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Summary

The existing literature on bilingual aphasia is limited, especially in investigating verbal semantic
and letter fluency. The present study, in which fluency impairment variations of fluent and
non-fluent bilingual people with aphasia (bPWA) are studied, is part of a larger-scale research.
The study aimed to investigate performance variations in executive functions and verbal
fluency among fluent and non-fluent bPWA compared to healthy participants. A total of 26
participants were recruited, including 6 fluent and 2 non-fluent bPWA, as well as 18 bilingual
healthy participants (HB). The results indicated significant letter fluency and switching
impairment in both aphasia groups, with non-fluent bPWA exhibiting more pronounced
deficits. The findings contribute to the understanding of verbal fluency impairments in fluent
and non-fluent bPWA and highlight the need for tailored therapeutic interventions and further

exploration of cognitive and lexical deficits in bilingual aphasia.
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1. INTRODUCTION

It is now widely recognised that more than half of the global population is bilingual
(Ardila & Ramos, 2007; Grosjean & Li, 2013), which has resulted in a marked rise
in the incidence of bilingual aphasia (Ansaldo & Saidi, 2014; Gitterman et al., 2012).

Bilingual aphasia is a condition in which an individual who is fluent in two or more
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languages experiences language deficits in both languages following brain damage
(Gitterman et al., 2012) and it can be classified into two types of impairments:
parallel and selective (Fabbro, 2001). Parallel impairment occurs when both languages
of a bilingual person are affected to a similar extent. Selective impairment, on the
other hand, refers to a situation where one language is more affected than the other
(Gitterman etal., 2012). In the case of aphasia subtypes, a broadly accepted distinction
is made between fluent and non-fluent categories (Chapey, 2008). Fluent aphasia is a
condition where the ability to comprehend spoken words is impaired, while the ability
to produce connected speech remains relatively unaffected. However, speech is often
incoherent and may contain irrelevant words, especially in severe cases (Hedge, 2024).
In contrast, non-fluent aphasia is a condition that is characterised by severely impaired
language production, while the ability to comprehend spoken words remains relatively
intact (Clough & Gordon, 2020; Hedge, 2024).

Verbal fluency tasks are frequently used to investigate the correlation between
executive and language function in healthy adults (Hughes & Bryan, 2002; Patra
et al.,, 2019) and clinical populations (Bittner & Crowe, 2007; Carpenter et al.,
2020; Faroqi-Shah et al., 2018; Henry et al., 2004; Wauters et al., 2020). Executive
functions are a set of top-down mental processes that are essential for tasks that require
concentration and attention. These processes are particularly important when going
on procedural automatism or relying on instinct or intuition would be insufficient
or impossible (Diamond, 2013). The influential model proposed by Miyake and
colleagues (2000) consists of three distinct components of executive functions,
such as updating, inhibition and shifting. Miyake and colleagues argued that these
components represent core processes underlying executive functions and can be
measured separately (Friedman & Miyake, 2017; Friedman et al., 2008; Miyake &
Friedman, 2012; Miyake et al., 2000). Verbal fluency tests usually include semantic
and letter fluency tasks, where participants are requested to produce as many different
words as possible within a fixed period of time, usually under one minute (Bose et
al., 2022). In terms of the letter fluency task, participants are requested to generate
as many distinct words as possible that begin with a given letter (e.g. M) or phoneme
(/b/) (Patraetal., 2020). In the semantic verbal fluency task, participants are requested
to access the pre-existing connections in their mental lexicon associated with the
given category to produce words. However, it is worth noting that in the letter verbal
fluency task, participants are required to produce words beginning with a specific
letter/phoneme while suppressing the activation of related semantic concepts (Patra
et al., 2020). Studies have shown that such activation can have a detrimental effect
(Friesen et al., 2014; Luo et al., 2010).
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Research examining the relationship between executive functions and verbal
fluency tasks has indicated that successful performance in verbal fluency tasks relies on
both lexical and executive abilities (Bittner & Crowe, 2007; Patra et al., 2020; Shao
et al., 2014). In case of aphasia, numerous studies have found that people diagnosed
with aphasia produce a limited number of answers in verbal fluency tasks (Bose et al.,
2017; Kiran et al., 2014), likely due to a combination of lexical deficits and executive
control difficulties. While lexical deficits have been proposed as the primary cause,
recent research also implicates executive control impairments as an underlying factor
(Bose et al., 2017, 2022; Faroqi-Shah et al., 2018; Patra et al., 2020). In bilingual
aphasia, the number of studies investigating verbal fluency and executive control
processes is rather limited (Carpenter et al., 2020; Faroqi-Shah et al., 2018; Kiran et
al., 2014; Patra et al., 2020). This is particularly evident in the context of comparing
semantic and letter fluency, however, research has demonstrated that a comparison
between the two can provide a more comprehensive insight into the role of executive
control processes in verbal fluency tasks (Bose et al., 2022; Friesen et al., 2014; Patra et
al., 2020). These studies moved beyond the traditional approach of examining verbal
fluency tasks in aphasia, as they included further variables beyond only calculating
the number of correct answers. For instance, by calculating the fluency difference
score (Bose et al., 2022; Friesen et al., 2014; Patra et al., 2019, 2020), searching
within a subcategory (Patra et al., 2019), examining switching from a subcategory
to another (Troyer et al., 1997), which all demand higher executive control demands
to perform successfully. Furthermore, the literature on verbal fluency has identified
mean retrieval latency as an important variable (Friesen et al., 2014), it has linked
longer mean retrieval latency with fewer correct responses to greater cross-linguistic
interference in healthy bilingual population. The fluency difference score (FDS),
which represents the difference between performance on the two conditions, has
been proposed as a measure of executive abilities in healthy individuals. Specifically,
a smaller difference score as a proportion of the semantic fluency score has been
associated with superior executive functioning (Friese et al., 2014). Studies comparing
semantic and letter verbal fluency tasks have revealed significant differences in healthy
and clinical population between the two. While most studies found that the letter
verbal fluency task places a greater demand on executive functions (Bose et al., 2022;
Friesen et al., 2014; Patra et al., 2019, 2020; Shao et al., 2014; Thiele et al., 2016) a
few found the opposite (Gordon et al., 2018; Whiteside et al., 2016), therefore further
research is needed to investigate verbal fluency, especially in the domain of aphasia. In

case of semantic fluency task in bilingual aphasic patients, Kiran et al. (2014), found
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that bilingual patients with aphasia produced fewer correct number of answers and
switching than healthy bilinguals while both groups used similar clustering strategies.
Furthermore, Kiran et al. (2014) did not find cross-linguistic differences at the
group level in individuals with bilingual aphasia (despite parallel impairment), only
in healthy bilingual controls. In case of healthy controls, they demonstrated better
performance in their dominant language, aligning with the hypothesis that the non-
dominant language imposes greater cognitive demands, resulting in reduced verbal
output (Kiran et al., 2014).

In the bilingual aphasia literature significant progress has been made in
investigating the role of lexical and executive control in verbal fluency along with
independent measures of executive functions (Carpenter et al., 2020; Faroqi-Shah et
al., 2018; Patra et al., 2020). Faroqi-Shah et al. (2018) investigated the relationship
between cognitive control, word retrieval in aphasia. The study included participants
with monolingual (N= 18) and bilingual aphasia (divided into two subgroups,
N= 10 in each group) in the chronic phase of recovery as well as matching control
groups comprised of neurologically healthy monolingual and bilingual participants
of corresponding ages, sex and educational backgrounds. All bilingual participants
(Tamil-English) demonstrated a high level of proficiency in bilingualism. The results of
the Western Aphasia Battery (WAB) indicated that participants with bilingual aphasia
exhibited parallel impairment with regard to their L1 and L2, moreover, both the
monolingual and bilingual aphasics exhibited a moderate degree of impairment with
different subtypes of fluent and non-fluent aphasia. The study employed the semantic
verbal fluency task, object naming and the Stroop task. The results indicated that
no correlation between the semantic verbal fluency and the Stroop task was found.
However, a strong correlation was observed between object naming and the semantic
verbal fluency task. It has been suggested that the absence of a correlation between
inhibitory control and semantic fluency may be due to the impaired executive control
abilities of people with aphasia for whom word retrieval is no longer possible (Faroqi-
Shah et al., 2018).

Carpenter et al. (2020) investigated 13 individuals with bilingual aphasia
(Spanish- English) and 22 healthy bilingual controls in verbal semantic fluency task in
four conditions: No-Switch in L1, No-Switch in L2, Self-Switch and Forced Switch.
The bilingual individuals with aphasia were in the chronic phase of recovery, with
eleven having acquired aphasia from stroke, one from traumatic brain injury, and one
from a brain tumour. Carpenter et al. (2020) found that bilingual individuals with
aphasia were more vulnerable to the impact of the executive functions demand in




GOVOR 42 (2025), 2 157

verbal fluency tasks in comparison to the healthy control groups. Furthermore, when
examining cross-linguistic difference in the letter fluency task, the study indicated
that bilinguals with aphasia did not exhibit such difference, unlike healthy bilingual
controls. According to Carpenter et al. (2020) this absence of cross-linguistic variation
in the aphasia group suggests that heightened executive control demands may
impede performance in bilingual individuals with aphasia. Additionally, they found
that bilinguals with aphasia experienced greater difhiculty in the forced-switched
condition, which placed greater demand on the executive control mechanism, while
they performed similarly to healthy participants in easier self-switch task (Carpenter
et al., 2020).

Patra et al. (2020) investigated the role of executive control processes in verbal
semantic and letter fluency as well as independent measures of executive control
(Stroop task, Trail Making Test and backward digit span) in eight Bengali-English
bilingual individuals with aphasia. All participants were diagnosed with non-fluent
aphasia types from severe to mild impairments in both languages as well as were in
the chronic phase of recovery. They examined not only the number of correct answers
but also the fluency difference score, cluster size, number of switches, within cluster
pauses, between cluster-pauses as well as 1sr-RT and Sub-RT. The results indicated that
bilingual participants with aphasia performed poorly in the verbal fluency measures,
where executive control demands were higher (e.g. letter fluency, FDS, number of
switches and between cluster-pauses). Furthermore, their findings were reinforced by
correlational analysis, which revealed a significant relationship between Stroop ratio
and backward digit span as well as verbal fluency variables (e.g. number of correct

answers, number of switches and 1 st-RT).

1.1 The present study

The aforementioned studies have significantly advanced our understanding of the
relationship between executive functions and verbal fluency performance in bilingual
individuals with aphasia. However, these studies primarily examined bilingual
aphasia at the group level, including participants with only non-fluent aphasia or
those exhibiting different fluency patterns with similar impairment levels. While they
conducted individual-level analyses, they neglected to focus on performance differences
across fluent and non-fluent aphasia types. Understanding the nuances between
fluent and non-fluent aphasia subtypes is essential for developing tailored therapeutic

interventions and enhancing our comprehension of the cognitive-linguistic interface




158 A. Kiss: Verbal fluency in fluent and non-fluent aphasia 153-183

in bilingual aphasia. Therefore, the present study aimed to investigate performance
variations in executive functions, verbal semantic and letter fluency among fluent
and non-fluent bilingual individuals with aphasia, in comparison to healthy bilingual
participants.

Verbal fluency performance is typically assessed by the total number of acceptable
words generated during the allotted time, as well as the temporal parameters, such as
the number of words produced in shorter time segments within the total duration. The
aim was to investigate the degree of word retrieval deficits experienced by individuals
diagnosed with fluent and non-fluent aphasia. It was anticipated that both bPWA
groups would demonstrate lower overall accuracy in semantic and letter fluency tasks
relative to the healthy bilingual participants due to the impact of aphasia on word
retrieval. Although the degree of this difference was expected to vary between the
two aphasia groups. Additionally, both the aphasic and healthy groups were expected
to demonstrate poorer performance in the letter fluency task, as it requires greater
engagement of executive control processes (Bose et al., 2017, 2022; Carpenter et
al., 2020; Patra et al., 2020). Regarding cross-linguistic comparison in the semantic
fluency task, it was expected that both aphasia groups would demonstrate similar
performance, without significant cross-linguistic differences, in contrast to healthy
bilinguals (Kiran et al., 2014; Patra et al., 2020).

The study also examined how the two aphasia groups differed from the healthy
bilingual participants in the distribution of responses across the four-time intervals.
It was hypothesized that the distribution of correct responses across the four intervals
would significantly differ between the two aphasia groups and the healthy bilingual
participant, although the degree of this difference was expected to vary between the two
aphasia groups. Furthermore, it was investigated whether errors, such as repetitions
and responses outside the target category, were more common in the aphasia groups.

Finally, the Trail Making Test was used to examine possible impairments in
executive functions. The study hypothesized that both fluent and non-fluent bilingual
individuals with aphasia would experience difficulties in the Trail Making Test,
particularly in Part B. However, the degree of the difference was expected to vary
between the two aphasia groups. Even if the fluent bPWA group exhibited relatively
better performance compared to the non-fluent participants, it was anticipated that
the fluent bPWA group would still show a greater TMT difference score compared to

healthy bilingual individuals, indicating potential deficits in switching abilities.
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2. METHODS
2.1 Participants

All participants with bilingual aphasia had suffered a cerebrovascular accident.
Clinical criteria for aphasic participants included: (1) signs of aphasia as indicated
by their performance during the Western Aphasia Battery (WAB) in both languages
(Kertesz, 1982), (2) at least 6 months post-onset of their stroke, (3) premorbid right-
handedness. The bilingual aphasia group included 8 participants, with demographic
details presented in Table 1. Participants’ ages ranged from 44 to 81 years, with a mean
age of 63.5 years (SD=13.02). This group included 3 males and 5 females, educational
background measured in years from 11 to 20 years (M= 13.38 years, SD= 3.20). The
participants were classified into different educational levels: three participants with
secondary education (bPWAI1, bPWA3, bPWA?7), three with vocational education
(bPWA4, bPWAG, bPWAS) and two with higher education (bPWA2, bPWAS).
The post-onset days varied from 184 to 8978 days, with a mean of 2641.13 days
(SD= 3835.87). Six participants were classified as fluent, and two individuals were
classified as non-fluent based on the WAB performances and evaluations of (former)
speech-language pathologists. Regarding aphasia types, five participants were classified
asanomic (bPWA1, bPWA2, bPWA3, bPWA4, bPWAS5), one as conduction (EPWA7)
and two as global (bPWAG, bPWAS) based on evaluation of the speech-language
pathologists who participated in the assessments. The participants’ first language
(L1) was either Croatian (CRO) or Hungarian (HU), while their second language
(L2) (Hungarian, Slovakian, German) was acquired at varying ages (see Table 1 for
details). All participants were interviewed about their language background using the
Hungarian version of the Bilingual Aphasia Test (Paradis, 1989; adapted to Hungarian
by Ldbas-Weber, n.d.) questionnaire (language acquisition history, language of
instruction, language usage and dominance) in the presence of the author of this study
and speech-language pathologists, which showed thatall bilinguals used their languages
parallelly both before and after the stroke incident. In case of severe cases of aphasia,
family members provided the necessary information about the language background.
Specifically, participants bPWA1, bPWA2 and bPWA3 was born in Hungary and lived
in small towns speaking Croatian in a small community. The language of instruction
at school was Hungarian and Croatian language was also taught. They acquired
Croatian as their L1 and their L2 was Hungarian at the age of six and three. The home

language was Croatian, they used Hungarian at school and workplaces. Participants
bPWAS5, bPWAG, bPWA7 and bPWAS were born in Slovakia in small towns still
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speaking Hungarian. They first acquired Hungarian and Slovakian at the age of 3 and
6. The language of instructions at school was Hungarian for participants bPWAG and
bPWAS and Slovakian for bPWA5 and bPWA7. The home language was Hungarian,
while they used Hungarian and Slovakian at school and work. Participant bPWA4 was
born in Hungary and moved to Germany at the age of 30, the language of instruction
was Hungarian. He used Hungarian as home language and German at work on a
daily basis. Participants bPWA1, bPWA2, bPWA3, received only speech therapy in
Hungarian, while bPWA4, bPWAS5, bPWAG, bPWA7 and bPWAS in both languages.
Parallel impairment was observed in all cases of aphasic participants, as determined by
the evaluation of the speech-language pathologists and the WAB results. The Aphasia
Quotient (AQ) of the WAB is presented in Table 1 for both languages.
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The healthy bilingual group consisted of 18 participants, whose demographic
characteristics are presented in Table 2. Participants’ ages ranged from 46 to 80
years, with a mean age of 65 years (SD= 9.80). The group involved 13 females and
5 males and had educational attainment ranging from 8 to 30 years (M= 13.17
years, SD= 5.51). Similarly to the bilingual aphasia group, the participants had their
first language (L1) as Croatian (CRO) or Hungarian (HU) and had acquired their
second language (L2), Hungarian or Croatian or Slovakian (SK) or German (DE),
at varying ages. This group served as a reference for the bilingual aphasia group. All
participants (bPWA and HB) provided informed consent, and the confidentiality of

data was maintained by assigning unique identification number to each participant.

Table 2. Neurologically healthy bilingual participant details

Participants  Age Sex Education in years Education level L1 AoA Ll L2 AoA 12
HB1 62 female 12 secondary CRO  frombirth HU 3

HB2 63 female 11 vocational CRO  frombirth HU 3

HB3 66 female 16 higher education  CRO from birth HU 3

HB4 66 female 14 vocational CRO from birth HU 6

HB5 67 female 8 clementary CRO  frombirth HU 6

HBG 67 female 16 higher education  CRO ~ frombirth HU 6

HB7 71 female 8 elementary CRO  frombirth HU 3

HB8 72 male 8 elementary CRO from birth HU 3

HBY 72 male 11 vocational CRO  frombirth HU 6

HB10 76 female 8 clementary CRO from birth HU 6

HB11 77 female 11 vocational CRO from birth HU 6

HB12 69 male 11 vocational HU from birth ~ DE 30

HB13 50 female 18 higher education  HU from birth ~ SK from birth
HB14 80 female 8 elementary CRO  frombirth HU 6

HBI15 60 female 30 doctorate HU  frombirth ~ CRO  from birth
HB16 46 female 18 higher education  HU ~ frombirh ~ CRO  from birth
HB17 47 male 17 higher education  CRO ~ frombirth ~HU 3

HBI18 59 male 12 secondary HU  frombith CRO 23

Mean 65 13.17 6.28

SD 9.80 5.51 7.77

min-max 46-80 8-30 0-30
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2.2 Assessment tools

The letter and semantic fluency tasks were administered from the Hungarian version
of the Addenbrooke’s Cognitive Examination (Dudis et al., 2002). In the semantic
fluency task, the participants were required to name as many animals as they could in
one minute. In the letter fluency task, the participants had to name as many words
as they could with the letter ‘M’, except names, cities and countries in one minute.
Potential impairments in inhibition, working memory and cognitive flexibility were
investigated in people with aphasia. The maximum available score in the fluency
tasks was 7 in both tasks. In the case of the semantic fluency task, if the participant
generated more than 21 words, they received a score of 7. A score of 6 was given for
word count between 17 and 21, while a score of 5 was assigned for generating 14
and 16 words. For further details, please refer to Table 3. In the letter fluency task,
participants who generated a word count exceeding 17, they received a score of 7.
Participants who generated between 14 and 17 words earned a score of 6. For further
details of the scoring system of the letter fluency task, please refer to Table 3. The
distribution of responses across 15-second intervals was also compared between both
aphasic and healthy participants (only in the Hungarian version). Additionally, it was
also investigated whether errors such as out-of-category responses and repetitions were
more common in the aphasic groups. The semantic fluency task was assessed in both
languages (CRO/SK/DE from the WAB test), while letter fluency was assessed in

Hungarian.

Table 3.  The scoring system of the letter and semantic fluency tests

Letter fluency Semantic fluency Score
> 17 >21 7
14-17 17-21 6
11-13 14-16 5
8-10 11-13 4
6-7 9-10 3
4-5 7-8 2
1-3 1-6 1
0 0 0
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The Trail Making Test (TMT) is a widely used clinical task for the evaluation
of cognitive flexibility impairment in participants with aphasia. The test assesses the
capacity to shift between sets, requiring the participant to connect an alternating
series of numbers and letters. Failure to shift attentional set results in a pattern of
perseveration, whereby the individual continues to select based on the previously
successful or overlearned set. Performance in the TMT is sensitive to the frontal lobe,
particularly to the lateral frontal lobe (Egner, 2017). It consists of two parts. In part A,
the participants had to draw a line (on paper using pen/pencil) connecting consecutive
numbers (from 1 to 25), while in part B, they had to join numbers and letters together
in an alternating progressive sequence (McMorris, 2016). In both parts, response
times were recorded in seconds, along with the number of errors made in each part.
In the case of non-fluent forms of aphasia, the examiner stopped the assessment if
the participant was unable to progress, particularly in Part B. In such cases, only the
number of errors was documented. Although participants unable to complete Part B
are often marked as taking 301 seconds in Trail Making Test interpretations, the present
study included participants in the fluent aphasia group who successfully performed
the task in over 301 seconds. Consequently, for non-fluent participants, the number
of mistakes was analysed instead of assigning the 301-second mark. Additionally, for
individuals with fluent bilingual aphasia, it was possible to calculate the Trail Making
Test difference and ratio scores. The TMT difference (TMTB-TMTA) score has been
proposed as the optimal measure of task switching ability (Sdnchez-Cubillo et al.,
2009), while the TMT ratio (TMT B/TMT A) is suggested to mitigate the influence
of perceptual speed to some extent (Lamberty et al., 1994; Salthouse, 2011). TMT
was used to measure visual attention, working memory and cognitive flexibility. While
the TMT is frequently employed as a non-linguistic assessment, it is important to
recognize that its reliance on letter sequencing necessities linguistic competence.
Consequently, when interpreting TMT results, the potential influence of aphasia on

linguistic abilities should be considered.

2.3 Procedures

Participants with bilingual aphasia were recruited from a variety of sources. The
recruitment was conducted via three principal channels: (a) institutional, (b) private
speech and language therapists, (c) individual. Aphasia subtypes in both languages
were assessed by highly experienced speech-language pathologists.
a) Institutional recruitment: Some participants were recruited from rehabilitation
centres and hospitals, who were approached in collaboration with rehabilitation
departments where speech therapists identified suitable candidates based on
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predefined inclusion criteria. The individuals bPWA2, was recruited from the
Sopron Erzsébet Teaching Hospital and Rehabilitation Institute in Hungary
(Soproni Erzsébet Oktaté Koérhdz és Rehabilitdciés Intézetr). The hospital
provided a speech therapist as well as a bilingual psychologist for the Croatian
tests, in addition to a quiet and private room for the assessments. The speech
therapist conducted the Hungarian test, while the Croatian test was carried out
by the bilingual psychologist. Both the Hungarian and Croatian assessments
were conducted in the presence of the author of this study. The hospital director
of the Rehabilitation Institute in Sopron gave written permission (reference
number: 543-2/2023) for the author of this study to enter the Institution
and make use of the speech therapy room to conduct assessments. Participant
bPWAS5 was recruited from Penta Hospitals, (Nemocnica Dunajskd Streda) in
Slovakia. The director of the hospital gave written authorisation to the author
of this study to enter the Institution and make use of the speech therapy
room to conduct assessments. The hospital provided a speech therapist and a
suitable room for the assessments. Since the speech therapist was bilingual (L1
Hungarian, L2 Slovakian), all the tests were conducted in the presence of the
speech therapist and the author of this study.

b) Private speech therapists: Additional participants were recruited through a
Hungarian-Slovakian private speech therapist (bPWAG, bPWA7, bPWAS). The
speech-language pathologist helped in the process of identifying individuals
who were actively seeking therapy and met the eligibility requirements of
the study. Written informed consent was obtained from both the therapists
and participants prior to collecting data. The speech-language pathologist
conducted both the Hungarian and Slovakian assessments in the presence of
the author of this study.

¢) Individual recruitment: Participant bPWA1 and bPWA3 were recruited on an
individual basis, who had completed a course of formal speech therapy and
was no longer receiving regular treatment. The individuals were approached
directly, through support groups for people with aphasia with the help of a
highly experienced speech-therapist who was willing to help the assessments
voluntarily. Data for these individuals was collected in their homes to ensure
a comfortable and familiar environment, thereby facilitating a more effective
assessment. The assessments were conducted in the presence of, a speech
-language pathologist, a Croatian Hungarian interpreter and the author of

this study. All participants provided written informed consent.
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The assessments were performed in several sessions and every participant
was tested individually. All procedures were conducted in accordance with ethical
guidelines, ensuring that the participants were fully informed of the study’s purpose
and their right to withdraw their participation at any time. The WAB tests were
administered in both languages and were administered on two different occasions. All

sessions were recorded with digital voice recorder.

2.4 Data analysis

In the present study for statistical analysis, the Kolmogorov-Smirnov (KS) test, a
non-parametric and distribution-free test that imposes no assumptions regarding the
underlying data distribution, was used. Specifically, the two-sample KS test with a
one-sided alternative hypothesis for stochastic dominance was employed. Unlike the
Mann-Whitney U test, which primarily evaluates differences in central tendencies
between two populations, the KS test considers the entire distribution of data (Dodge,
2008). In the case of discrete data, the KS test tends to be conservative, as noted in
previous studies (Noether, 1963; Slakter, 1965; Walsh, 1963). The study employed
the SciPy library’s implementation (Virtanen et al., 2020), specifically with the kstest
function. The KS test was used to investigate performance differences in verbal fluency
and the TMT between fluent bPWA and HB, as well as between non-fluent bPWA
and HB groups.

For the analysis of paired samples, the Wilcoxon signed-rank (WSR) test, a
non- parametric method to assess the significance of differences in paired data was
employed, which was also performed using a one-sided alternative hypothesis to
evaluate stochastic dominance. The calculations were implemented using the wilcoxon
function from the SciPy Library (Virtanen et al., 2020). This implementation uses
permutation tests for samples with ties. In the present study, the Wilcoxon signed-
rank test was employed to analyse performance differences between semantic and
letter fluency tasks across all groups, as well as to compare differences in semantic

fluency task performance between the languages within each group.
3. RESULTS

The findings presented in this study are based on the test results of the fluent and non-
fluent bilingual aphasics compared with the bilingual participants’ performance in the
reference group. The individual scores as well as the mean and standard derivations (SD)
for the verbal fluency tests and the Trail Making Test along with the result of the statistical
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analysis are presented in Appendix A-D. The findings regarding the group differences
in verbal fluency are presented first, followed by the detailed results of the Trail Making
Test, which was used to examine potential impairments in switching ability.

3.1 Group differences in verbal letter and semantic fluency

In the Hungarian versions of the verbal fluency tasks, differences between fluent
bPWA and healthy bilingual participants were found in terms of the scores of total
number of correct answers in the letter fluency task (refer to Figure 1) (luent bPWA:
M= 2.5, SD= 1.22; HB: M= 5, SD= 1.50), while the semantic fluency task did not
reveal any group differences in the total number of correct answers (fluent bPWA:

M= 4, SD= 2.53; HB: M= 6.39, SD= 0.98).

Fluent: Letter fluency - score out of 7

1.0
—— bPWA
—— bHP

0.8

Proportion
o
o

o
FS

0.2

——

il 2 3 4 5 6 7
score out of 7

KS: p=0.0055; bPWA < bHP; n; =6, n,=18

0.0

Figure 1. Comparison of the fluency scores in the Hungarian version of the letter
fluency task between fluent bilingual aphasics and healthy bilingual
participants

Further analysis of answer distribution in the semantic fluency task, across
four 15 second intervals, indicated that while overall performance was similar, the
distribution of answers during varied between fluent bPWA and HB in the first and
second intervals, but not in the subsequent intervals. In the letter fluency task, fluent
bPWA demonstrated significantly lower performance compared to HB across all time
intervals. The non-fluent participants performed both fluency tasks poorly and the
comparison between non-fluent bPWA and HB revealed significant differences in
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both fluency tasks, as well as in all the four intervals for both semantic and letter
fluency tasks. The analysis of repetitions and out-of-category responses did not reveal
any significant differences in any group comparison for the semantic and letter fluency
tasks, suggesting that while both aphasias groups struggled with overall fluency, their
patterns of repetition and category errors were not statistically different from those of
healthy bilinguals.

Furthermore, the comparison between semantic and letter fluency tasks within
both bPWA groups and the HB group revealed no significant differences within the
fluent and non-fluent aphasia groups. However, the HB group exhibited a significant
difference, with better performance in the semantic fluency task compared to the

letter fluency task (see Figure 2).

o bHP - Semantic fluency vs. Letter fluency

—— Semantic fluency
—— Letter fluency

0.8

o
o

Proportion

o
NS

0.2

0.0
2 3 4 5 6 7
score out of 7

WSR: p=0.0007; Semantic fluency > Letter fluency; n=18

Figure 2. Comparison of semantic and letter fluency tasks in the healthy bilingual
reference group

Finally, in the Croatian, Slovakian and German versions of the semantic fluency
test, no significant cross linguistic differences were observed in either the fluent or
the non-fluent bPWA groups. However, the HB group showed significantly better

performance in the Hungarian version of the semantic fluency task.

3.2 Group differences in the Trail Making Test

The analysis revealed statistically significant difference in RT between fluent bPWA
and HB in both TMT-A and TMT-B demonstrating that fluent bPWA needed
significantly longer time to complete the task than HB (refer to Figures 3-4). Regarding
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the non-fluent participants, the study only analysed the RT in TMT-A due to the fact
the non-fluent bPWA were unable to solve part B. As a result, the number of mistakes
were also analysed in both parts. The analysis revealed significantly longer RTs in the
TMT-A for the non-fluent bPWA group compared to the HB group (refer to Figure
5). In terms of error analysis, in Part A, only the non-fluent bPWA group performed
significantly worse compared to the HB group, while the fluent bPWA group did
not show significant differences, suggesting that despite their significantly slower
performance, their accuracy remained intact. In contrast, in Part B, both the fluent
and non-fluent bPWAs made significantly more errors than the HB group. The TMT
ratio and difference were calculated for the fluent bPWA, as the necessary RT data was
missing for the non-fluent bPWA group. The TMT ratio scores showed no statistically
significant difference between fluent bPWA and healthy controls (Huent bPWA:
M=2.73,SD=1.11; HB: M=2.63, SD=1.02), suggesting that both groups experienced
the expected pattern of longer times on TMT-B compared to TMT-A. In contrast, the
TMT difference scores revealed a significant difference, with fluent bPWA exhibiting
notably higher scores than the reference group (luent bPWA: M= 149.17, SD= 83.92;
HB: M= 74.50, SD= 66.34) suggesting impairment in switching abilities.

- Fluent: TMT-PART A - RT in sec

—— bPWA
—— DbHP

0.8

Proportion
(=]
o

o
»

0.2

0.0
20 40 60 80 100 120 140 160
RT in sec

KS: p=0.00021; bPWA > bHP; n;=6,n>,=18

Figure 3. Comparison of RT in the TMT-A between fluent bilingual aphasics and
healthy bilingual participants
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Figure 4. Comparison of RT in TMT-B between fluent bilingual aphasics and
healthy bilinguals
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Figure 5. Comparison of RT in TMT-A between non-fluent bilingual aphasics and
healthy bilinguals
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4. DISCUSSION

The present study sought to elucidate the performance variations in executive
functions, verbal semantic fluency, and letter fluency among bilingual people with
aphasia (bPWA), specifically comparing fluent and non-fluent aphasia groups with
healthy bilingual participant. The results indicate significant performance deficits
in both aphasia groups compared to healthy controls, particularly in tasks requiring
greater executive control, such as letter fluency.

The findings from the semantic and letter verbal fluency tasks elucidate significant
differences in verbal fluency capabilities between the participants with fluent and non-
fluent bilingual aphasia and healthy bilingual participants. The structured assessment
over four 15-second intervals provided a nuanced understanding of how fluency
performance fluctuates over time, revealing not only the overall proficiency of each
group but also the challenges faced by the aphasia groups in maintaining consistent
output. In both fluency tasks, both fluent and non-fluent participants with aphasia
generated fewer responses compared to healthy participants which is in concurrence
with aphasia literature which has shown that individuals with aphasia tend to have
difficulties in lexical retrieval and production (Bose et al., 2017, 2022; Faroqi-Shah
et al., 2018; Kiran et al., 2014; Patra et al., 2020). While the semantic fluency task
did not reveal significant differences between the fluent bPWA and healthy bilingual
participants, although a trend towards lower performance was noted. The non-fluent
bPWA group, on the other hand, performed significantly worse across both fluency
tasks. This stark contrast highlights the profound impact of non-fluent aphasia on
verbal output. The anticipated poorer performance in letter fluency compared to
semantic fluency was confirmed, as both bPWA groups and the HB group exhibited
lower scores in the letter fluency task, reinforcing the notion that letter fluency tasks
demand greater executive control engagement (Bose et al., 2022; Carpenter et al.,
2020; Patra et al., 2020). The findings demonstrate that both fluent and non-fluent
bPWA exhibited significantly lower performance in letter fluency tasks compared
to healthy bilingual participants. This aligns with prior research emphasizing the
executive demands of letter fluency, which necessitates not only lexical retrieval but
also cognitive flexibility and inhibition (Bose et al., 2017; Carpenter et al., 2020).
The anticipated differences in performance between the two aphasia groups were
confirmed, with the non-fluent bPWA exhibiting more pronounced deficits in both
semantic and letter fluency tasks. The analysis of response distribution across time

intervals in the semantic fluency task revealed that the distribution of responses varied
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significantly in the initial intervals between fluent participants and the reference group.
In the letter fluency task, the fluent aphasia group performed poorly compared to the
reference group in all the four intervals. The non-fluent aphasia group demonstrated
a consistent inability to produce correct responses across all time intervals, indicating
a more pervasive deficit in word retrieval in both fluency tasks. The examination of
errors, including repetitions and out-of-category responses, yielded no significant
differences between the aphasia groups and healthy bilingual participants. The lack
of significant differences in error rates and repetitions between bilingual aphasics and
the reference group further highlights that the primary challenge for participants with
aphasia lies in the quantity of correct responses rather than the quality, suggesting a
more profound disruption in the fluency of language production.

When comparing the performance of bilingual aphasics with the bilingual
reference group in the Trail Making Test, the findings underscored the impact of
aphasia on cognitive performance. The results indicated that both fluent and non-
fluent bPWA groups demonstrated significant impairments in TMT performance
compared to healthy bilingual participants, particularly in Part B of the test. The
fluent bilingual aphasia group exhibited significantly longer response times in both
parts and higher error rate in part B, while similar error rate was observed in part A
compared to their neurologically healthy counterparts. In contrast, the non-fluent
participants demonstrated significant difficulties in both parts of the TMT in terms
of RT and error rate. This outcome is consistent with the literature, which indicates
that individuals with aphasia face considerable challenges in cognitive tasks, reflecting
the underlying language processing difficulties associated with the condition (Aglioti
et al., 1996; Jaillard et al., 2009; Jokinen et al., 2015; Marién et al., 2017; Penn et al.,
2009; Povroznik et al., 2018; Schumacher et al., 2019; Tsiakiri et al., 2024; Turunen,
2017). Even though fluent participants produced correct performance in the TMT-A,
they needed significantly longer time to produce the correct performance compared to
healthy counterparts. Furthermore, both aphasic and healthy participants experienced
the expected pattern of longer times on TMT-B compared to TMT-A. In contrast, the
TMT difference scores revealed a significant difference, with fluent bPWA exhibiting
notably higher scores than the reference group, suggesting impairment in switching
abilities.

5. CONCLUSION

In conclusion, the findings revealed significant performance deficits in both aphasia

groups when contrasted with healthy participants, particularly in tasks that necessitate
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higher levels of executive control, such as letter fluency. The results from the semantic
and letter fluency tasks illustrate marked differences in verbal fluency capabilities
between the fluent and non-fluent bilingual aphasia groups and their healthy
counterparts. The structured assessment conducted over four 15-second intervals
provided a detailed understanding of fluency performance over time, highlighting
not only the overall performance of each group but also the specific challenges faced
by the aphasia groups in maintaining consistent verbal output. The results of the
Trail Making Test showed switching impairments in both aphasia groups. This study
offers valuable insights into the impairment of verbal semantic and letter fluency in
bilingual individuals with aphasia, both fluent and non-fluent. However, it is crucial
to recognize the limitations of the research. For example, the relatively small sample
size restricts the ability to generalize the findings and apply them more broadly. Future
research should aim to investigate the underlying mechanisms that contribute towards
the observed differences in verbal fluency impairments. Furthermore, expanding the
sample size and including a broader range of cognitive assessments could provide a
more comprehensive understanding of the challenges in verbal fluency and executive

functions faced by individuals with bilingual aphasia.
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Appendices

Appendix A.  Comparison of the number of correct answers during each 15-second-

long period in the Hungarian version of the semantic verbal and

letter fluency tasks in bilingual aphasic participants
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bPWA 2
bPWA 3
bPWA 4
bPWA 5
bPWA 6
bPWA 7
bPWA 8

bPWA 1
bPWA 2
bPWA 3
bPWA 4
bPWA 5
bPWA 6
bPWA 7
bPWA 8

0-15 sec

S O © N & W oWwn N

0-15 sec

[ S R o S I = (S TN

Semantic verbal fluency

15-30 sec 30-45 sec 45-60 sec mistakes

S DO &N O O A~

15-30 sec

S = O = N O W

3

S W O OO O M

30-45 sec  45-60 sec

SO O O O O W o =

2

S W O A~ O N O

Letter fluency

1

S b O O O = o~

1

S O O o O = N

mistakes

S O O O NN NN O O

repetition

S = O O W W O O

repetition

S O O O N = O =

max score

6

4
1
1
7
0
5
0

max score

O W O = W W =N




180 A. Kiss: Verbal fluency in fluent and non-fluent aphasia 153-183

Appendix B.  Comparison of the number of correct answers during each 15-second-

long period in the Hungarian version of the semantic verbal and

letter fluency tasks in healthy bilingual participants
Semantic fluency
0-15sec  15-30sec 30-45 sec 45-60 sec mistakes repetition max score
HB1 8 3 4 2 0 0 6
HB 2 10 8 8 3 0 0 7
HB 3 13 4 7 2 2 0 7
HB 4 16 6 6 6 0 0 7
HB 5 10 4 1 3 1 0 6
HB 6 11 7 9 7 0 0 7
HB 7 10 3 5 1 2 0 6
HB 8 9 5 4 2 0 0 6
HB9 7 2 0 4 0 2 4
HB10 9 7 2 5 0 0 7
HB 11 8 2 2 1 0 1 4
HB12 12 10 7 7 0 1 7
HB 13 14 11 7 10 0 0 7
HB 14 3 3 5 2 0 0 6
HB15 10 4 4 4 0 0 7
HB16 7 8 7 5 0 2 7
HB 17 12 5 5 3 0 1 7
HB 18 9 5 5 3 0 1 7
Letter fluency
0-15sec  15-30 sec 30-45 sec 45-60 sec mistakes repetition max score

HB 1 7 3 2 0 0 0 5
HB 2 6 1 1 1 0 1 4
HB 3 5 3 3 0 0 0 5
HB 4 7 3 4 1 0 0 6
HB5 7 2 2 1 0 1 5
HB 6 2 6 4 1 1 1 5
HB 7 3 0 1 0 3 2 2
HB 8 3 0 1 1 0 0 2
HB 9 8 3 1 2 1 3 6




GOVOR 42 (2025), 2 181

Letter fluency
0-15sec  15-30 sec 30-45 sec 45-60 sec mistakes repetition max score
HB 10 4 1 1 2 3 0 4
HB 11 3 3 2 1 1 1 4
HB 12 5 2 4 2 0 0 5
HB 13 8 7 4 4 0 1 7
HB 14 3 2 0 3 1 0 4
HB 15 7 5 6 3 0 0 7
HB16 © 7 5 1 0 1 7
HB 17 5 3 3 5 0 0 6
HB 18 4 4 6 1 0 0 6

Appendix C.  Individual scores in the Trail Making Test for aphasic participants

™LA O MEApypg TMIB . TMT
RT in sec m%mber of Rt in sec m%mber of TMT ratio difference
mistakes mistakes
bPWA1 157 0 335 6 2.13 178
bPWA2 72 0 289 4 4.01 217
bPWA3 69 0 150 2 2.17 81
bPWA4 82 0 222 4 2.71 140
Fl bPWA5 92 0 120 1 1.30 28
uent
bPWA bPWA7 82 2 333 9 4.06 251
Mean 92.33 0.33 241.5 4.33 2.73 149.17
SD 32.72 0.82 92.61 2.88 1.11 83.92
Range
of scores  69-157  0-2 120-335 1-9 1.3-4.06  28-251
(min-max)
bPWAG 165 23 23
bPWAS 158 23 23
Non-  Mean 161.5 23 23
fluent SpD 4.95 0 nodata no data
bPWA Range
of scores  158-165 23 23
(min-max)
HB mean 44.04 0.06 118.51 0.39 2.63 74.50
HB SD 16.78 0.24 77.12 0.85 1.02 66.34
Range of scores 10 ) 27 4 36.61- 3 1.28-4.62 8.1-266

(min-max) 341
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Appendix D.  Results of the semantic fluency tasks in both languages (significant in
bold)
Semantic Letter fluency Semantic fluency
fluency (HU) (HU) total (CRO/SK/DE)
total number of  number of total number of
answers answers answers
bPWA1 18 9 9
bPWA2 13 3 6
bPWA3 5 6 0
Fluent bPWA4 6 7 2
bPWA5 23 2 23
bPWA7 14 6 6
Mean 13.17 5.5 7.67
SD 6.91 2.59 8.16
bPWAG 0 0 0
Non-fluent bPWAS 0 0 0
Mean 0 0 0
SD 0 0 0
HB Mean 24.33 12.61 15.39
SD 8.34 5.14 3.27
Semantic versus letter fluency Semantic fluency (HU) versus (CRO/SK/
(HU) DE)
Total number of correct answers  Total number of correct answers
fluent
bPWA  W=16,p >.100 W=19.5, p= 062
(N=06)
non-fluent
bPWA  W=1.5,p>.100 W= 1.5,p >.100
(N=2)
HB W:llsfi" p= 001 W= 168, p= .001
(N=1g)  jemantic fuency > HU > CRO/SK/DE

letter fluency
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Appendix E.

Results of the statistical analysis in verbal fluency tests, as well as in

TMT in both aphasia groups compared to the bilingual reference

group (significant in bold)

Fluent bPWA (N= 6)
versus HB (N= 18)

Non-fluent bPWA (N= 2)
versus HB (N= 18)

Semantic fluency: total number of
correct answers (HU)

Letter fluency: total number of
correct answers (HU)

Semantic fluency (HU): 0-15 sec
Semantic fluency (HU): 15-30 sec
Semantic fluency (HU): 30-45 sec

Semantic fluency (HU): 45-60 sec

Semantic fluency (HU):
repetitions

Semantic fluency (HU): answers
out of category

Letter fluency (HU): 0-15 sec
Letter fluency (HU): 15-30 sec
Letter fluency (HU): 30-45 sec

Letter fluency (HU): 45-60 sec

Letter fluency (HU): repetitions

Letter fluency (HU): answers out
of category

TMT-A RT in sec
TMT-A number of mistakes
TM-B RT in sec

TMT-B number of mistakes

KS: D= 0.556, p= .051

KS: D= 0.722, p=.005
bPWA < HB
KS: D= 0.889, p < .001
bPWA < HB
KS: D= 0.722, p=.005
bPWA < HB

KS: D= 0.556, p= .051
KS: D= 0.556, p= .051
KS: D=0.333, p >.100

KS: D=0.333, p >.100

KS: D= 0.611, p= .027
bPWA < HB
KS: D= 0.611, p=.027
bPWA < HB
KS: D= 0.667, p= .013
bPWA < HB
KS: D= 0.722, p= .005
bPWA < HB
KS: D= 0.056, p >.100

KS: D=0.222,p >.100

KS: D= 0.889, p= < .001
bPWA > HB

KS: D= 0.167, p= 756

KS: D= 0.667, p=.013
bPWA > HB
KS: D= 0.778, p= .002
bPWA > HB

KS: D= 1.000, p= .005
bPWA < HB
KS: D= 1.000, p= .005
bPWA < HB
KS: D= 1.000, p=.005
bPWA < HB
KS: D= 1.000, p=.005
bPWA < HB
KS: D= 1.000, p= .005
bPWA < HB
KS: D= 1.000, p= .005
bPWA < HB

KS: D= 0.333, p >.100

KS: D= 0.167, p > .100

KS: D= 1.000, p= .005
bPWA < HB
KS: D= 1.000, p= .005
bPWA < HB
KS: D= 1.000, p=.005
bPWA < HB
KS: D= 1.000, p= .005
bPWA < HB
KS: D= 0.444, p > .100

KS: D=0.333, p >.100

KS: D= 1.000, p=.005
bPWA > HB
KS: D= 1.000, p=.005
bPWA > HB

no data

KS: D= 1.000, p=.005
bPWA > HB







