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Abstract

Optimality theory (OT) is a comparatively recent linguistic theory which has been
introduced in the early 1990s. OT’s description of children’s error patterns as patterns
that are derived from a hierarchy of conflicting universal constraints has much higher
explanatory power than the underlying phonological representations posited by
generative phonology which focused only on production. This tutorial article aims
to introduce speech clinicians some information about the basic architecture and
formalities of OT and highlights some of its advantages over rule-based generative
approaches in different linguistic contexts. The article begins with a brief definition
of (functional) phonological disorder and explains the basic components of OT and
its proposed model of language development in relation to first language acquisition.
Finally, the role of OT and standard generative phonology in the assessment of
phonological errors produced by children with atypical phonological development
is illustrated using empirical data based on Persian language.
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Introduction

Phonological disorder is the most common
speech-language disorder among children which can
create major problems in their future life. A child is said
to be phonologically disordered (PD) if he/she produces
sounds in such a way that is not appropriate to his/
her age. For example, if a 5-year-old child produces/d/
instead of/g/, he/she is assumed PD. The experts
working with disordered or developing phonologies try
to learn more about the nature of phonological disorders
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to work out more effective intervention plans. To reach
this goal, they utilize the knowledge from different fields
including linguistics.

Linguistic Approaches

One of the well-known linguistic approaches that
speech therapy has already benefited from is standard
generative phonology.”! Generative phonology has
attempted to explain a native speaker’s phonological
knowledge and productions through a system of rules.
This framework had some advantages over the preceding
descriptive linguistic theories, but it also had some
crucial limitations. This point is especially relevant in
multilingual contexts such as India that call for in-depth
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analysis to uncover the multifaceted factors that affect
the linguistic production of the speakers, especially

children.

To achieve more comprehensive assessment of the
phonological development and disorders in different
linguistic contexts, another linguistic theory called
optimality theory (OT) was suggested by Prince and
Smolensky, McCarthy and Prince.** This comparatively
recent approach attempts to explain the grammatical
knowledge of speakers of a given language through a
system of constraints. After its emergence in the early
1990s, OT has been widely used in researches related
to phonology and phonological development.>*? Later,
some scholars begin to use OT in the studies related
to phonological disorder also.*?% These studies along
with some others on language development in bilingual
contexts have attested OT’s higher potentiality than
standard generative phonology for the assessment of
phonological development and disorders."”*°! Because
of the advantages of OT in offering explanations for
aspects of phonological acquisition and phonological
disorder in different linguistic contexts, this tutorial
article is going to describe the basics of OT for speech
clinicians who might be less familiar with this theory.

The Architecture of Optimality Theory

OT theory involves three main components: Lexicon,
Generator (Gen), and Evaluator (Eval). These three
elements of OT grammar operate one after another
when a speaker decides to produce a linguistic form.
Figure 1 displays a simple model of how the components
cooperate to produce a linguistic structure like the word
“lake” during the speech.

As illustrated in Figure 1, Lexicon presents the input,
i.e.,lexical structure such as the word/lek/“lake.” Lexicon
includes all the inputs of a language and provides the
characteristics of the “input” that is presented to Gen.

Gen provides different outputs (forms) for a certain
input presented by the lexicon. To create different
candidate outputs, Gen performs different operations
on the input, for example, [le] and [we] in the above
diagram are created through the deletion of the last
segment of the input (/k/) and [let] is produced through
fronting process in which the dorsal consonant/k/is

Input

Candidates

changed to the coronal consonant/t/. These operations
apply freely, optionally, and repeatedly to derive the
members of a candidate set, which are all the possible
analyses of the input by the language speakers.
Therefore, Gen takes the input from the lexicon and
creates a variety of outputs through different actions.

Eval assesses the candidates produced by Gen, ranks
them and finally selects the best possible output from
the candidates. This output, which is the one actually
produced by the speaker during his/her speech, is called
optimal output. For example, the optimal output in the
above diagram is the candidate [lek]. Eval evaluates and
ranks the candidates presented by Gen and choose the
optimal output among them through constraints.

Constraints

Constraints exert limitations on the outputs presented

by Gen. There are two features in constraints that

help Eval to work out the optimal output in OT. First,
constraints can be violated by candidates and second,
constraints display hierarchical rankings. Usually, the
candidates that violate the least number of constraints
and/or violate the lower-ranked constraints instead
of the higher-ranked constraints can be the optimal
output. There are two main types of constraints in

OT, namely markedness constraints and faithfulness

constraints.

« Faithfulness constraints compare candidates
produced by Gen with the input. These constraints
require input and output forms to be the same.
Therefore, if a candidate is not identical to input, for
example, segments are deleted, or new segments are
inserted, the faithfulness constraints are violated.
For example, if a child produces [taet] for the word
cat, the faithfulness constraint IDENT-IO is violated
because the dorsal segment/k/is changed to coronal
segment/t/

«  Markedness constraints need outputs to be
unmarked in structure. Unmarked segments
are structurally simpler than marked ones, are
acquired sooner by children and are more frequent
in languages.?'?* For example, CV syllables
are usually unmarked syllable structures in
many languages. Markedness constraints reduce
structural complexity and the contrasts between
words. The incidence of a marked structure in an
output means that a markedness constraint is

Output

LEXICON — [lek/ — GEN —

let, wek, lek, le, we, etc.

— EVAL (constraints) — [lek]

Figure 1: A basic model of optimality theory grammar
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violated. For example, the word cat if is produced as/
kaet/violates a markedness constraint called *[dor].

The constraints used in the current paper are listed
in Table 1. The source, definition and examples of
satisfaction of each constraint are mentioned in Table 1.

Tableaus

OT displays the constraints, their ranking, and
violations in a tableau format. Tableau 1 is a simple
example of an OT tableau which illustrates how English
word lake/lek/is produced in English-speaking adults.
Asitisillustrated, all constraints are listed horizontally
in the tableau, in a descending ranking from left to right,
i.e., the constraint to the left of the tableau is ranked
higher than the constraint to the right and dominates
the constraints in the right side. Furthermore, a tableau
contains input representation and candidate outputs.
All candidate outputs are listed vertically and at random
in the left side of the tableau under the input box. The
candidate output forms, which violate the higher ranked
constraint (s), are less optimal (less well-formed) than
candidates satisfying the higher ranked constraint (s).
The symbol “*” marks a constraint violation, “*I”
indicates a fatal violation, and the pointing hand “=”
indicates the optimal candidate.

The basic constraints employed for the production of
the lake are displayed in Tableau 1, i.e., the faithfulness
constraints IDENT-IO and the markedness constraints
*LIQUIDS and *[dor] which are already defined in
Table 1. According to OT, in adults’ grammar, faithfulness
constraints dominate markedness constraints; therefore,
faithfulness constraints are ranked higher than
markedness constraints in Tableau 1. As it is indicated
in the tableau, candidate “a” ([lek]), violates the
lower-ranked constraint *LIQUIDS and *[dor]; however,
it does not violate the constraints IDENT-IO which is
ranked higher than *LIQUIDS. Candidate “b” ([wek])
shows the fatal violation of the higher-ranked constraints
IDENT-IO and the violation of lower-ranked constraint
*[dor]. Candidate “c” ([wet]) indicates the fatal violation
of IDENT-IO twice. As assumed by OT, the candidates
that show the fatal violation of the highest ranked
constraint cannot be the optimal output. Therefore, [lek]
is the optimal output of the input lake/lek/as observed
in the adults’ production of the word.

One of the important features of OT is that this theory
can encompass all the constraints that affect the
production of a linguistic form simultaneously in the
same tableau, even if the constraints are from different
levels."? For example, if the production of a phoneme
is affected by the constraints from morphological level

as well as phonological level, the constraints from
morphology will be present in the same tableau with the
constraints from phonology. This OT’s feature helps one
gain a better understanding of bilingual or multilingual
children’s productions in which the constraints from
different languages may affect a child’s production in
a specific language. However, rule-based generative
phonology lacks such an advantage, i.e., it cannot have
the rules from different linguistic levels (e.g., phonology,
morphology, etc.) in the same derivation.™

Model of Language Development in
Optimality Theory

OT has its own special approach to first language
acquisition and phonological development.

Normally, in the first stages of language development,
children’s speech is simpler than adults’ from different
aspects. For example, words produced by a child may

Table 1: Markedness and faithfulness
constraints with samples of their satisfaction
and violation

Constraints Definition Examples
Markedness
*[dor]i23! No dorsal consonants cat —/taet/
*LIQUIDSE®! No liquids lake — [wek]
*SPR-GLOTTIS® No aspirated segments pill — [bil]
are allowed
PWFINDEV?Z! Word-final obstruents bag — [beek]
are voiceless
Faithfulness
IDENT-102% Identical feature values /keet/— cat

for input and output

*: A constraint violation

Tableau 1: The production of the target word
lake/lek/in adult language

Input: lake/lek/ IDENT-IO *LIQUIDS *[dor]
a. = [lek] * *
b. [wek] * *
c. [wet] **

*: A constraint violation, **: Two violations of the same constraint, *!: A fatal
constraint violation the pointing hand, =: Shows the optimal candidate

Tableau 2: The production of [wek] for the word
lake in child language

Input: lake/lek/ *LIQUIDS IDENT-IO *[dor]
a. [lek] * *
b. = [wek] * *

*k

c. [wet]

*: A constraint violation, **: Two violations of the same constraint, *!: A fatal
constraint violation the pointing hand, =: Shows the optimal candidate
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have fewer syllables (e.g., banana — [nana]) or less
segments (e.g., lake — [le]). In OT’s interpretation,
children use a simpler form of language because
markedness constraints (which reduce structural
complexity and the contrasts between words)
dominate faithfulness constraints (that need input
and output forms to be the same) at the beginning of
language development. Tableau 2 exemplifies ranking
of constraints in the first stages of phonological
development in children.

Comparison between Tableaus 1 and 2, reveals different
constraint hierarchies in child and adult grammar
because the markedness constraint *LIQUIDS is ranked
higher than the faithfulness constraints IDENT-1O
in Tableau 2, while it is vice versa in Tableau 1. This
ranking leads to the production of the erroneous
form [wek] instead of/lek/for the target form lake.
To produce the correct forms, children should rerank
their initial constraint hierarchy during phonological
development. To rerank a constraint hierarchy, the
markedness constraints is demoted (sent to a lower
rank) to the right side of the faithfulness constraints,
i.e. IDENT-IO. In this way, the child’s language system
gradually approximates to the adults’ language system
during language development. So far, the basics of OT
have been explained. In the next section, application of
OT to developing systems is considered.

Assessment of Developing Phonologies

The constraint-based assessment of phonological errors
in OT not only illustrates the procedures in which a form
is produced by a child, but also explains why that specific
output is produced by the child instead of the others.
This framework also elucidates the cause of differences
in the productions of children with phonological
disorder and typically developing children and helps to
discover dissimilarities between the internal grammars
of these two groups. However, the rule-based generative
phonology is not able to perform all these goals. To
indicate the OT’s higher explicatory power compared
with standard generative phonology, the assessment
of two examples of phonological errors in standard
generative phonology and OT will be presented. The
examples are adopted from an unpublished thesis
studied on phonological development in Persian
children acquiring Farsi.”

Devoicing and voicing errors in phonological
development

The errors introduced in this part are an example of
word-final devoicing by a child with typical phonological

development (Elahe, 2;9) and word-final voicing by a
child with phonological disorder (Sepanta, 4;6). These
consonants are obstruents, i.e., a category of consonants
produced by a partial or complete obstruction of the
air in the oral cavity. Obstruents are divided into
three subcategories, namely, plosives (e.g.,/t, d, p,
b/), fricatives (e.g.,/f, v, s, z/), and affricates (d3, {).
Obstruents normally tend to be devoiced in word-final
position and voicing of obstruents in word-final position
is an example of the atypical phonological process. 23332
However, this phenomenon has been observed in some
PD children. The devoicing and voicing errors are:
«  Devoicing the plosive/d/at the end of the word/

kilid/“key” by Elahe:

Target word child pronunciation gloss

/d/— [t] in/kilid/— [kilit] “key”
+  Voicing the devoiced plosive/t/at the end of the

word/3akaet/“jacket” by Sepanta:

Target word child pronunciation gloss

/t/— [d] in/3akeet/— [3akeed] “jacket”

These errors are explained first in standard generative
phonology and then in OT framework.

Assessment of phonological processes in generative
phonology

Generative Phonology applies phonological rules to
describe phonological processes. The above phonological
processes can be started with the help of two rules. Rule
1 describes devoicing error made by Elahe in word-final
position and Rule 2 describes voicing error made by
Sepanta in the same position. The sign “—” shows
“where the segment is situated” and “#” means “word
boundary.”

Rule 1:
/d/—/t/— # (/d/becomes/t/before the word boundary)

Using the phonological features underlying segments,
the phonological process is written as follows:

/d/ /t/
+cons +cons
+cor +cor
+ant —>|+ant / —#
+voi -voi
—spread +spread

In Rule 1, feature [+cons] “consonantal” means that the
segment is a consonant not a vowel; consonants are
produced with stricture in the vocal tract while air is
passing through the vocal cavity. Feature [+cor] “coronal”
means that the segment is produced by raising the tongue
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blade onto the hard palate or the teeth. Feature [+ant]
“anterior” is related to the sounds which are produced
with a constriction around the alveolar ridge. The
feature [+voi] “voice” means that the vocal cords vibrate
while producing the sound and the feature [+spread]
“spread glottis” or “aspirated” describes the sounds which
are produced with the vocal cords apart that creates a puff
of air like noise in the produced segment.

Both,/d/and/t/are consonantal, coronal, and anterior.
However, there are two different features in/d/and/t/,
namely voice and spread glottis./d/is [+voi] “voiced”
and [-spread] “unaspirated,” while/t/is [-voi] “voiceless”
and [+spread] “aspirated.” It should be noted that
voiceless plosives (p, t, k) are usually unaspirated in
the word final position in many languages; however,
the consonant/t/in Farsi is an exception to this rule
and is aspirated even at the end of words.*® Rule 1
declares that in the devoicing process the underlying
voiced unaspirated consonant/d/surfaces as voiceless
aspirated consonant/t/in word-final position in the
typically developing child Elahe.

Rule 2:
/t/—/d/— # (/t/becomes/d/before the word boundary)

Using the phonological features underlying segments,
the phonological process is written as follows:

/t/ /d/
+cons +cons
+cor +cor
+ant —»|+ant / —#
-voi +voi
+spread —spread

As expressed in Rule 2, an underlying voiceless aspirated
consonant (/t/) surfaces as a voiced unaspirated
consonant (/d/) in word final position in a voicing
process in the atypical child Sepanta.

As seen in the above rules, standard generative phonology
states what happens during a phonological process.
However, it does not explain why a phonological process
occurs in a child language and why it disappears gradually.
It also does not explain why sometimes the errors made
by children with phonological disorder are different from
those observed in typically developing children.

Assessment of phonological processes in optimality
theory

As it is explained in Table 1, OT accounts for
the phonological processes through two groups

of challenging constraints, namely, markedness
constraints and faithfulness constraints. It is assumed
that the markedness constraints employed in the above
phonological processes are PWFINDEYV, *SPR-GLOTTIS
and the faithfulness constraint is IDENT-IO. The
markedness constraint PWFINDEV “prosodic word-final
devoicing” decides that the consonant in the word-final
position should be voiceless. *SPR-GLOTTIS “no spread
glottis” means that the consonant should be unaspirated.
The faithfulness constraint IDENT-IO expects that the
features of output segments be identical to the features
of input segments. The OT analysis of the phonological
errors made by the typically developing and atypical
children is presented in OT Tableaus 3 and 4.

Tableau 3 displays the procedure in which Elahe
produces the devoiced coronal plosive/t/in the output
rather than the voiced coronal plosive/d/in the input.

It is to be noted that in an OT tableau, the constraints
to the left of the tableau are ranked higher than the
constraints to the right and dominate the constraints
on their right side. Moreover, candidate outputs which
violate higher-ranked constraints are less optimal than
candidates which satisfy the higher-ranked constraints.
Therefore, candidate “a” which violates the highest ranked
constraint PWFINDEV cannot be the optimal output
though it is the most faithful to the input form. Candidate
“b” violates the two lower ranked constraints (*SPR.
GLOTTIS and IDENT-IO); nevertheless, candidate “b” is
selected as the optimal output because it does not violate
the highest ranked constraint PWFINDEV. This is why
the typically developing child produced the erroneous
form [kilit] for/kilid/.

Tableau 4 indicates the uncommon process in which
Sepanta produces voiced coronal plosive/d/instead of
devoiced coronal plosive/t/in the output.

As exhibited in this tableau, though the employed
constraints are the same in Sepanta and Elahe’s grammar,
the constraint ranking in Sepanta’s grammar is different
from Elahe’s, because in Tableau 4*SPR-GLOTTIS
is ranked higher than PWFINDEV and IDENT-IO.
Therefore, candidate “a” that violates the highest
ranked constraint *SPR-GLOTTIS cannot be the optimal
output. However, candidate “b,” in spite of violating the
constraints IDENT-IO and PWFINDEYV, is the optimal

candidate because it does not violate *SPR-GLOTTIS.

Comparing Tableaus 3 and 4 reveals why the phonological
voicing error occurred in the child with phonological
disorder (Sepanta) is different from the common voicing
errors observed in Elahe. As it is explained in 4.2,/t/is
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aspirated in word-final position in Farsi, so it is more
marked than/t/in a similar position in other languages.
In Tableau 3, PWFINDEV constraint is ranked higher
than *SPR-GLOTTIS and IDENT-IO, which means that
the typically developing child Elahe prefers the common
devoicing process in which a voiceless plosive, either
aspirated or unaspirated, substitutes a voiced plosive.
However, as Tableau 4 illustrates, *SPR-GLOTTIS
constraint is ranked higher than PWFINDEV and
IDENT-IO in Sepanta’s grammar, that means he tends
to produce unaspirated voiced/d/instead of aspirated
voiceless/t/. This tendency can imply Sepanta’s problem
in producing aspirated sounds in word-final position.
This finding can help clinicians make a treatment plan
that improves his ability in producing aspirated sounds.

Children’s productions gradually become identical
to the adults’ during phonological development. In
OT’s interpretation, this phenomenon occurs due to
constraint demotion, in which markedness constraints
move to the right side of faithfulness constrains. This
factisillustrated in Tableau 5, wherein the markedness
constraints *SPR-GLOTTIS and PWFINDEV move to the
right side of the faithfulness constraint IDENT-IO that
leads to the production of the form [kilid] by children
that is the target pronunciation of/kilid/“key.”

The assessment of Elahe’s and Sepanta’s productions
in OT framework [Tableaus 3 and 4] has indicated the
decisive role of constraints and constraint hierarchies
in children’s productions. It also illustrates that the
differences between the adult’s, Elahe’s and Sepanta’s
in Tableaus 3-5 productions are owing to the differences

Tableau 3: Devoicing error in word-final position
by Elahe (2;9)

Input:/kilid/“key” PWFINDEV *SPR-GLOTTIS IDENT-IO
a. [kilid] *
b. = [kilit] * *

*: A constraint violation, the pointing hand, =: Shows the optimal candidate

Tableau 4: Voicing word-final/t/in Sepanta (4;6)
Input:/3akaet/“jacket” *SPR-GLOTTIS PWFINDEV IDENT-IO
a. [3akeet] *

b.=" [3akaed] * *

*: A constraint violation, the pointing hand, =: Shows the optimal candidate

Tableau 5: Adult-like constraint hierarchy after
constraint demotion in phonological development

Input:/kilid/“key” IDENT-IO PWFINDEV *SPR-GLOTTIS
a. = [kilid] .
b. [kilit] * *

*: A constraint violation, the pointing hand, = : Shows the optimal candidate

in their constraint hierarchies, i.e., in the organization
of their internalized grammar. Moreover, this analysis
predicts that the uncommon voicing process in Sepanta’s
(the child with phonological disorder) productions must
originate from his difficulty in aspiration in word-final
position. This prediction can help clinicians to come up
with a proper treatment plan for him.

What has been discussed so far indicates that generative
phonology, which only focuses on the two aspects
of underlying representations and surface forms,
has certain limitations that are not observed in OT.
One of these limitations is related to the analysis
of phonological processes in the linguistic contexts
marked by multilingualism such as India. For instance,
the rule-based system of generative phonology is
not able to illustrate the different linguistic elements
which interfere with the phonological productions
of a child in a multilingual context. However, OT’s
special architecture makes it possible to indicate all
the constraints that can affect a child’s production in
the same place altogether (i.e., in tableaus), even if
they are from different languages used in the same
society. This helps clinicians in multilingual societies to
gain a comprehensive insight of the factors that affect
children’s phonological productions and lead them to
evolve best strategies to solve specific problems children
face in complex linguistic contexts. The assessment of
the erroneous productions of typically developing and
atypically developing phonologies in OT framework in
the preceding sections has also revealed that OT not
only can explain phonological processes but also can
explain why errors happen and how they are modified
during phonological development to approximate adults’
production. OT is also able to explain the incidence
of uncommon phonological errors in children with
phonological disorder and predict the motives behind the
errors which help clinicians to pinpoint the child’s speech
problems and design more focused treatment plans for
the children with (functional) phonological disorder.
In contrast, generative phonology is neither able to
answer the above questions regarding the children’s
phonological productions nor offer explanations to their
changes to account for the differences in typical and
atypical phonological development.

Glossary of Technical Terms

Affricates: Phonemes produced through a binary
mechanism which begins with an air closure in the
mouth and then continues with a gradual release of
the air that creates audible friction, like/{f/“ch” sound
in “cherry” and/d3/“j” sound in “judge.”
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Aspirated: A voiceless consonant (e.g.,/p/,/t/) that is
produced with an additional stream of air, which is heard
as a “h”-like puff. Aspirated sounds are signified with
the phonetic symbol ["], like in English word “pin” [p"in]
and Farsi word/pa/[p*a] “foot.”

Coronals: Consonants produced by raising the front
part of the tongue towards hard palate or teeth, as/t/,/
d/,/n/,/z/,/1/and/r/in English.

Devoiced: A normally voiced sound which is produced
without vibration of the vocal cords so that it turns out
to be wholly or partially voiceless.

Dorsals: Sounds which are articulated with the back
of the tongue, such as/k/sound in English word “cold,”
and Farsi word/kar/“work”.

Fricatives: To produce these sounds, the related parts
of the oral cavity come very close to each other so that
air passes through a very narrow passage which causes
the audible friction, as in/s/and/z/.

Glottis: The aperture between the vocal cords (or vocal

folds).

Input: The form or interpretation a speaker wishes to
produce or convey in a language.

Labials: Consonants articulated by the complete or
partial closing of lips, like the sounds/p/,/m/,/w/.

Liquids: Consonants which though may be articulated
with a closure, the expiration air can still pass freely and
without friction, like English/l/and/r/. They are also
capable of being prolonged as a vowel.

Output: The actual linguistic form produced by the
speaker to express the intended form or interpretation
in a language.

Prosodic word: A sequence of sounds that acts as a unit
for some phonological processes, particularly stress or
accent. A prosodic word carries a main stress as “cats,”
“run” and “food” in the sentence “Cats run for the food.”

Plosives: Consonants which are produced by the
creation of a complete closure in the passage of air from

the uvula to the lips, like/b/,/t/,/g/.

Unaspirated: Sounds which are not produced with an
additional stream of air, such as/b/,/d/.

Voiced sounds: Sounds produced with the vibration
of the vocal cords, like/b/, and/z/.

Voiceless sounds: Sounds produced without the
vibration of the vocal cords, as/p/, and/s/.

Voicing: Producing a normally voiceless sound with
the vibration of the vocal cords so that it turns into a
voiced sound.
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