choosing this battery over others, as well as
a discussion on a number of challenges encountered (such as cultural and linguistic
issues) and solutions adopted in the adaptation process, are outlined by Fyndanis and
colleagues (2017).
The aim of this paper is to present the results of people with aphasia (PwA) on tasks
and modalities of the ﬁrst Croatian language aphasia test developed for language
assessment among PwA – the CAT-HR. Their results are compared to those of
a control group (CG) of neurologically healthy individuals and the relationship between
PwA’s objective and self-perceived diﬃculties measured by CAT-HR is described. This
paper additionally outlines the entire process of developing the CAT-HR, emphasising
the similarities and diﬀerences from the original version and presenting some psychometric properties – reliability (internal consistency) and concurrent validity.
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1.1. The rationale behind the CAT-HR
Until the recent publication of the CAT-HR, none of the existing tests and language
batteries could be used to evaluate the language abilities of Croatian-speaking PwA in
a straightforward and reliable way. To date, there was not a single standardised test
designed for aphasia assessment in the Croatian language.
The reason for the lack of diagnostic tests lies in the intricacy of the adaptation and
standardisation process, especially within the context of a small language. The complexity
of this process arises as a result of a number of issues. First, it represents a signiﬁcant
ﬁnancial burden given the small number of people for which the test is intended. Second,
a current lack of research into the various psycholinguistic aspects of the Croatian language
immensely complicates the development of test items as it implies many pretests. Third,
despite an aging population and an increased incidence of neurological disorders aﬀecting
young people, Croatia is faced with rather little public and stakeholder awareness of the
needs of PwA (Code et al., 2016; Leko Krhen & Prizl Jakovac, 2015).
Despite the above-mentioned factors, the need for an eﬀective instrument that would
allow greater insight into the clinical picture of PwA, facilitate the development of
appropriate therapeutic goals and track progress more eﬀectively, encouraged researchers in Croatia to develop the CAT-HR.

1.2. Development and structure of the CAT-HR
This section of the paper will describe both the development and structure of the CATHR instrument itself. The CAT (Swinburn et al., 2004) is a comprehensive test primarily
based on the theoretical framework outlined in Morton`s logogen model (Morton &
Patterson, 1980) which provides a clear structure of mechanisms that support language
processing. These same mechanisms are operationalised in the CAT in which a series of
tasks represent all four language modalities (auditory comprehension, spoken production, reading and writing). Apart from language abilities, the CAT screens cognitive
abilities and provides information about the impact of aphasia on the person’s life
(from the perspective of the PwA).

1.2.1. Development of the preliminary version of the CAT-HR
In 2016, a preliminary version of the CAT-HR was developed and administered in a pilot
study. In light of the limited number of PwA and related recruitment challenges, it was
decided not to involve this group in the early phase of test development. Instead of
recruiting PwA, 40 neurologically healthy controls (18 M, 22 F) aged between 30 and 70,
were recruited to test the prototype CAT-HR. They were used in the pre-standardisation
process as this enabled a broad veriﬁcation of test items, such as quality of stimuli and
clarity of instructions, and allowed researchers to identify changes needed to make
administration with a Croatian-speaking population straightforward. Preliminary testing
was performed by trained SLTs in participants’ naturalistic home settings, following the
procedure of the CAT. Other pilot studies that had to be performed to develop items in
the ﬁrst place, are described in the following sections (i.e. collecting data on naming
agreement, subjective frequency and imageability). All these served as a platform for the
development of the ﬁnal version of the CAT-HR in February 2017.
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1.2.2. Structure of the ﬁnal version of the CAT-HR
The CAT’s substantial clinical and research value has been recognised across countries.
In the interest of conducting cross-linguistic comparisons, researchers try to construct
versions of tests that are mutually comparable, taking into account cultural and linguistic speciﬁcities. For this reason, the construction of the CAT-HR follows the original
structure of the English CAT as much as possible, yet has a number of diﬀerences. The
diﬀerences relate to the language content, administration and scoring of particular tasks.
Using British and Dutch versions of the test as a starting point, the Croatian team was
able to have better control of psycholinguistic features and to create tasks that are more
user-friendly for Croatian-speaking PwA. Some suggestions oﬀered by clinicians involved
in the direct day-to-day clinical work with PwA were also integrated into the test, mostly
those related to the type of instruction that seem more appropriate or less challenging
for PwA (i.e. rewording to increase understanding).
As in the original CAT, the CAT-HR consists of 34 tasks divided into 3 sections: The
Cognitive Screen, The Language Battery and The Disability Questionnaire (DQ).
1.2.2.1. The cognitive screen. In the Cognitive Screen, two tasks (1. Line bisection and
3. Word ﬂuency) are the same as in the original CAT. In the other tasks (2. Semantic
memory, 4. Recognition memory, 5. Gesture object use and 6. Arithmetic), the order of
items was changed slightly on the basis of item diﬃculties according to the gathered
data (across tasks the easiest items come ﬁrst and most diﬃcult ones last).
1.2.2.2. The language battery. The Language Battery includes 21 tasks. For the ﬁnal
version of the CAT-HR, items were selected to meet all relevant criteria (content, itemtotal correlation, rate of comprehension errors) and were ordered according to item
diﬃculties. The ﬁnal version of the test consists of the same number of items as the
original test and has the same possible maximum scores, except in tasks 19, 26 and 27,
where the maximum possible score diﬀers. In task 26. Writing to dictation, the maximum
possible score is 29 (and not 28 as in the original version). This was necessary in order to
include items that encompass all relevant psycholinguistic features of the Croatian
language. In tasks 19. Spoken picture description and 27. Written picture description, the
picture and scoring criteria used in the CAT-HR were adopted from the CAT-NL
(Swinburn et al., 2014).
Four parameters of the Spoken picture description are evaluated (Accuracy and acceptability of information, Fluency of speech, Syntactic complexity and Morpho-syntactic
accuracy). For each parameter, a maximum of 4 points can be achieved (resulting in
a maximum score of 16). In the Written picture description task, only Accuracy and
acceptability of information and Morpho-syntactic accuracy parameters could be evaluated (resulting in a maximum score of 8).
1.2.2.3. The disability questionnaire (DQ). The third section of the test consists of the
Disability Questionnaire (DQ) and is made up of the same 7 tasks as those in the original
CAT. However, some adjustments to administration and scoring were made in the
Croatian version. As in the original test, the ﬁrst subsection of the DQ investigates
disabilities associated with speciﬁc communication situations, while the second investigates the impact of those diﬃculties on the person’s everyday life.
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In the ﬁrst subsection of the CAT-HR DQ (Disability), responses are linked with
emoticons so as to enable a more user-friendly mode of responding. In this way, the
ﬁrst response option for the question “ . . . how easy is it for you to . . . ” is the simple
emoticon representing a sad face ☹ (corresponds to a numerical rating of 4), while the
ﬁnal response option is the emoticon representing a smiley face ☺, indicative of no
problems with a speciﬁc task (corresponds to a numerical rating of 0). As in the original
CAT, here a higher overall score suggests a greater level of self-perceived disability.
In the second subsection of the CAT-HR DQ (Impact), response options are also
presented in graphic form, this time using bars that increase in height. Here, a small
bar represents little impact of the perceived disability on everyday life or low intensity of
a given emotion (in the case of the Self-image task). The scoring algorithm used in the
Self-image part of the CAT-HR DQ also diﬀers slightly from the original measure.
Speciﬁcally, this part of the questionnaire consists of 4 items (4 diﬀerent emotions),
two of which can be considered “positive” (conﬁdence and feeling good about oneself)
and two that can be considered “negative” (worry and feeling isolated). Because the
overall score for these items suggests greater problems with self-image, reverse scoring
is introduced for the two “positive” items. In this way, a higher overall score suggests
a greater amount of worry and more isolation, as well as less conﬁdence and fewer
positive feelings about oneself.

1.3. Psycholinguistic features of language items and picture stimuli
The following section presents how the psycholinguistic features of the selected task
items and picture stimuli were controlled for during the adaptation of the CAT-HR. The
inclusion of speciﬁc words in the test was based upon multiple psycholinguistic variables, such as subjective frequency, imageability, word order, distinctive features and
syllable structure. These variables have been previously controlled for and items within
each task have been ordered by item diﬃculties (for key substantive and psychometric
considerations in test development, see Ivanova & Hallowell, 2013).

1.3.1. Frequency and imageability
Frequency and imageability are psycholinguistic features of words that have a great impact
on language processing. Frequency represents the number of times a word is used in
everyday discourse (written or spoken). Previous research has conﬁrmed that subjects
respond more rapidly and more accurately to higher-frequency words than to lowerfrequency words (the frequency eﬀect; see Brysbaert, Mandera, & Keuleers, 2017).
Imageability is an important factor at the conceptual level of word processing
(Bastiaanse, Wieling, & Wolthuis, 2016) and refers to how easily the word evokes a visual
or auditory image of the thing to which the word refers. Imageability is also considered to
be a signiﬁcant factor in both naming and reading comprehension at the level of words
and sentences (Bastiaanse et al., 2016; Franklin, Howard, & Patterson, 1995). In the CAT-HR,
word frequency and imageability values were based on the data available in the Croatian
Lexical Database (Kuvač Kraljević & Olujić, 2018), which consists of more than 2500 words
(lexical and functional; see Kuvač Kraljević & Olujić, 2018; Kuvač Kraljević & Olujić Tomazin,
2019). In the absence of spoken corpora or other source (see Fyndanis et al., 2017 for
frequency; Rofes et al., 2017 for imageability), the role of such a database is inevitable for

6

J. KUVAČ KRALJEVIĆ ET AL.

test development since “ . . . (it) speeds up the adaptation of test materials into less
researched languages” (Rofes et al., 2017, p. 1189). These variables were controlled for in
tasks 12. Repetition of words, 17. Object naming and 20. Reading words. Each of these tasks
consists of the same number of high and low imaginable words. High imaginable words
were taken from the range of 25% of the words estimated as words with highest imageability, while low imaginable words were from the range of 25% of the words estimated as
words with lowest imageability (selection criteria used by Lind, Simonsen, Hansen, Holm, &
Mevik, 2015). Words with imageability between these ranges were not considered. At the
time of data collection, the database consisted of 1211 words estimated by 35 respondents.

1.3.2. Word order
Bastiaanse and Van Zonneveld (2005) assume that each language has its principal word
order (canonical order) and that sentences with non-canonical order are more diﬃcult to
process. The inﬂuence of word order on language processing has also been observed
among PwA (Grodzinsky, 2000; Jap, Martinez-Ferreiro, & Bastiaanse, 2016). Therefore,
word order has been controlled for in tasks 9. Comprehension of spoken sentences, 10.
Comprehension of written sentences, 11. Comprehension of spoken paragraphs and 16.
Repetition of sentences. In all these tasks, three sentence structures are represented:
simple SVO structures with canonical word order (The man is walking), structures with
non-canonical word order (OVS) (The dancer is painted by a witch) and complex relative
clauses (The carpet, which the cat is on, is green).
1.3.3. Distinctive features
Distinctive features and number of syllables were taken into account when developing
the CAT-HR, especially within tasks that involve phonological distractors (7.
Comprehension of spoken words and 8. Comprehension of written words). Number of
syllables, number of distinctive features discriminating the target word from its phonological distractor (one or two), the category of the distinctive feature (place and mode of
articulation and voicing) and its position within the word (initial, medial and ﬁnal) were
manipulated and controlled for. Both tasks consist of 6 words that diﬀer from the
phonological distractor in one distinctive feature (3 x place of articulation (tava-kava);
2 x mode of articulation (luka-ruka) and 1 x voicing (koza-kosa)) and 9 words that diﬀer
in two distinctive features (nota-noga).
1.3.4. Letter-sound correspondence
The inﬂuence of the orthographic transparency of a language on reading and writing
skills is well-known (see Zaretsky, Kuvač Kraljević, Core, & Lenček, 2009). Because lettersound correspondence in the Croatian writing system is almost absolute, this variable
was controlled for in relatively few instances that deviated from this rule and that
therefore required explicitly learned orthographic knowledge (such as in the words
avion, ideja and kamion – eng. plane, idea and van – within tasks 25. Written picture
naming and 26. Writing to dictation).
1.3.5. Naming agreement in picture stimuli
During the period in which the adaptation of the CAT-HR was carried out, normative
data regarding picture naming and naming agreement did not exist for the Croatian
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language. Therefore, two rounds of naming agreement testing were performed prior to
the standardisation process. In total, 39 participants with typical language and cognition,
aged between 30 and 70 years (19 M, 20 F) were recruited and asked to name 316
images presented on Powerpoint slides. Images were selected according to task-relevant
parameters (frequency, imageability, distinctive features) and only items with a naming
agreement of 85% or more were included in the ﬁnal version of the test.
After having described the properties, speciﬁcities and structure of the test, hereafter
the results of PwA across sections and modalities will be presented.

2. Method
2.1. Participants
The sample in the present study consisted of two groups of adult speakers – PwA and
a control group (CG) with typical language and cognition. Because it is rather demanding to collect a PwA sample, the authors decided to include all PwA from medical
facilities in diverse parts of the country and to match PwA and the CG participants
according to relevant demographic characteristics. Following this rationale, prior to the
process of standardisation, examiners from ﬁve regions of Croatia were given a list of
criteria that ideal participants should meet. In addition to the main criterion of the cause
of brain injury (stroke; ischaemic or haemorrhagic), examiners within each region of
Croatia had to consider the particular stage post-onset (acute vs. post-acute) and
demographic characteristics such as age (divided into 7 age groups: 20–29, 30–39,
40–49, 50–59, 60–69, 70–79, 80+), gender and level of education. All participants were
monolingual speakers of the Croatian language. The sample collection process lasted
from February 2017 to August 2018.

2.1.1. People with aphasia (PwA)
The PwA group consisted of 114 adults (70 M, 44 F) between the ages of 23 and 88
(average age 61.19), of which 94 (82.5%) had aphasia as a result of ischaemic stroke and
20 (17.5%) as a result of haemorrhagic stroke. Most PwA (86.0%) experienced stroke in
the left brain hemisphere and exhibited right hand dominance (98.2%). In the PwA
group, 74 participants (64.9%) had acquired 12 years of education or less, while 40
(35.1%) had more than 12 years of education. By the time of testing, the majority of PwA
(73.7%) were already involved in speech-language therapy, albeit with varying duration
and number of sessions [1 to 17 months of therapy (average 3.86 months) or 1 to 100
therapy sessions (average 26.21)]. Within this group, 11 PwA exhibited dysarthria and 17
speech apraxia, while two presented with both dysarthric and apraxic symptoms. Most
participants exhibited hemiparesis (N= 77; 67.5%) and only three PwA exhibited visual
neglect. Finally, 55 participants (48.2%) were tested in the acute phase (1–3 months
following stroke), and 59 (51.8%) in the post-acute phase (4–12 months after the stroke).
2.1.2. Control group (CG)
Participants in the second group (CG) were recruited to closely match each PwA on
demographic characteristics such as age, gender, educational level and geographic
region. In addition to these inclusion criteria, the exclusion criterion for this group was
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the presence of any neurological and psychological impairment. Demographic characteristics for both groups are presented in Table 1.

2.2. Instruments
Main analyses have been performed using the CAT-HR (34 tasks combined in 9 modality
scores; see Table 2).
Howard, Swinburn and Porter state that “for almost all subtests of the CAT, face
validity is not an issue. This is not a test that ascertains performance by some surrogate
measure” (2010, p. 67). In this study, the internal consistency of tasks and modalities of
the CAT-HR using Cronbach’s alpha on PwA subjects show that in the Language Battery,
reliability coeﬃcients range from 0.69 for the Comprehension of spoken paragraphs
subtest to 0.97 for Writing: Copying. Reliability coeﬃcients in the DQ are high, ranging
from 0.84 to 0.95, except for the Self-image section of the scale (alpha 0.53). As expected,
the reliabilities of modality scores are generally higher than those of the separate tasks
(ranging from 0.66 for Memory to 0.98 for Reading), and reliability is lower for tasks that
include a smaller number of items (e.g. 0.57 for Line bisection). Entire data on internal
consistency is provided in Table 3 below.
In order to evaluate the concurrent validity of the CAT-HR, two additional instruments
were used: Peabody Picture Vocabulary Test (PPVT-III-HR; Dunn et al., 2010) and Test for
Reception of Grammar (TROG-2:HR; Bishop, Kuvač Kraljević, Hržica, Kovačević, &
Kologranić Belić, 2014).
The PPVT-III-HR is a highly reliable test of receptive vocabulary (its alpha is 0.83–0.99).
In this study, it was used to examine the concurrent validity of the CAT-HR, i.e. the
Comprehension of spoken words and Comprehension of written words tasks in particular.
The data indicate that the overall result on the PPVT-III-HR is moderately correlated with
the Comprehension of written words (r = 0.48; p < 0.01) and Comprehension of written
sentences (r = 0.49; p < 0.01) tasks and with the Comprehension of spoken words (r = 0.35;

Table 1. Demographic characteristics of the two groups of
subjects within the sample.

Average
Range
20–29 years
30–39 years
40–49 years
50–59 years
60–69 years
70–79 years
80+ years
Male
Female
≤12 years
>12 years

PwA (N= 114)
Age in years
61.19 (SD= 13.26)
23–88
Age distribution
1 (0.9%)
6 (5.3%)
16 (14.0%)
23 (20.2%)
35 (30.7%)
26 (22.8%)
7 (6.1%)
Gender
70 (61.4%)
44 (38.6%)
Education level
74 (64.9%)
40 (35.1%)

CG (N= 123)
60.80 (SD= 13.36)
23–85
1
7
18
25
36
27
9

(0.8%)
(5.7%)
(14.6%)
(20.3%)
(29.3%)
(22.0%)
(7.3%)

72 (58.5%)
51 (41.5%)
76 (61.8%)
47 (38.2%)
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Table 2. The structure of the CAT-HR according to the modalities used for further analyses.
BATTERY
The Cognitive Screen

Memory

Modality

The Language Battery

Comprehension of spoken language
Comprehension of written language
Repetition

Naming
Spoken picture description
Reading

Writing

The Disability Questionnaire

Written picture description
Disability

Impact

Tasks
Semantic memory
Recognition memory
Comprehension of spoken words
Comprehension of spoken sentences
Comprehension of spoken paragraphs
Comprehension of written words
Comprehension of written sentences
Repetition of words
Repetition of complex words
Repetition of nonwords
Repetition of digit strings
Repetition of sentences
Naming objects
Naming actions
Word ﬂuency
Spoken picture description
Reading words
Reading complex words
Reading function words
Reading nonwords
Writing: Copying
Writing picture names
Writing to dictation
Written picture description
Disability in talking
Disability in understanding
Disability in reading
Disability in writing
Intrusion
Self-image
Emotional consequences

p < 0.05) and Comprehension of spoken sentences (r = 0.37; p < 0.05) tasks. A moderate
correlation is also found also the Naming objects task (r = 0.44; p < 0.05) because this
task includes words as basic units (see Table 4).
The TROG-2:HR test is used for assessing comprehension of Croatian grammar with
respect to inﬂection, functional words and word order. Due to its high reliability (alpha
0.96), it is considered a reliable measure of language comprehension. The results
demonstrate that all parts of the CAT-HR are moderately correlated with the overall
score on the TROG:2-HR, with correlations ranging from 0.34 for the Writing: Copying task
to 0.65 for the Comprehension of written sentences task. The only non-signiﬁcant correlations are found for the Line bisection and Recognition memory tasks (for correlations see
Table 4 below).
The potential to correctly classify subjects as PwA or CG is described in the CAT-HR
manual (Swinburn et al., in press), which states that it is possible to correctly classify
84.2% of PwA and 95.1% of CG participants by using a modality mean (average across 8
modalities of the Language Battery) of less than 115.88.

2.3. Procedure
In accordance with the Helsinki Ethical Principles for Medical Research (WMA, 2001), all
participants gave their informed consent for administration of the CAT-HR. Written
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Table 3. Reliability coeﬃcients for all tasks and modalities on the
sample of PwA (N= 114).
Task
The Cognitive Screen
Line bisection
Semantic memory
Recognition
Memory
Gesture object use
Arithmetic
The Language Battery
Comprehension of spoken words
Comprehension of spoken sentences
Comprehension of spoken paragraphs
Comprehension of spoken language
Comprehension of written words
Comprehension of written sentences
Comprehension of written language
Repetition of words
Repetition of complex words
Repetition of nonwords
Repetition of digit strings
Repetition of sentences
Repetition
Naming objects
Naming actions
Word ﬂuency
Naming
Spoken picture description
Reading words
Reading complex words
Reading function words
Reading nonwords
Reading
Writing: copying
Writing picture names
Writing to dictation
Writing
Written picture description
The Disability Questionnaire
Comprehension
Production
Reading
Writing
Disability self-rating
Intrusion
Self-image
Emotional consequences
Total
DQ Total

N of items

r

3
10
10
23
6
6

0.57
0.75
0.86
0.66
0.87
0.68

15
16
8
39
15
16
31
16
3
5
6
4
34
24
5
29
4*
24
3
3
5
35
27
5
5
37
2*

0.79
0.85
0.69
0.90
0.91
0.90
0.95
0.95
0.88
0.77
0.84
0.86
0.96
0.95
0.80
0.96
0.91
0.97
0.87
0.93
0.90
0.98
0.97
0.93
0.90
0.94
0.94

4
4
4
4
16
4
4
7
15
31

0.90
0.86
0.92
0.91
0.94
0.84
0.53
0.87
0.88
0.95

*Note. For Spoken picture description and Written picture description N of items
represents the total N of criteria within these tasks.

informed consent was read by the examiner and verbally explained to each PwA and
their accompanying family member. The method of information transmission was
tailored to each subject to ensure complete understanding. If the patient was unable
to sign the consent form him or herself as a result of hemiparesis or impaired writing
ability, it was signed by the family member. The test was administered in one or more
sessions. All participants were tested by SLPs in medical or rehabilitation centres in
diﬀerent regions of Croatia. For all PwA, medical documentation was inspected in order
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Table 4. Correlations of CAT-HR task scores and modalities, with scores on TROG-2:HR/PPVTIII-HR.
CAT-HR
Line bisection
Semantic memory
Recognition
Memory
Gesture object use
Arithmetic
Comprehension of spoken words
Comprehension of spoken sentences
Comprehension of spoken paragraphs
Comprehension of spoken language
Comprehension of written words
Comprehension of written sentences
Comprehension of written language
Repetition of words
Repetition of complex words
Repetition of nonwords
Repetition of digit strings
Repetition of sentences
Repetition
Naming objects
Naming actions
Word ﬂuency
Naming
Spoken picture description
Reading words
Reading complex words
Reading function words
Reading nonwords
Reading
Writing: copying
Writing picture names
Writing to dictation
Writing
Written picture description

TROG-2:HR
correct blocks of items (N = 71)

PPVT-III-HR
overall score
(N = 41)

0.51**

0.36*

0.46**
0.46**
0.58**
0.61**
0.64**
0.43**
0.72**
0.58**
0.65**
0.66**
0.32**
0.35**
0.36**
0.40**
0.47**
0.44**
0.36**
0.42**
0.54**
0.48**
0.41**
0.35**
0.34**
0.37**
0.26**
0.37**
0.29*
0.44**
0.44**
0.44**
0.53**

0.35*
0.37*
0.45**
0.48**
0.49**
0.51**
0.32*
0.53**
0.39*
0.41**
0.44**
0.34*
0.31*
0.43**

0.33*

0.35*
0.31*
0.31*

Note: Only signiﬁcant correlations are reported; *indicates p < 0.05 and **indicates p < 0.01.

to collect relevant information about the time and type of lesion, as well as details
regarding therapeutic processes and medical treatment.
PwA completed all three sections of the CAT-HR. For participants in the CG, the
Disability Questionnaire, which assesses self-perceived disability and emotional consequences associated with aphasia, was not administered. Instead, this group completed
only the Cognitive Screen and the Language Battery. Forty-one participants in the PwA
group also completed the Peabody Picture Vocabulary Test (PPVT-III-HR; Dunn et al.,
2010) and 71 participants completed the Test for Reception of Grammar (TROG-2:HR;
Bishop et al., 2014). The use of one or the other test was motivated solely by their
availability in the institution. Tests were administered in a random order.

2.4. Performed analyses
Using IBM SPSS Statistics version 23.0 (IBM, 2015), several analyses of the collected data
were carried out in accordance with the study aims. First descriptive statistics of tasks
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and modalities for PwA and the CG participants, as well as descriptive statistics of the
results on the DQ for the PwA group, are presented. The performance of PwA and the
CG on tasks and modalities of the CAT-HR were compared using a series of independent
sample t-tests with Bonferroni correction for multiple comparisons. Since the gathered
data violated the assumptions for parametric procedures in some cases, analyses were
also carried out using the non-parametric Wilcox test. Because this method yielded the
same results, hereafter only the results arising from parametric analyses are presented.
The results of the PwA subgroups (acute and post-acute aphasia) were compared using
the same method. Because no signiﬁcant diﬀerences were found (p > 0.05 for all tasks
and modalities), further analyses were conducted for the PwA group as a whole.
Spearman rank-order correlations were calculated for the results on CAT-HR modalities for the PwA group, taking into account the Bonferroni correction for multiple
comparisons while interpreting the signiﬁcance of coeﬃcients. Since participants in
the CG had a very restricted range of results, the analyses of correlations were conducted for PwA only. Because one of the aims of the CAT-HR is to provide information
on the strengths and weaknesses of PwA in the area of language skills, the percentage
of statistically signiﬁcant diﬀerences in results across modalities transformed to
a T-scores scale is also presented.
In order to compare the objective performance of PwA on the test modalities with
their self-perceived diﬃculties, Spearman rank-order correlations between the modality
scores and DQ scores were examined. This analysis is valuable in that it provides insight
into the complex relationship between objective and self-perceived diﬃculties, which in
turn might aﬀect treatment preferences and outcomes.

3. Results
3.1. Results on tasks and modalities of cognitive screen and language battery
Descriptive statistics (possible maximum, M, SD and range) of results on each task and
modality within the Cognitive Screen and Language Battery of the CAT-HR for PwA and
the CG are presented in Table 5. Results of the CG were also used for identifying critical
values in the CAT-HR, or the values that represent the performance of 5% of the lowest
achieving subject in the CG.
Results show that performance of the PwA group is generally lower than performance
of the CG and that performance of the CG reaches the ceiling eﬀect in nearly all tasks.
The scores of PwA and the CG overlap to some extent, as shown in column %≤critical
value, indicating the percentage of the PwA sample that had results less or equal to the
critical value. This demonstrates that the sample generally included CG participants with
lower achievement levels, as well as PwA with results within the normal range on some
tasks. This overlap is smallest for the Word ﬂuency task, in which only 12% of PwA
achieve results higher than the critical value. In terms of modalities, the overlap is
smallest for the Naming modality. Conversely, the overlap is largest for Arithmetic task,
with only 14% of PwA achieving results lower than the critical value. Since the overlap is
rather small for most tasks in the Cognitive Screen, these underlying abilities may be less
impeded by aphasia itself. Within the Language Battery, the overlap is largest for the
Comprehension of spoken paragraphs task. A series of independent sample t-tests

Task/modality
The Cognitive Screen
Line bisection [absolute value]
Semantic memory
Recognition
Memory
Gesture object use
Arithmetic
The Language Battery
Comprehension of spoken words
Comprehension of spoken sentences
Comprehension of spoken paragraphs
Comprehension of spoken language
Comprehension of written words
Comprehension of written sentences
Comprehension of written language
Repetition of words
Repetition of complex words
Repetition of nonwords
Repetition of digit strings
Repetition of sentences
Repetition
Naming objects
Naming actions
Word ﬂuency
Naming
Spoken picture description
Reading words
Reading complex words
Reading function words
Reading nonwords
Reading
Writing: copying
Writing picture names
Writing to dictation
Writing
Written picture description

range
0–6
0–10
0–10
0–20
0–12
0–6
0–30
0–32
0–4
0–66
0–30
0–32
0–62
0–32
0–6
0–10
0–7
0–6
0–74
0–48
0–10
0–43
0–88
0–15
0–48
0–6
0–6
0–10
0–70
0–27
0–21
0–29
0–77
0–8

Possible max
6
10
10
20
12
6
30
32
4
66
30
32
62
32
6
10
7
6
74
48
10
unlimited
unlimited
16
48
6
6
10
70
27
21
29
77
8

24.21 (5.33)
21.15 (7.03)
2.60 (1.23)
47.96 (12.20)
21.95 (8.44)
18.04 (8.89)
39.99 (16.59)
23.48 (10.49)
3.47 (2.60)
5.53 (3.50)
4.15 (2.08)
3.50 (2.30)
47.78 (22.33)
26.90 (15.46)
6.23 (3.39)
9.68 (8.12)
42.56 (26.35)
8.16 (4.42)
30.59 (17.75)
2.75 (2.55)
4.43 (2.42)
4.80 (4.08)
41.78 (25.24)
20.36 (8.78)
14.01 (8.06)
17.30 (11.33)
49.93 (24.69)
2.69 (2.68)

1.26 (1.06)
8.46 (2.13)
8.82 (2.14)
17.27 (3.88)
9.57 (3.0)
4.23 (1.63)

M
(SD)

PwA (N = 114)

0.544
0.640
0.211
0.684
0.430
0.746
0.693
0.640
0.588
0.474
0.588
0.614
0.719
0.658
0.500
0.877
0.860
0.723
0.667
0.728
0.351
0.728
0.702
0.518
0.564
0.675
0.702
0.711

0.149
0.254
0.237
0.263
0.342
0.140

% ≤ critical value

Table 5. Descriptive statistics for the results on CAT-HR task scores and modalities for PwA and CG.

24–30
22–32
1–4
50–66
22–30
19–32
47–62
30–32
4–6
4–10
3–7
4–6
60–74
28–48
8–10
14–67
54–125
9–16
32–48
4–6
6
7–10
54–70
26–27
15–21
24–29
71–77
0–8

0–3
6–10
3–10
12–20
9–12
2–6

range

28.84 (1.57)
29.98 (2.46)
3.64 (0.67)
62.46 (4.08)
28.86 (1.84)
29.45 (2.78)
58.31 (3.96)
31.89 (0.43)
5.95 (0.31)
9.51 (1.13)
6.51 (0.86)
5.85 (0.44)
72.08 (2.72)
44.60 (3.76)
9.85 (0.49)
34.39 (10.03)
88.85 (12.52)
14.80 (1.46)
47.59 (1.76)
5.94 (0.27)
6.00 (0.00)
9.89 (0.46)
69.42 (1.96)
26.94 (0.23)
20.86 (0.61)
28.45 (0.91)
76.25 (1.18)
7.02 (1.24)

0.92 (0.71)
9.50 (0.83)
9.70 (0.84)
19.20 (1.27)
11.57 (0.68)
5.44 (0.98)

M
(SD)

CG (N = 123)

10.63
13.98
8.22
14.53
10.55
14.30
14.43
11.21
10.60
12.17
11.71
11.81
14.66
13.65
13.41
24.19
20.21
17.10
13.08
14.38
7.31
14.99
14.65
8.99
10.13
11.98
12.68
16.52

2.67
4.83
4.15
5.54
7.97
7.26

t

235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235
235

235
235
235
235
235
235

df

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.01
0.00
0.00
0.00
0.00
0.00

p
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demonstrate that the CG score signiﬁcantly better (with p < 0.01) than PwA on all tasks
and modalities (Table 5).
Correlation patterns between results on all modalities of the CAT-HR for all PwA have
been examined. The results of this analysis (Table 6) demonstrate that all correlations
between raw scores of modalities in the Language Battery are signiﬁcant, and moderate
to strong. The Memory modality from the Cognitive Screen has a weak or no correlation
with most Language Battery modalities, with the exception of moderate correlations
with Spoken and Written Language Comprehension.

3.2. Results on the disability questionnaire (DQ)
The third section of the CAT-HR, the Disability questionnaire (DQ), was completed by
subjects in the PwA group only. Descriptive statistics of the results of this section of the
test for all PwA are presented in Table 7.
The inter-correlation between the two modality scores in the DQ (Disability selfratings and Impact self-ratings) is signiﬁcant and high (r = 0.73; p < 0.01), suggesting
that the greater the self-perceived disability of a PwA, the greater the impact of aphasia
on the everyday life of that individual.

Table 6. Correlations between the CAT-HR modality scores of the PwA group.
Spoken
Written
Spoken
Written
language
language
picture
picture
Comprehension Comprehension Repetition Naming Reading Writing description description
Memory
Spoken language
Comprehen.
Written language
Comprehen.
Repetition
Naming
Reading
Writing
Spoken picture
description

0.55**

0.55**
0.79**

0.14
0.55**

0.27
0.60**

0.23
0.51**

0.39*
0.65**

0.22
0.55**

0.33*
0.62**

0.55**

0.67**

0.70**

0.71**

0.59**

0.71**

0.80**

0.73**
0.73**

0.59**
0.66**
0.71**

0.73**
0.75**
0.71**
0.55**

0.54**
0.62**
0.68**
0.91**
0.52**

Note: *indicates p < 0.05 and **indicates p < 0.01.

Table 7. Descriptive statistics of the results on the CAT-HR DQ for PwA.
Disability self-rating

Impact self-ratings

CAT DQ Total

Comprehension
Production
Reading
Writing
Total
Intrusion
Self-image
Emotional consequences
Total

N
107
107
104
104
103
105
106
100
99
97

M
4.65
7.94
6.46
8.51
27.50
7.90
7.49
7.82
23.18
50.52

SD
3.77
3.96
4.35
4.66
13.75
4.18
3.11
6.61
11.45
23.50

range
0–13
0–16
0–16
0–16
0–59
0–16
0–14
0–28
0–56
0–104

possible max
16
16
16
16
64
16
16
28
60
124

Note: N diﬀers between the scales because some subjects did not provide responses to certain parts of the DQ.
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3.3. Comparison of the results of diﬀerent modalities
Because tasks within the CAT-HR diﬀer in diﬃculty and number of items, a comparison
of results on diﬀerent tasks and modalities requires transformation on a standard scores
scale. In the CAT-HR, T scores with a mean of 100 and a standard deviation of 15 are
used (for details about transformation, see the CAT-HR manual; Swinburn et al., in press).
A T score diﬀerence between scores on two modalities that is 1.96 times greater than
the standard deviation of the diﬀerence between T scores in those two modalities can
be considered statistically signiﬁcant (p < 0.05). Because multiple comparisons of results
have been made in the present case, the use of Bonferroni correction and a more
rigorous approach is recommended, i.e. treating only those diﬀerences that are greater
than 3.12xSD as statistically signiﬁcant (p < 0.05). Signiﬁcant diﬀerences suggest a disharmonious proﬁle of results across modalities, indicating speciﬁc strengths and weaknesses in the performance of the person tested. Using the more rigorous approach,
results show that 15% of PwA had at least one signiﬁcant diﬀerence in performance on
modalities. It may be concluded that a disharmonious proﬁle of scores is something one
can expect in PwA.

3.4. Comparison of results of PwA on the language battery and disability
questionnaire
Inclusion of the DQ in the CAT-HR enables insight into the relationship between the
level of impairment, as measured by the Language Battery modalities, and self-perceived
disability among PwA, a feature that can be useful in the treatment of this population.
For the purpose of this analysis, Spoken production is calculated as the mean T score
on the Naming and Spoken picture description modalities, while Written production is
calculated as the mean T score on the Writing and Written picture description modalities
(as in Howard et al., 2010). In addition, the Language Battery modality mean is calculated
for each subject as an indicator of the overall severity of measured impairment.
Correlations between this indicator and the results on the items within the DQ are
provided in Table 8.
CAT aphasia severity (modality mean) correlates signiﬁcantly with all scales of the DQ
except with Emotional consequences. However, correlations are generally higher with the
Disability self-rating scales than with scales related to the Impact of aphasia on everyday
life. This might indicate that those with better language skills report that aphasia has
a lesser impact on their lives. Furthermore, correlations between the impairment measures and Impact self-ratings on the DQ are mostly signiﬁcant for Intrusion and Selfimage, but non-signiﬁcant for the Emotional consequences scale. These results indicate
that performance on modalities of the Language Battery is not related to the selfperceived emotional consequences of aphasia for the current sample. Taken together,
these results suggest that a single impairment measure from the CAT-HR Language
Battery is generally not signiﬁcantly related with emotional consequences of aphasia in
the life of a PwA. However, the overall modality mean (i.e. CAT aphasia severity) can be
used as a signiﬁcant indicator (at least to some extent), which is the primary reason
recommending the use of this measure. Since the results suggest that the eﬀects of
speciﬁc impairment on the life of PwA cannot be predicted in a straightforward manner,

Comprehension
Production
Reading
Writing
Total
Intrusion
Self-image
Emotional
consequences
Total
0.26
0.36*

0.18
0.20

Note: *indicates p < 0.05 and ** indicates p < 0.01.

CAT DQ Total

Impact selfratings

Disability selfrating

Spoken language
Comprehension
0.38*
0.34*
0.36*
0.33*
0.42*
0.27
0.29
0.15

Memory
0.23
0.03
0.20
0.19
0.19
0.11
0.14
0.16
0.35*
0.49*

Written language
Comprehension
0.39*
0.39*
0.54**
0.52**
0.55**
0.38*
0.33*
0.19

Table 8. Correlations of CAT-HR modality scores and DQ scores among PwA.

0.25
0.39*

0.41*
0.52**

Repetition Reading
0.25
0.31
0.41*
0.40*
0.38*
0.53**
0.35*
0.55**
0.43*
0.54**
0.36*
0.49*
0.24
0.34*
0.10
0.22
0.39*
0.55**

Spoken
production
0.34*
0.59**
0.47*
0.56**
0.60**
0.44*
0.35*
0.23

0.44*
0.58**

Written
production
0.33*
0.43*
0.52**
0.65**
0.59**
0.54**
0.40*
0.23

0.42*
0.58**

CAT aphasia severity (modality mean)
0.38*
0.53**
0.54**
0.61**
0.62**
0.51**
0.39*
0.23
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simultaneous use of the DQ is recommended in order to explore the subjective perceptions of PwA.

4. General discussion
According to the stated aims, current paper presents the assessment results of PwA
using the ﬁrst diagnostic language test in the Croatian language that can be used with
people with aphasia who are native Croatian speakers – the CAT-HR. Prior to the
analyses of results, the process of test development, its properties and ﬁnal structure
were presented, an important feature in light of the highly complex nature of test
development. Indeed, the process of developing a test requires consideration of
a large number of factors, especially in the context of small and understudied languages.
The availability of reliable and valid assessment tools such as the CAT-HR bears both
scientiﬁc and clinical implications. Namely, it can lead to signiﬁcant improvements in
research perspectives and therapeutic procedures according to the individual needs of
each PwA.
The test has been demonstrated to possess promising psychometric properties,
where the internal consistency of its tasks and modalities ranges from moderate to
high and the validity measures on the modality mean can discriminate 85% of PwA from
neurologically healthy individuals, i.e. those without aphasia.
The analyses performed in the current study indicate that the CG and PwA diﬀer
signiﬁcantly on all tasks and modalities of the CAT-HR. As expected, the CG reaches
a ceiling eﬀect in nearly all tasks, while the results of PwA create an uneven proﬁle. This
diversity in proﬁles can be attributed to the initial heterogeneity in stroke-related factors
such as aphasia severity, size and site of lesion, and patient-related factors such as
gender, age, education and SES (Pedersen, Vinter, & Olsen, 2004; Plowman et al., 2012).
Analyses of inter-correlation matrices of results across modalities suggest that performance on one modality is signiﬁcantly correlated with the performance on all other
modalities, which indicates that stroke aﬀects language on a general level. Nevertheless,
impairment on certain modalities can be more or less expressed in a given individual.
Despite its dependence on the number of items in tasks, correlations between the
measured impairment on Language Battery modalities and self-perceived disability
among PwA are not high and suggest that the actual impairment can explain less
than 50% of the variance in perceived disability. This is consistent with the ﬁndings
from other studies (see Howard et al., 2010 for a review of studies) and indicates that the
degree of impairment is only one of many factors that determine the degree of
experienced disability (Howard et al., 2010).
Also consistent with other research was the ﬁnding that perceived disability in one
area is not more closely related to the actual level of impairment in that speciﬁc area in
comparison to the impairment in other modalities. As Howard et al. (2010) suggest, the
perceived degree of disability in any one modality is generally more closely related to
the measured degree of overall aphasic impairment than the measured impairment in
a speciﬁc task. On the whole, it might be concluded that the scores of PwA on the
Language Battery tasks included in the CAT are just one (and perhaps a less signiﬁcant)
possible predictor of an individual’s perceived disability and perceived impact of aphasia
on everyday life. When comparing two individuals with diﬀering aphasia severity, it is
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not uncommon to observe an individual with less objective impairment with a higher
level of self-perceived disability and poorer self-image than an individual with a more
serious impairment. This is rather important to keep in mind when planning therapy and
setting therapeutic goals for PwA.
The primary advantage of the CAT-HR is its extensiveness in adult language
assessment for the Croatian-speaking population. It includes a range of tasks – from
spoken to written language and from word to discourse level – that are based on
a controlled and ordered set of items. This diagnostic tool aims to describe languagerelated outcomes for PwA and to provide information about an individual’s strengths
and weaknesses across diﬀerent language tasks (Howard et al., 2010). However, data
from the CAT-HR must be integrated with other non-language data (i.e., that related
to motor skills, articulation, elements of speech, and comorbidity of dysarthria and
apraxia) that should be collected using other materials, tests and procedures. Apart
from its clinical value, the CAT-HR oﬀers great research value in that it allows for
studies in aphasia research that aim to examine the underlying causes of this condition as well as cross-linguistic comparison studies or studies with bilingual speakers
with aphasia. Together with the advantages previously described (i.e. the test’s
comprehensiveness and sound psychometric properties), these added beneﬁts allow
the authors to conclude that the CAT-HR overcomes issues related to economic
burdens and the lack of public awareness that inevitably exist in small countries
such as Croatia.

5. Limitations and future research
Despite the valuable data gathered, there are certain limitations to this study, primarily
related to the lack of psychometric data on test-retest, to further demonstrate its
reliability. Future studies should also observe whether the test (and the Language
Battery in particular) is suﬃciently sensitive to detect changes in performance of PwA
over time. Findings of that sort could also bear an important clinical implication. Namely,
they could indicate whether re-assessment using the same materials has the desired
clinical value.
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