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Abstract: Developmental dyslexia (DD) is associated with phonological deficits. In this article, we will
discuss the phonological deficits occurring in DD by applying psycholinguistic models of speech
production (Levelt et al., 1999; Dell, 1986). According to these models, output phonology is created
through a process called phonological encoding, which operates in a close relationship with internal
speech monitoring. We will argue that in decoding (reading by using letter-sound correspondences
instead of whole word recognition) phonological word-forms are assembled within the speech output
system by utilising phonological encoding and, more specifically, through a process that we call
unguided phonological encoding. In this process, encoding is done in a piece-by-piece fashion without
access to an active word-form, which means that internal speech monitoring cannot function in a
normal manner. This makes the process less regulated and more prone to difficulties. We argue that
DD is related to difficulties in unguided phonological encoding. We will consider the implications of
our theoretical hypotheses, first, from a clinical perspective by providing a qualitative description of
typical blending difficulties among children with DD at our clinic. Second, we will discuss earlier
research literature on DD by focusing on how difficulties in unguided phonological encoding could
explain the widely researched features of DD. Finally, we will outline a few possibilities for how our
theoretical hypotheses could be tested. We suggest that the focus on the interplay between
phonological encoding and internal speech monitoring provides a framework with which we can ask
new questions about the phonological difficulties associated with DD.
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Introduction

Developmental dyslexia (DD) is a condition characterised by slow and inaccurate
reading. In particular, it is related with poor decoding skills (reading by using letter-
sound correspondences instead of whole word recognition). DD has been associated
with deficits in the spoken language system (Snowling, 2000), particularly with
phonological deficits in three areas: phonological awareness, short term memory and
rapid naming (Wagner & Torgesen, 1987; Bus & Van IJzendoorn, 1999; Snowling,
1998). However, it remains under dispute whether phonological deficits cause some,
all or any of the observed reading difficulties and if they do, what the mechanisms
involved are.

We will discuss the phonological deficits occurring in DD in a psycholinguistic
framework by applying well known and extensively tested model(s) of speech
production (Levelt et al., 1999; Dell, 1986). In contrast to some other psycholinguistic
models used in the context of dyslexia, these models of speech production,
significantly, discriminate between lexical representations and output representations.
Lexical representations are permanent and contain only basic information of word-
forms (phonemes and possibly stress) whereas output representations are fully
formed phonological entities, words or utterances, complete with all the phonological
features that speech contains. These output representations are not stored for long
periods of time and, consequently, they are formed anew each time when needed. In
these psycholinguistic models, the output representations are formed through a
process called phonological encoding, which operates in a close relationship with
internal speech monitoring. By applying this framework, we will discuss how the
mechanisms related to phonological encoding and internal speech monitoring may
cause the observed difficulties in dyslexics’ reading and phonological tasks.

It has been hypothesised that problems in phonological representations cause the
reading difficulties in dyslexia (Shankweiler et al., 1979; de Gelder & Vroomen, 1991;
Fowler, 1991; Elbro, 1998; Mody et al., 1997; Manis et al., 1997; Swan & Goswami;
1997). Some hypotheses locate the deficit specifically in output representations
(Hulme & Snowling, 1991; Ramus, 2001) but these hypotheses have not been
confirmed in experimental research. Instead, several experiments have found no
clear signs of deficits in dyslexics’ representations by investigating output in word
repetition, non-word repetition and sentence production tasks (e.g. Ramus, 2008;
Szenkovits et al. 2016). However, we suggest that designing experiments that also
consider the role of internal monitoring processes in the formation of output
representations might lead to different outcomes.

Internal speech monitoring serves the purpose of regulation and error-correction
during the phonological encoding process (Gauvin & Hartsuiker, 2020; Nozari, 2018).
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In short, internal monitoring uses phonological information in the phonological
lexicon to supervise and aid the phonological encoding process (the forming of output
representations). Monitoring is targeted not only to the end-products of phonological
encoding but also to the process itself (for an overview: Nozari & Novic, 2017). In the
experiments targeted to chart deficits in dyslexics’ output representations (Ramus,
2008; Szenkovits et al., 2016), tasks (e.g. word and non-word repetition, sentence
production) have allowed for the normal functioning of internal speech monitoring,
that is, the full information about the end-product has been available during the
process either in the lexicon (words) or in short-term memory (non-words). In
contrast, we will suggest that in decoding situations phonological encoding operates
pre-lexically. In such situations, as the end-product (e.g. word) only emerges in a
piece-by-piece fashion, internal monitoring would have no access to phonological
information of the complete end-product in the lexicon or short-term memory and
phonological encoding would have to operate with reduced monitoring possibilities.
This may cause the formation of output representations to be more prone to
difficulties in decoding situations in comparison to (normal) speech production.

We argue that reading and speech production share the fundamental mechanism of
building phonological forms: they both rely on phonological encoding. To be more
precise, we suggest that during the decoding process output representations are
formed before lexical involvement by using smaller phonological components as an
input (e.g. individual phonemes, syllables). This is in line with the literature in
reading research that indicates that at the very early stages of reading, before lexical
involvement, the reading process is sequential, sound based and follows the features
of speech (for reviews: Pollatsek, 2015; Leinenger, 2014). However, we suggest that
phonological encoding functions differently during speech production and word
decoding. During speech production, internal speech monitoring is able to regulate
the encoding process by comparing the output to the existing phonological lexicon.
In contrast, internal speech monitoring cannot function in a normal manner during
decoding as the end-product is not known, which makes the decoding process less
regulated. This means that whenever we read a word that we do not recognise (and
consequently use decoding), we build larger phonological entities from smaller
pieces without the knowledge of the end-product during the process. In this situation,
we argue, phonological encoding operates under reduced monitoring possibilities.

The involvement of the speech output system in decoding (and reading) is supported
by many research findings. There is evidence that the same serial phonological
encoding mechanism is used in naming objects and reading their names (Roelofs,
2004). Dyslexics’ rapid naming is more significantly facilitated by phonological cues
in comparison to controls, which suggests that slowness in naming is affected by
problems in phonological encoding (Truman & Hennessey, 2006). There is also
evidence that the masked onset priming effect, which is closely related to the serial
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nature of the reading process, actually takes place within the speech output system
(Kinoshita, 2000; Kinoshita & Woollams, 2002). Additionally, neuroimaging evidence
suggests that brain areas associated with speech production are involved in reading
much earlier than would be expected if decoding happened outside speech system
(Uno et al., 2025; Cornelissen et al., 2009).

Speech production Decoding aloud
Word selection Letter-sound mappings

\ 4

Lexical representation Phonemic representations
/DOG/ /D/  /0/ /G/

Phonological encoding Unguided phonological encoding

\ \

Output representation Output representation
/DOG/ /DOG/

\

Motor functions Motor functions
Speech Speech

Figure 1. Simplified models of speech production and decoding aloud. During
decoding, internal speech monitoring has no access to full word-form during
phonological encoding - a situation here referred to as unguided phonological
encoding. Note that the model of decoding aloud is not meant to represent a complete
model of word recognition but only to illustrate the interplay between phonological
encoding and internal speech monitoring during decoding.

Thus, to describe phonological encoding in decoding situations, we will extend the
notion of phonological encoding into situations where it is done without access to an
active word-form either in the lexicon or short-term memory - a process that we call
unguided phonological encoding. In speech production, this process is also active, for
example, when generating impromptu, continuous nonsense-speech by randomly
combining phonemes and/or syllables without preparation. In such a situation, there
is no model of the end-product available and the formation of output representations
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(by phonological encoding) operates in a piece-by-piece fashion. Within the
presented framework, our hypothesis can be divided to two parts:

1. Building phonological word-forms during decoding relies on pre-lexical
phonological encoding. That is, decoding utilises unguided phonological
encoding (where there is no access to an active word-form either in the lexicon
or short-term memory).

2. DD is related to difficulties in unguided phonological encoding.

It is assumed that beginner-level readers learn to decode through phonological
blending (e.g. Rose, 2006). Blending is the process by which smaller phonological
components (e.g. phonemes) are built into larger entities (e.g. words) in volitional
tasks. We argue that blending and decoding both rely on the same mechanism in
building phonological forms: that is, they rely on phonological encoding. The current
consensus maintains that dyslexics do not have any specific difficulties in blending
but that they demonstrate more general phonological problems (for a review: Melby-
Lervag et al., 2012). Indeed, while dyslexics have considerable decoding difficulties,
they seldom fail on generally used blending tasks. We suggest that this discrepancy
could be explained by the manner in which the blending process has been defined
and measured in earlier research. Typically, blending data in research (and in clinical
settings) is collected using blending tasks that contain only simple phonological units
in simple phonological environments and where fluency is not measured (for
example: combine sounds /c/, /a/, /t/). In our clinical practice, we have developed
tasks in which blending needs to be completed in changing and complex phonological
environments in a fluent manner, that is, in tasks that resemble reading situations. In
these types of tasks, we have observed distinct blending difficulties among children
with DD.

Thus, our key argument is that decoding and blending rely on phonological encoding.
As phonological encoding is the process where output phonology is assembled (e.g.
Keating, 2000), placing phonological blending inside that process could be considered
self-evident. However, in research on phonological awareness it is not typically
specified where blending takes place or whether it shares any processes with speech
production. As for decoding, in many theories of word recognition (e.g. Coltheart et
al., 2001; Seidenberg & McClelland, 1989), decoding is assumed to take place outside
the speech system. To illustrate our argument, we will offer a brief discussion of the
phonological information flow in decoding and in our oral blending tasks.

As mentioned above, dyslexia is related to poor decoding skills (Lyon et al., 2003). In

transparent orthographies in particular, this is typically reflected as disfluent
decoding (Wagner et al., 2022). This phenomenon fits poorly to the assumption that
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decoding would take place outside the speech system. If this was the case, the finished
word forms would be fed into the speech production chain only when completed and
thus one would expect that decoding aloud would consist of periods of silence
followed by fluent speech. The silent periods would occur when phonological words
were being build outside the speech system, and once the feed (phonological word
form) would be sent to the speech system, normal, fluent speech would follow. This
is not, however, what one usually observes when decoding is disfluent. Typically, the
utterances are slow and sometimes discontinuous; it appears that disfluent decoders
are working on the task at the same time as they are producing the answer. To us, this
suggests that the feed to the speech production chain does not seem to be whole word-
forms, but smaller phonological components that are then combined inside the
speech production chain. This argument also applies to the blending tasks that we
will discuss. That is, we hypothesise that during blending phonological word forms
are build inside the speech output system.

In this article, we have started by outlining the hypothesis that both decoding and
blending utilise phonological encoding and that DD is related to difficulties to
unguided phonological encoding in specific. We will next proceed to describe our
observations of blending difficulties among children with DD. These observations are
made in clinical settings, and our aim is not to provide rigorous data but to illustrate
our theoretical argument. We will suggest that, first, in contrast with current
consensus, there appear to be severe problems in the blending skills of children with
DD in a clinical context. Second, we will introduce a set of new types of blending tasks
that can be used to measure blending in settings that resemble reading situations. We
maintain that the study of blending difficulties among children with DD might offer
important knowledge not only about dyslexia but about the functioning of
phonological encoding. In the section that follows, we will provide a more detailed
discussion of the psycholinguistic model of speech production and unguided
phonological encoding. We will then move on to examine a body of earlier research
literature on the speech and language difficulties associated with reading problems
and discuss how the psycholinguistic model of phonological encoding and speech
monitoring could explain the key features of DD. Finally, we will briefly suggest how
our hypotheses could be tested. We argue that the focus on the interplay between
phonological encoding and internal speech monitoring provides a framework with
which we can ask new questions about the phonological difficulties associated with
DD.
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Blending Difficulties Among Dyslexics
Measuring Blending

In previous research as well as in clinical practice, the principal method for
measuring phonological blending abilities has been straightforward: participants are
given phonological items, such as phonemes, syllables, or words, and are asked to
blend those together. This method is used in many phonological awareness
assessment tools such as CTOPP-2 (Wagner et al., 2013) or PAT-2 (Robertson & Salter,
2007), as well as in numerous in-lab assessment packs. While children with DD have
shown some difficulties in these types of blending tasks, these difficulties have not
stood out from difficulties in other areas of phonological awareness (Melby-Lervag et
al. 2012). This method of measuring blending skills treats blending as an isolated
phenomenon, which is most probably intended, but it misses certain features that are
essential when blending is used for reading purposes. In the context of reading,
blending would be done in constantly changing phonological environments, by
combining varying linguistic structures at a very swift pace. In contrast, in typical
blending tasks the items are fairly uncomplicated, and the answers are not timed,
which means that any difficulties with increasing phonological complexity and/or
fluency are not measured.

Interestingly, when children with DD are exposed to more complex blending tasks,
rather clear patterns of blending difficulties begin to emerge. This phenomenon is
what we have observed in our clinical practice, where we have developed certain
types of blending tasks to support the reading skills of Finnish children with DD. Our
tasks target a very definite set of skills, namely building a larger phonological
structure from smaller items without access to lexical representations and with a
limited possibility to use orthographic strategies (including full-word recognition). To
ensure that the tasks are completed by relying on phonological blending rather than
orthographic or guessing strategies, we use non-words or meaningless syllables as
target structures and/or provide the blended items entirely or partly orally. Moreover,
by manipulating the pace of the tasks, we make it harder for the children to apply
error-correction procedures before giving answers, which makes both blending
errors as well as disfluency more readily observable. Finally, in our tasks we use
changing phonological environments and vary between tasks where the children are
given the task items orally, in writing, or partly orally and partly in writing.

By applying these types of blending tasks, we have observed major difficulties in
blending among children with DD - in our case, Finnish children with DD that have
fluent grapheme-phoneme associations to all letters of the alphabet and no apparent
speech-sound problems. Among the children with DD at our clinic, not only are the
blending difficulties common (rather than residual) but they also reflect certain
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patterns. We have divided the observed difficulties in blending tasks into two groups:
errors and laboriousness. Although these groups of difficulties have a resemblance to
the types of reading problems associated with DD - that is, accuracy- and rate-related
problems (e.g. Lovett, 1984; Wolf & Bowers, 1999) - we have deliberately chosen to use
different terminology as the observed phenomenon is not reading but blending.

Blending Errors

Significantly, the blending errors that children with DD make fall into categories that
greatly resemble phonological error patterns that occur in the speech of children with
phonological disorder (PD) (see e.g. Dodd, 2014), including substitution errors,
assimilation, omissions, additions, and metatheses, usually occurring at the level of
single phonemes. Speech errors in PD are not necessarily higher in phonotactic
probability in comparison to error-free utterances, and this is also the case with
blending errors - they are not necessarily higher in phonotactic probability in
comparison to error-free blending. The observed error types occur both with vowels
and consonants in various phonological contexts. While we have not tried to map out
all types of potential errors based on our clinical observations, certain phonological
environments, such as consonant clusters and diphthongs, seem to be more prone to
errors. As with the errors in PD, it is conceivable that there are certain patterns
depending on the phonotactics of the language in question. Our aim here is not to
describe a set of typical patterns in Finnish but to present a few observations to
illustrate some of the error types that children with DD at our clinic typically
demonstrate. Moreover, what we see at the clinic are idiosyncratic patterns of errors
that may vary from a general difficulty related to several phonemes to very narrow
difficulties with one or two phonemes in specific syllable structures and
combinations. The following examples are collected from different children with DD
between ages 9-12.

To start with the case of consonant clusters, the errors that emerge often look like
this: when a child is asked to blend a written syllable with another syllable given
orally, for instance sin and /so/, the produced answer involves consonant errors (e.g.
[sinto] instead of sinso). In our tasks, the errors do not necessarily emerge if only two
items are blended (e.g. into one syllable/word) but become apparent when the same
blending process is repeated in a series of items - which is closer to the process of
reading out loud or producing continuous speech. We usually see errors emerging in
a task in which the child is asked to continuously blend a list of written syllables with
an orally given syllable, for instance, adding /so/ to the end of five different syllables
sin, ket, lok, mat, vel, which would correctly result in sinso, ketso, lokso, matso, velso but
may, in fact, come out as [sinto kesso kolso matso veltso]. That is, the blending
difficulties emerge in the form of several different patterns, including substituting /s/
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with /t/ in [sinto]/sinso, an assimilation in [kesso]/ketso, a metathesis in [kolso]/lokso
and an addition of a /t/ in [veltso]/velso. It is important to note that the children do not
have any trouble reading the first syllables without the orally added second syllable,
yet in the blending process errors may also emerge in the orthographically given
item. What is more, the same children do not have any difficulties in fluently repeating
the blended targets if the full model is given, that is, they do not have any trouble
producing the problematic sound combinations in speech (here blending a CVC
syllable with a CV syllable beginning with /s/).

Despite the fact that errors are more likely to occur in more complex contexts, it is
not uncommon that children with DD also struggle with blending two phonemes into
a syllable if they need to do this repeatedly, and this is something that we often see if
the child has difficulties with vowels. For example, in a task in which a child is asked
to add a certain vowel after a set of written letters, the vowel begins to vary (e.g.
written consonants k, [, s, m, p + sound /a/ should result in ka la sa ma pa but becomes
[ka, la, si, ma, pe]). Vowel errors also emerge in a task where children need to blend
two CV syllables (e.g. written syllables pe so ri ma tu + /ka/ should result in peka, soka,
rika, maka, tuka but becomes [pek ka soki riki maki ka tuk ka]). Often there are
detectable patterns, such as the strong tendency to substitute /i/ for /a/in the previous
example. Some children have a rather general difficulty here, whereas others are
more prone to making vowel errors after certain consonants, and yet others have a
greater tendency to make errors with certain vowels regardless of the imminent
phonological context. In the previous example, apart from difficulties with vowels,
the child also has difficulties with the length of the consonant (in Finnish the length
of phonemes is a distinctive feature).

In the examples above, the difficulties have occurred while producing a series of
single syllables or short non-words. However, with practice, children with DD often
learn to blend items and to read fluently at the level of syllables or short words - that
is, in simple phonological contexts. Yet their difficulties remain in more complex or
alternating phonological environments. Creating blending tasks involving complex
phonological environments that rely solely on orally given items is challenging due
to restrictions of working memory. Thus, we often chart blending difficulties
emerging in more complex phonological contexts in tasks where children need to
blend an increasing number of syllables, most or all of which are given
orthographically. Typically, a child may be fluent in reading syllables and blending
syllables into short words (e.g. syllables kor and lik into [korlik]) but begins to struggle
with longer words, for instance, in blending syllables kor + lik + rap which should
result in korlikrap but becomes a series of erroneous attempts: [korliptak ... korlitpak].
The child in question has a specific difficulty with voiceless plosives /k/, /p/, /t/, as
well as combinations of /lI/ and /r/ sounds. Again, we should note that there are no
difficulties in repeating the words after a full model. What we also see here are the
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immediate self-corrections, as the child monitors their attempts, spots the errors and
tries to correct them.

Laboriousness of Blending

Among the children with DD at our clinic, an entirely different type of difficulty is the
laboriousness of blending. This concerns children for whom the whole process of
joining phonological items together is very laborious and slow. Although
laboriousness can be observed in various blending contexts, it is often markedly
present in complicated and/or rare phonological structures. Yet, as in the previous
examples, it may also emerge in very specific contexts, related to specific phonemes,
such as adding to /t/ sound to a list of syllables (e.g. pen, kor, ril + /t/ should result in
pent, kort, rilt but becomes [pent ... kor ... ril ... t], where the process is not only very
arduous but partly erroneous). Again, the child is fully able to read the given syllables
fluently without the added sound, and if the child is asked to repeat the target
structures, they have no difficulties with the sound combinations. That is, the
difficulty is only present in the situation when blending occurs without an activated
word model of the end product. As with the blending errors, the laboriousness seems
to be a phenomenon that involves variation and idiosyncratic patterns: for some
children, it may manifest in all kinds of blending tasks as a general difficulty while
for others it only emerges in specific phonological contexts in which blending
becomes more arduous.

To sum up, in our clinical practice we have observed major blending difficulties
among children with DD in a context where they need to assemble larger
phonological units from smaller ones without the possibility to rely (completely) on
orthographic strategies or lexical representations. Each child that we have treated in
our clinic has had blending difficulties, although the type and severity of these
difficulties vary greatly. Some of the children with DD at our clinic mainly
demonstrate error-proneness while others mainly struggle with laboriousness. For
some children, difficulties only arise in one or two problematic phonological
contexts. In contrast to children with very narrow difficulties, children with severe
dyslexia typically demonstrate difficulties in a range of phonological contexts and
their overall blending processes are characterised by laboriousness. We argue that
these difficulties are not residual or random and thus raise significant questions about
the role of blending skills in dyslexia.

Our clinical observations suggest a connection between blending skills and reading
skills. First, in our tasks, blending difficulties are significantly more pronounced in
the performance of children with DD, whereas normal readers learn these tasks
quickly and are able to perform them fluently and with no or very few errors.
Moreover, the gravity of blending difficulties corresponds closely with the gravity of
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reading difficulties, and the structures that cause difficulty in blending tasks also
cause difficulty in reading. Finally, our clinical experience suggests that
improvement in blending skills in our tasks also results in improvement in decoding.
It should be noted that blending difficulties occur across different task types, that is,
in tasks presented orally, in writing or partly orally and partly in writing. Thus, any
mechanisms that cause these difficulties seem to be in operation in each case.

We suggest that these difficulties can be explained by applying psycholinguistic
models of speech production (Levelt et al., 1999; Dell, 1986) where blending
difficulties would emerge at the level of phonological encoding. This may seem
obvious, given that the difficulties that we have observed occur at the level of
phonology usually in terms of phonemic errors. Nevertheless, one might ask for
further reasoning for locating blending processes in a psycholinguistic speech
production model, rather than looking for explanations in other cognitive functions.
As regards the types of blending tasks that we use, we argue that the difficulties in
blending we have observed are not related to problems in visual processes, speech
perception, phonological working memory, or attention control. First, blending
difficulties emerge whether or not part of the items is given orthographically; thus, it
seems that visual processes are not the root of the problem. Second, difficulties
emerge whether or not speech perception was required in the task. Third, when
support is provided to working memory and executive function, the problems with
blending persist. Moreover, if there were difficulties in short term memory and/or
executive function, we would expect random errors in tasks. Instead, what we have
observed are regular and consistent difficulties in terms of errors and laboriousness.
Thus, we propose that the source of blending difficulties is in the operation of
phonological encoding. However, to be able to explain how blending is done without
meaningful words as a starting point, the model of speech production also needs to
describe speech that is produced without reference to active word-forms. To achieve this,
we introduce a component that we call unguided phonological encoding.

Phonological Deficits in a Psycholinguistic Framework
Phonological Encoding and Unguided Phonological Encoding

Detailed descriptions of phonological encoding in the speech production chain can
be found in Levelt et al. (1999), Roelofs & Meyer (1998) and Dell (1986). Briefly, in the
speech production chain, the process of phonological encoding follows stages where
a word form is accessed in the mental lexicon and goes first through morphological
encoding. In phonological encoding, this word form is then retrieved piece by piece
through two parallel and at least partly independent processes: the retrieval of
segmental information (phonemes) and the retrieval of metrical information
(number of syllables, stress, etc.). These processes are called segmental spell-out and
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metrical spell-out. Next, using segment-to-frame association the retrieved segments
are combined in a metrical frame. This recombination is made incrementally, from
left to right, and it can begin to operate without completed information of the word
form, suspending or resuming the recombination process according to the
availability of segmental or metrical information. There is some uncertainty about
how much metrical information word forms in the mental lexicon contain. According
to the most parsimonious view (Levelt et al, 1999), almost all metrical information is
created during the encoding process. Whether or not this is true, at least part of
metrical information is necessarily created during the phonological encoding process
because the syllabification of a phonological word - that is, the end result of the
phonological encoding process affected by morphological processes and the
phonological environment of the word - does not always follow the syllabification of
a lexical word. Additionally, there are processes related to prosody and stress. Once
completed, the phonological word is ready for further processes in the speech
production chain, including phonetic encoding and articulation. It is important to
note that in the phonological encoding process the word form is not retrieved as a
whole but it is combined from pieces. It is assumed that this piece-by-piece
combination of word forms each time that they are used (spoken) serves the purpose
of generating connected speech (Levelt, 1992).

There are several models (e.g. Hanley et al., 2004) that describe how speech can be
produced without the involvement of the mental lexicon, which takes place, for
example, in auditory repetition of non-words. To our knowledge, however, there has
been no discussion of how phonological encoding operates when producing speech
without a reference to any activated word form(s). This sort of situation occurs, for
example, when generating impromptu utterances of nonsense-speech. The fact that
this sort of speech production is possible indicates that the phonological encoding
process can operate in a piece-by-piece fashion without a model of the end-product.
Moreover, this means that there is a notable amount of flexibility in the processes that
take place in phonological encoding.

Blending and decoding, we argue, are other instances where phonological encoding
operates without access to a complete word form. Instead, the input consists of small
phonological components (e.g. phonemes or syllables) and the knowledge of their
order. How would this change the encoding process? The input would be taken into
the segmental and metrical spell-out processes. As in the typical encoding process
(using the word form from the mental lexicon), also here the phonemes would not
necessarily be retrieved at once, but the process would begin with some of the
components, and more would be retrieved during the process. Similarly to the typical
phonological encoding process, the segment to frame association would be done
incrementally, from left to right, and it would be operated without all information
being available, suspending or resuming the process according to the availability of
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segmental or metrical information. In contrast with the typical process, during the
segment to frame association there would be less knowledge or no knowledge at all
about the metrical frame. The missing metrical information would have to be created
during phonological encoding, which might or might not change the process. After
combining the segments into a metrical frame, the rest of the processes (creating
intonation, stress etc.) would be dependent on the available information. In sum,
during an oral blending task or during decoding the phonological encoding process
would differ from the typical situation in that there would be 1) less knowledge on the
metrical frame and 2) less knowledge about stress. We call this type of process
unguided phonological encoding to differentiate it from the way in which phonological
encoding operates during typical speech production. We argue that in the unguided
process - in which information about the lexical word form is missing - the speech
monitoring and error correction processes cannot function in the same manner as
they do in typical speech production.

Speech Monitoring

In psycholinguistic models of speech production, phonological encoding functions in
close connection with monitoring and error correction processes that take place
during speech production (for reviews: Gauvin & Hartsuiker, 2020; Postma, 2000).
These processes concern both the form and the content of speech. During speech
production, the monitoring processes take place at two different stages: the external
loop monitors the output (uttered speech), and the internal loop monitors the
production of phonological word forms before initiating the motoric planning of
speech production. In the internal loop, monitoring is targeted at the phase where
phonological forms are first assembled (e.g. Levelt et al., 1999) and it enables
regulation and fast corrections before the motoric planning of speech is carried out
(Gauvin & Hartsuiker, 2020; Nozari, 2018). The phonological error correction is found
to be among the earliest forms of speech related self-correction (Clark, 1982),
observable even before the age of two (Clark, 1982; Forrester, 2008; Laakso, 2006). At
the age of three, children already use internal and external speech monitoring
flexibly in different situations (Manfra et al, 2016).

It is widely agreed that the external monitoring utilises the speech comprehension
system. However, there is some disagreement on the mechanisms of internal
monitoring. Some argue that internal monitoring also relies on the speech
comprehension system (Levelt, 1993; Roelofs, 2020). According to this view, the
phonological word assembled in phonological encoding is sent to a separate
monitoring unit (a monitor) that compares this data with the corresponding
representations. However, this view conflicts with neuropsychological evidence that
suggests a dissociation between the internal monitoring and the monitoring of the
speech of others, as well as a double dissociation between comprehension skills and
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error detection in one’s own speech (see Nozari et al., 2011 for a review of the
evidence). According to another view, internal monitoring uses process-related
information (Nozari et al., 2011; Nozari, 2020; Gauvin & Hartsuiker; 2020). In this
view, internal monitoring focuses on the amount of conflict in phoneme selection. As
regards the monitoring of form, this model assumes a layer of lexical nodes and
another layer of phoneme nodes with reciprocal connections. A conflict may be
detected at the lexical node based on the amount of feedback from the phoneme
nodes. A small amount of feedback would signal that the correct phonemes are not
activated. This account assumes that internal monitoring is deeply interconnected
with the mechanisms of phonological encoding. Indeed, Nozari (2018) has suggested
that error detection and correction are only a small part of what internal monitoring
does. She proposes that internal monitoring primarily assesses a need for control over
the various stages of speech production. If conflict-related activity is increased at any
stage, more control is allocated to resolve the possible problem before any errors
emerge. Different accounts of internal monitoring are not in conflict with each other.
On the contrary, they may complement each other. Recently, Nozari (2024) has
proposed a multi-process view of monitoring with several different monitoring
mechanisms operating simultaneously.

Importantly, all the discussed mechanisms of internal monitoring are dependent on
lexical-level information, that is, on knowledge of the word-form that is being
encoded. In unguided phonological encoding - as in oral blending tasks or in
impromptu non-sense speech - information about the complete word form is
missing, which means that internal monitoring cannot operate in the same manner
as in typical speech production. We suggest that this makes the process of unguided
phonological encoding more prone to difficulties in comparison with phonological
encoding in typical speech production.

Many difficulties in blending and decoding in dyslexia could be explained by errors
in phoneme selection and difficulties in finding the correct metrical frame during
phonological encoding. In each case, the regulatory support provided by internal
monitoring during typical speech production may compensate for the difficulties and
problems that become apparent only during unguided encoding. Additionally, it
seems that the very process of combining the retrieved segments (e.g. phonemes)
may be prone to difficulties (slowness, arduousness) without regulatory support from
internal monitoring. This is reflected in the observed slowness in combining even
single phonemes (/k/, /a/ -> /ka/) or syllables (/ka/, /to/ -> /kato/) in blending and
decoding tasks. Importantly, examination of the differences between phonological
encoding and unguided phonological encoding provides a new tool for investigating
the mechanisms of creating output representations.
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Phonological Encoding and Speech Monitoring in Developmental Dyslexia

There exists a wide range of theoretical proposals about the causes of DD. The
phonological deficit theory, discussed in the introduction, remains as the most
influential one. Other proposals include problems in rapid temporal processing
(Tallal, Miller, & Fitch, 1993), magnocellular abnormalities (Stein & Walsh, 1997),
sluggish attentional shifting (Hari & Renvall, 2001), anchoring difficulties (Ahissar,
2007), procedural learning problems (Nicolson & Fawcett, 2007), and a phonological
access deficit (Ramus & Szenkovits, 2008). None of these theories or proposals has
been able to provide a sufficient account of the phenomena related to DD and
currently many scientists have turned their attention to multifactorial explanations
of dyslexia (Pennington, 2006; McGrath et al. 2020). Here we will take an alternative
route and argue that reading and speech production share certain core mechanisms
that can be located in the processes of phonological encoding, and that reading
difficulties in DD are a consequence of deficits in these processes.

We hypothesise that DD (in absence of other language difficulties, including PD and
developmental language disorder, DLD) results from systematic problems in
phonological encoding (related to error-proneness and laboriousness) but with intact
internal speech monitoring. During language development speech monitoring has
compensated for the encoding problems and, as a result, no major speech difficulties
have emerged. For these children, encoding difficulties become apparent only when
encoding needs to function without the availability of end-product information
(complete word-forms) and thus with reduced monitoring possibilities. That is, when
reading practice begins and unguided phonological encoding becomes essential. We
suggest that decoding difficulties result from deficits in unguided phonological
encoding. We will next discuss how this hypothesis fits with language-related features
of dyslexia.

Our theory would predict difficulties among dyslexics in tasks that require a creation
of output representations in difficult conditions, that is, that either utilise unguided
phonological encoding or utilise typical phonological encoding in such a way that
monitoring is not able to compensate for the encoding problems (speeded conditions
or complex and novel words/phrases). In previous research, dyslexics have shown
difficulties in tasks measuring certain speech abilities, rapid naming, short-term
memory, and phonological awareness. We note that the used tasks have required the
forming of output representations. To be more specific, they have involved either
phonological encoding in difficult conditions or unguided phonological encoding. We
argue that the findings in these areas can be explained by our hypothesis.

To start with speech abilities, a consequence of our model is that dyslexics should
have speech difficulties in situations where speech monitoring cannot compensate
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for deficits in encoding. These difficulties could emerge in two forms: error-
proneness and slowness (slowness caused by the laboriousness of blending). Indeed,
there is a notable amount of evidence of such difficulties: dyslexics make speech
production errors and misarticulations in phonologically complex words (Snowling,
1981; Brady et al., 1989). They cannot produce simple or complex phrases as quickly
as normal readers, and in complex phrases they make more mistakes (Catts, 1989).
They are slow in syllable repetition (Wolff et al., 1990). They have difficulties in
sentence repetition (Moll et al., 2015) and in non-word repetition (Kamhi et al., 1988),
as well as many sorts of small anomalies in speech (McArthur et al., 2000; Vellutino,
1979). In his discussion of dyslexics' slowness and error-proneness in speech
repetition tasks, Catts (1989) concluded that “dyslexics may have difficulties in the
planning stage of speech production”. However, to our knowledge, this idea has not
been developed further.

Second, a slower performance in rapid naming tasks could also be explained by
problems in phonological encoding, laboriousness in particular. There are at least
three possible factors causing slow performance. First, laboriousness in phonological
encoding can potentially slow down expression of words (as in Catts, 1989). Second,
labouriousness in unguided phonological encoding might cause difficulties in
producing words very close to each other. Hypothetically, in the case of naming
numbers, for instance, a dyslexic might be inclined to keep the phonological entities
apart (e.g. /tu:/ /faiv/ /nain/) whereas a non-dyslexic is able to blend them together
(e.g. /tu:farvnain/), thus speeding up the performance. Third, encoding problems
demand an increased use of cognitive resources for speech regulation in speech
production, which could slow down the progression in the task. We should note that
difficulties resulting from these three factors would be more evident in speeded,
serial tasks (in contrast with individual naming tasks) because in these tasks the
phonological environment would be more challenging and variating and slowness in
speech production would be easier to observe. This, indeed, is a pattern of
performance observed in dyslexics (Aratjo & Faisca, 2019). It has also been shown
that dyslexics' difficulties in rapid automatised naming (RAN) tasks are more
pronounced in conventional naming tasks that require the articulation of specific
names in comparison to RAN-like categorisation tasks (cancellation or RAN yes/no
tasks) (Georgiou et al., 2013). This is in line with our hypothesis.

Third, phonological encoding problems would cause difficulties in many tasks that
measure short-term or working memory. As pointed out by Elliot & Grigorenko
(2024), to succeed in such tasks one must be able to protect memory representations
from interference or decay. As these tasks typically involve spoken responses, any
difficulties in phonological encoding would introduce interference compromising the
overall performance. For example, in non-word repetition tasks, dyslexics are
typically able to repeat short non-words correctly and difficulties only emerge when

Volume 5, Issue 3



Language Development Research 88

repeating long non-words (e.g. Marshall & van der Lely, 2009). The interpretation has
been that the poor performance results from a narrower short-term memory rather
than production problems. However, the interference due to encoding difficulties
would provide an alternative explanation of the situation. As we have demonstrated
in our examples, those difficulties are often evident in more demanding phonological
environments such as long non-words. Apart from interference, phonological
encoding problems could also affect performance in memory tasks in another way.
In a serial task involving verbal items (e.g. two, five, eight, two, six, eight), intact
phonological encoding enables the combination of task items into larger
phonological entities in a flexible manner to support memory performance (e.g.
[tu:fawv/, /erttu:/, /siiksert/ or /tu:favert/, /tu:siksert/). This strategy is weakened if one
has unguided phonological encoding problems. Additionally, as with rapid naming
tasks, the increased demand of cognitive resources for speech regulation may limit
performance in memory tasks.

Finally, there is plenty of evidence that DD is related to difficulties in phonological
awareness, even if this does not concern all dyslexics (Saksida et al. 2016; Mundy &
Hannant, 2020; Debska et al. 2022). It has been suggested that all phonological
operations that are present in phonological awareness tasks reflect one underlying
skill, as the evidence suggests that all phonological tasks applied to material of similar
complexity (same linguistic level) are highly interrelated (Wagner et al. 1997; Stahl &
Murray, 1994; Stanovich et al, 1984; Schatschneider et al. 1999; Anthony & Lonigan,
2004). However, internal monitoring processes that take place during phonological
awareness tasks have not been considered when interpreting the results. We suggest
that the constant monitoring and error correction procedures are in use during
phonological awareness tasks. This means that while the task itself may require one
phonological operation, such as segmenting, internal monitoring enables the use of
other operations, such as blending for checking the answer. Further, if any error
correction procedures are needed, these may, again, involve further phonological
operations, such as phoneme substitution. Thus, there may exist a number of various
phonological operations as well as monitoring and correction procedures that are
carried out before the answer is given. This might explain the observed
interconnectedness of different phonological operations. In any case, the process of
unguided phonological encoding (blending) is directly involved in several
phonological operations and thus it is very likely that difficulties in phonological
encoding would have an effect on performance in phonological awareness tasks.

It is also important to consider the role of phonological encoding in phonological
awareness tasks in general. It is probable that all phonological tasks associated with
phonological awareness utilise phonological encoding. Let us consider, for example,
segmenting: school children, including dyslexics, are taught to segment words by
producing the word aloud or silently in one’s mind, making the rhythm of the word
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more pronounced in the utterance while consciously attending to this process. In
terms of the psycholinguistic speech production framework this means that children
are instructed to produce an output representation of the word (the process of
phonological encoding) while attending to and manipulating this process in a certain
way. Assuming a difficulty in the process of phonological encoding would, indeed,
predict difficulties also in segmenting (although not as severe, as in segmenting
speech monitoring can operate normally as the target word is known). The same
argument can be applied to all phonological operations that are related to
phonological awareness. The most apparent strategy, and perhaps even the only
possible strategy, for performing them is to produce an output representation while
attending to and manipulating the process. In sum, we argue that our theory would
predict difficulties in all phonological awareness tasks among dyslexics. However,
our framework also offers an explanation for why difficulties in phonological
awareness have not been found among all dyslexics: when measuring phonological
awareness, the fluency (speed) of the process has not been taken into account. If one
assumes that the underlying deficit exists in permanent representations, fluency
would play no role. However, if the difficulty is in the process of creating output
representations, as we argue, measuring fluency would be necessary to chart all
aspects of the difficulty.

While difficulties in all the four language-related areas discussed above - certain
speech abilities, rapid naming, short-term memory, and phonological awareness -
are strongly associated with DD, it is important to note that this is not true of many
other phonology-related areas. Dyslexics speak relatively normally, and they show
normal or near-normal performance on categorical perception (Hazan et al. 2009),
lexical quality recognition (Marshall et al., 2010), prosody (Marshall et al., 2009) and
context sensitivity of speech perception (Blomert et al., 2004). The pattern of normal
performance in these areas is not sufficiently explained by the phonological theories
of DD (for a detailed discussion see Ramus & Ahissar, 2012). However, these varying
patterns of performance - difficulties in certain areas and normal performance in
others - could be explained by a model where the interplay between phonological
encoding and internal monitoring is taken into account.

Testing Our Hypotheses

The first hypothesis in our work is that phonological word-forms during decoding
(and blending) are built within the speech output system utilising phonological
encoding pre-lexically. We will next discuss the possibilities to test this hypothesis
and the evidence from earlier research that there already exists concerning this issue.
In our discussion, we also aim to distinguish our hypotheses from other phonological
theories of dyslexia.
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The role and temporal dynamics of phonological encoding in speech production have
been investigated with various methods and there is plenty of knowledge on the
subject (for an overview: Kerr et al., 2023). Among the applied methods, we would
find dual task set-ups and interference paradigms particularly useful to study the
operation of phonological encoding during decoding. For example, we would assume
interference in both dual task setups and interference paradigms with silent decoding
and speech production, since phonological encoding could not operate on decoding
and on speech production at the same time. To our knowledge, this kind of
experiments have not been carried out in earlier research. However, there are several
studies that report the involvement of phonological encoding in tasks that are closely
related to reading. Roelofs (2004) demonstrated in three experiments that the same
serial phonological encoding mechanism is used in naming objects and reading their
names. Truman and Hennessey (2006) found that dyslexics’ rapid naming was more
greatly facilitated by phonological cues in comparison to controls, suggesting that
slowness in naming is affected by problems in phonological encoding. There is also
evidence that masked onset priming effect, which is closely related to the serial
nature of the reading process, actually takes place within the speech output system
(Kinoshita, 2000; Kinoshita & Woollams, 2002).

Evidence to our claim that decoding utilises phonological encoding pre-lexically
could also be provided by a line of research that is called phonological coding. In
short, this refers to the situation where during the reading process there is an
experience of an "inner voice" or "hearing the words in our heads". This phenomenon
is also studied under the concepts of subvocalisation, subarticulation, inner speech,
covert speech, speech recoding and phonological recoding. A vast amount of
literature in these areas of research indicates that at the very early stages of reading,
before lexical involvement, the reading process is sequential, sound based and
follows the features of speech (for reviews: Pollatsek, 2015; Leinenger, 2014).
However, the interpretations about how phonological coding relates to the speech
production chain have been rather cautious - yet, it seems unlikely that there would
be no relation at all. This is demonstrated by a statement by Pollatsek (2015):
"However, it is not clear that anyone so far has successfully been able to clearly ...
demonstrate that phonological coding occurs without any involvement—either overt
or covert—from the speech system". We note that nearly all the evidence in these
research areas supports the hypothesis that reading (and decoding) utilises the
speech output system.

There may even be a direct way to investigate if phonological encoding is utilised
during decoding. Research on covert oral behaviour shows that muscles related to
speech movements are activated during many language-related situations including
silent reading, verbal thinking and verbal meditation (For a review: McGuigan, 1970).
On the other hand, nonverbal thinking, music listening, word listening and story
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listening do not cause similar covert oral behaviour (McGuigan & Bailey, 1969;
McGuigan, 1972). There are many interpretations of these findings, but to our
knowledge no one has suggested that this covert oral behavior could be related to
forming of output representations. In the speech production chain, the forming of
output representations (phonological encoding) is followed by motor planning of
speech movements. Thus, it is possible that phonological encoding causes a bleeding
effect to further down the speech production chain, which could be measured by
muscle activation. This hypothesis would be straightforward to test. If this hypothesis
would turn out to be true, it would support our hypothesis that phonological encoding
is utilised in decoding. It would also enable studying directly whether phonological
encoding is utilised during blending or other phonological operations and, perhaps,
even to assess the temporal dynamics of many phonology-related processes.

The second part of our hypothesis - that DD is related to difficulties in unguided
phonological encoding - could be examined by comparing unguided phonological
encoding abilities between dyslexics and typical readers. Studying dyslexics’
performance in both typical phonological encoding tasks (e.g. word repetition, non-
word repetition) and unguided phonological encoding tasks (e.g. blending tasks with
sufficient complexity in which both fluency and correctness are measured) would
also allow for distinguishing our theory from other phonology-related hypotheses of
dyslexia. Our hypothesis predicts that dyslexics would demonstrate mild difficulties
in typical encoding and severe difficulties in unguided encoding. Theories that
assume deficit in permanent representations, speeded access to representations or
short-term memory functions would not share these predictions.

There are also several predictions concerning blending that are more closely related
to clinical work and could be used to test particular aspects of our hypotheses. These
include:

1. There is a high correlation between a progress in blending skills and progress in
decoding skills.

2. Progress in blending skills would lead to progress in rapid automatised naming
and in many tasks that are used to measure verbal short-term memory.

3. Progress in phonological operations that include blending (e.g. blending, phoneme
manipulation, syllable manipulation) would produce a more significant progress in
decoding skills in comparison to progress in such phonological skills that do not
include blending (e.g. segmenting, phoneme detection, syllable detection).

Volume 5, Issue 3



Language Development Research 92

Implications and Future Directions

In this article, we have discussed the phonological deficits occurring in DD in a
context of well-known and extensively tested model(s) of speech production (Levelt
et al., 1999; Dell, 1986) by focusing on the interplay between the forming of output
representations (phonological encoding) and internal speech monitoring. We have
provided a conceptually feasible approach of how deficits in phonological encoding
may cause the observed difficulties in reading. Our theory posits that speech
production and reading share fundamental mechanisms in building up phonological
forms. This is in line with the literature in reading research, indicating that at the very
early stages of reading, before lexical involvement, the reading process is sequential,
sound based and follows the features of speech (for reviews: Pollatsek, 2015;
Leinenger, 2014). We will next discuss a few implications of our model for future
research.

First, we have extended the definition of phonological encoding by introducing the
concept of unguided phonological encoding. It is obvious that speech can be
produced (and output representations can be formed) without access to complete
word-forms. However, current psycholinguistic models of speech production have
not described this phenomenon. Scrutinising the process of unguided phonological
encoding would enable novel ways to examine the interplay between phonological
encoding and speech monitoring. Moreover, research on unguided phonological
encoding could provide a new perspective to study reading. For example, when
producing long utterances, phonological encoding is typically carried over
simultaneously with the articulation of previous items (Wheeldon & Levelt, 1995;
Levelt & Meyer, 2000). Adding reading to this line of research (for example by using
dual-task setups with reading and speech production) could offer intriguing
possibilities for investigating how phonological encoding operates during continuous
speech (or possibly, continuous reading).

Second, our hypotheses provide a new perspective on the process of learning to read.
We suggest that when first learning to read, all learners will need to master the
forming of output representations with reduced regulatory possibilities by internal
monitoring (that is, to master unguided phonological encoding). We do not claim that
this is the only process that children work on when they are learning to read. They
also need practice to gain fluent letter-sound correspondences, to make direct
mappings of letter sequences to sound patterns (including whole word recognition
regarding to the most common words), and on how to deal with irregularities of the
writing system. However, we argue that achieving fluency in unguided phonological
encoding is essential to fluent reading and the failure to achieve it will cause the
reading difficulties associated with dyslexia.
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Our first hypothesis has consequences for the theories of visual word recognition.
Current theories of reading aloud (for overviews: Norris 2013; Perfetti & Helder, 2022)
share the assumption that phonological word-forms during reading and decoding are
built outside the speech system. This assumption is challenged by behavioural
(Roelofs, 2004; Truman & Hennessey, 2006; Kinoshita, 2000; Kinoshita & Woollams,
2002) and neuroimaging (Uno et al., 2025; Cornelissen et al., 2009) evidence indicating
that speech output system is active earlier than would be expected based on the
current theories of reading aloud. Although we have not introduced an alternative
model of word recognition, our first hypothesis offers possibilities for constructing
new types of models and, potentially, for adding to our understanding of typical
reading process as well.

We also note that the psycholinguistic framework that focuses on the interplay
between phonological encoding and internal speech monitoring opens up new
possibilities for targeted interventions. According to our theory, interventions in DD
should emphasise the practice of unguided phonological encoding skills, that is,
blending skills. As there seems to be individual variation in blending difficulties, the
practice should be planned individually and targeted to those linguistic structures and
phonological environments that are problematic. Our clinical experience favors the
described intervention approach, but more rigorous methods are necessary to assess
its effectiveness.

Lastly, we will briefly address two other disorders, developmental language disorder
(DLD) and phonological disorder (PD). These two disorders have a notable diagnostic
and genetic overlap with DD (for a review: Pennington & Bishop, 2009) and all these
three disorders are associated with phonological deficits. However, the role of
phonological deficits remains under dispute also in DLD and PD. We believe that
examining the interplay between internal speech monitoring and phonological
encoding could also benefit the research of these two disorders.

We speculate that both DLD and PD may be associated with delayed internal speech
monitoring development. Without support from internal speech monitoring any
difficulties in phonological encoding - such as the error-proneness and
labouriousness - would be observable in speech production. We consider it possible
that the combination of difficulties in phonological encoding and delayed internal
monitoring is the cause of early speech production difficulties in PD and DLD. Yet,
there is very little research on the internal speech monitoring among children with
DLD or PD. In general, the role of internal speech monitoring in language
development is a neglected research area. In their studies, Navarro-Ruiz and Rallo-
Fabra (2001; 2015) have found that in comparison with typically developing children,
children with DLD show less metalinguistic, morphological, or syntactic self-repair
and almost no phonological self-repair at all in their speech. This pattern of results
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could be explained by delayed internal speech monitoring development. We are not
aware of any research on the role of internal monitoring in PD. However, it is known
that the speech perception difficulties in PD are not as severe as production
difficulties (for a review: Hearnshaw et al., 2019), suggesting that output
representations are more erroneous than lexical representations. This may indicate
problems in internal monitoring.

We realise that our article raises more questions than it answers. Our qualitative
observations of blending difficulties among children with DD are made in clinical
settings and, consequently, only offer a starting point for examining the relationship
between phonological encoding and reading. Also, there is little existing research on
the two key processes that we have discussed, that is, phonological encoding and
internal speech monitoring in relation to language development and language-related
disorders. Nevertheless, we believe that it is exactly the focus on these processes that
could provide a more comprehensive understanding of the phonological deficits in
DD, and perhaps also in PD and DLD, as well as offer new insights for targeted
interventions.
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