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Abstract 

Aphasia is an acquired impairment of language typically caused by stroke, and almost always includes 

anomia, difficulty with naming and word finding. Anecdotally, people with aphasia often report being 

able to say internally a word that they are unable to say aloud. In this project, we use psycholinguistic 

testing and functional neuroimaging to objectively characterise the subjective experience of successful 

inner speech in a group of people with aphasia. In doing so, we show that successful inner speech relates 

to correct aloud naming, phonologically-related errors and performance on tasks that require 

phonological access. We show that successful inner speech is stable across multiple days, but that the 

report may depend on any explicit task being performed subsequently. We also show that successful 

inner speech relates to word characteristics associated with ease of access, but not to characteristics 

associated with ease of production like articulation. In two participants, we show a relationship between 

the report of successful inner speech and better treatment outcome during speech-language therapy. 

Using functional MRI, we also demonstrate that the report of successful inner speech directly relates to 

brain activity during a covert naming task in two participants. 

Overall, this research demonstrates that the report of successful inner speech is meaningful, and provides 

new information about a commonly-reported yet understudied phenomenon. The findings are relevant to 

our understanding of speech production and self-monitoring, and may prove clinically useful. Inner 

speech could become an important new tool for the study anomia, aphasia and language in general, as 

well as fundamentally change our understanding of the experience of aphasia. 
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Chapter 1 

Introduction 

Stroke is a common and potentially devastating health problem. There are approximately 

800,000 strokes in the US every year, and the incidence is rising amongst young people (Go et al., 2013; 

Kissela et al., 2012). There are about one million stoke survivors in the US, and some 20% of people 

who survive a stroke are left with aphasia. Aphasia is an acquired deficit in language. Aphasia causes 

long term disability and increased cost of care to the tune of $100,000 per person, not to mention the 

decreased quality of life and the frustrations associated with difficulty communicating (Hilari, 2011; 

Sriram, Asokan, & Thomas, 2015).  

Aphasia includes a wide range of deficits, ranging from difficulty naming, slowed speech or 

difficulty with convoluted sentence structures, through to an almost total loss of vocabulary and trouble 

understanding even the most basic sentence structures. Aphasia almost always includes anomia, 

difficulty with word finding. Many people with aphasia report being able to say a word inside their head, 

despite being unable to produce the name aloud. Sometimes people report a general sense of a word that 

they want to say without being explicit about the nature of the connection. However, other times they 

report that a particular word “sounds right in my head” or “I can say it in my head”, suggesting a 

specific experience that may relate to specific mental processing stages of word retrieval and production. 

We call this self-perception about word finding “successful” inner speech (IS). Placing these reports in 

the context of prior literature on IS and the tip-of-the-tongue phenomenon, we hypothesize that the 

experience of successful IS reflects phonological access, and that the accompanying neural activity 

therefore reflects the experience.  

There is general consensus about the processes that must occur to retrieve and produce words, 

including semantic access, lemma retrieval, and phonological access, leading to post-lexical speech 



 2 

production processes and eventually word production (Badre, 2008; Gary S. Dell & O’Seaghdha, 1992; 

Foygel & Dell, 2000; Hickok & Poeppel, 2004; Rapp & Goldrick, 2000; Romanski et al., 2009). 

Assuming a processing model including these steps, there is general consensus that IS of the type we 

focus on here, specifically the type that evokes a concrete sense of hearing an inner voice, relies at a 

minimum on phonological retrieval. Articulatory imagery may play a role as well, although the evidence 

is equivocal (Abramson & Goldinger, 1997; Levelt, 1992; Vigliocco & Hartsuiker, 2002). It is not clear 

that articulation processes, part of the system necessary for speech output, is also necessary for 

successful IS, although it may be recruited during certain tasks that utilize IS, such as verbal working 

memory (Baddeley, Lewis, & Vallar, 2007). 

Since this dissertation focuses primarily on subject reports of self-perceived IS, it is also 

important to consider how IS might be monitored in order for a sense of successful IS to arise. There are 

three prominent ideas of how IS is self-monitored. According to the Levelt model, the experience of IS 

relies upon an “inner loop”, in which phonological form feeds back via the speech perception pathways 

in the temporal lobes (Indefrey & Levelt, 2004; Indefrey, 2011; Levelt, Roelofs, & Meyer, 1999; 

Postma, 2000; Shergill et al., 2002). In the original model, this inner loop is depicted in the figure as 

going from phonological forms directly back to the conceptual level, but in the text is described as 

relying on speech perception systems in the temporal lobe. We have therefore interpreted this theory as 

proposing that upon successful retrieval, the phonological form is used internally to generate an auditory 

image in the speech perception system, which in turn is compared to the phonological form of the target. 

In this model, full phonological retrieval is required for the experience of successful IS, along with intact 

self-monitoring via speech perception.  

An alternative theory of self-monitoring comes from connectionist models, in which the 

monitoring arises inherently from the naming process (G S Dell, 1986; Gary S. Dell & O’Seaghdha, 
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1992; Nozari & Dell, 2009). In these models, rapid spreading activation through semantic networks 

leads to selection of the most active “lexical node”, which in turn is connected to the phonological 

segments that form the word. Thus, the experience of successful IS may arise at any stage in which 

activity exceeds a particular threshold, such as at the point that a single lexical node is selected or when 

there is sufficient phonological activation that is being passed on to retrieval. Competition that leads to 

failures or errors of retrieval also leads to awareness of the error. 

The third proposal about self-monitoring of IS suggests that internal models of the speech motor 

plan are used to generate an auditory image, which serves as the basis for error detection (Tian & 

Poeppel, 2012; Tian, Zarate, & Poeppel, 2016). This hypothesis differs from the other two in that it 

assumes that IS involves motor processes used for speech production in addition to phonology. 

Although we will not adjudicate between the first two proposals, the research presented in this 

dissertation does address to some degree whether speech motor plans are needed for IS and so has 

implications for the question of whether IS self-monitoring is based on phonology or motor plans.  

To date, there have been many studies of IS in healthy participants, but relatively few in people 

with aphasia as outlined in more detail in subsequent chapters. The paucity of studies is despite the fact 

that many experimental designs in aphasia research, for example using silent speech production tasks 

during neuroimaging experiments, implicitly rely on the assumption that IS can be used as a proxy for 

aloud speech. Moreover, almost no studies directly address the personal subjective experience of IS in 

people with aphasia. Given that preliminary surveys in our lab suggest that 80% of people with aphasia 

experience a sense of successful IS at times when they are unable to say the word aloud correctly (Fama 

et al., under review), this is an important gap in the literature.  

Given the prevalence of the experience, a better grasp of the psycholinguistic and neurological 

features of successful IS is needed. Reliable reports of successful IS could provide an invaluable new 
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source of information to guide research and clinical practice. These reports could potentially inform our 

understanding of the psychological and neural basis of naming, much as reports of tip of the tongue have 

in healthy controls (B. L. Schwartz & Metcalfe, 2011). They could provide a better understanding of the 

origin of anomia during individual word retrieval attempts. Depending on the validity and nature of the 

information that is preserved during IS, it may be possible for clinicians to tailor treatments for patients, 

making the process of recovery more effective and less frustrating. With careful validation, it may even 

be possible to develop a measure that could be used to predict prognosis for individual patients, 

something which is currently only possible in general terms based on demographics and lesion size 

(Charidimou, Kasselimis, Varkanitsa, & Selai, 2014). 

We hypothesise that the report of successful IS in people with aphasia reflects lexical 

phonological access. Throughout this dissertation, we use the term “successful IS” to refer to the report 

that one can say a word in one’s head and that it sounds correct internally. The idea of successful IS is 

contrasted with unsuccessful IS, in which one reports a failure to find a word or that the word does not 

sound correct when said internally. We answer basic questions about the consistency of the report of 

successful IS from day to day, and the relationship of IS to phonological retrieval and aloud speech. We 

also examine the neurological basis for the process of IS. 

In the first study, we retrospectively examine the utility of self-reported IS on individual naming 

items in two people with aphasia by correlating reports of successful IS with the ability to name a word 

correctly aloud and the error type produced, as well as with word characteristics associated with ease of 

phonological access. We also demonstrate a relationship between the report of successful IS on 

individual items and anomia treatment outcomes on those same items.  

In the second study, we prospectively probe the reliability of the report of successful IS across 

multiple days and during different tasks in six people with aphasia, including individuals with diverse 
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language deficits. This allows us to test if the report of successful IS remains stable across multiple days 

of testing and across different task contexts. We also provide other basic evidence that self-reported IS is 

reliable. Then we examine the relationship between IS reports and aloud naming responses, word 

characteristics associated with lexical access and speech production, and performance on tasks of 

phonological knowledge.  

In the final study, we use functional neuroimaging to test the neural correlates of successful and 

unsuccessful IS in two patients from Study 2. We select items based on the consistency of their inner 

and aloud speech across multiple days of baseline testing. This allows us to compare activity for items 

with successful IS to unsuccessful IS in the setting of incorrect aloud production, and to compare correct 

aloud to incorrect aloud speech in the setting of successful IS. We observe that activity reflects the 

experience of successful IS, and that activity associated with successful IS overlapped more with correct 

rather than incorrect aloud speech, though there were differences between the participants.  

This project provides early objective evidence for the subjective report of successful IS in people 

with aphasia. These represent the initial steps needed to clarify reliability and further characterise the 

phenomenon. Ultimately, the report of successful IS may be useful to examine models of lexical 

retrieval and self-monitoring, and to guide therapy for anomia. 



 6 

Chapter 2 

Objective support for subjective reports of successful inner speech in two people with aphasia1 

Introduction 

Aphasia almost always includes anomia, a deficit in naming and word finding. After failing to say a 

word correctly, people with aphasia sometimes voice their frustration by talking about their subjective, 

internal sense of word finding, saying, for example, “I know it, but I can’t say it”. This particular report 

is somewhat vague, referring possibly to a simple sense of knowing what an object is, or possibly 

indicating some sense of the word for that object. Sometimes, however, when they are unable to say 

correctly a word aloud, people with aphasia specifically report being able to say the word correctly in 

their heads. They say that a word “sounds right in my head” or “I can say it in my head”. These 

subjective reports of successful Inner Speech (IS) are sufficiently specific that they may provide useful 

information about why naming failures occur for these individuals. Subjective reports, however, are 

inherently difficult to verify, and almost no prior research has examined whether or not reports of 

successful IS by people with aphasia provide useful information related to the mental processes of word-

finding. 

There is a great deal of prior work that has examined the nature of IS and self-monitoring of IS in the 

general population. There is general agreement that IS requires access to phonological word forms, 

although there remains controversy regarding whether this is sufficient (Levelt, Roelofs, & Meyer, 

1999), or whether IS also involves articulatory preparation (Abramson & Goldinger, 1997). The former 

explanation is supported by key findings, including a lack of relationship between timing of IS 

                                                 
1 This is an Accepted Manuscript of an article published by Taylor & Francis in Cognitive Neuropsychology. 

Available online: http://www.tandfonline.com/10.1080/02643294.2016.1192998 
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monitoring and segment lengths in overt speech, and the failure of competing subarticulation to degrade 

IS monitoring (Wheeldon & Levelt, 1995). A parsimonious explanation is that IS can evoke 

subarticulation for certain operations (Oppenheim & Dell, 2010) like the articulatory loop of short-term 

memory (Baddeley, 1992), but that self-monitoring of IS, and hence insight into it, is primarily based on 

the phonological form. This self-monitoring is thought to occur through an “inner loop”, which allows 

the phonological access system to feedback on itself via speech perception pathways in the temporal 

lobes (Indefrey & Levelt, 2004; Indefrey, 2011; Levelt et al., 1999; Postma, 2000; Shergill et al., 2002). 

This inner loop thus relies on normal speech perception pathways connecting acoustic analysis to 

phonology, using the phonological form to generate an auditory image, and confirming that the 

phonological representation of the perceived auditory image matches the target word. Thus, successful 

self-monitoring of IS via the inner loop relies on intact phonological retrieval and speech perception 

pathways. We present a model of word retrieval and production based on this prior work in Figure 2.1. 

Note that this model has been simplified to make clear predictions about insight into IS in aphasia. In 

this model, the subjective sense of successful IS likely reflects completion of “access stages” (upper, 

light grey box in Figure 2.1), and correct aloud speech after successful IS results from completion of 

“output stages” (lower, dark grey box). Thus, the sense of successful IS without correct speech 

production is expected to arise when a person with aphasia successfully retrieves the phonology of a 

word, but fails to translate the abstract phonological form to an articulatory sequence.  

Few prior studies have explicitly addressed IS in aphasia, although some have tested performance on 

silent phonological tasks that presumably require IS (e.g., Nickels, Howard, & Best, 1997), or have used 

silent speech tasks during functional imaging experiments (e.g., Blasi et al., 2002; Perani et al., 2003; 

Richter, Miltner, & Straube, 2008; Rosen, Petersen, & Linenweber, 2000; Thulborn, Carpenter, & Just, 

1999; Warburton, Price, Swinburn, & Wise, 1999). In two studies, participants with “motor dysphasia” 

(Baddeley & Wilson, 1985) and conduction aphasia (Feinberg, Rothi, & Heilman, 1986) performed 
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better on homophone judgements using IS than would be predicted by their aloud speech. Another study 

found that after failing to name a famous face, people with Broca’s and conduction aphasia demonstrate 

better access to the first letter and “shape” of the name than those with anomic aphasia (Beeson, 

Holland, & Murray, 1997). A recent study confirmed that people with aphasia often have preserved IS 

relative to aloud speech, and suggested that the discrepancies emerge from speech apraxia and working 

memory deficits (Geva, Bennett, Warburton, & Patterson, 2011). Overall, this prior evidence 

demonstrates that IS may be preserved in people with aphasia, and that, as the model in Figure 2.1 

suggests, IS may be most preserved in people with deficits primarily in “output processes”, including 

those with conduction aphasia (Buchsbaum et al., 2011) and apraxia of speech (Ogar, Slama, Dronkers, 

Amici, & Gorno-Tempini, 2005; Shallice, Rumiati, & Zadini, 2000).  

The studies above examined the general phenomenon of IS in aphasia, but did not address whether 

people with aphasia have insight into the accuracy of their IS. This question has been examined 

indirectly in studies of self-correction in aphasia. For example, people with Broca’s aphasia rely on 

more IS monitoring than on monitoring of overt speech for self-correction (Postma, 2000).  

Furthermore, self-correction using IS correlates with improvements during treatment (Marshall, 

Neuburger, & Phillips, 1994; Marshall & Tompkins, 1982). These encouraging findings suggest that 

insight into IS may be clinically important, but surprisingly, only one prior study to date has directly 

asked people with aphasia about their insight into IS.  

In 1976, building on prior work on the tip-of-the-tongue (TOT) phenomenon in healthy controls (R. 

Brown & McNeill, 1966) and people with aphasia (Barton, 1971), Goodglass et al. examined TOT in 

men with Broca’s, Wernicke’s, conduction, or anomic aphasia (Goodglass, Kaplan, Weintraub, & 

Ackerman, 1976). TOT is the sense of knowing a word without being able to call it to mind. Since the 

individual reports failing to find the word internally, TOT is different from the sense of successful IS. 
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TOT likely arises from incomplete phonological word form access (A. S. Brown, 1991; Meyer & Bock, 

1992), and thus, in the model in Figure 2.1, is an indication of failure during access stages. Nevertheless, 

TOT is closely related to successful IS in the model since it indicates partial phonological access, 

whereas the sense of successful IS indicates full phonological access. In the Goodglass et al. study, each 

participant named pictures; those who failed were asked whether they “had an idea of the correct word 

and knew what it sounded like”. Each participant was then asked the number of syllables and first letter 

of the word to test knowledge of phonology. Results were reported only with reference to group-level 

performance based on aphasia diagnosis, but the pattern of results conforms to our model, if we assume 

that conduction aphasia involves primarily output stage deficits, anomic aphasia involves primarily 

deficits at any level that prevents phonological access, and Wernicke’s aphasia compromises self-

monitoring, thus impairing monitoring via the inner loop. Correspondingly, people with conduction 

aphasia reported high rates of TOT and demonstrated good access to the phonology of the words; people 

with anomic aphasia reported infrequent TOT and had little access to phonology; and people with 

Wernicke’s aphasia reported high rates of TOT, but had little access to phonology, suggesting that their 

reports were unreliable. Although it would provide key evidence for the reliability of reports of IS, the 

investigators did not address whether participants had greater access to the phonology of words they 

reported as TOT than those they did not. People with aphasia report their perceptions of IS every day, 

but we are aware of no further research examining self-reported IS in aphasia.  

If shown to be meaningful, the report of successful IS in people with aphasia could serve as a new 

tool with which to study language processes. Comparisons between different deficits in IS could be used 

to tease apart at which stages cognitive processes such as articulation or working memory are involved 

in naming and speech production. IS may inform our understanding of self-monitoring, and ultimately 

allow us to refine models of speech and language processes. In this paper, our primary goal is to provide 

a proof-of-principle that the report of successful IS can be a reliable measure of language processing in 
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people with aphasia. We characterise the phenomenon of the self-report of IS in two people with post-

stroke aphasia. We also present preliminary evidence that addresses the question of whether generating 

and monitoring IS requires only phonological retrieval or also motor planning and articulation.  

We used three sessions of naming in order to establish pictures that each participant could 

consistently name correctly aloud and those that they consistently failed to name correctly. At a later 

date, we asked each participant to report their IS on a set of these items. This allowed us to test several 

predictions based on the proposed model. Finally, after reporting each item as successful or unsuccessful 

IS, the participants underwent paired-associate anomia treatment over a period of several weeks on the 

items that were consistently incorrect aloud. In theory, this treatment benefits both the access and output 

stages of the model presented in Figure 2.1; however, if participants already have access to the word, 

then they need only to improve the output stage in order to successfully say the word aloud. Therefore 

we would expect words with successful IS to be recovered more often and more quickly. We therefore 

used the results from the training to determine if words reported as successful IS are relearned more 

easily during anomia treatment compared to those reported as unsuccessful IS.  

Materials and Methods 

Participants 

Both participants are native English speakers with chronic aphasia. Each gave informed consent 

under a protocol approved by the Georgetown University Institutional Review Board. Participant 1 

(YPR) is a left-handed African-American male with 18 years of education; he was 49 years old at the 

time of his ischaemic right middle cerebral artery stroke and 52 at the time of enrolment. His initial 

symptoms were unilateral weakness and language difficulty, and he has moderate aphasia. His 

spontaneous speech is fluent but frequently empty; he rarely corrects himself while speaking, although 

he is able to identify errors when prompted. His auditory comprehension is functional but impaired, 
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particularly in limited context. See Table 2.1 for characterization using standard language tests. YPR’s 

lesion involves large portions of the middle and superior temporal gyri extending to the temporal pole, 

along with parts of the supramarginal gyrus, the sensory and motor strips and the insula (Figure 2.2a).  

Participant 2 (ODH) is a right-handed white female with 12 years of education who was 70 years old 

at the time of her ischaemic left middle cerebral artery stroke with haemorrhagic conversion, and 71 at 

the time of enrolment, nearly 12 months later. Her initial symptoms were agitation and language 

difficulty, and she has persistent moderate conduction aphasia. Her spontaneous speech is characterized 

by fluent speech interrupted by hesitations seemingly caused by word-finding difficulties. She makes 

repeated efforts to pronounce a target word in a conduite d’approche before continuing with the rest of 

her utterance. Her auditory comprehension is good, although she struggles as sentence length and 

complexity increase. See Table 2.1 for standard language test results. Her lesion involves the mid-

posterior superior temporal gyrus, and part of the posterior middle temporal gyrus (Figure 2.2b).  

Aloud speech tests and scoring 

During each of three sessions, participants were instructed to provide the one-word name for 384 

black-and-white line drawings. The images were selected for at least 70% name agreement when 

normed in 24 older controls (mean age: 54 ± 9 years, mean education: 15 ± 2 years). All images were 

concrete nouns. Images were presented using E-Prime® (Psychology Software Tools, Inc.). All 

responses were audio and video recorded. Responses were transcribed into the International Phonetic 

Alphabet, then scored according to the Philadelphia Naming Test (PNT) scoring rules (Roach, Schwartz, 

Martin, Grewal, & Brecher, 1996). We scored the first complete attempt, which is the first response 

containing at least a CV or VC utterance that is not self-interrupted. Responses were considered correct 

if they had all of the right sounds in the right order, allowing for addition or deletion of plural 

morphemes. Each response was scored depending on its phonological and semantic relationship with the 
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target. Words were considered phonologically similar if the target and response share one of: a stressed 

vowel, or the initial or final phoneme; two or more phonemes at any position; one or more phonemes at 

the correct syllable and word position. If the utterance was not a real word, then it was scored as a 

phonologically related nonword, whereas if the utterance was a real word, it was scored as a 

phonologically related real word (sometimes called a formal error). Semantic errors are related to the 

target by meaning. Real word errors that share phonological and semantic features were scored as mixed 

errors. Utterances that did not meet the criteria for complete attempt were scored as “no response”. 

Although the PNT further categorises the remaining errors, we combined them as “other errors”.  

Inner speech task 

We focused on the distinction between successful and unsuccessful IS because it is easily defined 

and produces the clear predictions described below. We defined successful IS to mean that one feels that 

s/he “can say a word silently, without moving the mouth or lips, and it has all of the right sounds, in the 

right order”. By contrast, unsuccessful IS was defined more broadly as the sense that s/he failed to arrive 

at the correct word, or the word does not sound correct when said internally. Successful IS thus refers to 

one very specific self-perception, whereas unsuccessful IS refers to a wider range of self-perceptions 

(e.g., “I can’t think of it”, “I’m thinking of the wrong word”, “I have part of it”, “it’s on the tip of my 

tongue”).  

For each participant, we aimed to select 120 items that were consistently incorrect aloud (correct on 

0/3 days) and 36 items that were consistently correct aloud (correct on 3/3 days) for use in a covert 

(silent) naming test. To obtain these numbers, we included some words that were consistent on only 2/3 

days. This was necessary for 3 “consistently correct” words for YPR, and 23 “consistently incorrect” 

and 7 “consistently correct” words for ODH. At a separate session, participants were asked to judge their 

IS on these items (YPR, 18 days after final aloud naming; ODH, 26 days). Participants were presented 
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with each item and instructed to “try to name the picture inside your head without moving your mouth or 

lips”. Participants pressed one button to report successful IS (all of the right sounds in the right order 

without moving the mouth and lips) and another button to report unsuccessful IS. Each item was 

presented along with a beep and remained on the screen for 7.5 seconds, followed by 2.5 seconds of a 

“+” as fixation. Training was provided on a separate set of 14 items of varying difficulty prior to testing.  

Treatment 

Ninety-six of the consistently incorrect aloud items were used for paired-associate learning. 

Participants attended two learning sessions per week. Each session consisted of 4 blocks: Test-1, Study-

1, Test-2, and Study-2; all 96 words were presented in each block. During a test block, the participant 

was shown a picture and asked to name it within five seconds. In a study block, the participant was 

shown a picture and the written word while hearing its name, and was asked to repeat the name and then 

study the picture and word. An item was considered learned only when it was named correctly in the 

test-1 block of two consecutive sessions. Items named correctly during the Test-1 block were still 

presented during the remaining blocks of that session. Treatment ended when participants did not learn 

any new words in two consecutive sessions. 

Variables 

We tested three word characteristics associated with ease of lexical access. SUBTLEXus word 

frequency reflects natural usage of American English, and is normalized with a base 10 log conversion 

(Brysbaert & New, 2009). Kuperman et al’s age of acquisition (AoA) norms include all items used in 

our dataset and correlate well with previous measures of AoA as well as lexical access (Kuperman, 

Stadthagen-Gonzalez, & Brysbaert, 2012). We used the number of phonological neighbours from the 

English Lexicon Project (ELP), which offers normative samples of behavioural data on a large corpus of 

words (Balota et al., 2007).  
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We also tested two word characteristics associated with ease of speech production. We used a 

measure of articulatory complexity derived from syllables, number of travels between places of 

articulation and consonant clusters, based on work by Baldo et al. (Baldo, Wilkins, Ogar, Willock, & 

Dronkers, 2011). We created a variable by adding these features together to create a single value. 

Finally, we included triphone probability, taken from the Irvine Phonotactic Online Dictionary (IPhOD) 

(Vaden, Halpin, & Hickok, 2009). A triphone is a triplet of phonemes, and provides the context in which 

a particular phoneme occurs. Triphones influence coarticulation, and are used to create more natural 

sounding computer-synthesised speech (Jan Van Santen, Kain, & Klabbers, 2002; J. Van Santen, 1997). 

Triphone probability is related to duration of production (Kuperman, Ernestus, & Baayen, 2008). Based 

on the DIVA model, commonly occurring syllables, likely including most biphones and high-frequency 

triphones, are stored as motor programmes, while low-frequency syllables, likely including low 

frequency triphones, are assembled online during speech production from motor programmes for smaller 

speech elements  (Guenther, Ghosh, & Tourville, 2006). We therefore treat triphone probability as a 

non-articulatory marker of speech output difficulty. 

The participant reported IS as successful or unsuccessful. Aloud speech was scored as correct or 

incorrect. Combining these responses led to four combinations of responses that were then used for 

statistical tests examining relationships between inner and aloud speech, as well as response to 

treatment: successful IS with correct aloud speech, successful IS but incorrect aloud speech, 

unsuccessful IS with incorrect aloud speech, and unsuccessful IS but correct aloud speech. The 

unsuccessful IS but correct aloud speech condition only occurred 3 times out 312 items across both 

participants, so was not considered further.    

In analyses of the treatment data, a new variable “rate of learning” was created for each word by 

subtracting the session when the word was learned divided by the total number of sessions from 1 (e.g., 
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if a word was learned on session 5 out of 19: 1 - (5/19) = 0.737). Words that were unlearned were 

assigned a value of zero, the same value as if they were learned on the final session. 

Statistical analysis 

All analyses were performed using SPSS 23® (IBM Corporation). We used Fisher’s Exact, chi-

squared, ANOVA with planned contrasts, Mann-Whitney and t-tests, as described in the results below. 

We used Levene’s Test to measure the homogeneity of variance, with a cut-off of p < .05, and used 

Student’s or Welch’s t-tests accordingly. All predictions are a priori and specific for the direction of the 

relationships/associations: we do not correct for multiple comparisons, but do use two-tailed tests with a 

significance level of 0.05 as the conservative basis for statistical inference.  

We used a two-step modelling approach to evaluate the association of IS and learning outcome 

(learned or not learned) for both participants. In the first step, the variables tested were word frequency, 

AoA, phonological neighbours, articulatory complexity and triphone probability, as well as number of 

letters, phonemes and syllables. This first step makes no assumptions about which variables should be 

included in the model, but adds word characteristics in one at a time based on their individual 

contributions to the predictive power of the model. The entry to the model was based on p < .05 while 

the removal from the model corresponded to p > .10. The resulting model included only the word 

characteristics that contributed to predicting the learning outcome. In the second step, we forced the 

model to add the report of IS to the model produced by the first step of this analysis. Thus the second 

step allowed us to evaluate the contribution of IS above and beyond our word characteristics of interest.  
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Results 

Association of inner speech and aloud speech 

Our first prediction is that items consistently named correctly aloud should rarely if ever be reported 

as having unsuccessful IS. Indeed, out of 36 total correct aloud trials for each participant, YPR reported 

2 as unsuccessful IS and 34 as successful IS; ODH reported 1 as unsuccessful IS and 35 as successful IS. 

In contrast, a much larger proportion of the items consistently named incorrectly aloud was reported as 

unsuccessful IS by both participants (YPR: 73 unsuccessful IS, 47 successful IS; ODH: 60 unsuccessful 

IS, 60 successful IS). A two-tailed Fisher’s Exact test confirms that report of IS is associated with aloud 

speech (YPR: p <.0001, ODH: p <.0001). 

Association of inner speech and error type 

Error types for each participant, broken down by report of IS, are shown in Table 2.2. For words that 

cannot be named correctly aloud, we predict that errors are more likely to be phonologically related to 

the target if they are reported as having successful IS rather than unsuccessful IS. We compare 

phonologically related nonwords to all other errors types (i.e., any incorrect trial that was not a 

phonologically related nonword). We selected phonologically related nonword errors because they seem 

more likely to arise during speech output processing after successful phonological retrieval. We included 

all other errors in the alternative bins for the chi-square test. There is a significant association between 

successful IS and phonologically related nonword errors, compared to all other error types (YPR: Χ2(1) 

= 6.5, n = 362, p = .010, ODH: Χ2(1) = 16.5, n = 347, p <.0001). Across all items, “no response” is more 

likely to occur with unsuccessful IS than successful IS for both participants (YPR: Χ2(1) = 35.0, n = 

467, p = <.0001, ODH: Χ2(1) = 91.9, n = 468, p <.0001).  
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Association of word-level characteristics with report of inner speech 

Based on the hypothesis that reports of successful IS reflect phonological access, our first prediction 

is that amongst words produced incorrectly aloud, those reported as successful IS will have 

characteristics associated with easier access, but not easier production, compared to those reported as 

unsuccessful IS. Secondarily, we predict that words reported as having successful IS will have features 

associated with easier production if they can be produced correctly aloud, but similar ease-of-access 

characteristics, irrespective of the ability to be said aloud (we note, however, that there is prior evidence 

that word frequency may be important in speech output processing due to cascading activation; see 

Discussion). Mean and standard deviation values for all pairwise comparisons below are shown in Table 

2.3, along with appropriate test statistics. 

Prediction 1: Ease-of-access, but not ease-of-production word features relate to the report of inner 

speech (Figure 2.3): The planned comparisons showed that, amongst all words produced incorrectly 

aloud, those reported as successful IS were on average more frequent and had earlier AoA than words 

reported as unsuccessful IS. Both differences were significant for both participants. For YPR only, the 

phonological neighbourhood density was also greater for words reported as successful IS than for those 

reported as unsuccessful IS.  Neither the measure of articulatory complexity nor triphone probability 

was significantly different for either participant in this comparison. 

Prediction 2: When inner speech is reported as successful, aloud production relates to ease-of-

production, but not ease-of-access word characteristics (Figure 2.4): In contrast to our prediction, 

amongst words reported as successful IS, those produced correctly aloud were on average more frequent 

than those produced incorrectly aloud, for both participants. For ODH only, words produced correctly 

aloud also had earlier AoA compared to words produced incorrectly aloud. YPR showed no difference 

in these features between words with successful IS that were produced correctly vs. incorrectly aloud, 
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and neither participant showed a difference in phonological neighbours related to aloud production. 

Again, the measure of articulatory complexity was not significantly different for either participant. 

Triphone probability was higher for successful IS with correct aloud speech than with incorrect aloud 

speech in both participants, significantly so for ODH, and at trend level for YPR.  

Additional word characteristics: There were no significant relationships observed between report of 

successful IS or aloud production and the number of letters, phonemes or syllables (all p > .1, except for 

YPR successful IS but incorrect aloud vs. unsuccessful IS and incorrect aloud for phonemes, p = .083, 

Table 2.3). Because for YPR the results for phonemes were trending towards significance and it may 

have been an issue of low power, we performed the same comparisons on the combined data from both 

participants. The findings remained statistically not significant (all p > .1).  

Report of successful inner speech predicts treatment outcome  

We hypothesized that relearning is easier for items with successful IS than for those with 

unsuccessful IS. Overall, YPR learned 77.1% of all words (74/96). He learned a higher proportion of 

successful IS items than unsuccessful IS, items as predicted: 90.2% of successful IS words (37/41), and 

67.3% of unsuccessful IS words (37/55) over the course of 19 sessions (two-tailed Fisher’s Exact p = 

.013). ODH learned 88.5% of all words (85/96) and also learned more successful IS items than 

unsuccessful IS items: 95.6% of successful IS words (43/45), and 82.4% of unsuccessful IS words 

(42/51) during 11 sessions, which trended towards significance using a Fisher’s Exact test (p = .056). 

We used a Mann-Whitney non-parametric test to compare successful IS and unsuccessful IS with 

respect to the distribution of the rate of learning variable (see Methods). YPR trended towards a 

significant relationship between successful IS and rate of learning (U(94) = 899, unsuccessful IS mean 

rank = 44.35; successful IS mean rank = 54.07, z = 1.71, p = .087). ODH learned items reported as 



 19 

successful IS significantly faster than those reported as unsuccessful IS (U(94) = 595, z = 4.14, 

unsuccessful IS mean rank = 37.67, successful IS mean rank = 60.78, p < .0001) (Figure 2.5).  

Next, we evaluated the contribution of the report of successful IS when added to a model of learning 

selected based on eight word characteristics (word frequency, AoA, phonological neighbours, 

articulatory complexity, triphone probability, letters, phonemes and syllables). During the first step, the 

selection procedure identified word frequency and phoneme number as predictors of learning for YPR 

(frequency OR = 9.30, 95% CI: (2.59, 33.34), p = .001, phonemes OR = 0.57, 95% CI: (0.36, 0.88), p = 

.012), with a one unit increase in frequency or decrease in phoneme number corresponding to increased 

odds of successful learning. In other words, for YPR, a model that included frequency and phoneme 

number was able to predict subsequent success of learning, and the other word characteristics did not 

contribute significantly to success. The second step added the report of IS to that model. The report of IS 

was positively associated with learning for YPR, however the results did not reach statistical 

significance (Table 2.4).  

Using the same approach for ODH, the first step of the model identified word frequency and number 

of letters as important predictors of learning (frequency OR = 10.28, 95% CI: (1.70, 61.98), p = .011, 

letters OR = 0.65, 95% CI: (0.44, 0.97), p = .033). Though the OR was positive, adding the report of IS 

during the second step did not improve the model (Table 2.4). 

As IS trended towards being important for learning in both participants, we performed an 

exploratory analysis with the same two-step analysis on their combined data. Frequency and number of 

phonemes were identified as being predictive of learning outcome (frequency OR = 7.03, 95% CI: (2.72, 

18.17), p < .0001, phonemes OR = 0.75, 95% CI: (0.58, 0.96), p = .025). Adding the report of successful 

IS to the basic model significantly increased the odds of learning the word by about three times (OR = 

3.12, 95% CI: (1.13, 8.67), p = .029). 
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Discussion 

We investigated four specific predictions about successful IS based on a multi-stage model of 

naming (Figure 2.1). As predicted by the model, we found that unsuccessful IS was rarely associated 

with correct aloud speech. Aloud speech errors on items reported as successful IS were more likely to be 

phonologically related nonword errors than for items reported as unsuccessful IS. Words reported as 

successful IS differed from those reported as unsuccessful IS with respect to word characteristics 

associated with ease of lexical access. Finally, words with reported successful IS were relearned more 

easily than those reported as unsuccessful IS during anomia treatment. Overall, these results suggest that 

self-reports of successful IS provide information about the underlying mental processes of naming, at 

least in some people with aphasia.   

Inner and aloud speech 

Our model predicts that correct aloud speech rarely coincides with a report of unsuccessful IS, 

because the feeling of unsuccessful IS reflects a failure of phonological word form retrieval, precluding 

production of the correct word. The naming responses of individuals with aphasia are notoriously 

variable (Howard, Patterson, Franklin, Morton, & Orchard-Lisle, 1984), which is why many studies rely 

on multiple baseline testing to select items with consistent responses (Menke et al., 2009). Likewise, we 

selected “correct” words based on successful aloud speech, which we take to indicate that the participant 

can reliably access the correct phonology. We found that there were only a few instances in which a 

report of unsuccessful IS was associated with successful naming aloud, despite collecting the IS 

responses during a different session 3-4 weeks later. Although unsuccessful IS was associated with “no 

response” during aloud speech, there were multiple occasions on which there was an attempt. This 

suggests that the participant believed s/he had some information about the target word, although the IS 

was not perceived as correct. Also of note, IS dissociated from aloud speech: many items that were 
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consistently incorrect aloud (correct on 0/3 days) were reported as successful IS. Taken together, these 

results suggest that the self-perception of IS derives from an earlier stage of processing than aloud 

speech (Hickok, 2012; Indefrey & Levelt, 2004; Levelt, 1996), and does not simply reflect internal 

modelling of aloud speech production processes. This conclusion corresponds with previous findings 

that some people with aphasia can use IS to perform language tasks better than would have been 

expected based on the aloud speech deficit (Feinberg et al., 1986; Geva et al., 2011; Oppenheim & Dell, 

2008; Postma & Noordanus, 1996).  

Inner speech and error type 

If the report of IS reflects success of phonological retrieval, then errors that occur for words reported 

as having successful IS should occur during post-retrieval output stages. Phonologically related nonword 

errors may arise in post-retrieval processing stages (Robson, Pring, Marshall, & Chiat, 2003; M. F. 

Schwartz, Wilshire, Gagnon, & Polansky, 2004) and so should be associated with successful IS more 

often than with unsuccessful IS. Indeed, this is the pattern we observed. We also note the interesting 

pattern of phonologically related real-word errors during successful IS for ODH. These errors may arise 

during post-lexical processing due to a lexical bias during speech production, or more likely primarily 

during phonological access. The origin of these errors may differ between people depending on their 

specific deficits, and their relationship to reports of successful IS warrant further investigation.  

An important limitation is that phonologically related nonword errors could also arise due to 

retrieval of an incorrect phonological form that is nevertheless related to the correct form. We cannot 

distinguish between complete and partial phonological access on the basis of the data presented; 

therefore, we can conclude only that there is greater phonological access during successful IS than 

during unsuccessful IS. It remains possible—even likely—that the sense of successful IS reflects not a 
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binary distinction between whether the retrieved phonological form is completely correct or not, but a 

graded similarity of the retrieved form to the target.  

The relationship between semantic errors and report of successful IS is also of interest. Whether 

these errors occur during semantic access or lemma access, the IS should match the aloud speech in 

these cases. However, here we asked participants to judge whether they have successfully named the 

item, so should nevertheless report unsuccessful IS, because the retrieved word does not match the 

picture. By contrast, if participants do not notice that the retrieved word does not match the picture, they 

would likely report successful IS. The phonological focus of our instructions (“all of the right sounds in 

the right order”) may have biased participants against checking the semantic accuracy of their retrieved 

word prior to judging their phonological accuracy, resulting in approximately equal rates of semantic 

errors associated with successful and unsuccessful IS. In the future, asking participants to judge their 

own aloud utterances may help to clarify whether such lapses in self-monitoring can account for 

occurrences of semantic errors with reported successful IS.  

Word characteristics and inner speech  

Word frequency and AoA are both markers of ease of lexical access (Ellis, Burani, Izura, Bromiley, 

& Venneri, 2006; Hickok, 2009; Jescheniak & Levelt, 1994; Kittredge, Dell, Verkuilen, & Schwartz, 

2008; Lyndsay Nickels & Howard, 1995; Pedersen, Jørgensen, Nakayama, Raaschou, & Olsen, 1995; 

Pedersen, Vinter, & Olsen, 2004; Ratner, Newman, & Strekas, 2009). These factors likely relate to use, 

exposure or word salience. Since we hypothesized that the report of successful IS reflects lexical 

phonological access, we expected that amongst words with incorrect aloud speech, those reported as 

successful IS would show characteristics suggestive of easier access compared to words with 

unsuccessful IS. Indeed, for both participants, words with successful IS were more frequent, had an 

earlier AoA than words with unsuccessful IS.  
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Phonological neighbourhood density has previously been shown to inhibit word recognition in 

people with normal language (Luce & Pisoni, 1998), but appears to facilitate successful word retrieval in 

people with aphasia (Gordon, 2002; Middleton & Schwartz, 2010). It is thus reasonable to expect that 

there are more phonological neighbours for words reported as successful IS than for words with 

unsuccessful IS, or for words said correctly aloud as opposed to incorrectly aloud. We observed a 

relationship for YPR, although not for ODH; however, any effect in either direction may be obscured 

because the standard deviation of this measure was larger than the mean (see Table 2.3).  

The measure of articulatory difficulty did not relate to IS reports, supporting the hypothesis that IS 

relies on phonology and not on articulatory processing. Similarly, there was no difference in triphone 

probability between items reported as having successful rather than unsuccessful IS. Overall, these 

findings confirm that, despite incorrect aloud production, words with reported successful IS demonstrate 

characteristics related to ease of lexical access but not to post-lexical output processes. These findings 

support the hypothesis that IS, at least in this context, relies on phonological lexical access and not on 

post-lexical speech production processes. 

We also predicted that, if the sense of successful IS reflects phonological retrieval, words reported as 

successful IS would have similar ease-of-access characteristics whether or not they could be pronounced 

correctly aloud. However, for both YPR and ODH, amongst all words reported as successful IS, those 

produced correctly aloud were on average more frequent than words produced incorrectly aloud. For 

ODH but not YPR, the differences in AoA also suggested easier access for words reported as successful 

IS that were correct aloud than those that were incorrect aloud. In retrospect, perhaps this prediction was 

ill-founded. There is evidence that frequency impacts post-lexical production, for example during 

articulation (Balota & Chumbley, 1985; Nozari, Kittredge, Dell, & Schwartz, 2010). High-frequency 
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words tend to be shorter, which may also make them easier to pronounce, although here we found no 

significant differences related to aloud production for length in letters, phonemes or syllables.  

An alternative explanation for the observed differences in frequency and AoA is that IS was only 

reported on a single day. Had we tested IS on multiple days, we would have expected to find that words 

with correct aloud speech (i.e., produced correctly aloud on three days of testing, and thus likely to 

always be retrieved correctly) would likewise always be reported as successful IS. In comparison, the 

incorrect aloud words (produced incorrectly aloud on three days) might sometimes be retrieved correctly 

resulting in a sense of successful IS, and on other occasions not be retrieved correctly, resulting in a 

sense of unsuccessful IS. As such, although the words with successful IS but incorrect aloud speech in 

the current study are more likely to be correctly retrieved compared to words with unsuccessful IS, they 

may not be as likely to be retrieved as the words with successful IS and correct aloud speech. Had we 

tested IS on multiple days, we might have found a gradation in ease-of-access characteristics between 

words always reported as successful IS, those sometimes reported as successful IS, and those never 

reported as successful IS. Finally, we cannot rule out that self-monitoring of IS may be based on graded 

strength of phonological activation, not on whether the retrieved phonological form was fully correct as 

we hypothesized. In this scenario, words with successful IS and correct aloud speech are likely to be 

easier to access than words with successful IS but incorrect aloud speech, for which weaker 

phonological activations may still have resulted in a sense of successful IS.  

We did not observe a difference in articulatory complexity related to aloud success. Perhaps our 

measure was not sensitive enough to capture these effects. It is worth noting, however, that neither 

participant suffers from significant articulatory deficits or apraxia, and so in these individuals, errors in 

aloud speech might not be expected to relate to articulatory complexity, but rather another aspect of 

speech output processing. Triphone probability did relate to aloud production for ODH, but did not 
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relate to IS in either participant. Based on Guenther et al.’s DIVA model of speech production, common 

syllables, likely including most biphones and common triphones may be represented by unique motor 

programmes, whereas less common syllables, here reflected by low-triphone probabilities, require online 

assembly from sub-syllabic sounds (Guenther et al., 2006). Based on this account, triphone probability 

may serve as a marker for complexity of motor planning during speech production, and the relationship 

to aloud production after successful IS in our two participants suggests a failure at the level of 

sequencing the motor plan for these individuals.  

Taken together, the associations of successful IS with correct aloud production and phonological 

nonword errors, as well as word characteristics associated with ease of lexical access, but not ease of 

production, support the hypothesis that reports of successful IS provide useful information related to the 

mental processes of word retrieval (see Figure 2.3). Specifically, these findings support the hypothesis 

that self-reported IS in aphasia relates to lexical phonological retrieval. We did not find any support for 

the notion that in this context IS relies on post-lexical speech-production processes. Further testing of IS 

reports in a wider range of participants, including those with anomia arising from different levels of 

lexical access, as well as those with and without apraxia of speech, will provide more direct tests of the 

specific processes contributing to both to self-perceived IS and to subsequent overt production.  

Self-reported inner speech and treatment outcomes 

Perhaps the most clinically relevant finding from this study is the treatment outcome. Both 

participants showed learning effects related to their report of IS, in the total words learned and the rate 

of learning. These findings lend further support to the idea that judgement of IS is a reliable measure of 

internal processes related to word retrieval. Based on our model (Figure 2.1), words reported as 

successful IS are retrieved correctly, at least on one day of IS testing, so relearning mainly requires 

remediating post-lexical output deficits that degrade aloud responses. In contrast, words reported as 
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unsuccessful IS are not retrieved correctly, so relearning requires remediating lexical access, as well as 

any persistent post-lexical output deficits. In the alternative interpretation that self-perceptions of IS 

reflect a graded strength of representational activation, words reported as successful IS are represented 

more strongly than words with unsuccessful IS, and should be easier to access again. In both scenarios, 

words reported as successful IS are predicted by the model to be easier to relearn than unsuccessful IS, 

as we found. These results further suggest that IS judgements reflect properties of words that are 

relatively stable over time, because they predict success for treatment that takes place over the course of 

several weeks.  

Because IS reports related to ease-of-access word characteristics, we took a conservative approach to 

modelling the contribution of the report of IS to treatment outcome, first modelling the contribution of 

these characteristics to learning, and then asking whether report of successful IS provided additional 

information. We have already demonstrated that these word factors are associated with the report of 

successful IS, and both participants learned most words. However, despite these limitations, the results 

from the logistic regression model suggest that the subjective report of IS improves the prediction of 

whether or not a word is relearned. It is possible that the models of word relearning are missing 

measures of some aspects of phonological access or of post-retrieval lexical output, and that adding 

these missing measures would negate the predictive value of IS judgements. However, word 

characteristics reflect an overall likelihood of naming success, but are not specific to an individual 

person’s language experience and do not provide a direct measure of phonological access on individual 

naming attempts. We suggest that reports of IS provide a more direct, albeit subjective, measure of 

phonological access during individual naming attempts. Therefore, if reports of successful IS are 

reliable, they may provide additional individualized information about phonological retrieval beyond 

any combination of word characteristics.  
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Thus, reports of IS may not only provide information regarding the mental processes of word-

finding, but may also serve as prognostic indicators for recovery of individual words during anomia 

treatment.  

Alternative interpretations 

The alternative research hypothesis that self-reports of successful IS are not meaningful can be 

discarded. However, we cannot determine whether reports of successful IS in our two participants were 

related to access to full phonological forms as predicted in our model, or only access to a partial 

phonological form. We took great care to define successful IS as “all of the right sounds in the right 

order”, but it is still likely that some people with aphasia might judge partially correct phonologically 

forms as “close enough” and report these as successful IS. In particular, people with aphasia accustomed 

to making egregious errors aloud may be inclined to tolerate minor errors of IS, labelling them as correct 

despite distorted phonology. Other participants may require that each sound be perfectly formed and in 

exactly the right place, complete with an intact articulatory plan, in order to report successful IS.  

Furthermore, although the current study clearly demonstrates that meaningful IS self-monitoring is 

taking place, we cannot confirm that self-monitoring was perfectly intact for either participant. We do 

not expect that self-monitoring of IS is perfectly reliable in any person with or without aphasia, but 

certainly self-monitoring is likely to be impaired in some people with aphasia. It is thus likely that some 

people with aphasia cannot provide useful self-reports of IS. Examining the relationship between 

monitoring of inner and aloud speech will be important to understanding both the mechanisms of self-

monitoring and determining who is capable of providing reliable reports of IS. Future studies could 

compare self-assessment of inner and aloud utterances to test the precise nature of self-monitoring. In 

addition to assessing conscious self-monitoring ability, this approach would help to determine each 
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individual’s tolerance for minor phonological deviations in speech when judging an utterance as 

“correct”. 

Despite our efforts to clearly define successful IS in task instructions, it remains possible that the 

participants reported something entirely different, such as a sense that they should be able to say the 

word regardless of their success of retrieval at the moment of testing. In this case, the judgement would 

likely represent an estimation of how “easy” a word is. We would expect that this type of assessment 

might be related to word length, which was not associated with self-perceived IS here. Alternatively, this 

type of assessment could reflect ease-of-access characteristics and hence the strength of semantic and 

phonological representations, yielding a similar pattern of results to those observed here. However, in 

this scenario it seems likely that correct aloud speech would not always be associated with successful IS, 

since “hard” words—that is, words reported as unsuccessful IS in this context—should still occasionally 

be retrieved and produced correctly. Our finding that correct aloud responses were very rarely associated 

with unsuccessful IS thus makes this alternate interpretation unlikely.  

Conclusion 

Inner speech is intimately connected to complex thought and the experience of being conscious. 

Many people with aphasia report having intact IS for some words that they are unable to say aloud, but 

since these statements are subjective, clinicians cannot know how to interpret them. Here, we have 

demonstrated that, at least in two people with aphasia, reports of successful IS are associated with 

greater phonological access than are reports of unsuccessful IS. Of potentially great clinical importance, 

reports of IS also predicted treatment outcomes on a word-by-word basis. Although subjective, we 

suggest that reports of IS potentially represent a fairly direct measure of phonological access during 

individual naming attempts, and thus provide complementary information to indirect measures such as 

word characteristics and error types.  
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Even if reliable for only a subset of people with aphasia, the report of successful IS represents an 

untapped source of information for the study of aphasia and language in general. Self-reported IS, with 

manipulations of naming stimuli or participant characteristics, could be used to examine the 

neuropsychological processes of word retrieval, production and self-monitoring. Neural correlates of 

these processes could be examined using functional imaging or lesion-symptom mapping of self-

reported IS. Studying IS further could help researchers understand the causes of particular anomic 

events, and help clinicians tailor treatment based on reports of IS for individual words. Understanding 

self-reports of IS may also provide insight for family members and clinicians into the personal 

experience of having aphasia. 
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Figure 2.1 A model of naming including inner speech.  

The upper, light grey box includes the lexical “access” stages. The lower, darker grey box includes the 

speech “output” stages. A report of successful IS requires successful access, but not correct aloud 

production. Self-monitoring of IS occurs through an “inner loop” in which the phonological 

representation is compared to an auditory image via the speech perception and comprehension pathways 

in the temporal lobes. 
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Figure 2.2 Structural MRI of participants.  

Axial slices from high-resolution T1-weighted MRIs obtained at the time of testing: a) YPR: 52-year-old 

left-handed male with right middle cerebral artery stroke; b) ODH: 71-year-old right-handed female 

with left middle cerebral artery stroke. 
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Figure 2.3 Comparisons of characteristics of words that were reported as having successful IS vs. 

those having unsuccessful IS when aloud speech was incorrect.  

a) log10SUBTLEXus Word Frequency, b) age of acquisition, c) Phonological Neighbours, d) 

Articulatory Complexity, e) Triphone Probability (x104). *p < .05, **p < .01, ***p < .001, ****p < 

.0001 
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Figure 2.4 Comparisons of characteristics of words that were correct aloud vs. those that were 

incorrect aloud when IS was reported as successful.  

a) log10SUBTLEXus Word Frequency, b) age of acquisition, c) Phonological Neighbours, d) 

Articulatory Complexity, e) Triphone Probability (x104). *p < .05, **p < .01, ***p < .001, ****p < 

.0001 
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Figure 2.5 Percentage of items learned against the session in which they were learned.  

YPR and ODH learned more successful IS items than unsuccessful IS items (YPR: p = .0081; ODH: p = 

.043). YPR trended towards learning successful IS more quickly than unsuccessful IS (p = .087). ODH 

learned items reported as successful IS more quickly than items reported as unsuccessful IS (p < .0001). 
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  Test YPR ODH 

Overall severity WAB-R Aphasia Quotient 58.8 79.3 

Repetition WAB-R Single Word Repetition 6/7 6/7 

BDAE Single Word Repetition 7/10 7/10 

Repetition of words consistent at baseline 112/160 90/174 

Pseudoword repetition 4, 1, 1 3, 1, 0 

ABA Subtest 2:  20, 16, 16 18, 10, 6 

Comprehension BDAE Basic Word Discrimination 25.5/37 32.5/37 

BDAE Commands 5/15 11/15 

BDAE Complex Ideational Material 3/12 6/12 

WAB-R Auditory Verbal Comprehension  6.5 8.65 

Semantics Pyramids & Palm Trees (picture version) 51/52 51/52 

Spoken Word - Picture Matching 46/48 47/48 

Phonological 

discrimination 

Auditory Rhyme Judgement of Real 

Words 

48/60 44/60 

Naming WAB-R Naming and Word Finding 5.4 7.4 

Boston Naming Test 17/60 19/60 

 

Table 2.1 Language profile of participants.  

Taken from baseline testing before treatment. Abbreviations: WAB-R: Western Aphasia Battery-R; 

BDAE: Boston Diagnostic Aphasia Examination; ABA: Apraxia Battery for Adults. The pseudoword 

repetition task involves repeating 10 each of 1-, 3- and 5-syllable words. ABA-2 subtest 2A tests 3 sets 

of 10 words with increasing complexity (e.g., soft, soften, softening). Each word has a maximum score 

of 2 points, and the score for each level is reported above. 
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Error type YPR ODH 

+IS 

(%) 

-IS 

(%) 

+IS 

(%) 

-IS 

(%) 

Phonologically related non-word 13.2 5.5 15.9 2.9 

Phonologically related real word  4.2 3.2 14.1 5.9 

Phonologically and semantically related real word 3.5 6.0 2.4 1.2 

Semantic errors 14.6 13.8 10.0 6.5 

All other errors 13.2 10.6 16.5 8.8 

No response 51.4 61.0 41.2 74.7 

 

Table 2.2 Participants’ error responses. 

Scored according to the PNT rules as describe in the Method section. Errors are reported as a percentage 

of all errors sorted by successful IS (+IS) and unsuccessful IS (-IS).



 

3
7
 

 

 Category  

 

Participant 

 –IS/–AS  

Mean (SD) 

+IS/–AS  

Mean (SD) 

+IS/+AS  

Mean (SD) 

Statistical value 

df +IS/–AS vs. –IS/–AS +IS/+AS vs +IS/–AS 

Frequency YPR 151 2.38 (0.52) 2.64 (0.61) 2.91 (0.48) 2.59* 2.20* 

ODH 152 2.16 (0.55) 2.46 (0.58) 2.89 (0.47) 3.02** 3.68*** 

AoA YPR 151 6.42 (1.53) 5.28 (1.41) 5.15 (1.28) -4.22**** -0.42 

ODH 152 6.84 (1.44) 5.82 (1.24) 4.93 (1.21) -4.23**** -3.20** 

Phonological neighbours YPR 150 5.16 (6.39) 9.48 (10.73) 7.59 (8.13) 2.47* -0.90 

ODH 151 4.32 (8.23) 6.17 (9.29) 6.49 (9.21) 1.14 0.17 

Articulatory complexity YPR 151 4.15 (1.44) 3.75 (1.82) 3.59 (1.48) -1.81 -0.81 

ODH 152 4.78 (2.39) 4.33 (2.14) 4.20 (1.53) -0.88 -0.13 

Triphone probability (x104) YPR 151 1.73 (1.49) 1.67 (1.74)  2.54 (2.50) -0.20 1.73 

ODH 152 1.72 (1.43) 1.70 (1.76) 2.55 (2.00)  -0.05 2.36* 

Letters YPR 151 5.93 (1.31) 5.49 (1.63) 5.68 (1.27) -1.57 0.58 

ODH 152 6.72 (1.86) 6.27 (2.22) 5.86 (1.72) -1.25 -0.97 

Phonemes YPR 151 5.06 (1.20) 4.62 (1.60) 4.74 (1.24) -1.75 0.39 

ODH 152 5.63 (1.77) 5.28 (1.86) 4.91 (1.34) -1.06 -1.12 

Syllables YPR 151 1.89 (0.64) 1.79 (0.75) 1.88  (0.64) -0.82 0.63 

ODH 152 2.10 (0.75) 2.00 (0.92) 1.94 (0.73) -0.67 -0.33 

 

Table 2.3 Word characteristics for naming tests. 

Note: Frequency has undergone a log10 transformation. Age of acquisition is reported in years. “Phonological neighbours” is the number 

of words in the ELP database that are a single phoneme substitution away from the target word. Articulatory complexity adds the number 

of syllables, consonant clusters (multiplied by two) and travels between different places of articulation. Triphone probability values are 

multiplied by 104. All comparisons except for the articulatory complexity measure were performed with a planned contrast and report a t-

value. Our measure of articulatory complexity is non-parametric so we used a Mann-Whitney test and report a z-score.  

The between-group degrees of freedom is 2 for all tests. Columns show successful IS (+IS), unsuccessful IS (-IS), correct aloud (+AS) 

and incorrect aloud (-AS). *p < .05, **p < .01, ***p < .001, ****p < .0001.
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Participant Factors Odds ratio 
95% confidence interval 

Lower Upper 

YPR 

Word 

frequency 

7.85** 2.13 29.03 

Phonemes 0.55* 0.36 0.89 

Report of IS 3.39 0.84 13.60 

ODH 

Word 

frequency 

8.02* 1.30 49.52 

Letters 0.63* 0.41 0.95 

Report of IS 3.00 0.50 18.01 

Both 

Word 

frequency 

5.85*** 2.20 15.50 

Phonemes 0.73* 0.55 0.95 

Report of IS 3.12* 1.13 8.67 

 

Table 2.4 Results from second step of the logistic regression models. 

*p < .05, **p < .01, ***p < .001 
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Chapter 3 

But I can say it in my head! Characterising the subjective experience of successful inner speech in 

a group of people with aphasia 

Introduction 

Aphasia is an acquired deficit in language that affects about a million people in the US, causing 

disability, decreased quality of life and increased cost of care (Go et al., 2013; Lee, Christensen, Joshi, 

& Pashos, 2007; Sriram et al., 2015; Taylor et al., 1996). Aphasia almost always includes a degree of 

anomia, word-finding difficulty. Despite their anomia, many people with aphasia indicate that they have 

an internal sense of some words that they are unable to say aloud. While people sometimes express a 

general sense of knowing what they want to say, other times they specifically report being able to “say 

it” or that “it sounds right” internally. These latter reports are sufficiently specific to be potentially 

informative about the mental processes of word retrieval, however little prior research has investigated 

how these subjective reports of successful Inner Speech (IS) relate to word finding and aloud speech. 

We recently published data from two participants with post-stroke aphasia providing the first objective 

support for the validity of these subjective reports of IS (Hayward, Snider, Luta, Friedman, & 

Turkeltaub, in press). Here, we extend these findings by providing a more detailed examination of self-

reported IS in a group of participants with a range of language deficits.  

We test the subjective experience of IS in the context of a model of naming that incorporates 

elements of other models, and makes clear predictions about the insight into IS (Badre, 2008; Gary S. 

Dell & O’Seaghdha, 1992; Foygel & Dell, 2000; Hickok & Poeppel, 2004; Hickok, 2012; Indefrey & 

Levelt, 2004; Indefrey, 2011; Levelt et al., 1999; Rapp & Goldrick, 2000; Romanski et al., 2009; 

Thompson-Schill, Bedny, & Goldberg, 2005).  The model includes lexical phonological access and 

aloud word output processes, with self-monitoring via an inner loop (Figure 2.1). The lexical “Access” 



 40 

stage (light grey box) includes retrieval of the semantic and phonological representations. During output 

processing for aloud speech, the retrieved phonological form is made ready for aloud production. The 

“Output” stage (dark grey box) includes post-retrieval sensorimotor interface, followed by the 

sequencing of motor programmes to produce aloud speech, leading to articulation to create the aloud 

speech. The model predicts that the experience of successful IS in the absence of correct aloud speech 

occurs when the retrieved phonological form is not faithfully produced aloud because of failure during 

post-lexical output processing. 

The self-monitoring mechanisms for inner and aloud speech remain controversial. Some propose 

a perception-based feedback system (an “inner loop”) that relies on aloud speech perception pathways of 

the temporal lobe (Indefrey & Levelt, 2004; Indefrey, 2011; Shergill et al., 2002). Others propose 

monitoring emerges from the retrieval process based on the strength of retrieved phonological form 

compared to competitors (Nozari, Dell, & Schwartz, 2011). Based on either of these proposals, the 

judgement of successful IS should rely on phonological information, and not on articulation or other 

post-retrieval production processes. This study will not directly distinguish between these two theories 

of self-monitoring; however, it will address the larger question of the degree to which judgements of 

successful IS rely on the phonological form, and whether or not IS includes elements of the post-lexical 

speech production such as articulation.  

The role of subvocal articulation in successful IS is equivocal. Some support for articulatory 

involvement in IS comes from phonetic length effects seen in a silent reading task (the more phonemes 

within a word, the more time it takes to read using IS) (Abramson & Goldinger, 1997). Other studies 

suggest that phonological access alone is sufficient for successful IS (Levelt et al., 1999). In aloud 

speech, errors are more likely to occur when phonemes are closely related, a phenomenon known as the 

phonemic similarity effect (MacKay, 1970). That no phonemic similarity effect was observed when 
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participants recited tongue twisters using IS as opposed to silent mouthing suggests that phonemic but 

not articulatory information is required for IS (Oppenheim & Dell, 2008). Similarly, no relationship was 

observed between timing of IS monitoring and overt speech segment lengths, and competitive 

subarticulation did not interfere with monitoring of IS (Wheeldon & Levelt, 1995). Together, these 

findings suggest that while IS can induce articulatory processing, it is not necessary (Oppenheim & Dell, 

2010). Thus, we propose that successful IS relies primarily on phonological access.  

Inner speech has been previously studied in people with aphasia. Prior studies showed that 

participants with deficits in production perform better on homophone judgement tasks than predicted by 

their performance on aloud naming (Baddeley & Wilson, 1985; Feinberg et al., 1986), and that despite 

being unable to say a word aloud, people expected to have intact phonological access were able to 

produce the first letter and select an outline of the written word “shape” better than people with limited 

phonological access (Beeson et al., 1997). Recent research has shown that IS remains preserved relative 

to aloud speech, such as in cases of speech apraxia or working memory deficits (Geva, Bennett, et al., 

2011). Overall, these studies suggest that IS may be preserved in aphasia, particularly for people with 

“output” deficits like apraxia or conduction aphasia (Buchsbaum et al., 2011).  

All of the studies above implicitly test IS by measuring performance on tasks that require 

successful IS. Only two prior studies to our knowledge have assessed self-reports of IS in aphasia. The 

first study reported differences in how often people report having “the idea of a word”, depending on 

their aphasia diagnosis, and demonstrated this difference is reflected in the performance on phonological 

tasks for words that they were unable to say aloud (Goodglass et al., 1976). However, this study asked 

about tip of the tongue, which is similar to the experience of successful IS, but differs in that it 

necessarily excludes instances of complete access to the phonological form. Moreover, they did not test 
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whether the self-perception of IS on individual naming trials predicts phonological knowledge of the 

word on the same trials.  

We recently tested relationships between inner and aloud naming in two people with aphasia. 

Each participant named 384 line drawings on three different days, and weeks later were asked to name a 

subset of the same items using IS and report whether their internal naming was successful or not. 

Reports of successful IS were associated with correct aloud speech and phonologically related nonwords 

errors, as well as with word characteristics related to ease of lexical access but not ease of production 

(Hayward et al., in press). Further, self-reported IS predicted subsequent relearning on items with 

successful IS during anomia treatment. These findings suggest that self reports of IS can provide useful 

information about the mental processes of word retrieval and speech production, but the study was 

limited because it examined the phenomenon of successful IS in only two people with relatively similar 

patterns of deficits. Also, the IS was tested only once, several weeks after the aloud speech data were 

gathered. Finally, the previous work did not include any additional tests of the lexical access, such as 

syllable counting or auditory recognition.  

The current study fills these gaps, and provides additional prospective testing to examine the 

validity of self-reported IS and investigate which mental processes underlie these judgements. Over the 

course of multiple sessions, six participants with a range of aphasia diagnoses reported their success at 

IS naming, and then performed aloud naming, syllable counting and auditory recognition tasks. Their 

responses allowed us to answer questions about consistency of the judgement of IS on multiple days, in 

the context of different tasks, and on the nature of successful IS. Our overarching hypothesis is that self-

perceived successful IS represents retrieval of a correct lexical phonological form. Therefore, we 

expected that reports of successful (but not unsuccessful) IS predict correct aloud production, error type 

and word characteristics associated with lexical access but not aloud word production, as well as 
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performance on tests of lexical access. We further expect that there may be individual differences in 

these judgements that relate to patterns of deficits and preserved abilities. The findings from this study 

will inform our understanding of IS generally and the mechanisms by which it is self-monitored.  

Materials and Methods 

Participants  

Participants were six volunteers with a history of chronic aphasia following stroke who endorsed 

at least occasional experience of successful IS in the setting of incorrect aloud speech. The participants 

all learned English by age five, and gave informed consent under a protocol approved by the 

Georgetown University Institutional Review Board. Aphasia descriptions are included below. Additional 

demographic and language test data are reported in Table 3.1, and lesions are shown in Figure 3.1.  

ODH is a 72-year-old right-handed female former data clerk, with 12 years of education. She 

was 70 years old at the time of her left hemisphere ischaemic stroke with haemorrhagic conversion, and 

has persistent conduction aphasia based on the Western Aphasia Battery-Revised. Her lesion involves 

most of the mid-posterior superior temporal gyrus, and part of the posterior middle temporal gyrus 

(Figure 3.1a).  

EYU is a 62-year-old right-handed male former university professor, with 22 years of education. 

He was 56 at the time of his ischaemic left hemisphere stroke, and has conduction aphasia. His lesion 

involves much of the perisylvian tissue from the anterior part of the angular gyrus to the inferior frontal 

gyrus, including most of the superior temporal gyrus (Figure 3.1b). 

 HLL is a 54-year-old ambidextrous male former UPS driver, with 14 years of education. He was 

51 at the time of his left hemisphere haemorrhagic stroke, and has residual anomic aphasia. HLL’s left-

sided lesion involves extensive portions of the middle and inferior temporal gyri, the posterior portion of 
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the superior temporal gyrus, and the supramarginal and angular gyri, along with white matter areas 

underlying these regions. There is considerable expansion of the left lateral ventricle posteriorly (Figure 

3.1c). 

STP is a 73-year-old right-handed male former telecommunications consultant with 18 years of 

education. He was 69 at the time of his left hemisphere ischaemic stroke, and has moderate Broca’s 

aphasia. His lesion involves most of the frontal portion of the middle cerebral artery distribution, 

including underlying white matter, and extends posteriorly to the supramarginal gyrus. The angular 

gyrus and the temporal lobe are spared (Figure 3.1d). 

EDS is a 65-year-old left-handed female former administrative assistant, with 16 years of 

education. She was 61 at the time of her left hemisphere ischaemic stroke, and has a severe Broca’s 

aphasia. EDS’s has a large left hemisphere lesion that includes the anterior cerebral artery territory and 

the frontal and parietal portions of the middle cerebral artery territory, including the underlying white 

matter, and extending into the superior temporal gyrus (Figure 3.1e).   

BIC is a 66-year-old right-handed male former computer telecommunication expert, with 16 

years of education. He was 61 at the time of his left hemisphere ischaemic stroke, and has moderate 

Broca’s aphasia. BIC’s left hemisphere lesion involves most of the perisylvian cortex and underlying 

white matter from the inferior frontal gyrus through to the supramarginal gyrus, including most of the 

superior and middle temporal gyri and anterior portion of the inferior temporal gyrus. There is expansion 

of the left lateral ventricle (Figure 3.1f). 

Measure of apraxia 

Apraxia of speech was assessed by an experienced speech-language pathologist (M.E.F) using a 

checklist of features associated with apraxia adapted from the Apraxia Battery for Adults-2. Video 
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samples of picture description, story retelling, repetition and naming were used for the assessment. 

Scores on three subtests of the Apraxia Battery of Adults-2 (2a, 2b, and 5) were also considered. Overall 

ratings were as follows: definite apraxia (STP, BIC), good evidence of apraxia (EDS, EYU), mild or no 

apraxia (ODH, HLL). It is important to note that many behaviours associated with apraxia of speech are 

not exclusive to this disorder, and may also occur due to dysarthria or phonological deficits, so results of 

any apraxia assessment are rarely definitive. In particular, EYU gives an overall clinical impression that 

speech errors primarily relate to phonological deficits rather than apraxia, despite the moderate evidence 

for apraxia demonstrated by the formal assessment.  

Behavioural tasks 

Overall inner speech task design 

Three tasks followed the same basic design. First, a black and white line drawing on a red 

background was presented on a computer screen, and participants were asked to name the item 

internally, without saying the word aloud. They pressed a button to report if they thought that they were 

able to name the picture correctly using IS (successful IS) or not (unsuccessful IS). The background then 

changed to green, and the participant completed the additional task. The IS/Aloud Naming Task, the 

IS/Syllable Counting Task and the IS/Auditory Recognition Task were all constructed in this way and 

each is described in more detail below. The IS/Aloud Naming Task was administered three times, on 

separate days. The IS/Syllable Counting and the IS/Auditory Recognition Tasks were each administered 

once, also on separate days. 

The same 300 black and white images of concrete items were used for each task. The selected 

images had at least 70% name agreement (normed in 24 older controls, mean age: 54 ± 9 years, mean 

education: 15 ± 2 years). Successful IS was defined as the experience of being able to “say the right 

word silently, without moving the mouth or lips”, and that the word has “all of the right sounds, in the 
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right order”. By contrast, unsuccessful IS included failure to arrive at the desired word, coming up with 

part of the word, or the perception of the word not having been said correctly internally. Therefore, 

unsuccessful IS necessarily includes a broader range of experiences than successful IS. Each session 

started with a practice version of the day’s task and a reminder of the definition of successful IS. 

IS/aloud naming task 

During the first three sessions, for each of 300 images, participants first judged their IS and then 

named the item aloud. As described above, a black and white image was presented on a red background 

and the participant judged his/her internal naming by pressing a green check for successful IS or a red X 

for unsuccessful IS. The background then changed to green, and the participant was asked to name the 

item that s/he had just attempted to say internally, and judge if the aloud response was correct, again 

using a green check for correct and red X for incorrect aloud speech. Images were presented using E-

Prime (Psychology Software Tools) and the judgements were recorded using a touch screen monitor. 

Each session was separated by at least two weeks. Three different pseudorandom orders were used to 

avoid semantically or phonologically similar words appearing sequentially.  

All responses were audio and video recorded, then transcribed into the International Phonetic 

Alphabet (IPA). The first complete (not self-interrupted) naming attempt was scored based on the 

Philadelphia Naming Test rules (Roach et al., 1996). Responses were considered correct if they had all 

of the right sounds in the right order. Incorrect attempts were scored according their semantic and 

phonological relationship to the target. Real word responses were scored as semantic errors if they 

related to the target by meaning. Phonological similarity required the utterance and target to share any of 

the following: 1) a stressed vowel 2) the first or final phoneme 3) one phoneme in the correct syllable 

and word position or 4) two or more phonemes in any position. Based on these criteria, nonwords were 

scored as phonologically related nonwords, and real words were scored as phonologically related real 
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words (also referred to as formal errors). Real words that were semantically and phonologically related 

to the target were scored as mixed errors. A lack of response, or any response that did not meet the 

criteria for complete attempt was scored as “no response”. All other utterances were scored as “other 

error”.  

IS/syllable counting task 

Participants performed a syllable counting task at least two weeks after the completion of the 

series of IS/Aloud Naming Tasks. In this task, after making a judgement of IS, participants were asked 

to indicate the number of syllables in each word by tapping a touch screen once per syllable. The 

number of taps on the screen was displayed in the bottom left hand corner. Participants then pressed a 

green check to record their response. They were instructed to report “zero” if they did not know the 

number of syllables, and were not permitted to say the target word aloud at any point during the task.  

IS/auditory recognition task 

Participants performed an auditory judgement task at least two weeks after completing the 

IS/Syllable Counting Task. One and a half seconds after judging their success at IS, participants heard a 

recorded spoken word fragment, and were asked to judge if the fragment was a part of the target word. 

Participants responded using a green check if the sound was a part of the word, and with a red X if not. 

If the participant did not respond within 4.5 seconds of the IS judgement, the word fragment was played 

a second time. The word fragment stimulus was taken from the first stressed syllable: if the syllable was 

a CVC (consonant, vowel, consonant), we used the VC demisyllable (e.g., /ɛl/ in “bell”); in all other 

cases we used the full syllable (e.g., /æ/ in “apple”, /lɛ/ in “lemon” or /ɔɹ/ in “orange”). Where 

applicable, rhotic R’s—an “r” that follows a vowel and is not followed by another vowel, which are 

omitted in some dialects of English, e.g. the final “r” in “butter”—from the subsequent syllable were 

retained (e.g., /ʧeɪɹ/ for “cherry”), and nasal sounds following a consonant were included to preserve 
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consonant clusters (e.g., /fɪŋg/ for “finger”). Items were excluded when following these rules would lead 

to the fragment being the entire one syllable word (e.g., /aɪ/ for “eye”, /tuθ/ for “tooth”).  Each image 

was presented twice, once accompanied by a correct word fragment from the target, and once with a 

fragment that was not a part of the name. Foils were created by pairing spoken word fragments with 

target images that shared no phonemes. Care was also taken to avoid the foil from inadvertently sharing 

phonemes with a plausible, semantically-related alternative.  

Repetition task 

 During the final session, participants performed a whole word repetition task on the same 300 

words used during the IS tasks. Participants heard a whole word spoken in American English through 

Sennheiser HD 280 pro headphones, and were asked to repeat the word aloud. As in the aloud naming 

task above, they judged the accuracy of their response and pressed a green check or red X on a 

touchscreen monitor to indicate their response. Participants were not presented with an image of the 

target during this task, nor were they asked to say the word using IS.  

Catch trials 

Also during the final session, participants performed a short control task to test their propensity 

towards reporting successful IS for unfamiliar items. The task was set up like the IS/Aloud Naming 

Task, except that items were black and white photographs of buildings or faces rather than line drawings 

of objects. Half of the 46 items were famous and well known, the other half were obscure or completely 

unknown. Participants first reported their IS on a touchscreen monitor, using a green check for 

successful IS and a red X for unsuccessful IS. They then attempted to name the items aloud, and judged 

whether or not they were correct using another green check and red X. Buildings were matched for size 

and shape, while people were matched for gender and approximate age at time of the photograph.   
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Participant exclusions 

BIC reported successful IS on 288 out of 300 items on the first session of the IS/Aloud Naming 

Task, so he was asked to perform this task only once. He is therefore excluded from analyses that 

require multiple days of testing with this task. Data from HLL were not captured for the IS/Auditory 

Recognition Task due to computer error. Data from EDS were not included in the group analyses for the 

syllable counting task or the auditory recognition task because she responded in a way that suggested 

that she did not understand either task. Due to illness, ODH was unable to complete the protocol so did 

not perform the aloud repetition or catch trial tasks. 

Statistical analyses 

 Statistical analyses were performed using SPSS 23. We used group analyses to test general 

patterns of behaviour as reported in the Results. Individual differences are also documented in the 

Supplemental Information section, and are considered in the Discussion. Appropriate parametric and 

nonparametric tests were selected. The specific tests used are described in the relevant sections of the 

Results. A two-tailed alpha of .05 was used for all significance testing.  

Examining inner speech and aloud speech consistency across multiple days 

Using the reported success of IS and the actual success of aloud naming from the three sessions 

of the IS/Aloud Naming Task, we tested the consistency of IS reports across multiple days, and 

compared this to the consistency of aloud speech success. Items for which the participant provided the 

same IS response on all three days were considered consistent (i.e., successful IS on 3/3 or 0/3 days). 

Similarly, items that were named aloud correctly on 3/3 or 0/3 days were considered consistent. To 

determine if each participant responded more or less consistently than would be expected by chance, we 

used permutation analyses to generate null distributions for each participant. For the IS responses, we 
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simulated 5000 iterations of three naming sessions, where the probability of successful IS on each trial 

was set at the mean rate of reported successful IS for each participant (e.g., if a participant reported 

successful IS on 60% of trials across the three testing sessions, the permutations used a 60% chance of 

successful IS on each simulated trial). This generated a prediction of the number of items that would 

have been reported as successful IS consistently (i.e., 0/3 or 3/3) or inconsistently (1/3 or 2/3) across the 

three days of testing if IS responses were random. These null distributions were used to convert the 

actual rates of consistent IS into z-scores. We similarly created aloud speech null distributions where the 

rate of success was based on the mean rate of correct aloud naming for each individual, and converted 

actual rates of consistent aloud naming accuracy into z-scores.  

Word characteristics used in analyses 

To test the model of lexical phonological access and speech output, we employ word 

characteristics associated with ease of access and characteristics associated with difficulty of output. We 

use frequency and age of acquisition (AoA) as measures of ease of access. We use the base 10 log 

conversion of SUBTLEXus word frequency, which is derived from a large corpus of spoken American 

English (Brysbaert & New, 2009). Age of acquisition (AoA) data were generated using Amazon 

Mechanical Turk and correlate well with previous samples (Kuperman et al., 2012). It should be noted 

that previous work has suggested that both word frequency and AoA contribute to ease of production as 

well as ease of lexical access (Balota & Chumbley, 1985; Hayward et al., in press; Nozari, Kittredge, 

Dell, & Schwartz, 2010). We also make comparisons using the number of phonological neighbours, 

taken from the English Lexicon Project (ELP) database (Balota et al., 2007), which have been shown to 

be relevant to both access and production in people with aphasia (Gordon, 2002; Hayward et al., in 

press; Middleton & Schwartz, 2010; Vitevitch, Armbrüster, & Chu, 2004; Vitevitch, 1997). We use 

numbers of phonemes and syllables, a measure of articulatory complexity, and triphone probability as 
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measures of ease of output. Articulatory complexity is a combined measure that includes number of 

syllables, travels between places of articulation and consonant clusters, and is informed by work by 

Baldo et al. (Baldo et al., 2011). In our prior study on IS in aphasia, aloud but not inner speech success 

related to triphone probability, which we interpreted as reflecting the difficulty of planning infrequent 

sequences of speech sounds (Hayward et al., in press). This measure is obtained from the Irvine 

Phonotactic Online Dictionary (IPhOD) (Vaden et al., 2009).   

Results 

Checks on validity of self-reported inner speech  

We begin by addressing questions related to the validity of self-reports of inner speech: (1) can 

participants correctly judge their own aloud naming responses? (2) do participants report unsuccessful 

IS for unfamiliar items? (3) is the frequency of successful IS biased by the task being performed? and 

(4) are reports of successful IS for individual items consistent across multiple days of testing? 

Judgement of aloud speech 

To test for conscious self-monitoring ability and potential biases in self-monitoring, we asked 

participants to judge their own speech production after naming each item aloud during the IS/Aloud 

Naming Task. As demonstrated by the d-prime, all six participants are able to monitor their aloud 

speech, and as shown by the negative criterion c values, all six participants had a bias towards saying 

their responses were correct, although the bias was negligible for EYU and weak for ODH and HLL 

(Table 3.2).  Notably, BIC, who reported successful IS on 96% of trials during the one day of IS/Aloud 

Naming testing he performed, had a strong bias toward judging his aloud responses as correct (criterion 

c = -1.80). 
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Catch trials 

To confirm that participants would deny successful IS for unfamiliar items, we used a naming 

task with famous and obscure buildings and people. We predicted that participants would report 

successful IS more often for the famous stimuli than uncommon stimuli, and that there would be few if 

any reports of successful IS for the uncommon stimuli. In the five participants who performed this task, 

participants were more likely to report successful IS for famous than obscure items (t(5) = 3.65, p = 

.022). Across all five participants, there were five reports of sIS for obscure items out of 115 total trials. 

EYU reported successful IS for an obscure building that he failed to name correctly but stated he knew, 

and he was able to identify the city. BIC reported successful IS for four obscure items and made 

plausible, but inaccurate aloud attempts for all four (e.g., “Grant” for an obscure bearded man). 

Individual comparisons between number of reports of successful and unsuccessful between the two 

conditions using Fisher’s exact test are reported in Table 3.3. 

Report of inner speech and task design  

Next, we examined if the overt task performed in conjunction with IS judgements impacted the 

frequency of reported IS. Frequencies of reported successful IS were fairly consistent for each 

participant across the three days of IS/Aloud Naming, but in some cases differed substantially during the 

IS/Syllable Counting and IS/Auditory Recognition tasks (Table 3.4).  Compared to the IS/Aloud 

Naming Task, HLL reported a substantially higher rate of successful IS, while EDS reported a lower rate 

of successful IS during the IS/Syllable Counting task. All participants for whom we had data reported 

substantially different rates of successful IS during the Recognition Task than they did during the 

naming task (see Table 3.4). As session order was not counterbalanced, we cannot rule out an effect 

based on task order, but the relative consistency during the three sessions of IS/Aloud Naming suggests 

that the task context biased the reports of IS in at least some cases. For this reason, we primarily focus 
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below on the IS reports provided during the IS/Aloud Naming Task, which provided the most natural 

task context in which to self-monitor internal naming.  

Inner speech and aloud speech consistency 

If reports of successful IS are meaningful, we predict that each participant will produce the same 

report of IS on all three days for a given item (i.e., successful IS on 3/3 days or unsuccessful IS on 3/3 

days) more often than would be expected by chance alone. Further, their reported IS should be at least as 

consistent as their aloud naming accuracy from day to day. To test this, for each participant we 

compared the number of items reported as having 0/3 or 3/3 successful IS, to a permutation-based null 

distribution for each participant (see IS and Aloud Speech Consistency Model in Methods). The same 

approach was used to examine accuracy of aloud naming responses, and z-scores were calculated 

representing the difference in the actual consistency of IS reports and aloud naming accuracy from the 

expected consistency based on random chance. For all five participants who performed multiple days of 

testing, IS reports were more consistent than expected by chance (all z > 3), and were no different than 

the consistency of aloud naming accuracy (Table 3.5).  

Relationship of inner and aloud naming 

Having confirmed that self-reports of IS pass the basic tests of validity above, we next address a series 

of questions regarding the relationship of inner and aloud naming during the IS/Aloud Naming Task. 

Successful inner speech and correct aloud speech 

Based on the model in Figure 2.1, we predict that for any given item, participants should almost 

never report unsuccessful IS and then say the correct word aloud. Indeed, out of 1864 reports of 

unsuccessful IS across all participants, the correct aloud naming response was only given on 10 trials 

(0.54% overall; ODH: 2/228; EYU: 5/664; HLL: 3/387; STP: 0/218; EDS: 0/355; BIC 0/12).  
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Because the judgement of IS precedes each naming attempt, it is possible that a report of 

unsuccessful IS might influence the effort during the aloud naming attempt. Therefore, we examined the 

relationship between aloud naming on each day using the IS judgements of the same item on the other 

two days of the IS/Aloud Naming Task, and thus disregarding the IS judgement made immediately prior 

to the aloud naming attempt (possible scores of 0/2, 1/2, and 2/2 successful IS). Using this measure of 

graded successful IS, we predict that more frequent report of successful IS on other days of the aloud 

naming task should be associated with correct aloud speech on the remaining day. This relationship is 

confirmed by an ANOVA for linear trends (F(2,1) = 35.52, p < .0001), and for all five participants 

individually based on chi square tests (Table 3.6; BIC is excluded because he only participated in one 

day of IS/Aloud Naming). 

Inner speech and error type 

Given the hypothesis that the report of successful IS represents phonological retrieval, we predict 

that when a word reported as having successful IS cannot be said correctly aloud, it is more likely to 

result in a phonological error than when IS is reported as unsuccessful. Specifically, we expect 

successful IS to be associated with phonologically related nonword and possibly for phonologically 

related real word errors, but do not expect a relationship between successful IS and semantic errors or 

other error types. Furthermore, we also predict a relationship between unsuccessful IS and “No 

Response”. As a report of unsuccessful IS may bias participants from making a vigorous attempt at 

aloud naming on the same trial, we use the same measure of graded successful IS applied earlier (i.e., 

the report of successful IS on 0/2, 1/2 and 2/2 other days). A one-way ANOVA shows a significant 

relationship between successful IS and phonological nonword errors (F(2,12) = 5.61, p = .019), and a 

trend towards significance for phonologically related real word errors (F(2,12) = 3.84, p = 0.052). There 

is no relationship between successful IS and semantic errors (F(2,12) = 2.37, p = .14) or successful IS 
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and all other error types (F(2,12) = 2.89, p = .094). There is a significant relationship between 

unsuccessful IS and no response (F(2,12) = 26.52, p < .0001). Chi square tests for individual participants 

are shown in (Table 3.7). 

Inner speech and word characteristics 

Here we are interested in two specific comparisons. Firstly, amongst words that cannot be said 

correctly aloud, we compare those with successful IS to those with unsuccessful IS. Secondly, amongst 

words reported as having successful IS, we compare those that are said correctly aloud to those that are 

not said correctly aloud. We use these planned comparisons to test characteristics associated with ease of 

access and ease of production in individual participants. We predict that amongst words that are 

incorrect aloud, those with successful IS will share characteristics associated with ease of access, but not 

with ease of production. As predicted, paired t-tests show that there are differences between successful 

and unsuccessful IS for word frequency and AoA, but not for articulatory complexity, triphone 

probability, phonological neighbours, phonemes, or syllables (Figure 3.2, Table 3.8). Individual results 

are also shown as marks on Figure 3.2, and results of the planned comparisons for each individual are 

listed in Table 3.8. 

Based on previous work, we expect that amongst words with successful IS, those said correctly 

aloud will share characteristics associated with ease of production (Hayward et al., in press). Indeed, 

paired t-tests show a significant difference in all predicted measures except for triphone probability 

(Figure 3.3, Table 3.9). As in our prior study, word frequency and AoA also differed between words 

spoken correctly aloud and those spoken incorrectly aloud after successful IS. Individual results are 

shown as marks on Figure 3.3 and results of the direct comparisons are listed in Table 3.9. 
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Self-reported inner speech and phonological knowledge 

Lastly, we examine if participants demonstrate greater phonological knowledge of words they 

report as successful IS than those reported as unsuccessful IS. The analyses of both phonological 

knowledge tasks were restricted to items that were never said aloud correctly during the IS/ANT task. 

This ensures that we examine the relationship between IS and phonological knowledge for words that 

participants are very unlikely to produce correctly aloud. 

IS/syllable counting task 

We predict that participants will be more likely to identify correctly the number of syllables in a 

word that is preceded by a report of successful rather than unsuccessful IS. EDS was excluded from the 

analysis because she only responded with either 2 syllables (all successful IS) or 0 (all unsuccessful IS), 

suggesting that she did not understand the task. A paired t-test in the remaining four participants shows 

that syllable counting was more accurate for successful IS than unsuccessful IS (t(3) = 3.33, p = .045).  

Using a z-score test of proportions, three out of four participants were better able to count the number of 

syllables for items on which they reported successful IS (Table 3.10). 

IS/auditory recognition task 

We predict that participants will perform better on an auditory recognition task if they report 

successful rather than unsuccessful IS. Unfortunately, only ODH and EYU provided usable data for this 

task. EDS did not appear to understand the task (she responded “yes” to auditory recognition nearly 

every time she reported successful IS and responded “no” nearly every time she reported unsuccessful 

IS). STP and BIC both reported unsuccessful IS for too few items to analyse, and HLL’s data were lost 

due to a computer error. Individual comparisons show that ODH and EYU both perform better on words 



 57 

reported as successful than unsuccessful IS. The difference was large for ODH (d-prime 1.95 vs. 0.31) 

but small for EYU (d-prime 1.79 vs. 1.58).  

Discussion 

We directly tested the subjective experience of successful IS by asking six participants to 

perform language tasks after reporting their IS. We show that, at least when performed in the context of 

a naming task, judgements of IS are as consist as aloud speech accuracy from day to day. We show 

evidence that the report of successful IS reflects at least partial phonological retrieval: words that are 

reported as having unsuccessful IS are almost never said correctly aloud; amongst words that are not 

said correctly aloud, those with successful IS are more likely to lead to phonologically related errors 

than words reported with unsuccessful IS. The report of successful IS is associated with characteristics 

associated with ease of word access, but not with ease of production. By contrast, correct aloud 

production is associated with word characteristics related to ease of speech output. We also show that 

some participants are able to use their successful IS to perform syllable counting and auditory 

recognition tasks. These results confirm and substantially extend our prior findings in two people with 

aphasia (Hayward et al., in press). Together, these results suggest that reports of successful IS provide 

information about the mental processes of word retrieval, in particular lexical phonological access. 

Examination of the results for individual participants suggests that the nature of self-reported IS depends 

somewhat on an individual’s specific deficits, abilities, and biases. 

Validity of subjective judgements of inner speech 

Our first goal in this study was to provide evidence that people with aphasia can provide 

subjective reports of IS that pass basic tests of validity. This is important because people with aphasia 

often have impaired auditory comprehension and self-monitoring. We found in the Catch Trials task that 

all participants were able to reject unfamiliar objects, reliably stating that they did not have successful IS 
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for these items (although see below regarding BIC’s performance). Examining the consistency of 

reported IS for individual items across the three days of IS/Aloud Naming, we found that all participants 

reported successful IS more consistently than would be expected by chance. More importantly, their IS 

reports were as consistent from day to day as their aloud naming accuracy.  The ability to name a 

specific item aloud varies from day to day for people with aphasia, even as the total number of items 

named remains consistent across session (Howard et al., 1984). We observed the same effect in IS 

naming across three sessions. The number of reports of successful IS did not vary significantly by day, 

and although there was variability in the specific items that were reported as being named successfully 

internally, these judgements were non-random and hued closely to variability observed in aloud speech. 

It is worth noting that the ratio of successful IS to correct aloud speech also remained stable across 

sessions (see table 3.4). Together, these findings suggest that the experience of IS is affected by the 

same degree of day-to-day variability as aloud speech.  

Successful inner speech reflects phonological access, not subarticulation 

With the above evidence in mind, we consider the relationship of reports of successful IS to 

mental processes of word retrieval. The model shown in Figure 2.1 suggests that self-perceived IS in 

aphasia arises from self-monitoring of the retrieved lexical phonological form. Based on this main 

hypothesis, we made a number of predictions regarding the relationship of successful or unsuccessful IS 

to 1) the accuracy of aloud naming responses, 2) the types of errors produced when aloud naming is 

incorrect, 3) word features, and 4) phonological knowledge of the items. The group-level and individual 

subject analyses testing these predictions largely confirmed our hypotheses. Moreover, dissociations 

between IS reports and aloud naming, as well as the analysis of word features allow us to reject the 

alternative hypothesis that self-monitoring of IS relies on subarticulation.  
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The main hypothesis—that reports of IS rely on monitoring of the lexical phonological form—

predicts that the report of unsuccessful IS should very rarely be followed by correct aloud speech, 

because phonological retrieval is necessary for both inner and aloud speech. Correct aloud production 

may arise occasionally after unsuccessful IS, if the participant retrieved the name of the item after 

recording the IS response, similar to during tip of the tongue resolution. Alternatively, it is conceivable 

that a participant could retrieve a partially correct phonological form that is subsequently compounded 

by an error during speech output that causes the correct word to be uttered by chance. In either case, 

unsuccessful IS followed by correct aloud speech should be a very rare occurrence, as we confirmed 

here in every participant.  

An important consideration regarding this prediction, however, is that reporting unsuccessful IS 

immediately before attempting to name an item aloud may bias the aloud response. Specifically, some 

individuals may not try as vigorously to name an item if they only just reported being unable to name 

internally that item internally. To circumvent this issue, we also compared the success of aloud naming 

on each day to the report of successful IS for the same item on the two other days. Despite the daily 

variability inherent in naming for any person with aphasia we found that for a given item, the more often 

a person reported successful IS on the other days, the more likely it was to be said correctly aloud. This 

effect was consistent across all five participants, irrespective of aphasia characteristics.  

The degree of dissociation between IS and accuracy of aloud naming suggests that the judgement 

of IS is based on a processing stage that precedes aloud speech. If self-monitoring of IS relied on 

subarticulation, we would expect relatively few instances in which reported success of IS does not lead 

to correct aloud speech, and the overall rates of successful IS and aloud naming accuracy should be 

similar. This was not the case here, with some participants reporting successful IS twice as often as they 

produced the correct words aloud. Moreover, if reports of IS relied on subarticulation, people with 
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apraxia of speech should report successful IS less frequently than people without apraxia since the motor 

speech impairment would affect inner and aloud speech equally. Rather, our participants with the most 

severe speech apraxia showed the largest discrepancies between rates of reported successful IS and 

aloud naming accuracy. These findings strongly support the conclusion that self-monitoring of IS in 

aphasia relies on an earlier processing stage than motor planning and articulation, as suggested by others 

and predicted by our model (Hickok, 2012; Indefrey & Levelt, 2004; Levelt, 1996). However, it is still 

possible for phonological processing and motor planning to be induced by a covert task, as is suggested 

by the success of an implicit treatment protocol for people with apraxia (Farias, Davis, & Wilson, 2014). 

Another prediction of our main hypothesis is that successful IS, representing lexical 

phonological access, will lead to more phonologically related errors than unsuccessful IS. Previous work 

has suggested that phonological errors arise during post-retrieval processing (Robson et al., 2003) or 

during phonological access (M. F. Schwartz et al., 2004). Phonologically related nonword errors in 

particular are likely to arise during speech output processing after successful phonological retrieval and 

should show a strong relationship with successful IS. Again, comparing the IS judgements on two days 

of IS/Aloud Naming to the Aloud responses on the third, we observed the predicted relationship between 

successful IS and phonologically related nonword errors at the group level, and in independent tests for 

each individual.  

The prediction for the relationship between phonologically related real word errors and 

successful IS was less clear. These errors may also arise during post-lexical processing following 

successful phonological retrieval, for example due to a lexical bias during speech production 

(Nooteboom & Quené, 2008; Nozari & Dell, 2009; Oppenheim & Dell, 2008). However, these errors 

likely arise primarily at the phonological access stage. The group analysis showed only a trend toward a 

relationship between IS and phonologically related real word errors, but individual subject analyses 
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showed a statistically significant effect for all five participants. This relationship may reflect the 

proportion of phonologically related real word errors that arise during post-lexical processing, or 

alternatively, may reflect misjudgements of phonologically similar words as successful IS. Therefore, 

these results allow us to conclude only that successful IS is associated with responses that are 

phonologically close to the target, and to speculate whether the judgement of successful IS relies on 

access to the complete phonological form or a judgement of relative fidelity of the retrieved form to the 

target.  

Whether IS judgements relate to a fully or partially correct phonological form, we do not expect 

the number of semantic errors to be related to the rate of successful IS, since these errors arise due to a 

failure of semantic or lemma access, prior to phonological access. Indeed, we observed no group effect 

relating successful IS to semantic errors. As might have been expected given his semantic impairment, 

HLL showed a strong significant relationship with semantic errors using a 3x2 chi square test. However, 

ODH, EYU and STP also showed a significant relationship with semantic errors (see Individual 

Differences in Judgement of IS, for discussion of differences between participants).  

 Overall, the evidence above demonstrates an association between successful IS and phonological 

errors supports the hypothesis that judgements of IS are based on the retrieved phonology. Further 

evidence comes from the relationships we found between word features and both inner and aloud 

speech. Based on our hypothesis, we made two predictions about word features: firstly, word 

characteristics associated with ease of lexical access should relate to success of IS. Secondly, word 

characteristics associated with ease of speech production should not relate to success of IS, but should 

relate to success of aloud production after successful IS.  
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Higher word frequency and earlier AoA are both markers of ease of access (Ellis et al., 2006; 

Ellis & Lambon Ralph, 2000; Kittredge et al., 2008; Lyndsay Nickels & Howard, 1995; Nozari et al., 

2010) and are both related to successful IS here.  

There is evidence that frequency also supports successful production (Balota & Chumbley, 1985; 

Nozari, Kittredge, Dell, & Schwartz, 2010), and correspondingly, we also observed that amongst words 

that were reported as having successful IS, those said correctly aloud were more frequent and had earlier 

AoA than those said incorrectly aloud.  

Importantly, although IS success related to characteristics associated with lexical access, it did 

not relate to multiple measures correlated with speech production, including number of phonemes, 

syllables, and articulatory difficulty. Rather, all of these measures differed depending on whether or not 

a word reported as successful IS was subsequently pronounced aloud correctly. This dissociation 

strongly supports the hypothesis that self-monitoring of IS in aphasia relies primarily on lexical 

phonology and not subsequent speech production processes. 

Two other word characteristics, phonological neighbours and triphone probability, were included 

here based on results of our first study of self-reported IS in aphasia (Hayward et al., in press). In that 

prior study, we found a relationship between triphone probability and aloud accuracy after successful IS. 

We interpreted that finding based on speech production models that suggest that common sequences of 

speech sounds are stored as individual motor programs while very uncommon sequences are combined 

from smaller units online during production (Golfinopoulos, Tourville, & Guenther, 2010). Although 

this finding was confirmed for ODH, the only participant in both studies, there was no effect at the 

group level, nor any trends amongst the other participants. Future experiments could be designed with 

items with more tightly controlled ranges of triphone probabilities to better understand this measure.  
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Our previous work also suggested a possible effect of phonological neighbours on success of IS, 

with a weakly significant result in one of the two participants. Here, we observed no difference in the 

number of phonological neighbours between successful and unsuccessful IS. Rather, amongst items 

reported as having successful IS, there was a difference between words said correctly aloud and those 

not said correctly aloud, an effect that was significant in all participants except HLL. Competition from 

nearby phonological neighbours has been shown to be disruptive to successful spoken word recognition 

for people without language deficits (Luce & Pisoni, 1998). However, spoken word recognition 

necessarily requires the presented phonology to be linked to the correct word meaning, while the reverse 

connection takes place during naming. Several studies show that dense phonological neighbourhoods 

facilitate naming in people with normal language and aphasia (Gordon, 2002; Middleton & Schwartz, 

2010; Vitevitch, 2002), but it is has not been clear whether this occurs at the level of phonological 

retrieval or during speech production. These data support the idea that the benefit of having multiple 

phonological neighbours occurs during speech output processing, possibly due to the increased 

likelihood of more common sound sequences having stronger mappings onto motor programmes.  

Overall, the analyses of word characteristics suggest that reports of IS depend on lexical access 

processing stages, and that subsequent errors in aloud speech arise due to problems during post-lexical 

speech production processes. These particular findings do not exclude the possibility that IS reflects 

access to a lemma rather than a phonological representation, but they are clearly inconsistent with 

articulation playing a key role in the process.  

The final evidence that reports of successful IS rely on phonology comes from the two tasks 

assessing phonological knowledge. Syllabification requires the parcellation of phonemes into distinct 

sets according to specific rules. Thus the retrieved phonological form, or at least elements of it, are 

needed in order to count the syllables in a word. Syllabification is thought occur subsequent to lexical 
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retrieval (Fallows, 1981; Romani, Galluzzi, Bureca, & Olson, 2011) and so knowledge of syllables is not 

clearly required for successful IS in our model. Nevertheless, according to our main hypothesis and to 

the degree that post-retrieval syllabification processes are intact, syllable knowledge should be 

accessible more often when IS is successful than unsuccessful.  Indeed, we confirmed this effect. 

Conclusions from the IS/Auditory Recognition task are somewhat more limited because IS reports 

during this task were strongly biased in most subjects (see Biases in Judgements of IS and Proposed 

Mechanisms of Self-Monitoring in IS sections below). Still, ODH showed a strong effect in which she 

was able to accurately recognize auditory fragments only when she had reported successful IS for the 

item. These results, along with the over evidence above strongly supports the hypothesis that reports of 

successful IS reflect the success of phonological retrieval processes.  

Individual differences in judgements of inner speech 

We included participants with a variety of deficit profiles to probe how these deficits might 

relate to the experience of IS. Two participants had fluent aphasias with phonological deficits (ODH and 

EYU), three had nonfluent aphasias with phonological deficits and apraxia of speech (STP, EDS, and 

BIC), and one had fluent anomic aphasia with semantic but not phonological deficits (HLL).  

Individual differences and error type 

We did not predict a relationship between successful IS and semantic errors, however this 

relationship was significant for, EYU, STP, ODH and HLL. Importantly, for both EYU and STP, this 

relationship was based on higher proportion of semantic errors when successful IS was reported once 

compared to zero or two times—in other words, the pattern does not suggest a true association between 

successful IS and semantic errors overall. For ODH, the relationship was weak, possibly reflecting her 

very strong relationship between “no response” and unsuccessful IS, rather than a specific relationship 

between successful IS and semantic errors.  
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Interestingly, HLL, the only participant with semantic deficits (based on the Pyramids and Palm 

Trees score) and no phonological deficits (based on pseudoword and real word repetition), showed a 

strong relationship between successful IS and semantic errors, even stronger than the relationship with 

phonological nonword errors. If we assume that IS represents phonological retrieval, then during 

semantic errors, the IS will match the aloud speech. However, neither inner nor aloud speech will 

correspond to the target. Thus, if the participant is aware that the retrieved name does not match the 

target semantically, s/he should report unsuccessful IS, produce a semantic error aloud, and then judge it 

to be incorrect. On the other hand, if the participant does not notice a semantic mismatch between the 

retrieved (and subsequently produced) word and the target, s/he may still report successful IS, followed 

by the semantic error, and then judge the aloud speech to be correct. Because of his semantic deficits 

and spared speech production abilities, HLL produces a higher proportion of semantic errors overall 

than the other participants, and it seems likely that he failed to recognize some of these errors, resulting 

in increased semantic errors associated with successful IS. 

Individual differences and word characteristics  

Overall, successful IS related to word characteristics associated with lexical retrieval but not to 

multiple measures associated with speech production. ODH provided the only exception to this finding: 

words that she reported as successful IS were shorter in terms of both syllables and phonemes compared 

to words she reported as unsuccessful IS. One possible interpretation is that she does not rely 

exclusively on phonology for her IS self-monitoring; for example, during the naming task, ODH 

appeared to use orthography to self-cue on some items. It is possible that the length effect observed here 

is a reflection of this approach. 

In the individual subject analyses, HLL was the only participant who showed no difference in 

either variable between successful and unsuccessful IS, although there was a trend for word frequency. 
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As HLL is the only participant with anomia likely arising from the semantic or lemma access level, this 

deficit may disrupt the usual relationship between frequency and retrieval to some degree. Alternatively, 

along with the difference between HLL and the other participants observed above with regard to 

semantic errors, this finding may suggest that HLL bases his judgements of IS on a different process 

than the participants with phonological deficits. 

Biases in judgements of inner speech  

The above findings support the validity of using subjective judgements to understand mental 

processes of word finding, and provide useful information on the nature of IS. However, judgements of 

IS are subjective, and the biases that may influence self-monitoring of IS must be considered.  Our data 

demonstrate two types of bias that could influence these judgements: contextual biases and response 

biases.  

The first type of bias we observed relates to the task context in which IS judgements were 

provided. Participants reported their IS success on each item six times: three times during the IS/Aloud 

Naming Task, once during the Syllable Counting Task, and twice during the Auditory Recognition Task. 

Despite giving the same instructions for the IS judgement phase of every task, we saw a clear effect of 

the explicit task being performed on the rate of reported successful IS. These effects were not always the 

same across individuals, but overall suggest that reports of IS can be biased by the context in which they 

are elicited. For instance, during the syllable counting task, HLL reported successful IS more frequently 

than during the IS/Aloud Naming task, while EDS reported successful IS less frequently, while EYU, 

ODH and STP reported successful IS at the same rate. During the Auditory Recognition Task, EDS 

again reported less frequent successful IS than during the Aloud Naming task, and the other four 

participants reported more frequent successful IS. The exact nature of this task-induced bias is unclear. 

One possibility is that participants based their IS judgements in part on their expectation of success 
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during the subsequent task. For instance, participants may have been more generous when judging their 

IS during the Auditory Recognition Task in anticipation of recognising a correct speech fragment when 

played.  

It should be noted that, compared to performing no overt task at all after inner naming, even 

aloud naming of the same item might influence reports of IS. Importantly, in our prior study on self-

reported IS, the two participants provided reports of IS without subsequently naming each item aloud. 

Instead, aloud naming was performed weeks prior to IS testing. ODH participated in both studies and so 

her responses provide some limited information about potential biases related to the aloud naming task 

here. Her rate of reported successful IS was 61% during the first study, and 74% during the IS/Aloud 

Naming Task here. ODH’s results in the current study on aloud naming accuracy, error types, and word 

characteristics associated with successful IS are consistent with the results of the prior study, suggesting 

that any bias in IS responses due to the aloud naming task did not substantially alter the results. Overall, 

the influence of the overt task on IS reports serves as a reminder that IS judgements are by nature 

subjective, and the context in which they are elicited must be rigorously controlled to maximize their 

consistency and reliability.  

The second type of bias we observed was an individual response bias. When judging the 

accuracy of their own aloud naming responses, all participants demonstrated that they could report 

whether they had produced the correct word or not (see Table 3.2). There was, however, a range of self-

monitoring ability, with d-prime values from 1.69 to 3.52. Moreover, participants showed an overall 

tendency toward judging their responses as correct, but with substantial individual differences in this 

bias. For instance, BIC showed a dramatic bias to report his aloud responses as correct, with a criterion c 

of -1.80 and a false alarm rate of 79% on incorrect responses. Moreover, he so rarely reported 

unsuccessful IS that testing was discontinued after one day of the IS/Aloud Naming Task (only 4% of 
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responses were reported as unsuccessful IS). He also reported successful IS on four catch trials, 

providing plausible but incorrect names for unfamiliar faces and buildings. This suggests either general 

over-confidence or a tolerance for responses that he considered “close enough.” This type of bias may 

influence his IS judgements as well, resulting in over-reporting of successful IS. Conversely, EYU 

demonstrated a more conservative pattern of aloud self-monitoring, a style that may also pervade his IS 

judgements. We took care to develop a definition of successful IS that was accessible and easy for our 

participants to understand, and reinforced that definition repeatedly throughout testing. Nevertheless, the 

nature of a confrontation naming task may have encouraged participants to report successful IS—or to 

attempt aloud production—when a response was nearly correct. Given that reports of IS are inherently 

subjective, it is also likely that the report of successful and unsuccessful IS depend in part on individual 

conscientiousness towards the task. Alternatively, some participants may have struggled to understand 

our definition of successful IS.  

This bias may also influence the relationship observed between aloud speech and word 

characteristics associated with ease of access. For instance, for STP, EDS and BIC, these effects were 

even stronger than the relationship of frequency and AoA to success of IS. This likely reflects these 

participants’ biases in their reports of IS. These three individuals had a strong bias toward judging their 

aloud speech as correct. Assuming the same bias pervades their IS judgements, they may have reported 

successful IS for some words for which they had not actually retrieved the correct phonological form. 

These words would then be produced incorrectly aloud because of failures prior to lexical phonological 

access, and hence would be associated with low frequency and high AoA, resulting in a falsely elevated 

effect of these characteristics on aloud speech after (reportedly) successful IS. 
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Proposed mechanisms of self-monitoring in inner speech 

Rather than reflecting over-confidence or a tolerance for minor deviations from the correct 

response, a bias toward judging responses as correct may instead derive from a reduced ability to 

recognize errors. It is thus important to consider whether or not monitoring of aloud speech relies on the 

same systems as monitoring of IS. If not, then monitoring of aloud responses may not serve as a good 

proxy for monitoring of IS.  

Monitoring of errors in aloud speech likely relies on a combination of auditory feedback and 

mismatch signal in auditory and kinaesthetic/motor feedback (Lind, Hall, Breidegard, Balkenius, & 

Johansson, 2014; Tian & Poeppel, 2012, 2015). The mechanisms used for IS self-monitoring are less 

clear. Our model proposes that IS is monitored using an auditory image generated directly from 

phonology, and hence relies on the same speech perception system required for aloud speech self-

monitoring, as has been proposed elsewhere (Levelt, 1983; Postma & Noordanus, 1996; Postma, 2000). 

However, while the auditory feedback in aloud self-monitoring comes from an actual auditory stimulus 

provided by the speaker’s own voice, in IS self-monitoring, an auditory image is generated in the speech 

perception system directly from the phonological form. An alternate model of IS derived from fMRI 

data in healthy controls proposes that an efference copy from the motor system feeds back to 

somatosensory and auditory areas, essentially proposing a similar imagery mechanism derived from 

motor/kinaesthetic systems (Tian & Poeppel, 2012, 2015; Tian et al., 2016). We note that this particular 

model is at least partly at odds with our findings that IS self-monitoring relies primarily on the 

phonological form and not post-lexical speech production processes. Regardless, both 

auditory/phonological and sensorimotor models of IS monitoring propose broadly similar mechanisms 

for aloud and inner self-monitoring, and as such they suggest that the ability to detect errors in aloud 

speech likely corresponds closely with the ability to detect errors in IS.  



 70 

An alternative model proposes that IS monitoring arises from the degree of activation among 

competing alternatives during phonological retrieval (Nozari et al., 2011). In this model, a large 

difference in activation between the most strongly activated representation and the nearest competitors 

results in a sense of successful IS. By contrast, a greater competition among the strongly activated 

representations during retrieval provides the signal for error detection. In this scenario, error detection 

relies on domain general error detection mechanisms in the frontal lobes. Based on this hypothesis, the 

monitoring mechanisms for IS and aloud speech likely differ substantially, and thus self-judgements of 

aloud naming accuracy may not serve as a good proxy for judgements of successful IS, except that they 

may reveal the biases in self-confidence and conscious tolerance for minor errors described above.  

 The current study suggests that self-monitoring relies on phonological representations and not 

speech production, but does not provide strong data to adjudicate between a speech perception based 

monitor and a lexical competition based monitor. Some weak evidence against the competition based 

monitor is provided by the lack of relationship between phonological neighbours and IS. In a 

competition-based monitor, one might expect a larger number of neighbours to result in greater 

competition and hence more unsuccessful IS. Further testing will be needed to examine this area in more 

detail, perhaps in participants with deficits in either speech perception or domain general error 

monitoring, using stimuli selected to manipulate competition during retrieval. 

Conclusion 

The experience of IS is nearly universal, but little studied in the population with aphasia. Here 

we have provided confirmatory evidence that subjective reports of IS in aphasia provide valuable 

information about the mental processes of word retrieval. The results suggest that monitoring of IS relies 

primarily on the phonological form, and does not require articulation or other speech production 

processes. Further studies using the report of successful IS in aphasia could potentially provide valuable 
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clinical insight into the nature of individual anomic events, and could provide a window into normal 

language production and self-monitoring.
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Figure 3.1 Structural MRI of participants.  
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Figure 3.2 Comparison of word characteristics associated with ease of access.  

*p< .05, **p < .01 

 

 

Figure 3.3 Comparison of word characteristics associated with ease of production.  

*p< .05, **p < .01, ***p < .001
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Characteristic ODH EYU HLL STP EDS BIC 

Age at recruitment (stroke) 72 (70) 62 (56) 54 (51) 73 (69) 65 (61) 66 (61) 

Type of stroke Ischaemic Ischaemic Haemorrhagic Ischaemic Ischaemic Ischaemic 

Hemisphere Left Left Right Left Left Left 

Sex F M M M F M 

Years of education 12 22 14 18 16 18 

Handedness Right Right Ambidextrous Right Left Right 

WAB-R AQ (0-100) 79.4 44.4 86.8 60.9 40.8 54.6 

WAB-R aphasia classification Conduction Conduction Anomic Broca’s Broca’s Broca’s 

WAB-R Spontaneous Speech (0-20) 17 12 19 9 7 12 

WAB-R Repetition (0-10) 5.9 1.7 9.2 6.4 4.9 3.8 

WAB-R Naming and Word Finding (0-10) 8 1.4 6 6.5 3.2 6 

WAB-R Auditory Verbal Comprehension (0-10)  8.8 7.1 9.2 8.55 5.3 5.5 

BDAE Embedded sentences (0-10) 8 5 6 8 5 2 

BDAE semantic probe (0-60) 53 55 55 55 51 40 

Pyramids & palm trees (0-49) 47 45 42 44 38 47 

F-A-S 17 0 22 3 1 7 

Philadelphia Naming Test (0-60) 35 12 25 22 17 46 

Repetition task - 103/300 54/55 197/300 222/300 227/300 

PW repetition (0-30) 2 1 27 11 10 9 

Apraxia (0-14) 3 5 0 13 5 7 
 

Table 3.1: Participant demographics and aphasia characteristics.  

Abbreviations: WAB-R: Western Aphasia Battery-Revised; BDAE: Boston Diagnostic Aphasia Examination. F-A-S: number of words 

spontaneously produced within 60 seconds for each letter, F, A, S. The measure of apraxia is based on video performance during the 

ABA as described in the methods. The in-house pseudoword repetition task involves repeating 10 different 1, 3 and 5 syllable words. 

Pyramids & Palm Trees was visual presentation only.  
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 ODH EYU HLL STP EDS BIC 

Hits (%) 87.7 93.4 99.3 98.8 99.5 99.7 

False alarm (%) 29.7 7.9 14.4 47.4 41.8 78.9 

d' 1.69 2.91 3.52 2.33 2.76 2.00 

criterion c -0.31 -0.05 -0.70 -1.10 -1.18 -1.80 

 

Table 3.2: Aloud speech self-monitoring.  

Performance of each participant at self-monitoring their own IS in the IS/Aloud Naming Task. For each participant, the per cent hits and 

false alarms are shown, along with a D’ and criterion c are reported for individual participants. 

 

 

  Group  EYU HLL STP EDS BIC 

Successful IS 

common (%) 

 57.3  65.2 26.1 26.1 21 18 

Successful IS 

uncommon (%) 

 4.3  4.3 0 0 0 17.4 

Statistic  3.65*  < .0001 .022 .022 < .0001 < .0001 

 

Table 3.3: Individual participant catch trial performance.  

In this task, participants were shown 23 common and 23 uncommon images of buildings and people, and asked to 1) report success of IS 

and 2) name the stimulus aloud. The per cent of items that were reported as having successful IS for each group is reported here for the 

group and for each individual. Group statistic is paired t-test (t(5); individual statistics are a 2-tailed Fisher exact test, so a p value is 

reported below. ODH did not perform this task. * p < .05. 
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 Group  ODH EYU HLL STP EDS 

 sIS cA/sIS sIS cA/sIS sIS cA/sIS sIS cA/sIS sIS cA/sIS sIS cA/sIS 

ISANT day 1 54.5 63.5 72.3 77.8 20.0 73.3 61.0 75.8 63.3 51.6 57.0 39.2 

ISANT day 2 60.0 63.1 74.7 72.8 25.3 82.2 52.0 83.3 85.0 43.5 62.7 33.5 

ISANT day 3 61.2 64.4 76.3 78.1 31.7 76.3 57.0 87.6 79.0 48.9 62.0 31.2 

Syllable counting task 61.8 - 73.0 - 30.0 - 77.7**** - 90.3 - 38.0**** - 

Auditory recognition task 69.3 - 85.5**** - 58.5**** - - - 100.0* - 33.0**** - 

 

Table 3.4: Rate of report of inner speech across tasks.  

For each participant, the left column shows the percentage of responses that were reported as having successful IS (sIS) and in the right 

column there is the percentage of successful IS that were correct aloud (cA/sIS). The per cent scores were converted into z-scores based 

on the mean score during the IS/Aloud Naming Task (ISANT). *p < .05, ****p < .0001 

 

 

 Group ODH EYU HLL STP EDS 

Average rate of consistent IS (%) 58.6 74.4 25.7 56.7 75.8 60.6 

IS z-score - 10.6**** 10.6**** 17.8**** 4.5**** 5.4**** 

Average rate of consistent aloud speech (%) 35.7 56.7 19.4 46.2 36.1 20.9 

Aloud speech z-score - 13.5**** 9.0**** 20.2**** 11.2**** 3.23*** 

 

Table 3.5: Consistency of inner speech and aloud speech compared to null distribution.  

Average scores are reported as percentage. z-scores compare consistent responses (0/3 and 3/3) to the null distribution of average rate of 

response for successful IS or correct aloud speech, as described in detail in IS and Aloud Speech Consistency Model in the Methods.  

***p < .001, ****p < .0001 
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  Group ODH EYU HLL STP EDS 

Correct Aloud (%) 0 7.2 14.2 3.7 9.4 3.3 11.0 

 1 26.1 36.6 38.9 25.6 24.6 16.5 

 2 58.9 72.8 60.0 80.6 46.8 29.8 

 Test Result 35.52**** 197.8**** 289.2**** 399.5**** 84.8**** 32.9**** 

 

Table 3.6: Successful inner speech and correct aloud speech.  

More frequent report of successful IS on other days leads to more correct aloud speech. Group analysis ANOVA for linear trend (F(2,1). 

Individual comparisons are X2(2) n = 900. **** p < .0001  
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Error Type Days of  

successful IS  

 

 
Group  ODH  EYU  HLL  STP  EDS 

No response (%) 0  72.7  84.3  70.0  76.7  65.2  67.28 

 1  50.9  63.5  41.4  56.6  35.1  57.79 

 2  30.3  31.5  28.3  21.7  29.2  41.00 

 Test result  26.52****  83.55****  62.2****  84.54****  38.86****  30.91**** 

Phonological nonword (%) 0  4.2  3.9  8.7  0.4  5.6  2.5 

 1  12.5  7.7  21.2  6.6  18.6  8.7 

 2  16.4  17.0  25.0  8.4  21.0  10.7 

 Test result  5.61*  13.90***  23.97****  18.45****  11.11**  9.53** 

Phonological real word (%) 0  3.9  2.4  8.8  0.4  2.3  5.6 

 1  6.0  6.7  14.1  0.8  4.3  4.2 

 2  14.7  20.1  28.3  3.6  11.5  10.0 

 Test result  3.84  25.35****  21.80****  6.71*  13.02**  7.88* 

Semantic (%) 0  4.5  3.9  5.3  6.1  3.4  3.70 

 1  11.9  11.5  11.1  16.4  15.4  5.2 

 2  11.4  12.6  1.7  26.5  10.2  6.1 

 Test result  2.37  6.77*  7.25*  27.59****  9.18*  1.20 

All others (%) 0  14.8  5.5  7.2  16.5  23.6  21.0 

 1  18.6  10.6  12.1  19.7  26.6  24.2 

 2  27.1  18.9  16.7  38.9  28.1  32.2 

 Test result  2.89  11.90**  7.77*  20.93****  0.72  7.64* 

 

Table 3.7: Inner speech and error type.  

Errors as a percentage of successful IS on other days of testing (i.e., 0 of 2 days, 1 of 2 days, 2 of 2 days) for five participants. Group 

statistics: one-way ANOVA (F2,12). Individual statistics are X2 ODH (2), n = 391; EYU (2), n = 725; HLL (2), n = 484; STP (2), n = 

575; EDS (2), n = 712. *p < .05, **p < .01, ***p < .001, ****p < .0001 
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  Group ODH EYU HLL STP EDS BIC 

Log10  

Frequency 

sIS-cA 3.02 (0.23) 2.84 (0.54) 3.31 (0.54) 2.86 (0.51) 3.22 (0.57) 3.16 (0.55) 2.76 (0.58) 

sIS-iA 2.78 (0.27) 2.56 (0.57) 3.18 (0.61) 2.59 (0.68) 2.89 (0.58) 2.97 (0.56) 2.50 (0.54) 

 uIS-iA 2.60 (0.26) 2.33 (0.50) 2.86 (0.58) 2.46 (0.55) 2.74 (0.56) 2.87 (0.65) 2.31 (0.53) 

 sIS-cA > sIS-iA 8.31*** 5.75**** 1.48 3.75*** 7.44**** 3.61*** 3.82*** 

 sIS-iA > uIS-iA 5.59** 4.19**** 4.16**** 1.74 2.97** 2.15* 1.07 

Age of 

Acquisition 

sIS-cA 11.55 (5.33) 5.26 (1.31) 4.42 (1.00) 5.18 (1.26) 4.63 (1.31) 4.7 (1.32) 5.49 (1.38) 

sIS-iA 7.93 (3.23) 5.81 (1.55) 4.70 (1.37) 6.23 (1.74) 5.34 (1.36) 5.13 (1.43) 5.95 (1.68) 

 uIS-iA 7.76 (2.75) 6.58 (1.53) 5.37 (1.42) 6.11 (1.54) 5.58 (1.35) 5.39 (1.35) 6.95 (1.54) 

 sIS-cA > sIS-iA -5.28** -4.10**** -1.45 -5.57**** -6.85**** -3.47*** -2.49* 

 sIS-iA > uIS-iA -2.78* -4.91**** -3.62*** 0.63 -2.13* -2.48* -2.20* 

 

Table 3.8: Word characteristics associated with ease of lexical access and the report of inner speech.  

Reports the mean (standard deviation) for the group and individuals. Group statistics are paired t-test where df = 5. Individual 

performance is planned comparison, reporting a t-statistic. *p < .05, **p < .01, ***p < .001, ****p < .0001 
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  Group ODH EYU HLL STP EDS BIC 

Syllables sIS-cA 1.54 (0.33) 1.79 (0.71) 1.14 (0.34) 1.91 (0.79) 1.26 (0.45) 1.35 (0.50) 1.80 (0.68) 

 sIS-iA 1.73 (0.28) 1.90 (0.75) 1.46 (0.67) 1.93 (0.88) 1.50 (0.59) 1.49 (0.57) 2.12 (0.88) 

 uIS-iA 1.74 (0.26) 2.15 (0.84) 1.52 (0.56) 1.88 (0.71) 1.62 (0.56) 1.45 (0.56) 1.83 (0.72) 

 sIS-cA > sIS-iA -3.84* -1.73 -3.59*** -0.17 -5.99**** -2.93** -3.37**** 

 sIS-iA > uIS-iA -1.27 -3.27** -0.73 0.60 -2.41* 1.07 1.22 

Phonemes sIS-cA 4.35 (0.81) 5.04 (1.61) 3.37 (0.79) 5.19 (1.75) 3.69 (1.01) 3.82 (1.21) 5.01 (1.52) 

 sIS-iA 4.95 (0.73) 5.39 (1.72) 4.21 (1.66) 5.51 (1.94) 4.39 (1.22) 4.32 (1.24) 5.91 (1.96) 

 uIS-iA 4.93 (0.63) 5.84 (1.87) 4.40 (1.18) 5.37 (1.64) 4.58 (1.28) 4.23 (1.18) 5.17 (1.85) 

 sIS-cA > sIS-iA -5.86** -2.26* -3.83**** -1.63 -8.12**** -4.56**** -3.92*** 

 sIS-iA > uIS-iA 0.13 -2.47* -0.85 0.71 -1.81 0.97 1.30 

Articulation sIS-cA 3.31 (0.68) 3.90 (1.72) 2.52 (1.01) 4.03 (1.77) 2.76 (1.16) 2.82 (1.31) 3.85 (1.65) 

 sIS-iA 3.96 (0.78) 4.47 (1.90) 3.12 (1.80) 4.4 (2.05) 3.46 (1.38) 3.28 (1.35) 5.03 (2.15) 

 uIS-iA 3.86 (0.63) 4.80 (2.15) 3.37 (1.34) 4.4 (2.00) 3.38 (1.43) 3.29 (1.36) 3.92 (2.02) 

 sIS-cA > sIS-iA -5.54** -3.41*** -2.46* -1.66 -6.95**** -3.76*** -4.74**** 

 sIS-iA > uIS-iA 0.47 -1.60 -1.10 0.02 0.69 -0.04 1.79 

Triphone 

Probability 

sIS-cA 1.68 (0.16) 1.86 (1.72) 1.62 (1.74) 1.84 (1.75) 1.48 (1.64) 1.53 (1.66) 1.75 (1.61) 

sIS-iA 1.65 (0.14) 1.56 (1.47) 1.51 (1.48) 1.76 (1.50) 1.56 (1.67) 1.61 (1.69) 1.88 (1.69) 

(x1000) uIS-iA 1.51 (0.20) 1.72 (1.43) 1.50 (1.59) 1.69 (1.46) 1.54 (1.46) 1.45 (1.49) 1.17 (0.89) 

 sIS-cA > sIS-iA 0.49 2.14* 0.49 0.41 -0.65 -0.54 -0.66 

 sIS-iA > uIS-iA 1.10 -1.07 0.02 0.44 0.19 1.31 1.44 

Phonological 

Neighbors 

sIS-cA 4.95 (0.42) 7.5 (9.1) 18.9 (10.7) 6.4 (8.2) 15.1 (10.2) 14.6 (11.3) 6.8 (8.4) 

sIS-iA 5.52 (0.57) 4.8 (6.5) 11.6 (11.2) 6.2 (8.6) 10.3 (10.6) 10.5 (10.2) 4.2 (6.5) 

 uIS-iA 6.0 (0.67) 3.6 (5.7) 9.6 (9.7) 5.5 (7.9) 8.7 (9.9) 11.1 (10.4) 8.1 (12.1) 

 sIS-cA > sIS-iA 3.67* 4.08**** 4.46**** 0.24 6.05**** 4.17**** 2.86** 

 sIS-iA > uIS-iA 0.19 1.92 1.33 0.75 1.79 -0.71 -1.09 

 

Table 3.9: Word characteristics associated with ease of production and the report of inner speech.  

Reports the mean (standard deviation) for the group and individuals. Group statistics are paired t-test where df = 5. Individual 

performance is planned comparison, reporting a t-statistic. *p < .05, **p < .01, ***p < .001, ****p < .0001 
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  Group  ODH EYU  HLL STP 

Correct (%) Successful IS 63.7  50.0 63.3  58.9 70.9 

 Unsuccessful IS 39.8  2.1 56.1  5.9 40.9 

Statistic  3.33*  5.02**** 0.74  5.30**** 2.71** 

 

Table 3.10: IS/syllable counting task.  

The per cent correct for successful IS (sIS) and unsuccessful IS (uIS) at judging the number of syllables. Group statistic is a paired t-test, 

individual results are z-score test of proportions. *p < .05, **p < .01, ****p < .0001 
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Chapter 4 

Neuroimaging support for subjective reports of successful inner speech in two people with 

aphasia 

Introduction 

Aphasia is an acquired disorder of language, and almost always includes anomia, difficulty 

naming. Many people with aphasia report being able to say a word internally, even when they are 

unable to say the word correctly aloud. Sometimes, people describe the experience as having a general 

sense of what they want to say, while other times they specifically refer to being able to say the entire 

desired word using Inner Speech (IS). These latter reports, which we refer to as “successful IS,” are 

specific enough to potentially provide useful information about the mental processes of word retrieval.   

In two prior studies involving a total of seven people with aphasia, we tested the hypothesis that 

reports of successful IS reflect lexical phonological access. In the first study, participants performed 

three sessions of an aloud naming task, and were then asked about their success at IS on a later date. In 

the second study, participants were asked to report their IS success and then to name each item aloud 

immediately afterwards. Both studies showed a relationship between the report of successful IS and 

correct aloud naming. Amongst words that were never said correctly aloud, the report of successful IS 

was associated with phonological errors. Also amongst words that were never said correctly aloud, 

those with successful IS shared characteristics associated with lexical phonological retrieval such as 

frequency and age of acquisition, but did not share characteristics associated output, such as 

articulatory complexity and length. Collectively, this evidence strongly supports the value of subjective 

reports of IS in understanding the mental processes of word retrieval in people with aphasia on 

individual naming attempts, and suggests that conscious self-monitoring of IS in aphasia relies mainly 

on phonology rather than post-lexical speech production processes, such as subarticulation.  
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In this study, we examine the neurological correlates of successful IS in two people with 

aphasia. Covert and overt tasks have been widely used in imaging studies of language in people with 

aphasia and healthy controls (Barch et al., 1999; Blasi et al., 2002; Christoffels, Formisano, & Schiller, 

2007; Gracco, Tremblay, & Pike, 2005; Perani et al., 2003; Richter et al., 2008; Rosen et al., 2000; 

Thulborn et al., 1999; Warburton et al., 1999; Weiller et al., 1995). Covert naming studies in the 

healthy controls typically show activity in left inferior frontal cortex and the left middle temporal gyrus 

(Ellis et al., 2006; Moriai-Izawa et al., 2012; Shuster & Lemieux, 2005; Zelkowicz, Herbster, Nebes, 

Mintun, & Becker, 1998). Overt naming tasks typically show greater BOLD activity in these same 

structures, and additionally activate regions associated with lexical production and motor output such 

as the motor cortex (Ellis et al., 2006; Moriai-Izawa et al., 2012; Shuster & Lemieux, 2005; Zelkowicz 

et al., 1998). Depending on the task design, covert and overt can both include activity induce different 

degrees of activity in phonological and semantic networks, as well as working memory and motor 

regions (Baddeley, 2003; Baldo & Dronkers, 2006; Vigneau et al., 2006). Recent evidence suggests 

that “articulation imagery” differs from “hearing imagery”, with the former leading to activity in 

sensorimotor systems of the frontal and parietal lobes, while the latter induces activity in regions 

associated with memory such as the middle front and inferior parietal cortex (Tian et al., 2016).  

Two lesion-symptom mapping studies have also investigated brain areas necessary for IS in 

people with left hemisphere strokes. A single voxel-based lesion-symptom mapping study correlated 

poor performance on silent rhyme and homophone judgement with damage to the pars opercularis of 

the left inferior frontal gyrus and the supramarginal gyrus and its nearby white matter (Geva, Jones, et 

al., 2011). However, because these areas are necessary for the additional phonological processing 

required for the tasks (Burton, Small, & Blumstein, 2000; Hartwigsen et al., 2010; Vigneau et al., 

2006), their role in the initial phonological retrieval which occurs during IS itself remains unclear. 

Another lesion-symptom mapping study examined phonological access in the context of silent rhyme 
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judgement, finding a relationship between the posterior supramarginal gyrus and anterior angular gyrus 

after carefully controlling for performance on other related tasks (Pillay, Stengel, Humphries, Book, & 

Binder, 2014).  

These studies suggest that damage to posterior language areas, particularly the supramarginal 

gyrus, might disrupt IS, but they do not examine the brain basis of preserved IS in people with aphasia.  

Here, we investigate the neural correlates of self-reported IS in aphasia. We assessed IS and aloud 

naming ability for a set of 300 pictures during three sessions outside the scanner, and then used 

functional MRI (fMRI) to investigate the brain activity associated with self-reported successful and 

unsuccessful IS during a silent naming of a subset of these items. Demonstrating differences in brain 

activity associated with self-reported successful and unsuccessful IS will provide additional evidence 

that these subjective reports provide useful information about the mental processes of naming. 

Moreover, given the behavioural evidence demonstrating that self-reports of IS relate to word retrieval 

processes described above, examining differences in brain activity associated with successful vs. 

unsuccessful IS may serve as a useful probe of areas involved in stages of word retrieval leading to 

phonological lexical access in people with aphasia. Focusing on items reported as successful IS, 

differences in activity between words that can or cannot be pronounced correctly aloud outside fMRI 

may reveal areas important for speech production planning, or potentially areas in which increased 

activity prevents the output of correct pronunciation after successful phonological retrieval. In general, 

investigating brain activity in relation to self-reported IS with and without correct aloud speech may 

provide a useful tool to inform the debate about the brain basis of aphasia recovery. Differences in 

activity for correct and incorrect naming responses have previously been documented (W.A. Postman-

Caucheteux et al., 2007), as well as activity related to particular error types (Fridriksson et al., 2007). 

Examining activity in relation to IS reports provides an alternative method to investigate how neural 
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systems are engaged differently depending on the point at which breakdowns in word retrieval and 

production occur.  

The overarching hypothesis is that the patterns of activity will reflect the report of IS. Given our 

hypothesis that the report of successful IS reflects phonological access, we expect the differences to be 

most notable in regions associated with phonological retrieval but left unaffected by the stroke, such as 

the angular gyrus, the left posterior superior temporal gyrus, precuneus, and the bilateral postcentral 

gyrus (Binder, 2015; Buchsbaum et al., 2011; Graves, Grabowski, Mehta, & Gordon, 2007; Graves, 

Grabowski, Mehta, & Gupta, 2008; Indefrey & Levelt, 2004; Indefrey, 2011; Levelt et al., 1999; 

Postma, 2000). Specifically, we predict that for words that cannot be named correctly aloud on three 

days outside the scanner, Blood Oxygenation Level Dependent (BOLD) signal will differ depending on 

the report of successful vs. unsuccessful IS. We also predict that amongst words reported as having 

successful IS, the pattern of activity regardless of whether or not the word can be named correctly 

aloud outside the scanner. 

Methods 

Participants 

Participants were two volunteers with a history of chronic aphasia resulting from ischaemic 

stroke. They gave informed consent to participate under a protocol approved by the Institutional 

Review Board at Georgetown University. Brief participant descriptions are included below, with 

demographic data reported in Table 1.  

STP is a male right-handed retired telecommunications consultant, and he was 69 at the time of 

his left hemisphere ischaemic stroke. He has moderate Broca’s aphasia. His lesion involves most of the 

frontal territory of the middle cerebral artery, extending posteriorly to the supramarginal gyrus. The 

angular gyrus and the temporal lobe are spared. 
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EDS is a female left-handed former administrative assistant, and she was 61 at the time of her 

left hemisphere ischaemic stroke. She has moderate to severe Broca’s aphasia. Her left hemisphere 

lesion includes the entire frontal lobe, the parietal portion of the middle cerebral artery territory, and 

parts of the superior temporal gyrus.   

Experimental design 

Over the course of several weeks, participants performed three sessions of a naming task using 

inner and aloud speech on a set of three hundred items outside the scanner. They then performed an IS 

naming task on a subset of those items while in the scanner.  

Pre-scanner naming task 

Participants performed three sessions of a naming task to establish words with consistent 

responses from day to day. During the task, participants were shown a black and white line drawing in 

front of a red background, and ask to judge if s/he was able to internally say “all of the right sounds, in 

the right order, without moving the mouth or lips”. Participants responded via touch screen, pressing a 

red “X” for unsuccessful IS or a green check for successful IS. After responding, the background 

changed to green, and the participant named the item aloud. Spoken responses were video recorded and 

scored as correct or incorrect.  

Item selection for fMRI task 

Items were selected based on inner and aloud speech consistency during the pre-scanner naming 

task. Items were considered to have consistent IS if a participant judged the IS to be successful on all 

three days (i.e., s/he responded “yes” when asked if she could name the item correctly internally on 3/3 

days) or unsuccessful on all three days (i.e., s/he responded “no” on 3/3 days). Items were considered 

consistently correct aloud if they were named correctly aloud on all three days, and consistently 
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incorrect aloud if they were named incorrectly aloud on 3/3 days. We selected a set of items that were 

consistently successful IS with correct aloud naming; successful IS with incorrect aloud naming; and 

unsuccessful IS with incorrect aloud naming. Examining activity related to internal naming of these 

items allows us to examine activity related to success of IS (successful IS and incorrect aloud vs. 

unsuccessful IS and incorrect aloud), and success of aloud speech after successful IS (successful IS and 

correct aloud vs. successful IS and incorrect aloud). Unsuccessful IS is very rarely followed by correct 

aloud naming, so it is not possible to complete the 2 x 2 (inner x aloud) design. Additional items 

presented during the scanner task were selected from those that were consistently incorrect aloud but 

varied by IS (e.g., successful IS on 1/3 or 2/3 days) and those that were consistently successful aloud 

but varied by aloud correctness (e.g., correct aloud on 1/3 or 2/3 days). These items were not included 

in the imaging analyses.  

For EDS there were 12 successful IS and correct aloud, 26 successful IS and incorrect aloud, 

and 35 unsuccessful IS and incorrect aloud responses; for STP there were 44 successful IS and correct 

aloud, 32 successful IS and incorrect aloud, and 20 unsuccessful IS and incorrect aloud responses. EDS 

reported that unsuccessful IS for only one item that was consistently correct aloud, and STP reported 

successful IS for all consistently correct items.  

Functional MRI task design 

While in the scanner, participants performed four runs of a silent naming task that included an 

active visual control condition. For all trials, a stimulus was presented on a screen for 7.5 seconds, 

concurrently with a short beep, followed by 2.5 seconds of a crosshair during rest period. During silent 

naming, participants were asked to name the line drawing presented on the screen using IS, and then 

report their IS success using a button press. As defined above, IS was considered successful if the 

participant thought s/he able to internally say “all of the right sounds, in the right order, without 
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moving the mouth or lips”. A button placed under the left index finger was used to report successful IS, 

and a button under the left middle finger was used to report unsuccessful IS. There were 9 trials per run 

(36 total trials) of a visual attention and decision task. During this control condition, the stimulus was a 

black and white line drawing of unnameable scribble.  A black dot appeared over a random part of the 

drawing after 2, 4 or 6 seconds, and participants were asked to press a button when the dot appeared. A 

further ten trials per run consisted of the fixation crosshair for the 10-second stimulus presentation. 

Both participants performed a practice version of the task at their final pre-scanner naming visit, and 

immediately prior to entering the scanner to familiarise them with the task design. The practice task 

consisted of 14 trials of nameable images and 3 visual attention control trials.  

MRI data acquisition 

Images were acquired using a Siemens MAGNETOM Tim Trio 3.0T MRI scanner (Erlengen, 

Germany) with a 12-channel transmitting and receiving head coil. Participants were positioned 

comfortably with pads to minimize head movement.  

High-resolution T1-weighted structural scan (MPRAGE) 

 A high-resolution T1-weighted structural scan was acquired for each participant to localize the 

lesion and to use as an overlay for single-subject fMRI data (scan parameters: TR = 1,900 ms; TE = 

2.56 ms; flip angle = 9°; 160 contiguous 1 mm sagittal slices; field of view = 250 x 250 mm; matrix 

size = 256 x 256, voxel size = 1 mm3; duration: 5 minutes).  

Functional MRI of inner speech 

Functional images were obtained during four separate runs using a T2*-weighted acquisition in 

an interleaved manner (gradient echo-planar imaging, 38 slices, TR/TE: 2500/30 milliseconds, 90° flip 

angle, 3.2 x 3.2 x 3.2 mm voxels). Each run started with 10 seconds (4 TRs) of dummy scans to ensure 
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full fat saturation. Run length varied based on the total number of items selected for each participant. 

Each trial was ten seconds long. EDS performed two runs with 61 items (620 seconds) and two runs of 

58 items (590 seconds); STP performed four runs of 55 items (560 seconds). Images were presented 

using pairs of similar items to limit task switching (e.g., 2x successful IS with incorrect aloud, 2x 

fixation, etc.), except for the control task, which was presented in sets of three items (i.e., 3x visual 

control task). Items were ordered such that the pairs/triplets of the same type did not follow one 

another. Trials were divided evenly between the four runs.  

Data analysis 

Functional MRI analyses 

Data were analysed using SPM8 (Wellcome Trust Centre for Neuroimaging) running in Matlab 

2013a (MathWorks, Inc). For pre-processing, images first underwent slice-timing correction using the 

first slice as a reference, then were realigned to the middle slice. Each run was coregistered to the mean 

image of the first run and then smoothed with a 6 mm3 Gaussian kernel.  Volume artefacts were 

excluded based on average global intensity (z-threshold of 9) and scan-to-scan movement (1mm 

translation, 0.02 degrees rotation) detected using Artifact Repair Toolbox (v4) (Mazaika et al., 2009). 

Each individual’s MPRAGE was also coregistered to the mean image of the first functional run.  

Participant level t-maps were created to directly test five specific planned comparisons. First, 

we examined the three main conditions of interest against the control task (i.e., successful IS with 

correct aloud speech vs. control; successful IS with incorrect aloud speech vs. control; unsuccessful IS 

with incorrect aloud speech vs. control). We then examined the difference between successful and 

unsuccessful IS in the setting of incorrect aloud speech (i.e., successful IS vs. unsuccessful IS amongst 

items that were incorrect aloud), and finally the difference between correct and incorrect aloud speech 
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in the setting of successful IS (i.e., correct aloud vs. incorrect aloud amongst items that were reported 

as having successful IS).  

Task conditions were modelled using an event-related design, and voxels convolved using a 

canonical hemodynamic response function. A 128-second high-pass filter was applied to remove any 

slow signal drift, and an autoregressive model used to correct for serial correlations. Contrasts were 

examined using an uncorrected threshold of p < .001, and a minimum cluster size of 10 voxels. The 

resultant T-maps were overlaid on each participant’s own structural scan. Lesioned voxels were 

excluded using a manually drawn lesion mask. Images were created using MRIcron (Rorden, Karnath, 

& Bonilha, 2007).  

Results 

Behavioural results 

While in the scanner, EDS reports successful IS for 116 out of 162 items and STP reported 

successful IS on all 144 items. The rates of reported successful IS were higher during the fMRI task 

than during the pre-scanner naming task for both participants. This type of task-dependency of IS 

judgements was also observed in a prior study involving these participants. For this reason, we focused 

our analysis on the IS judgements provided during pre-scanner sessions.  

Overall naming vs. control 

Both participants show at least some activity in a direct comparison between a combination of 

all the naming task and the control task (Figure 4.1). EDS shows activity in the right inferior frontal 

gyrus, the left anterior temporal lobe, the bilateral angular gyri, bilateral middle temporal gyrus and 

along the precuneus. STP also shows cortical activity in the right inferior frontal gyrus, as well as at the 

precuneus and the left middle temporal lobe.  
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Inner and aloud speech vs. control 

First, we contrasted activity during each condition against the control task (Figure 4.2). We 

predicted that items with successful IS will elicit a similar pattern of activity regardless of whether or 

not they can be named aloud correctly outside the scanner. We also predicted that items consistently 

reported as unsuccessful IS would elicit a different pattern of activity. 

As predicted, the activity seen during items with successful IS and correct aloud speech 

overlapped to some degree in both participants with the activity during items with successful IS and 

incorrect aloud speech. In general, there was less overlap between unsuccessful IS and the other two 

conditions, although some overlap was observed for EDS.  

The overall patterns of activity differed somewhat between participants, although there were 

some consistent findings. For both participants, successful IS with incorrect aloud speech activated the 

right inferior frontal cortex. In both participants, this condition also elicited more extensive activity 

overall than either of the other two conditions. For STP, successful IS with incorrect aloud speech also 

activated right motor cortex, and in both EDS and STP this condition activated the left ventral 

occipitotemporal cortex. In both EDS and STP, both conditions with successful IS (incorrect and 

correct aloud) activated the posterior cingulate gyrus. Findings in the individual participants are 

described in more detail below.  

EDS 

During successful IS with correct aloud speech, there was activity in the (perilesional) left mid 

superior temporal sulcus and middle temporal gyrus, left anterior temporal lobe, right angular gyrus 

and posterior cingulate. In all four locations, there was overlapping activity from successful IS with 

incorrect aloud speech; these clusters were generally larger during incorrect rather than correct aloud 

speech except in the superior temporal sulcus/middle temporal gyrus. Bilateral ventral occipitotemporal 



 92 

activity was observed during successful IS with incorrect aloud speech; these clusters overlapped with 

activity during unsuccessful IS.  

STP 

During successful IS with correct aloud speech, there was activity in the posterior cingulate and 

in the (perilesional) left occipitotemporal cortex. These areas were also active for the successful IS with 

incorrect aloud speech condition, as were right occipitotemporal cortex, right motor cortex, right 

supplementary motor area, right inferior frontal gyrus, right anterior insula, and the bilateral medial 

anterior temporal lobes. No activity met threshold for unsuccessful IS.   

Successful inner speech vs unsuccessful inner speech (amongst incorrect aloud speech) 

We predicted that there would be differences in the pattern of activity when directly comparing 

successful and unsuccessful IS amongst items with incorrect aloud speech. As expected, activity was 

different between successful and unsuccessful IS in both participants (Figure 4.3). EDS and STP 

showed greater activity for successful than unsuccessful IS in extensive areas, both including the right 

angular gyrus, the left anterior temporal lobe, and in the posterior cingulate and precuneus.  

EDS 

Amongst items that were incorrect when said aloud, activity for successful IS was greater than 

unsuccessful IS in the precuneus, bilaterally in the angular gyrus, the (perilesional) left posterior middle 

temporal gyrus and the left medial anterior temporal lobe. The difference in activity in the right anterior 

angular gyrus was driven by high activity during successful IS; activity was significant in this area 

during successful IS with both incorrect and correct aloud speech. In contrast, the difference in activity 

seen bilaterally in the posterior angular gyrus was related to deactivation during unsuccessful IS, rather 

than activation during successful IS. The increased activity in the left middle superior temporal sulcus, 
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the left anterior temporal lobe and the precuneus was related to high activity during successful IS as 

these areas were active in both successful IS conditions compared to control.   

STP 

STP showed greater activity during successful IS compared to unsuccessful IS in widespread 

areas of the right hemisphere and some occipital and temporal areas in the left hemisphere. These areas 

included the bilateral ventral occipital cortex, right posterior cingulate/precuneus, right angular gyrus, 

bilateral anterior temporal lobe, the right anterior cingulate cortex, right inferior frontal gyrus, the right 

sensory and motor cortices, and the right supramarginal gyrus. In all cases, the activity was driven by 

high activity for successful IS with incorrect aloud speech. Successful IS with correct aloud speech was 

similarly more active in both the precuneus and the left inferior temporal gyrus regions, but not in the 

other areas above. No areas showed greater activity during unsuccessful IS than during successful IS. 

Incorrect aloud speech vs correct aloud speech (amongst successful inner speech) 

Finally, we compared signal amongst items that were reported as having successful IS 

depending on whether or not they were correct aloud (Figure 4.4). We predicted that there would be 

few differences in signal.  

For EDS there was little difference in signal between correct and incorrect aloud conditions, 

with one small cluster of increased activity for correct aloud speech. However, for STP, there were 

many regions in which successful IS with incorrect aloud speech had greater activity than successful IS 

with correct aloud speech. He did not show any regions in which there was more activity for correct 

rather than incorrect aloud speech.  
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EDS  

The left mid superior temporal sulcus was more active during successful IS that was correct 

rather than incorrect aloud. The difference is driven by greater activation during the correct aloud 

condition. 

STP  

There are many regions that were more active during incorrect aloud speech than correct aloud 

speech for STP. Much of the activity was in the right hemisphere, including most of the right inferior 

frontal gyrus, the motor cortex. Bilateral activity was observed on the anterior temporal lobes and at the 

frontal poles. The precuneus was again active in the midline, and there was essentially no region of left 

hemisphere activity without at least some activity in the structural homotopes. The observed pattern 

was again caused by more activity during successful IS with incorrect aloud speech.    

Discussion 

We investigated the neural correlates of the experience of successful IS during a covert naming 

task in two people with aphasia. Patterns of activity depended on whether a word was reported as 

having successful IS with incorrect aloud speech, successful IS with correct aloud speech, or 

unsuccessful IS. Overall, as predicted, activity for items with successful IS and incorrect aloud naming 

overlapped more with items named correctly aloud, compared to items with unsuccessful IS. In the 

direct comparison including only items that were consistently incorrect aloud, activity in many areas 

was greater for successful IS than unsuccessful IS. There were notable brain areas in which activity 

was greater for successful IS in both participants (see Table 4.2). Differences in activity were also 

observed in relation to the ability to produce successful IS items correctly aloud, although these 

patterns differed substantially between the participants. Together, these results suggest that self-

reported success of IS in people with aphasia relates to brain systems engaged during internal naming 
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and may be a useful new tool to dissect the roles of specific brain regions activated during failed 

naming in people with aphasia.  

BOLD signal relates to the report of successful inner speech 

In our prior studies, we showed robust behavioural correlates to reports of IS in people with 

aphasia. This prior evidence clearly establishes that these subjective reports reflect underlying mental 

processes of naming, most likely lexical phonological access specifically. We therefore hypothesized 

that there must be corresponding neural correlates of these reports, that is, the brain activity during 

internal naming should differ depending on whether the word is reported as having had successful or 

unsuccessful IS. EDS and STP provided clear confirmation of this hypothesis. Even though none of the 

items used to test this question could be named aloud accurately across three days of naming outside 

the scanner, items reported as successful IS elicited robustly greater activity in several brain areas 

compared to those reported as unsuccessful IS.  

Successful IS refers to one specific phenomenon, the feeling that one can say the correct word 

internally, while unsuccessful IS refers to many different possible phenomenon: failing to retrieve the 

concept, failing to access the word given access to the concept, retrieving the incorrect word, retrieving 

only a part of the target word, retrieving a nonsense word, etc. Therefore, it should not be surprising 

that there might be more variability in activity related to unsuccessful IS from trial to trial, and hence 

less activity overall compared to successful IS. Depending on the specific breakdown that leads to 

unsuccessful IS, one might expect reduced activity relative to successful IS in areas involved in 

semantics, lexical retrieval, or phonology.  

The common areas in which both EDS and STP show greater activity for successful than 

unsuccessful IS, i.e., the left medial anterior temporal lobe, right angular gyrus and the posterior 

cingulate/precuneus, are indeed commonly implicated in semantic retrieval (Binder, Desai, Graves, & 
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Conant, 2009) and sometimes in phonological retrieval (Buchsbaum, Hickok, & Humphries, 2001; 

Graves et al., 2007, 2008). In this case, the overlap in the angular gyrus was primarily right lateralized. 

However, at least to some degree, this is to be expected in people with large left hemisphere strokes, 

who often shift language activity to the right hemisphere (Anglade, Thiel, & Ansaldo, 2014; 

Turkeltaub, Coslett, et al., 2011).  

An individual’s specific language deficits likely leads to more frequent failures at particular 

stages of word retrieval. Thus, the types of language deficits experienced by the participant likely 

influenced the brain areas that differ in their activity between successful and unsuccessful IS. EDS and 

STP have fairly similar deficit profiles overall: both have Broca’s aphasia resulting from large 

predominantly frontal lesions. However, EDS has a considerably larger lesion and correspondingly 

worse aphasia, including some semantic deficits based on low scores on both the Pyramids and Palm 

Trees test and the WAB-R auditory word recognition test. This particular deficit could result in activity 

differences in areas involved in lexical semantics. Indeed, EDS showed greater activity for successful 

more than unsuccessful IS in the posterior middle temporal gyrus, which has been implicated in lexical 

retrieval from semantics (Binder, et al., 2009; Hickok and Poeppel 2007). She also showed a difference 

in activity in the bilateral posterior angular gyrus, not because of activation during successful IS, but 

because of deactivation during unsuccessful IS. This deactivation may indicate failure of these areas, 

which have been implicated in semantic binding as well as associative semantic errors during naming 

(Hartwigsen et al., 2010; Price, Bonner, Peelle, & Grossman, 2015; Price, Peelle, Bonner, Grossman, & 

Hamilton, 2016). Alternatively, it may represent inappropriate engagement of default mode network 

nodes (Greicius, Krasnow, Reiss, & Menon, 2003). Such inappropriate network switching during task 

performance has previously been demonstrated in people with aphasia, and may contribute to deficits 

(Geranmayeh, Leech, & Wise, 2016).  



 97 

Differences in activity related to successful IS between participants might also be expected 

because of different patterns of brain reorganization after stroke. During internal naming of items 

reported as successful IS, STP activates many right hemisphere areas homotopic to left hemisphere 

language and motor areas. It is unclear why he activates the right hemisphere more than EDS, but it 

may relate to a more successful integration of these areas into the language network, leading to more 

successful word retrieval processes and a less severe anomia.  

There are two substantial caveats to note regarding the finding that activity is greater for 

successful than unsuccessful IS. First, in our prior studies on IS, which included these participants, we 

demonstrated that amongst words that are not pronounced correctly aloud on three days, those reported 

as successful IS are more frequent and have younger age of acquisition compared to those reported as 

unsuccessful IS. Because of limitations on the number of items needed to achieve adequate power in 

the imaging analyses, we could not control for this difference. As a result, we cannot know if the 

differences in activity observed here are specifically related to IS, or are rather related to an underlying 

feature of the items, like high frequency, that leads to more successful word retrieval processes and 

hence more frequent reports of successful IS. However, during naming in control subjects, lower word 

frequency relates to greater activity in several brain areas including the left posterior superior temporal 

cortex, the left inferior frontal gyrus, and parts of the bilateral posterior parietal cortex (Graves et al., 

2007). If word frequency explained the difference in activity here, this would indicate a reversal of the 

typical pattern, in which patients had greater activity in language areas for high frequency words, rather 

than less. We thus feel that this explanation for the observed effects is relatively unlikely.  

The second caveat regards the in-scanner reports of IS. Both participants reported successful IS 

more often in the scanner than they did during the three pre-scanning sessions. We have previously 

documented that the task context can bias frequency of reported successful IS, so finding a different 

rate is not entirely unexpected. STP in particular reported successful IS on 100% of trials in the 
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scanner, and also during an auditory recognition task reported in our previous study. This raises some 

questions about how his self-monitoring changed over the course of testing. It is theoretically possible 

that he learned some of the items over the course of repeated testing, but during a post-scanning aloud 

naming test, he was still only able to correctly name 53 out of 144 items. Because of this change in 

response rate, and STP’s lack of any reported unsuccessful IS during scanning, we ignored the in-

scanner IS reports, and focused entirely on the consistent reports of IS during the pre-scanning naming 

sessions in our analysis. This could be viewed as either a strength or a weakness of the analysis. We 

have not examined the activity in reference to the self-reported experience of IS at the time of scanning. 

However, demonstrating robust differences in activity related to reports of IS collected outside the 

scanner, weeks before the imaging session, is potentially even more compelling. Further, had we used 

in-scanner IS reports, some differences in activity between the conditions might simply relate to error 

detection during trials in which participants reported unsuccessful IS. Since STP provided the same 

response for every naming trial, this clearly cannot account for the observed differences. Regardless, 

this change in rates of reported IS inside the scanner serves as a reminder that reports of IS are by 

nature subjective, and are, like all subjective judgements, sensitive to biases that must be considered 

when interpreting their meaning.  

Activity during internal naming differs depending on the ability to name items aloud 

During scanning, the participants were specifically instructed not to name the items aloud. One 

might therefore expect that activity would be identical whether or not the participant previously 

demonstrated the ability to pronounce the words aloud correctly. However, for both participants we 

observed differences in activity related to aloud production outside the scanner. In contrast to the 

relatively similar pattern of activity for the two participants during IS success outlined above, the 

findings related to aloud success were entirely different between the two participants.  
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EDS showed a single small area in the mid portion of the superior temporal sulcus in which 

activity was greater for items that were consistently named correctly aloud during the pre-scanning 

naming sessions, compared to those reported as successful IS but named incorrectly aloud. This area is 

commonly activated in tasks involving auditory language stimuli, such as sentence comprehension and 

sublexical phonology tasks (Turkeltaub & Coslett, 2010) as well as speech production tasks, such as 

reading and singing (S. Brown et al., 2009). Here, it might be active because of successful activation of 

an auditory image of the word for items that can be pronounced correctly aloud (Tian et al., 2016). 

Examining EDS’s activity across the three conditions in comparison to the control task reveals an 

intriguing pattern in this general region of the brain. In the posterior ventral stream areas, there is 

overlapping activity for unsuccessful and successful IS items that cannot be pronounced aloud. Just 

anterior to this is a region of overlap between items that are successful IS produced correctly or 

incorrectly aloud. The area sensitive specifically to correct aloud speech is just anterior and dorsal to 

this. There thus appears to be a posterior-to-anterior gradation of regions from posterior ventral 

occipital temporal areas to the mid superior temporal sulcus associated with progressively greater 

success in aloud naming.  

STP had no areas in which activity was greater for words that he could consistently produce 

correctly aloud outside the scanner. Rather, extensive areas—particularly in right hemisphere language 

homotopes—were more active for items with successful IS that could not be named correctly aloud. 

This may reflect a difference in effort required to perform the task. For instance, increased attention 

and effort toward words that are difficult to pronounce aloud correctly might elicit greater activity in 

language and other domain general brain area sensitive to the task (Fedorenko, Duncan, & Kanwisher, 

2013; Geranmayeh, Brownsett, & Wise, 2014; Just, Carpenter, Keller, Eddy, & Thulborn, 1996). This 

may explain the greater overall extent of activity for this condition compared to the other two in both 

participants. Alternatively, some of the observed right hemisphere activity could be maladaptive. Some 
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investigators have noted increased right hemisphere activity during incorrect responses suggesting that 

some right hemisphere areas recruited in aphasia might be ineffective or even counterproductive, at 

least in the chronic phase of recovery (Allendorfer, Kissela, Holland, & Szaflarski, 2012; Whitney 

Anne Postman-Caucheteux et al., 2010; Winhuisen et al., 2005). Treatment studies in people with 

aphasia that apply inhibitory transcranial magnetic stimulation the right inferior frontal gyrus in 

repeated sessions improve naming and possibly additional language functions (Chrysikou & Hamilton, 

2011; Naeser et al., 2005, 2012; Ren et al., 2014). These findings, however, are generally restricted to 

the right inferior frontal gyrus, the pars triangularis in particular (Chrysikou & Hamilton, 2011; Naeser 

et al., 2005; Ren et al., 2014; Turkeltaub, Messing, Norise, & Hamilton, 2011). Both participants did 

exhibit activity specific to successful IS with incorrect aloud naming in the right inferior frontal gyrus, 

although this was only significantly greater than correct aloud items for STP. It is possible that the right 

inferior frontal gyrus activity is blocking correct aloud production after successful IS, and hence is 

related specifically to items with consistently incorrect aloud responses.  This is not likely to explain 

the broader pattern of right hemisphere over-activation here. Multiple lines of evidence suggest that the 

right hemisphere as a whole supports recovery from aphasia, even though the pars triangularis may 

interfere (Turkeltaub, 2015; Turkeltaub, Coslett, et al., 2011).  

Similar to the caveat noted above regarding word frequency effects in IS reports, it should be 

noted that in our prior study, several word characteristics differed between words with successful IS 

that could and could not be named correctly aloud. Frequency was lower and age of acquisition higher 

for words named correctly aloud. In addition, these items had more phonological neighbours, were 

shorter both in syllables and phonemes, and had lower articulatory complexity scores. Especially since 

the task did not involve aloud production of the items, it is important to note that the differences related 

to aloud production described above might instead reflect differences in word characteristics associated 

with ease of production.  
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Motor involvement in successful inner speech 

While there is general agreement that IS requires phonological retrieval, there is debate about 

whether articulatory processes are also necessary (Abramson & Goldinger, 1997; Levelt, 1996; 

Oppenheim & Dell, 2010; Wheeldon & Levelt, 1995). Our previous behavioural data suggests that 

judgements of IS in aphasia are based primarily on lexical phonology and not on motor speech plans or 

simulations. However, motor areas are commonly activated in silent speech tasks, as we found here in 

the overall activation maps. Further, STP showed differences in right hemisphere motor speech areas in 

relation to success of IS, as well as success of aloud production after successful IS. This finding does 

not conflict with our prior behavioural results. While the self-monitoring of IS required for accurate 

reporting of IS relies primarily on phonological representations, this does not preclude activation of 

motor programs for silent speech that are not necessary for self-monitoring.  

Limitations 

Several limitations have been noted above. We also note that this study only includes two 

participants, both with fairly similar language deficits. These results thus might not generalize to the 

broader population of people with aphasia. Indeed, as we noted above, patterns of activity during IS 

judgements likely depend on the specific language deficits. In individuals with dramatically different 

causes of anomia, the patterns of activity might correspondingly be very different. Because of her 

severe anomia, there were few items that EDS consistently named correctly outside the scanner. This 

condition is thus underpowered in her analysis. While not optimal, this shortcoming has no impact on 

the main comparison of interest: the activity related to reports of IS. Finally, language recovery post 

stroke relies on a combination of plasticity and relearning that can cause shifts in activity to regions not 

previously involved in the function at hand (Heiss & Thiel, 2006; Saur et al., 2006). While using 

reverse inference to interpret activation patterns is always speculative, it is particularly dangerous to 
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over-interpret the cognitive processes underlying individual findings in people with aphasia based 

solely on the location of the activity. 

Conclusion 

Here, we have shown that brain activity during internal picture naming reflects the subjective 

report of successful IS in people with aphasia. This paper provides direct biological evidence to support 

the value of subjective self-assessments of IS commonly reported by people with aphasia. Carefully 

characterised, successful IS has the potential to be an important research tool for the study of language 

recovery in people with aphasia, and the individual processes of language in the general population.  
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Figure 4.1 Naming vs. visual control task in two participants.  
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Figure 4.2 Comparison of IS and aloud speech against the control condition.  

Successful IS with correct aloud speech is in green, successful IS with incorrect aloud speech is in red, 

and unsuccessful IS with incorrect aloud speech is in blue. There were no cases of unsuccessful IS with 

correct aloud speech. 
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Figure 4.3 Comparison of successful and unsuccessful IS in the setting of incorrect aloud speech.  
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Figure 4.4 Comparison of correct aloud with incorrect aloud speech in the setting of successful IS. 
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 EDS STP 

Age at recruitment (stroke) 65 (61) 73 (69) 

Hemisphere Left Left 

Handedness Left Right 

Sex F M 

Years of education 16 18 

WAB-R AQ 40.8 60.9 

WAB-R Diagnosis Broca's Broca's 

WAB-R spontaneous speech 7 9 

WAB-R repetition  4.9 6.4 

WAB-R naming & word finding 3.2 6.5 

WAB-R comprehension  5.3 8.55 

 

Table 4.1: Demographic and aphasia data.  

Table shows the composite scores from the Western Aphasia Battery-Revised (WAB-R). 
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 EDS STP 

Naming vs. control Right inferior frontal gyrus, 

left anterior temporal lobe, 

bilateral angular gyri, bilateral 

middle temporal gyrus 

precuneus 

Right inferior frontal gyrus, 

inferior frontal gyrus 

Successful IS > unsuccessful 

IS (incorrect aloud) 

Precuneus, bilateral angular 

gyrus, left posterior middle 

temporal gyrus, left medial 

anterior temporal lobe. 

Bilateral ventral occipital 

cortex, right posterior 

cingulate/precuneus, right 

angular gyrus, bilateral anterior 

temporal lobe, right anterior 

cingulate cortex, right inferior 

frontal gyrus, right sensory and 

motor cortices, right 

supramarginal gyrus 

Correct aloud > incorrect 

aloud (successful IS) 

Left middle superior temporal 

sulcus  

Right inferior frontal gyrus, 

right motor cortex, bilateral 

anterior temporal lobe, bilateral 

frontal pole, precuneus 

 

 

Table 4.2: List of regions of increased activation. 
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Chapter 5 

Discussion 

In three studies, we tested the experience of successful IS in people with aphasia using 

behavioural tests and functional neuroimaging. We hypothesised that successful IS relies on 

phonological retrieval but not subarticulation, and is reflected in the pattern of neurological activity.  

We performed two behavioural studies: in the first, participants performed three sessions of an 

aloud naming task, and were then asked about their success at IS on a later date. In the second, 

participants were asked to report their IS success and then to name each item aloud immediately 

afterwards. Together, these studies demonstrated that the report of IS is a generally consistent and 

reliable measure. Unsuccessful IS almost never leads to correct aloud responses. Participants do a good 

job of rejecting unfamiliar items. The rate of the report is stable across multiple days of naming, and IS 

and aloud speech have similar day-to-day variability. Suggestive of long-term stability and of clinical 

relevance, reports of successful IS on a single day also predicted the response to anomia therapy 

performed over several weeks. Collectively, these findings support the notion that self-reports of IS, 

when elicited in the correct context, are stable and reliable enough to merit examination. 

As might be expected with a subjective measure, the report of successful IS was sensitive to task 

and individual biases: the internal report varied according to the explicit overt task being performed. 

Additionally, while all participants were able to self-monitor their aloud speech to some degree, there 

was a range of abilities, with some participants inclined towards generous interpretation of “all of the 

right sounds in the right order”, while others were more conservative in their judgements.  

These studies also showed that successful IS relates to at least partial phonological access. 

Amongst items that cannot be named aloud, successful IS leads to more phonologically related errors 

than unsuccessful IS. The words that are reported as having successful IS have word characteristics 
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associated with ease of lexical access. Also suggestive of phonological access, participants performed 

better on a syllable counting and auditory recognition task when they reported successful IS.  

By contrast, successful IS does not appear to rely on processes of speech production. Amongst 

words that were incorrect aloud, articulatory complexity and word length did not differ between those 

with successful and unsuccessful IS; however, amongst words with successful IS, those that were correct 

aloud were less complex and shorter than those that were incorrect aloud. Also of note, people with 

apraxia reported successful IS at about the same rate as those without apraxia, again suggesting that 

subarticulation is not required for the report of successful IS.  

We also provided direct evidence that brain activity reflects the experience of successful IS in 

two participants who performed a covert naming task while in the MRI scanner.  

Taken together, these studies clearly demonstrate that self-reports of IS are reliable enough to 

provide useful information about the mental processes of word retrieval and production in people with 

aphasia. Specifically, the findings support the hypothesis that successful IS reflects phonological access 

but does not rely on post-lexical speech production processes such as subarticulation.  

Limitations of the studies 

There are important limitations of the research to consider. As noted above, successful IS is a 

subjective report. Therefore, we cannot be sure that all participants perform the judgement in exactly the 

same way. In fact, the variability in self-monitoring of aloud speech would suggest that each individual 

may use a different threshold to consider IS to be successful. Moreover, while the responses are stable 

for individuals during confrontation naming, it seems that the judgement of IS may change based on 

perceived chance of performing the overt task correctly. It is also possible that simply drawing explicit 

attention to the self-monitoring of IS might change the nature of the self-monitoring, such that our 
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results do not perfectly represent the naturalistic sense of successful IS that many patients report 

spontaneously.  

The nature of a case series means the studies were performed on a limited number of people. 

While there is sufficient evidence to suggest that the report of successful IS could be highly informative 

as a tool to study normal and aphasic language, we did not test enough people to be able to draw strong 

conclusions about the individual differences between people, or the generalizability of the findings to 

the population of people with aphasia at large.  

This limitation is especially notable for the fMRI study. Although we were able to provide 

evidence for the biological basis of the experience of successful IS using neuroimaging, it would be 

difficult to draw anything other than tentative conclusions given a study with just two people with 

aphasia, especially given that uncorrected statistical thresholds were used. Our original experimental 

design anticipated including more participants in the scanner task. However, it was difficult to find 

enough items that were consistent in both inner and aloud speech across multiple days. Further, one 

participant reported unsuccessful IS so rarely that we were not confident that he would ever report 

unsuccessful IS in the scanner. 

In general, working with a clinical population is both motivating and rewarding; however, it 

inevitably resulted in some difficulties. For example, one of our early participants completed the original 

study before we had decided to develop additional tasks. Because he had already joined another study, 

we were unable to obtain a complete dataset. Another participant withdrew after becoming too ill to 

return for the final two sessions. Despite our lab’s good access to this population, finding appropriate 

participants is always challenging in a relatively short timeframe, especially since we required people to 

have good comprehension in order to complete the tasks, yet still sufficient anomia to allow testing of 

the different types of items, and aimed to include participants with a variety of deficit patterns.  
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We categorised errors based on the Philadelphia Naming Test because the error types generated 

using these rules are well characterised and allow for comparisons between different researchers. 

However, choosing an error code carries with it a degree of subjectivity. Perhaps more importantly for 

comparisons of phonological errors, they are unable to capture the nuanced differences between the 

utterance and the target. For example, “canterpildar” and “clee” would both be considered 

phonologically related errors for the word “caterpillar”, though the former attempt is clearly more 

similar. Similarly, a semantic error that is compounded with a phonological error may be classified as 

“unrelated” or “phonologically-related nonword” depending on whether it meets the requirements for 

phonological similarity, when it may be better classified as a combined “semantic and phonological” 

error, or perhaps even a “semantic and phonological error with phonological similarity to the target”. 

Taking some of these features into account might provide additional insight into the degree of 

phonological retrieval associated with successful IS.   

We used a set of naming items developed by Dr. Friedman’s lab because they had previously 

been normed in a group of older adults and were readily available to start testing. However, it might 

have been helpful to select—or even design new—stimuli that varied by syllable number, phoneme 

length, word frequency and articulatory complexity in a predictable manner.  

While we designed the tasks in Chapter 3 to test whether the report of IS varied according to 

task, we did not anticipate that the process of internally naming and then judging success of IS would 

affect the subsequent aloud naming attempt. As a result, we developed an analysis approach that relied 

on the report of IS on the other two days of the same task to avoid bias related to the preceding response. 

This approach in some ways provides an even more robust demonstration of the utility of self-reported 

IS, but subverts the original purpose of the design: to demonstrate that self-reported IS on an individual 

naming attempt relates to subsequent production.    
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Open questions and directions for further research 

Despite these limitations, the studies were largely successful in addressing the main questions 

posed. Like any research area in its early stages, the results lead to even more interesting questions.   

Based on the evidence from our experiments, it would seem that the report of successful IS 

relates to phonological retrieval. However, we are unable to distinguish between the need for full and 

partial phonological access, or to adjudicate between different hypotheses regarding how phonological 

retrieval is self-monitored. According to our interpretation of the Levelt model of IS monitoring, the 

retrieved phonological form is compared to an auditory image using an inner loop that relies on 

perception, while in the Dell model, self-monitoring relies on spreading activation during production (Fu 

et al., 2006; Hartsuiker & Kolk, 2001; Levelt, 1983; Nozari et al., 2011; Nozari & Dell, 2009). The data 

presented in this project simply suggest that self-monitoring of IS in aphasia is primarily based on 

phonology and are thus consistent with both models. Bringing the two models together, it is possible that 

there are different types of report of successful IS that depend on the task being performed and the 

individual performing it. If monitoring takes place on the basis of retrieval, then spreading activation 

may be sufficient to lead to the report of successful IS. That representation may require either complete 

or partial phonological retrieval, as long as a single lexical representation meets threshold and is able to 

be selected. If the task demands are greater, then additional involvement of a perception-based inner 

loop may be necessary in order to perform the more complicated task. Again, the inner loop may require 

complete or only partial phonological retrieval depending on the task being performed. We observed a 

difference in the report of successful IS depending on whether participants were required to name, 

identify an auditory stimulus, or determine the number of syllables in a word. It is difficult to distinguish 

between complete and partial phonological access experimentally, and it remains possible that the report 

of successful IS relies on a graded phonological similarity to the target word, where the threshold may 
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be different from person to person and depends on the task being performed. In situations that require 

more complete phonological access, the threshold is simply adjusted. Experiments could be designed 

that probe ever more complicated degrees of phonological access. For example, a picture-based rhyme 

judgement would require greater phonological access than a simple auditory recognition task. A more 

complicated task might involve constructing a target word using syllable fragments. It is also possible 

that not all people with aphasia rely exclusively on phonology for IS self-monitoring (Oppenheim & 

Dell, 2010), particularly in the setting of severe phonological disruption. ODH might offer an example: 

her report of IS was related to word characteristics associated with post-lexical production processes. 

Nevertheless, this appears to be an exception to the overall pattern of the other participants, and may be 

better explained by self-cuing with orthographic forms.    

Any attempt to understand the nature of self-monitoring leads to the question of whether or not 

IS and aloud speech monitoring rely on the same systems. While IS may rely on production or 

perception based monitoring, it would seem that aloud speech self-monitoring is more likely to be reliant 

on perception, be it auditory or kinaesthetic. Indeed, there is some evidence from eye tracking data to 

suggest that aloud speech but not IS monitoring works through perception based mechanisms (Huettig & 

Hartsuiker, 2010). Others go further and suggest that both inner and aloud speech rely on production for 

accurate monitoring and speculate that IS and aloud speech monitoring cannot occur simultaneously 

(Nozari et al., 2011).  

Similarly, it is unclear if our results in people with aphasia reflect the processes used for self-

monitoring of IS in unimpaired populations. In day-to-day life, there are few obvious and predictable 

dissociations between IS and aloud speech, but such situations could be generated experimentally. For 

instance, disruptive transcranial magnetic stimulation could target areas of motor cortex to interfere with 

or delay production, or an anaesthetic could be applied to the mouth to block kinaesthetic feedback. 
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Other groups have used tongue twisters to encourage mismatch between IS and aloud speech (Postma & 

Noordanus, 1996; Shattuck-Hufnagel, 1992). These paradigms could be used to examine IS self-

monitoring in control populations both behaviourally and using neuroimaging methods similar to those 

described above. 

This study takes the first steps towards understanding the underlying neural processes that take 

place during IS. While we did observe differences in the overall patterns of activation, using an 

inferential approach in just two participants prevents us from drawing anything but tentative conclusions 

about regions of the brain that are active during IS. Studies in a patient population are made more 

difficult because individual patterns of brain activity can vary due to the plasticity and relearning that 

take place during recovery. Nevertheless, given that we suspect phonological retrieval to be the basis for 

successful IS, it could be informative to use an experimental design in which we identify brain regions 

of interest based on tasks like rhyme judgement that explicitly call on phonological retrieval, and then 

test activity during successful and unsuccessful IS in those regions. 

Understanding the basis of aloud speech failure after successful IS will be important as well. In 

our imaging analyses, we found overall greater activity for successful IS when aloud naming was 

incorrect, particularly for STP. This raises a question of whether these additional areas may be 

interrupting speech production in some way. Using fMRI, it should be possible to identify regions that 

are more active for items that are incorrect aloud than correct aloud after successful IS. Applying 

inhibitory transcranial magnetic stimulation to these regions may serve to unblock production, resulting 

in successful aloud naming. 

Our results may have broader impact on imaging research on aphasia recovery. Currently, 

studies that use aloud naming tasks to study aphasia may conflate items in a way that is important, 

lumping all incorrect responses together during analyses (e.g., Postman-Caucheteux et al., 2007). A 
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subset of these items may have successful IS and so behave differently to items with unsuccessful IS. 

Therefore, not taking the differences into account in treatment studies may significantly impact results.  

Our treatment findings in Study 1 are intriguing, but are by no means definitive. Further studies 

designed to look at the relationship between the report of IS and outcomes are merited. If words that are 

reported as having successful IS are really more likely to be relearned, then it may allow speech 

therapists to select items for which success is more likely, making the rehabilitation process less 

frustrating. As the role of phonology in IS becomes more fully characterised, then it may be possible to 

tailor treatment to focus on the disordered processes, rather than provide a blanket approach for all 

items. In an example of such a study, an implicit protocol was used to treat apraxia by activating the 

speech motor areas with some success (Farias et al., 2014). Additionally, if there is a relationship 

between report of successful IS and learning outcome, then it may also be possible to develop a 

prognostic tool for the bedside.  

Overall conclusions 

The report of successful IS is common amongst people with aphasia, but is largely understudied. 

In this project, we have provided objective support for this subjective report of IS, demonstrating a 

relationship to phonological access, relearning during speech-language therapy, and neurological 

activity. The experience of successful IS merits further study to fulfil its considerable potential as a tool 

to study anomic events, lexical retrieval and self-monitoring. There are also possibly profound clinical 

implications, allowing for better prognosis and more targeted treatment. Perhaps successful IS can also 

go some way to helping researchers, clinicians and family members understand the experience of 

aphasia.  
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