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CHAPTER 3 
Treatment-induced changes in spontaneous speech, 

communicative ability, and severity in chronic aphasia 
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3.1. Introduction 

Until now, the topic of recovery in aphasia causes many controversies and debates 

in the field of aphasiology. The question of improvement in chronic aphasia deficits 

is particularly problematic since the treatment requires the investment of both 

substantial time and financial resources for uncertain profit. Hence, it is essential 

to find a sensitive and reliable tool to track changes in chronic aphasia and 

determine the value of chronic aphasia treatment. 

Traditionally, improvement in aphasia is measured with language batteries 

and diagnostic tests, such as the Boston Diagnostic Aphasia Evaluation (BDAE; 

Goodglass & Kaplan, 1972), the Aachen Aphasia Test (AAT; Huber et al., 1983), 

the Western Aphasia Battery - Revised (WAB-R; Kertesz, 2007), and others. Such 

tests usually aim at generalized aphasia diagnosis based on the comprehensive 

assessment of language and other cognitive functions. However, the main issue 

bothering speakers with aphasia is their verbal communication, which affects their 

quality of life (Engell et al., 2003; Spaccavento et al., 2014). Moreover, because 

the treatment of individuals with aphasia usually aims at decreasing their disability, 

the evaluation of spontaneous speech and communicative abilities is crucial to 

measure the real-life improvement of their impairment. Another reason to choose 

the variables of spontaneous speech and communicative abilities to track 

improvement in chronic aphasia is their sensitivity to changes that are not 

detectable with the convenient aphasia batteries (Bird & Franklin, 1996; Fromm et 

al., 2017; Grande et al., 2008; Hussmann et al., 2012; Jaecks et al., 2012).  

Previous treatment studies on chronic aphasia usually investigated the 

effects of therapies specifically designed to train a particular linguistic deficit in a 

specific type of aphasia or in (multiple) case studies. However, in clinical settings, 

patients with aphasia usually receive deficit-specific treatments. Therefore, in the 

current study we measured treatment-induced changes in aphasia in a setting as 

close as possible to the real-life clinical conditions. We measured changes in 

spontaneous speech, verbal communicative abilities, and aphasia severity induced 
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by deficit-specific treatment in individuals with chronic aphasia without 

restrictions on aphasia severity or type. Since we used spontaneous speech as one 

of our outcomes, and the characteristics of spontaneous speech in nonfluent and 

fluent aphasia are very different on the spontaneous speech variable, we divided 

the aphasic individuals into two groups on the basis of their (Lurian) aphasia type: 

individuals with motor efferent, motor afferent, and dynamic aphasia were 

classified as nonfluent, and individuals with acoustic-mnestic, sensory and 

semantic aphasia as fluent. 

In Study 1, we determined the characteristics of spontaneous speech, 

communicative ability, and aphasia severity in chronic aphasia. This provides us 

with a more detailed picture of the initial language deficit in chronic aphasia. In 

Study 2, we investigated the post-treatment change in spontaneous speech and 

communicative characteristics, as well as in aphasia severity. Finally, we 

determined how speakers with nonfluent and fluent aphasia improve after therapy.  

 

3.1.1. Spontaneous speech in aphasia 

Spontaneous speech is a term that has been used for different discourse forms (see 

Prins and Bastiaanse, 2004). Here, we mean semi-spontaneous speech elicited by 

an interview with fixed questions (see Methods section). The most distinctive and 

the most fully described characteristics of impaired spontaneous speech production 

are present in the nonfluent aphasia types. Speakers with nonfluent aphasia 

demonstrate multi-dimensional deficits in spontaneous speech.  

For instance, in some languages, they produce shorter a or incomplete utterances 

with omissions of function words and inflectional morphemes1. This leads to the 

reduction of the length of the utterances in their output (Abuom & Bastiaanse, 

2012; Arslan et al., 2016; Bastiaanse et al., 2006; Hussmann et al., 2012; Miceli et 

                                                
1 Some languages (e.g., English) license apparent omissions of grammatical morphemes, 
which are, in fact, substitutions of fully inflected forms with 0 inflections – the boy walks > 
boy walk. This is not possible in many other languages (e.g., Italian), in which citation forms 
are often used instead of fully inflected forms (Miceli et al., Brain and Language, 1983). 
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al., 1989; Rossi and Bastiaanse, 2008; Wagenaar et al., 1975). Moreover, the 

produced utterances are often grammatically incorrect (Abuom & Bastiaanse, 

2012; Arslan et al., 2016; Faroqi-Shah & Thompson, 2003; Saffran et al., 1989). 

Another characteristic of grammatical deficits in nonfluent aphasia is the reduced 

complexity of the utterances that usually can be measured as the decreased 

proportion of utterances with embedded clauses (Abuom & Bastiaanse, 2012; 

Arslan et al., 2016; Bird & Franklin, 1996; Hussmann et al., 2012). The shortened 

incorrect utterances are often accompanied by a decreased speech rate (Cohen & 

Masse, 1993; Marini et al., 2007).  

Agrammatic speech is also characterised by lexical deficiencies, for 

example, a reduced number of verbs or a reduced variety of verbs. The verb forms 

that are produced are usually grammatically simple: infinitives, gerunds, and 

participles are overused, whereas the production of finite verbs is reduced (see, 

e.g., Abuom & Bastiaanse, 2012 for Swahili and English; Arslan et al., 2016 for 

Turkish; Bastiaanse & Jonkers, 1998 for Dutch; for English; Miceli et al., 1989 and 

Rossi & Bastiaanse, 2008 for Italian; Saffran et al., 1989 for English). Although 

communicative abilities are usually affected in agrammatic aphasia, the severity of 

the communicative impairment does not parallel the speech production deficit, 

especially in the cases of severe nonfluency (Doesborgh et al., 2002; Herrmann et 

al., 1989; Holland, 1982).  

The speech rate of fluent aphasic speakers is usually normal (Grande et al., 

2008; Hussmann et al., 2012; Wagenaar et al., 1975) or lower than normal because 

of word finding problems (Dédé & Salis, 2020). Fluent aphasic speakers 

experience problems with the production of grammatical sentences, although not 

at the level of the nonfluent speakers: their speech differs from that of non-brain-

damaged (NBD) speakers on various grammatical variables, such as proportion of 

correct sentences, utterance length and proportion of embeddings (Bird & Franklin, 

1996; Butterworth & Howard, 1987; Edwards & Bastiaanse, 1998; Faroqi-Shah & 

Thompson, 2003; Martin & Blossom-Stach, 1986). At the lexical level, fluent 

aphasic speakers have more pronounced impairments: their spontaneous speech is 
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characterised by the limited production of nouns (Boyle et al., 2004; Faroqi-Shah 

& Thompson, 2003; Zingeser & Berndt, 1990). Since individuals with fluent 

aphasia typically show a more or less normal speech rate, their language disorders 

may range from anomic aphasia with mild word finding problems to severe 

Wernicke’s aphasia with jargon speech output. This implies that their 

communicative abilities largely vary as well.  

Although fluent and nonfluent aphasics share some impairments (reduced 

proportion of correct sentences and of embeddings, reduced use of verbs), they also 

differ along other dimensions (mean length of utterance (MLU), speech rate, use 

of nouns, production of finite verbs). 

 

3.1.2. Communicative abilities in aphasia 

Just as with spontaneous speech, the definition of, as well as the tools to measure 

communicative abilities are diverse (see Prins and Bastiaanse, 2004). For the 

current study, we focus on verbal communication. The Amsterdam-Nijmegen 

Everyday Language Test (Blomert et al., 1994; Russian version: Akinina, n.d.) is a 

reliable and valid tool to measure language use in daily life. This test uses a number 

of scenarios of everyday situations and invites aphasic speakers to tell what they 

would say in such a situation (e.g., “Suppose you are at the dry cleaner’s. When 

you come to collect this, you get it back like this [shirt with burn hole]. What would 

you say?”). Answers are scored on two 5-point scales: understandability and 

intelligibility. For the current study, we only used understandability. There are two 

parallel versions, testing 10 scenarios each. 

Although communicative abilities are usually affected in nonfluent aphasia, 

the degree of the communication impairment does not correspond directly to the 

speech production deficits, especially severely nonfluent cases (Doesborgh et al., 

2002; Herrmann et al., 1989; Holland, 1982). Controversial results have been 

reported on the status of communicative abilities in fluent aphasia. Schienberg and 

Holland (1980) showed that communication skills remain largely intact in fluent 
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aphasia, when measured as a turn-taking allocation in the conversation setup. 

However, Doesborgh et al. (2002) stated that low understandability of the messages 

in fluent aphasia measured with the Amsterdam Nijmegen Everyday Language test 

(ANELT) parallels the lexical-semantic deficit often present in the fluent aphasic 

speakers. 

 

3.1.3. Aphasia severity 

The Token Test is one of the few tests that have a high sensitivity and specificity 

in assessing the existence of aphasia. Apart from that, it is a very good test to 

measure the severity of aphasia and, thus, to measure improvement. This is the 

reason why the Token Test is included in the Aachen Aphasia Test (Huber et al., 

1983). The Token Test requires a person to manipulate tokens of various shapes, 

sizes, and colors based on the given verbal instruction that gradually gets more 

difficult. The original Token Test has been adapted to many languages and formats. 

For the current study, we used the shortened version of De Renzi & Faglioni 

(1978), that was recently launched as an App in a wide range of languages 

(Bastiaanse et al., 2016; Russian version: Akinina et al., 2017). 

 

3.1.4. Treatment-induced changes in spontaneous speech and 

communicative abilities  

The severity of the language disorder in the acute period of stroke is not permanent 

and usually changes as time passes (Kertesz & McCabe, 1977; Laska et al., 2001). 

Spontaneous speech variables of speakers with aphasia also change due to 

spontaneous recovery or treatment.  

Grande and colleagues (2008) investigated the sensitivity of parameter-

based computational spontaneous speech analysis in comparison to the rating 

scales of the Aachen Aphasia Test (AAT). The proposed spontaneous speech 

analysis variables were the percentage of words (compared to percentage of 

interjections, neologisms, and non-intelligible items), the percentage of open class 
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words in contrast to closed class words, syntactic completeness (the percentage of 

complete clause-like units), complexity (the percentage of clause-like units in 

sentences), and MLU. Results showed that the spontaneous speech analysis was 

more sensitive than the AAT scales in detecting recovery on spontaneous speech 

variables induced by intensive language treatment in a group of 28 aphasic speakers 

with various types of sub-acute and chronic aphasia. A significant change in at least 

one of these basic parameters was observed in 20 participants, while only four 

participants showed improvement on the AAT. Another study on treatment-

induced changes conducted with the same spontaneous speech analysis method 

also showed good sensitivity, with the sentence complexity variable and MLU 

increased after the therapy in the group of 52 speakers with sub-acute and chronic 

aphasia (Hussmann et al., 2012).  

Links et al. (2010) studied the effect of training verb and sentence production 

in a group of agrammatic speakers in the subacute or chronic stage. Training 

resulted in an increase of MLU and of the proportion of finite verbs in spontaneous 

speech. Language use in daily life, as measured with the ANELT, also improved, 

and the aphasia was less severe after training, as measured by the Token Test. This 

shows that deficit-oriented treatment may be effective at improving the aphasic 

speaker’s communication.  

Partially conflicting results were reported by Hoover et al. (2015). In 

individuals with chronic nonfluent aphasia, training of the production of transitive 

verbs failed to improve verb production in general. However, syntactic measures 

of speech (MLU and number of correct sentences) and communicative abilities did 

improve.  

Studies of the improvement in communicative abilities in aphasia have 

yielded contradictory results. Two studies (Grande et al., 2008; Laska et al., 2001) 

reported no improvement in communicative abilities, which dissociated from 

improvement in the linguistic domain in acute and chronic stroke, both when 

controlled and when not controlled for the therapy. However, in the study of 
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Carlomagno et al. (2001), participants with chronic aphasia improved their 

communicative abilities but not their oral language performance after the 

treatment. In contrast to the reported conflicts between communicative and 

linguistic improvement, Irwin et al. (2002) showed a correlation between linguistic 

impairment on the one hand and severity of functional communication and 

pragmatic performance on the other at specific time points between 4- and 48-

weeks post onset in post-treatment recovery. In the study of Bakheit et al. (2005), 

aphasic individuals improved their communicative abilities, and their aphasia was 

less severe after the treatment in the acute and subacute post-stroke phases. Finally, 

Breitenstein and colleagues (2017) reported improvement in communicative 

abilities after intensive treatment in a group of individuals with various aphasia 

types in the chronic stage. It is clear that spontaneous and treatment-induced 

recovery outcomes have different implications for communication skills in aphasia. 

This difference is likely to be due to differences in the therapeutic approach and 

the initial demographic and linguistic characteristics of the participants. 

Speech rate also shows a variable response to treatment across studies. In 

one study, speech rate improved in participants with nonfluent speech production 

who suffered from various chronic neurological disorders and received rhythmic 

and singing therapy (Cohen & Masse, 1993). However, this study lacks a detailed 

description of the aphasic individuals, and the contribution of aphasia-related 

deficits to these results remains unknown. Marini et al. (2007) showed improved 

speech rate in three nonfluent aphasic speakers in the acute phase after two 

consecutive therapy programs: one aiming at the improvement in morpho-syntactic 

domain, and the other at increasing communicative informativeness.  

In summary, analyzes of spontaneous speech and communicative abilities 

are useful both for scientific and clinical purposes. They can be used to diagnose 

aphasia type and severity, and to measure spontaneous recovery or the effects of 

speech and language therapy. So far, these methods have not been used for 

prognosis.  
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3.1.5. The current study 

As described earlier, spontaneous speech variables are more sensitive to changes 

after treatment than conventional rating scales included in typical aphasia 

assessments (Prins and Bastiaanse, 2004). Therefore, the current study was 

designed and conducted as a prospective longitudinal cohort investigation of post-

treatment changes in spontaneous speech production and verbal communicative 

abilities in a group of Russian-speaking individuals with chronic aphasia. The 

study consists of two parts.  

The first study was designed to assess differences in spontaneous speech and 

communicative abilities between a group of aphasic speakers and a group of NBD 

speakers and to assess the aphasia severity.  

 

The research questions for Study 1 were: 

(1) On which grammatical and lexical spontaneous speech variables do fluent 

and nonfluent aphasic speakers differ from non-brain-damaged speakers? 

(2) To which extend are fluent and nonfluent aphasic speakers impaired in 

language use in daily life (communicative abilities)? 

(3) How severe is the aphasia in the fluent and nonfluent group? 

 

We expected the speech of participants with aphasia to differ from that of 

the NBDs. We hypothesized that aphasic speakers would produce shorter, 

grammatically simpler sentences that were incorrect more often compared to the 

NBDs. These predictions are consistent with previous findings in agrammatic 

aphasia (Abuom & Bastiaanse, 2012; Arslan et al., 2016; Hussmann et al., 2012) 

and in a mixed aphasia group (Bird and Franklin, 1996; Jaecks et al., 2012). 

Additionally, we expected both fluency groups to be impaired in communicative 

abilities and to exhibit aphasia deficit based on the results of the Token Test. We 

also expected to find differences between the fluent and nonfluent group. We 
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predicted that nonfluent speakers would fare worse on variables related to the 

grammatical level. At the lexical level, we hypothesized that deficits would be 

more severe for verbs in nonfluent participants and for nouns in fluent participants.  

For Study 2, we compared spontaneous speech, communicative abilities, and 

aphasia severity in chronic aphasics, before and after treatment. We looked into the 

changes that occurred during a 4-6 weeks period of no treatment (baseline period) 

compared to the changes observed during a 4-6 weeks period of treatment. Notice 

that we were not seeking an answer to the question whether this particular aphasia 

treatment is effective. 

This study was performed in combination with a tractography study, to find 

out whether the condition of the subcortical tracts after stroke can predict 

treatment-induced changes. The tractography study is discussed in the next 

chapters. The aim of the second study was to answer the following research 

question: 

(4) Are there treatment-induced changes in spontaneous speech, 

communicative abilities, or aphasia severity of fluent and nonfluent 

aphasic speakers?  

It has been shown that individuals with aphasia show post-treatment improvement 

in spontaneous speech, communicative abilities, and in aphasia severity in acute 

(Bakheit et al., 2005) and chronic aphasia (Hoover et al., 2015; Hussmann et al., 

2012). However, in Carlomagno et al., (2001), individuals with chronic aphasia 

improved after treatment in communicative abilities, but not in oral language 

performance. Prins and colleagues (1978) did not find changes in the spontaneous 

speech of a large group (n=74) of chronic aphasic speakers over a period of 2 years. 

It was, therefore, not sure what to expect in our cohort.  
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3.2. Methods  

3.2.1. Participants 

Participants were 30 Russian speakers (13 women and 17 men), who 

suffered from a single left-hemispheric stroke. One participant had an additional 

3mm stroke lesion in the right thalamus. They were recruited from the Center for 

Speech Pathology and Neurorehabilitation (the Center) in Moscow. Two 

participants were bilinguals (Russian – Ukrainian, but both of them considered 

Russian to be their primary language). Age varied from 41 to 71 years (mean 55.67 

years), and the years of education varied from 10 to 20 years (mean 14.6 years). 

Twenty-five participants had an ischemic stroke and 5 had a hemorrhage. The time 

post onset at the first assessment ranged between 5 and 95 months (mean: 35 

months). All participants were considered to have chronic aphasia. No restrictions 

on the type or severity of the aphasia were applied. Participants were not recruited 

for the study if they could not react adequately to the experimental instructions. 

Trained speech and language pathologists diagnosed aphasia type and severity 

according to Luria’s classification (Luria, 1970, 1980; Luria & Tsvetkova, 1968). 

Since Luria’s classification is not widely applicable outside Russia, we converted 

the diagnoses according to the system proposed by Akhutina (2016) and then 

assigned participants to the nonfluent (N = 23) and the fluent group (N = 7). The 

nonfluent group included dynamic, efferent motor and afferent motor aphasia, and 

their combinations. The fluent group consisted of semantic, acoustic-mnestic and 

sensory aphasia, and their combinations. All participants had normal or corrected-

to-normal hearing and vision. None of the participants had a history of alcohol or 

drug abuse (self or family reported and as indicated in the official medical record) 

or had been diagnosed with a psychiatric or neurological disease before the 

stroke. Informed consent to take part in the study was obtained from all 

participants. Individual demographic data are reported in Appendix A1.  
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All participants were admitted to the Center for an intensive, 

multidisciplinary treatment based on their aphasia diagnosis and comorbid 

conditions following stroke (hemiplegia, dysarthria, et cetera). Each participant 

received individual and group speech and language therapy sessions. Treatment 

was provided five days a week. The amount of therapy varied from 80 to 160 

minutes/day. Due to administrative limitations, it was impossible to give every 

participant the same amount of therapy. Participants stayed in the Center between 

25 and 45 days (mean: 37 days).  

Data from five age- and education-matched non-brain-damaged (NBD) 

speakers (2 females; mean age: 53) were used to compare variables of spontaneous 

aphasic speech. Their demographic data and individual results of spontaneous 

speech analysis can be found in Appendix A2.  

This study was approved by the local Ethical Committee.  

 

3.2.2. Language assessment 

Spontaneous speech was elicited from every participant by an interview with open-

ended questions referring to the present and the past. The procedure was similar to 

that of Abuom and Bastiaanse (2012) and Arslan and colleagues (2016), but the 

list of questions expanded.  

 

Interview questions 

• Как начались ваши проблемы с речью? “How did your speech problems 

start?” 

• Расскажите мне о вашей предыдущей работе. “Could you tell me about 

your previous job?” 

• Расскажите, где вы учились? “Could you tell me where you studied?” 

• Расскажите мне о ваших увлечениях. “Could you tell me about your 

hobbies?” 
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• Как вы обычно проводите ваш день? “How do you usually spend your 

day?” 

• Расскажите мне что-нибудь о месте вашего проживания. “Could you 

tell me anything about the place where you live?” 

• Расскажите о вашей семье. “Could you tell me about your family?” 

 

Participants were encouraged to tell as much as they could. In case of short 

replies, they were asked additional questions related to their response. 

The Russian version of the ANELT was also used. The order of assessment 

of version A and B was counterbalanced. As mentioned before, the ANELT is 

scored on two scales. Scale A is used to rate the understandability of the message; 

in other words, it measures the ability of the participant to reach his/her goals in 

the presented situation successfully. Scale B scores intelligibility. For the current 

study, only the scores on the A-scales were considered. The maximum score is 50.   

Aphasia severity was assessed with the Token Test via App (Bastiaanse et 

al., 2016; Russian version: Akinina et al., 2017); an interface screenshot can be 

found in Figure 3.1. This test was used to track post-treatment changes in aphasia 

severity. The Token Test via App generates the participant’s score at the end of the 

testing session. The App counts the number of correct items (0 – 36).  
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Figure 3.1. Screenshot of the Token Test App. 

 

3.2.3. Procedure 

The timeline overview can be found in Table 3.1. For every participant, the three 

tasks (interview, ANELT, and the Token Test) were administered at three time 

points (test1, test2, test3). There were two baseline measures (test1 and test2). The 

mean interval between these time points was 24.8 ± 6.9, (range: 13 – 43 days). Two 

breaks between baseline assessments were outliers due to unpredicted life events 

of the participants (75 and 103 days). These participants were retained for the study 

because they were 18- and 19-months post onset, and no treatment was provided 

in the indicated period. The test2 baseline was followed by 32.8 ± 5.9 days of 

treatment (21 to 49 days2). Assessments were conducted over several sessions if 

requested by the participant. 

                                                
2 This wide range was due to the fact the Center changed its policy, and treatment was 
reduced from 8 to 4 weeks. 
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Table 3.1. The overall experimental timeline for Chapter 3 

 
During treatment, participants followed the standard deficit-specific 

treatment program; therefore, individuals with the same type and severity of 

aphasia followed the same program, but the specific exercises could vary among 

the speech and language pathologists. During the entire stay at the Center, each 

participant received individual and group therapy sessions provided by trained 

speech and language pathologists. Since the question of the current project is not 

whether speech therapy is effective, but rather whether tractography can help 

predict language outcome after treatment, no further information about the content 

of speech therapy is provided. In some cases, the number of days in the Center 

exceeded the number of days between the test2 and test3 assessments due to time-

demanding discharge procedures. Further information on the treatment and in-

hospital stay for each participant can be found in Appendix A1.  

Both the interview and the ANELT were audio-recorded. The Token Test 

required tablet manipulation. Participants with no previous experience of tablet use 

were provided with a short instruction before testing.  

 

3.3. Analysis 

Before the analysis, the ANELT and spontaneous speech samples were pseudo-

anonymised by removing all reference to the participant’s identity or time of 

testing: New filenames were then given by a person not involved in data collection 

or analysis.  

The selected samples of spontaneous speech were orthographically 

transcribed and then analyzed blindly. The person who did the analysis was not 
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aware of the participant’s identity or of the time point of testing. When possible, 

200 words per sample were extracted. This is a reliable sample size for synthetic 

languages, as shown by Abuom & Bastiaanse (2012) for Swahili and Arslan et al. 

(2016) for Turkish. Due to severe language deficits, some participants produced 

fewer than 200 words. In order to avoid excluding too many participants due to 

severe aphasia, samples of at least 150 words were included in the analysis, and 

individual variables were multiplied by a coefficient if needed. Four participants 

produced a short word sample only at one time point; one produced short samples 

at test2 and test3. Three participants produced two short samples, where at least 

one sample was shorter than 150 words. One participant produced three short 

samples, one of which was shorter than 150 words. Two participants were missing 

one sample due to a technical error. Samples shorter than 150 words and missing 

samples were treated as missing values. The described participants were retained 

in the study because the rest of their behavioral data were preserved. 

 

In order to analyze spontaneous speech at the grammatical and lexical-

semantic level, the following variables were included:  

1) Speech rate (words per minute) 

2) Mean length of utterance (MLU; words per utterance) 

3) Proportion of correct sentences. Minor phonological or articulation 

errors were not scored as errors. Utterances with nominal predicates, 

when their usage was adequate, were considered to be correct. 

Utterances with grammatical, lexical-semantic, or syntactic errors were 

scored as incorrect.  

4) Proportion of embedded clauses 

5) Number of lexical verbs3 

6) Proportion of correctly inflected verbs 

                                                
3 The numbers of different verbs and nouns, as well as numbers of overall produced verbs 
and nouns, were multiplied by a coefficient in case of the short spontaneous speech sample. 
After these manipulations, the TTRs stayed the same. 



Chapter 3 Treatment-induced changes 

 66 

7) Diversity of lexical verbs (measured by type-token ratio (TTR), where 

the number of verb types is divided by the overall number of produced 

verbs)3 

8) Number of nouns3 

9) Proportion of correctly inflected nouns 

10) Diversity of nouns (measured by TTR, where the number of noun types 

is divided by the overall number of produced nouns)3. 

 

Sample transcriptions were segmented into utterances based on syntactic 

structure. Minor utterances and discourse markers were included in the word count 

and in calculations of the speech rate. The MLU refers to the number of lexical 

items from all parts of speech, except for interjections, produced within one 

utterance. Discourse markers were also excluded from the MLU count when they 

were used within longer utterances. Minor utterances (e.g., Пойду ‘(I) Will go’) 

and discourse markers (e.g., да ‘yes’) were counted as a single-word utterance 

when they clearly formed a separate utterance. The end of an utterance was marked 

by the syntactical completeness of a string, and, in case of doubt, by prosodic 

criteria or by a major pause.   

 

3.3.1. Statistical methods Study 1 

Data were analyzed in R (R-core-team, 2019). The aphasia group was split into a 

nonfluent and a fluent group.  

We used the Mann-Whitney-Wilcoxon test for unpaired samples to compare 

the spontaneous speech variables of nonfluent, fluent, and NBD groups.  

 

3.3.2. Statistical methods Study 2 

All measured variables in the two groups of aphasic individuals were analyzed with 

linear mixed-effects regression models (‘lme4’ R package) as we had repeated 

measurements with two baselines (test1 and test2) and one post-treatment 
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assessment (test3). The effect of the number of days between test2 and test3 was 

tested with linear regression, where measured variables at test3 were treated as 

dependent variables, while baseline performance at test2 and the number of days 

between test2 and test3 were used as independent variables. 

We analyzed the nonfluent and fluent group results separately. Participants 

were introduced as random intercepts, as recommended in Baayen et al. (2008). 

First, we built our hypothesis models, where the time point was treated as a fixed 

effect. Since the purpose of our analysis was to establish if the dependent variables 

in the post-treatment condition differed from baseline and to control for the 

demographic and stroke-related factors, we added these variables one by one as 

fixed-effects. The models were compared with the ANOVA test. Factors that did 

not significantly improve the model were excluded.  

The post hoc analysis of the models was performed using the ‘Tukey’ test 

with the ‘multcomp’ package in R.  

 

3.4. Results  

3.4.1. Study 1: Characteristics of spontaneous speech in nonfluent and 

fluent aphasia at test1 

Individual spontaneous speech variables for the nonfluent and fluent groups can be 

found in Appendix A3; for NBDs – in Appendix A2. A Mann-Whitney-Wilcoxon 

test showed that at test1, spontaneous speech of both aphasic groups differs 

significantly from NBDs on several variables. 

Participants from the nonfluent (W = 6, p = .002) and fluent (W = 1, p = 

.005) group produced shorter sentences (Figure 3.2a). The proportion of 

grammatically correct sentences was reduced in both the nonfluent (Figure 3.2b; 

W = 2, p < .001) and the fluent (Figure 3.2b; W = 1, p = .003) group. Also, the 

number of produced noun types was lower in both the nonfluent (Figure 3.2c; W = 

21, p = .042) and the fluent group (Figure 3.2c; W = 0, p = .005). Individuals with 

nonfluent aphasia had slower speech rate (Figure 3.2d; W = 18, p = .027) and used 
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fewer sentences with embedded clauses (Figure 3.2e; W = 4, p < .001) than NBDs. 

Participants from the fluent group did not differ from NBDs in speech rate (Figure 

3.2d; W = 23, p = .432), nor in the proportion of sentences with embedded clauses 

(Figure 3.2e; W = 25, p = .08).  
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Figure 3.2. Comparison between three groups of participants – non-brain-damaged 
(NBD), fluent, and nonfluent at test1 time point on the basis of spontaneous speech 
variables: MLU (a), proportion of correct sentences (b), number of produced noun 
types (c), speech rate (d), and number of sentences with embedded clauses (e). 
Boxes indicate the 25th and 75th percentiles; error bars represent the 10th and 90th 
percentiles. Significant difference from NBD: * p < .05. 
 

In both aphasia groups, the remaining spontaneous speech variables, that is, 

the number of verb types (Figure 3.3a; nonfluent, W = 39, p = .397; fluent, W = 

16.5, p = .935), the proportion of correctly inflected verbs (Figure 3.3b; nonfluent, 

W = 39, p = .319; fluent, W = 6, p = .09), the TTR for verbs (Figure 3.3c; nonfluent, 

W = 32.5, p = .2; fluent, W = 14, p = .623), the proportion of correctly inflected 

a b 

c d 

e 
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nouns (Figure 3.3d; nonfluent, W = 32.5, p = .12; fluent, W = 12.5, p = .465) and 

the TTR for nouns (Figure 3.3e; nonfluent, W = 26.5, p = .096; fluent, W = 12.5, p 

= .464) were similar to those in the NBD group.  

 

      

        

 
Figure 3.3. Comparison between three groups of participants – non-brain-damaged 
(NBD), fluent, and nonfluent at test1 time point on the basis of spontaneous speech 
variables: Number of verb types (a), proportion of correctly inflected verbs (b), 
TTR for verbs (c), proportion of correctly inflected nouns (d), and TTR for nouns 
(e). Boxes indicate the 25th and 75th percentiles; error bars represent the 10th and 
90th percentiles. 
 

The normative data of the Russian NBD speakers were used for the ANELT 

and the Token Test comparisons. Participants from both groups scored below 

a b 

c d 
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normal on the ANELT (Figure 3.4a, nonfluent, W = 265, p < .001; fluent, W = 47, 

p = .003). The cut-off score for aphasia diagnosis for the Token Test in Russian is 

29 (Akinina et al., 2017). Both the nonfluent (Figure 3.4b, W = 203, p < .001) and 

the fluent (Figure 3.4b, W = 58, p < .001) group scored significantly lower than the 

NBDs. Four nonfluent and one fluent participant were within the normal range at 

test1 and test2. According to the cut off score of the Token Test, they were not 

aphasic. Nevertheless, their spontaneous speech variables were below the normal 

range.   

 

         
Figure 3.4. Comparison between normative data of non-brain-damaged (NBD) 
population, and fluent and nonfluent participants at test1 time point on the basis of 
the tests: ANELT (a), and Token Test (b). Boxes indicate the 25th and 75th 
percentiles; error bars represent the 10th and 90th percentiles. Significant difference 
between groups: * p < .05. 
 

3.4.2. Study 1: Summary of the results 

Before treatment, the spontaneous speech of the aphasic speakers in both the 

nonfluent and the fluent group differed from the spontaneous speech of the NBD 

speakers. Participants with nonfluent aphasia produced shorter sentences, which 

were simpler and more often ungrammatical. Additionally, their speech rate was 

lower than that of the NBDs. Finally, speakers with nonfluent aphasia 

demonstrated a lexical deficit, as shown by a reduced number of noun types. 

Participants with fluent aphasia generated shorter sentences that were more 

often grammatically incorrect than those of NBDs and produced fewer noun types. 

a b 
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Unlike the nonfluent group, speech rate and grammatical complexity were within 

the normal range. 

The two aphasic groups did not differ from the NBDs on some lexical 

variables. Surprisingly, the use, diversity and inflection of verbs in their 

spontaneous speech was normal. The same was true for nouns, even though the 

number of nouns was reduced. 

Participants in both aphasia groups had communicative difficulties. Also, at 

the group level, they were below the cut-off in the Token Test.  

 

3.4.3. Study 1: Interim discussion  

Spontaneous speech 

The first research question of this study was whether participants with nonfluent 

and fluent aphasia differ from the NBD speakers as regards spontaneous speech 

variables. As expected, this was the case.  

In line with previous studies, participants with nonfluent aphasia 

demonstrated a grammatical deficit. Their speech was filled with shorter utterances 

that were more often ungrammatical as compared to the NBDs. These results tie 

well with previous findings on grammatical disorders in nonfluent aphasia (Abuom 

& Bastiaanse, 2012; Arslan et al., 2016; Bastiaanse & Jonkers, 1998; Bastiaanse et 

al., 2006; Bird & Franklin, 1996; Faroqi-Shah & Thompson, 2003; Hussmann et 

al., 2012; Miceli et al., 1989; Rossi and Bastiaanse, 2008; Saffran et al., 1989; 

Wagenaar et al., 1975). In line with our expectations, the grammatical complexity 

measured as the proportion of sentences with embedded clauses was severely 

reduced in the nonfluent speakers. These findings also agree with the previous 

research (Abuom & Bastiaanse, 2012; Arslan et al., 2016; Saffran et al., 1989; 

Zingeser & Berndt, 1990). Nonfluent speakers also differed with the NBDs in 

speech rate. Of course, individuals with nonfluent aphasia produce fewer words per 

minute by definition; these results are consistent with those of other studies 
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(Abuom & Bastiaanse, 2012; Arslan et al., 2016; Saffran et al., 1989; Vermeulen 

et al., 1989).  

In the nonfluent aphasic speakers a lexical deficit was also observed. They 

produced a lesser variety of nouns than the NBDs. It is important to note that such 

difference was less dramatic than in the fluent group. A noun retrieval deficit in the 

spontaneous speech of nonfluent aphasia has not been frequently investigated 

and/or reported, as most studies focus on the comparison between nouns and verbs, 

contrasting the lack of nouns in fluent speakers with the lack of verbs in nonfluent 

aphasics. Nevertheless, several studies described noun-related difficulties in 

nonfluent speakers during other tasks. In Russian agrammatic speakers, 18% of 

ungrammatical responses in a sentence production task were due to errors with 

nouns (argument omissions or use of wrong case form; Dragoy & Bastiaanse, 

2010). Moreover, some nonfluent aphasic speakers demonstrate an impairment in 

object naming (e.g., Howard & Gatehouse, 2006).  

Unexpectedly, participants with nonfluent aphasia did not differ from NBDs 

in number, inflection, and variety of verbs. A similar conclusion was reached in a 

cross-linguistic study of Hindi, Islandic, and Finnish (Lorch, 1990), in which some 

agrammatic participants showed normal production of verb types. Additionally, the 

number and diversity of verbs were close to that of the NBDs in Indonesian and 

bilingual Swahili-English speakers (Abuom & Bastiaanse, 2012; Anjarningsih & 

Bastiaanse, 2011). In Turkish and Dutch agrammatic speakers, the number of verbs 

was normal, while diversity was reduced (Arslan et al., 2016; Bastiaanse & 

Jonkers, 1998). The ability to use correct inflections in aphasia has been proposed 

to be language-dependent (Abuom & Bastiaanse, 2012; Arslan et al., 2016). For 

example, bilingual agrammatic speakers experienced fewer problems with 

inflecting verbs in agglutinative Swahili than in analytic English (Abuom & 

Bastiaanse, 2012).  Since Russian is a syntactic language with a rather extensive 

use of agglutination, the relative lack of inflectional errors can be attributed to that.   

Some difficulties affected both fluent and nonfluent aphasics in our study. 

For instance, mean length of utterance and proportion of correct sentences, but not 
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the grammatical complexity, were reduced. While the sentence production deficit 

in fluent aphasia has not been studied as extensively as in nonfluent aphasia, there 

is evidence of sentence production deficiencies in this cohort, which supports our 

findings (Bird & Franklin, 1996; Butterworth & Howard, 1987; Edwards & 

Bastiaanse, 1998; Faroqi-Shah & Thompson, 2003; Martin & Blossom-Stach, 

1986).  

Another expected abnormality in the speech of the fluent aphasics relates to 

the decreased number of noun types. Studies on spontaneous speech deficits in 

fluent aphasia converge with our results, as shortage of nouns is a distinctive 

feature of this type of aphasia (Boyle et al., 2004; Edwards & Bastiaanse, 1998; 

Faroqi-Shah & Thompson, 2003; Zingeser & Berndt, 1990). Although some 

studies have shown that individuals with fluent aphasia also present with a limited 

production of verbs (Bastiaanse, 2011; Bastiaanse & Jonkers, 1998; Edwards & 

Bastiaanse, 1998), our data from Russian do not support these findings. In the 

current study, the lexical deficit in fluent aphasia was limited to nouns. Importantly, 

despite the noun production deficit, noun inflections were unaffected. This finding 

supports the results of Hatchard and Lieven (2019), in which the inflectional error 

rate in speakers with fluent and nonfluent aphasia was low. However, the authors 

argued that error types might be more important than error rates.  

In contrast to the nonfluent group, fluent speakers had a normal speech rate. 

This is consistent with previous data (Grande et al., 2008; Hussmann et al., 2012; 

Wagenaar et al., 1975). In one study (Dédé & Salis, 2020) speech rate was 

decreased in fluent aphasics due to word finding problems, but this was not the 

case in our study.  

Language use in daily life 

Both nonfluent and fluent speakers experienced difficulties on the communicative 

abilities task, which is supposed to reflect language use in daily life. 

Communication difficulties in nonfluent aphasia are a well-studied phenomenon 

(Doesborgh et al., 2002; Herrmann et al., 1989; Holland, 1982).  Deficiency in 

communicative skills in fluent aphasia, on the other hand, are more controversial. 
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However, this disagreement is most likely due to the different methodological 

approaches. For instance, a turn-taking task in the conversation setup did not detect 

a decrease in the communication skills in fluent aphasia (Schienberg & Holland, 

1980). The ANELT, used in the current study, measures verbal communication and 

is sensitive to communicative difficulties in fluent speakers; this is in line with the 

findings of Doesborgh et al. (2002) in aphasic speakers with lexical-semantic 

deficit. 

 

Aphasia severity 

Aphasia severity was measured with the Token Test. With few exceptions, both 

nonfluent and fluent speakers scored below norm on the Token Test. Some 

participants scoring above the cut-off level had mild language impairments and 

were diagnosed with aphasia by trained speech and language pathologists. 

Moreover, a study on the Russian adaptation of the Token Test showed that a small 

percentage of the aphasia speakers perform within the normal range (Akinina et al., 

2017). 

 

Since mean length of utterance, proportion of correct sentences, number of 

noun types, scores on the ANELT and on the Token Test were abnormal in both 

aphasia groups, we decided to focus on these variables in Study 2. This study was 

aimed at investigating treatment-induced changes in spontaneous speech, 

communicative abilities, and aphasia severity in chronic aphasia. For the purposes 

of this study, speech rate and proportion of embedded clauses were included as 

further variables of interest, since nonfluent aphasics also exhibited deficits in these 

domains.  

 

3.4.4. Study 2: Treatment-induced changes in aphasia 

The results of Study 2 are visualised with box plots of the measured variables in 

Figure 3.5. The mixed-effect regression models were built for the ANELT (scale 
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A), the Token Test scores, and each of the spontaneous speech variables on which 

the aphasic speakers differed from NBD speakers in Study 1. Participants were 

added as random intercepts to the models, and the time point (test1 vs. test2 vs. 

test3) was used as a fixed-effect when needed. The controlled demographic, stroke- 

and treatment-related variables included age at test1 (in years), gender, education 

level (in years), post onset time at test1 (in months), type of stroke (ischemic vs. 

hemorrhagic), the type of the assessment protocol (1 vs. 2). These variables were 

added to the model one-by-one as fixed effects to determine if they improved the 

model. The number of days between the test2 and test3 that reflected the length of 

the treatment was tested separately with the linear regression. 

 

         
Figure 3.5. Visualization of treatment-induced changes in aphasia for fluent and 
nonfluent groups relative to NBD baseline measurements (NBD; MEAN +/- SD) 
for the ANELT (a) and Token Test (b). Test 1-3 corresponds to the assessment time 
points.  

 

Treatment-induced changes in nonfluent aphasia 

A stable baseline was observed for each of the measured variables. None of the 

variables had a significant effect on aphasia severity as measured by the Token 

Test, including the time point of the assessment (test2, ß = -1.109, SE = .796, t = -

1.393, p = .171; test3, ß = .89, SE = .823, t = 1.081, p = .286).  The understandability 

of the speech output measured with the ANELT scale A was also not explained by 

demographic variables, nor by the time point of the assessment (test2, ß = -0.045, 

SE = .98, t = -.046, p = .963; test3, ß = 1.152, SE = .997, t = 1.156, p = .254).  

a b 
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The time point condition was significant for mean length of utterance in 

spontaneous speech samples (test2, ß = .095, SE = .162, t = .585, p = .562; test3, ß 

= .773, SE = .159, t = 4.857, p < .001). Utterance length did not change between 

the baseline assessments. By contrast, participants produced longer utterances after 

treatment (test1 vs. test2, ß = -.095, p = .829; test2 vs. test3, ß = -.679, p < .001; 

test1 vs. test3, ß = -.776, p < .001). Additionally, length of utterance at test3 was 

influenced by the number of days between test2 and test3 (ß = .09, SE = .028, t = 

3.203, p = .005). Participants treated for longer time produced longer sentences at 

discharge. 

The proportion of grammatically correct sentences in a sample was 

influenced only by the time point (test2, ß = .016, SE = .025, t = .654, p = .517; 

test3, ß = .08, SE = .024, t = 3.285, p = .002). Participants produced significantly 

more correct sentences after treatment than at baseline (test1 vs. test2, ß = -.016, p 

= .791; test2 vs. test3, ß = -.063, p = .036; test1 vs. test3, ß = -.08, p = .006). 

The proportion of sentences with embedded clauses did not increase after 

treatment (test2, ß < .001, SE = .008, t = .071, p = .944; test3, ß = .005, SE = .008, 

t = .546, p = .588), and was not influenced by any of other variables. 

Speech rate measured in words per minute was not explained by the 

controlled variables and did not change over time (test2, ß = 1.244, SE = 2.223, t 

= .56, p = .579; test3, ß = 2.732, SE = 2.183, t = 1.252, p = .218). 

The number of noun types did not improve after treatment (test2, ß = -.071, 

SE = 2.013, t = -.035, p = .972; test3, ß = 1.74, SE = 1.98, t = .879, p = .385).  The 

only variable related to the number of noun types was the time post onset measured 

in months (ß = -.161, SE = .058, t = -2.786, p = .011). Participants with longer post 

onset intervals tended to produce fewer noun types in their spontaneous speech at 

all time points (ß = -.161, SE = .058, t = -2.786, p = .011). The same tendency was 

observed when tested only for the post-treatment performance at test3, with 

adjustments made for the baseline (ß = -.154, SE = .052, t = -2.967, p = .009). This 

suggests that participants with shorter post onset time had stronger increase in the 

number of noun types in their spontaneous speech after the treatment. 
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Treatment-induced changes in fluent aphasia 

Participants in the fluent group demonstrated stable performance at baseline on all 

variables. Aphasia severity as measured by the Token Test did not change after 

treatment (test2, ß = .286, SE = 1.199, t = .238, p = .816; test3, ß = .214, SE = 

1.199, t = .179, p = .861), and was not influenced by the controlled variables. 

Communicative abilities as measured by the ANELT scale A did not improve as 

well (test2, ß = -.334, SE = 3.202, t = -.105, p = .918; test3, ß = .38, SE = 3.202, t 

= .119, p = .908), and could not be linked to the demographic variables. 

None of the controlled variables influenced mean length of utterance, 

including the time point (test2, ß = .08, SE = .412, t = .194, p = .85; test3, ß = .687, 

SE = .434, t = 1.583, p = .142). Similarly, the proportion of grammatically correct 

sentences did not change over time (test2, ß = -.05, SE = .082, t = -.06, p = .557; 

test3, ß = .088, SE = .086, t = 1.023, p = .329), and the remaining independent 

variables did not correlate with it. 

The proportion of sentences with embedded clauses did not change after 

treatment (test2, ß = -.006, SE = .031, t = -.192, p = .852; test3, ß = .003, SE = .033, 

t = 0.087, p = .932), and could not be predicted by demographic variables. Speech 

rate did not depend on any of the variables, including the time point (test2, ß = -.8, 

SE = 5.197, t = -.155, p = .88; test3, ß = -6.117, SE = 5.508, t = -1.110, p = .292). 

The time point condition did not affect the number of noun types (test2, ß = 1.389, 

SE = 2.314, t = .6, p = .562; test3, ß = -.593, SE = 2.447, t = -.242, p = .813).  

 

3.4.5. Study 2: Summary of the results 

For visualization of treatment-induced changes, see Figure 3.6. Participants in both 

fluency groups were stable in all variables during the baseline, no-treatment period.  

After treatment, changes were observed exclusively in spontaneous speech 

in the nonfluent group. In this group, the focus was on their grammatical 

deficit. In the fluent group, the word finding problems were treated. 

Apparently, this had no effect on utterance length, even though the short 
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sentences produced by these aphasic individuals were most likely caused by 

a word retrieval deficit (Edwards & Bastiaanse, 1998; Howard & 

Butterworth, 1987). Aphasia severity and communicative abilities were 

unaffected. No changes at all were observed in the group of fluent aphasics. 

 

      

      

 
Figure 3.6. Visualization of treatment-induced changes in aphasia for fluent and 
nonfluent groups relative to NBD baseline measurements (NBD; MEAN +/- SD) 
for the MLU (a), proportion of correct sentences (b), number of produced noun 
types (c), speech rate (d), and number of sentences with embedded clauses (e). Test 
1-3 corresponds to the assessment time points. Significant difference between time 
points: * p < .05. 
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The variables that improved in the nonfluent speakers were related to the 

grammatical features of spontaneous speech, namely mean length of utterance and 

proportion of correct sentences. After treatment, these participants produced longer 

utterances that were more often grammatically correct than before treatment. It is 

essential to add that the change in mean length of utterance depends on the length 

of treatment (in days). In other words, sentence length increased more in 

participants who were treated for a longer time.   

Also, the proportion of grammatically correct sentences improved in 

nonfluent aphasic speakers. This variable was influenced only by treatment.  

 

3.5. Discussion 

The results of this study contribute to an understanding of how spontaneous speech 

characteristics and communicative abilities may be affected by treatment in chronic 

aphasia.  

In Study 1, we showed (see Interim discussion for Study 1) that the 

spontaneous speech of individuals with chronic aphasia differs from that of non-

brain-damaged speakers on some variables, but not on others, and that these 

differences are sometimes specific to the aphasia type. While both fluent and 

nonfluent aphasia speakers deviated from NBDs in the mean length of utterance, 

proportion of correct sentences, and the number of produced noun types, only the 

nonfluent group showed a reduced proportion of embedded clauses and decreased 

speech rate. Both groups demonstrated a decline in their communicative abilities 

and scored significantly lower on the Token Test.  

The choice of the spontaneous speech variables that we used to address the 

research question in Study 2 was based on these findings of Study 1. 
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3.5.1. Treatment-induced changes in chronic aphasia 

The research question for Study 2 was whether spontaneous speech features, 

communicative abilities and aphasia severity change after deficit-specific 

treatment in chronic aphasia. We did not formulate specific expectations regarding 

the improvement after treatment as previous research yielded conflicting results.  

Both fluent and nonfluent participants showed stable baseline behavior and, 

thus, did not exhibit significant improvement without treatment. After treatment, 

aphasic speakers experienced changes only in their spontaneous speech. The main 

treatment effect was found in the variables related to grammatical features.  

Only participants with nonfluent aphasia produced longer sentences, in line 

with previous research (Bastiaanse et al., 2006; Grande et al., 2008; Hussmann et 

al., 2012; Links et al., 2010). Utterance length did not change in participants with 

fluent aphasia, even though, contrary to previous studies (Grande et al., 2008; 

Hussmann et al., 2012; Wagenaar et al., 1975), below-norm values were observed 

in this group in the current study. It is possible that the effects of fluent aphasia 

treatment did not generalize to production (Adelt et al., 2016) – but they did not 

generalize to the Token Test either. 

Both groups initially produced grammatically incorrect sentences, but 

difficulty was more pronounced in the nonfluent than in the fluent group. After 

treatment, only participants with nonfluent aphasia increased the proportion of 

correct sentences in their speech. Similar treatment-induced changes in the 

grammatical correctness of the speech output were found in nonfluent participants 

by Hoover et al. (2015).  

Lack of improvement in the fluent group can be explained by the fact that 

the sentence production deficit mechanisms in fluent aphasia differ from those in 

the nonfluent aphasia (Butterworth & Howard, 1987; Faroqi-Shah & Thompson, 

2003). Moreover, it is possible that the deficit-oriented treatment had no effect on 

spontaneous speech and communicative abilities, nor on aphasia severity in the 

fluent group. While these results are rather disappointing, similar findings were 
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reported by Prins and colleagues (1978). In their study, a group of individuals with 

fluent, mixed, nonfluent, and severely nonfluent aphasia did not show any clinical 

improvement after a year. The authors state that although some of the spontaneous 

speech variables improved, others deteriorated. 

The grammatical complexity measured as the proportion of sentences with 

embedded clauses was impaired only in the nonfluent speakers. Hussmann et al. 

(2012) pinpoint the inconsistency in the post-treatment changes in sentence 

complexity in nonfluent speakers. Also, in our study, this variable did not improve 

in nonfluent participants.   

Speech rate did not improve in either fluency group. This outcome contrasts 

with a study in which increased speech rate was observed after treatment in three 

nonfluent individuals (Marini et al., 2007). However, these patients were in the 

acute phase, and spontaneous recovery may have played a more significant role 

than the treatment itself. Another study showed the positive effect of rhythmic and 

singing therapies on the speech rate of speakers with communicative disorders 

caused by diverse neurological conditions, including post-stroke aphasia (Cohen & 

Masse, 1993). However, little is known about the aphasia types in this study, which 

makes it hard to interpret results.   

Surprisingly, a deficit in noun production was observed in the fluent and the 

nonfluent group, and no treatment-induced positive changes in noun retrieval were 

detected in either group. Similar observations were reported in a study on naming-

targeted treatments in fluent aphasia, where the improvement in naming trained 

nouns did not generalize to noun production in narrative speech (Boyle, 2004). 

Although in our study participants did not undergo specific training narrowly 

targeting specific linguistic features, they received deficit-specific treatment – 

speakers with naming difficulties received treatment aimed at, among other things, 

reducing anomia. Therefore, our results for the fluent group can be compared to 

those of Boyle (2004). Lack of nouns in nonfluent spontaneous speech has not been 

reported often, and in the case of deficit-specific therapy, it may have been 
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overlooked. As mentioned before, even in specifically designed naming training, 

results do not generalize to the production of nouns in spontaneous speech.  

We did not detect a verb production deficit in our cohorts. Although these 

results may sound surprising, they can be attributed to methodological reasons. In 

Study 1, we measured only the number and diversity (type-token ratio) of verbs, in 

comparison to a more sophisticated approach that allowed to tract the abnormalities 

of verbs use in aphasic spontaneous speech (Abuom & Bastiaanse, 2012; 

Bastiaanse & Jonkers, 1998).  

Unfortunately, the aphasic speakers did not improve in communicative 

abilities, nor in aphasia severity. These results partially contradict those of Bakheit 

et al. (2005) and Hoover et al. (2015), which showed reduced post-treatment 

aphasia severity and improved communicative abilities. However, in Bakheit et al. 

(2005), the participants received therapy in the acute and subacute phases of their 

stroke, which makes improvement more likely. In Hoover et al. (2015), nonfluent 

participants underwent a specific treatment targeting verb difficulties, while in our 

design, participants received deficit-specific treatment, and no boundaries were set 

for the aphasia severity or type. Our results are very similar to those of Grande et 

al. (2008), who observed a dissociation between the post-treatment improvement 

in speech production, communicative abilities, and the aphasia severity. Our results 

on the functional communicative skills also correspond to the findings by Laska 

and colleagues (2011). They stated that therapy did not influence the results of the 

ANELT in a randomly selected group of speakers with aphasia. However, it is 

possible that the ANELT with its qualitative scoring system was not sufficiently 

sensitive to track the changes in communicative abilities, as previously shown by 

Ruiter et al. (2011).  

In the light of the current findings, we suggest that spontaneous speech 

analysis with linguistically sophisticated variables is a sensitive tool to measure 

changes in individuals with aphasia. Speakers with language disorders that initially 

suffer from nonfluent aphasia benefit from deficit-specific treatment in their 
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spontaneous speech. However, these improvements do not carry over to 

communicative abilities or severity of aphasia. 

This study was not meant to measure the efficacy of any particular speech 

and language therapy; the main goal was to see which variables improve in treated 

chronic aphasia, in real-life clinical settings. According to our findings, length of 

utterance and proportion of grammatically correct sentences increase in the speech 

output of nonfluent aphasia speakers after the treatment.  

As discussed in Chapter 1, the characteristics of the brain lesions in patients 

with aphasia may have the most significant impact on the rate of their recovery. 

Thus, in Chapters 3 and 4 we will examine the neuroanatomical correlates of 

treatment-induced improvement using mean length of utterances (MLU) as a 

critical variable in nonfluent speakers. We focus on the anatomical features of 

intrahemispheric and interhemispheric white matter tracts. 
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