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Nowadays the main stream in the most fields of linguistics including phonology is
minimalism and redundancy removing, which derives from the principle of the
economy of language. The advent of under specification theory in the late 19th
century can be considered as the beginning of redundancy removing in the domain
of phonology. During recent decades different versions of under specification such
as Radical Under specification, Contrastive Specification and Modified Contrastive
Specification (MCS) have been presented. Modified Contrastive Specification (MCS),
which is the finding of Toronto Phonology School is based on Contrastive
Hypothesis in which a contrastive hierarchy is applied to specify the contrastive
features. It is believed that only contrastive features are specified in phonological
representations and redundant values never exist in underlying representations.
This paper aims to present a novel analysis of total assimilation process in terms of

the manner of articulation in consonant clusters having the structures of —st and —
zd in Persian which is an active process in phonology of Persian. Working within the
framework of the MCS, through drawing a contrastive hierarchy for phonological
features, this paper leads to this conclusion that the feature [continuant] in Persian
consonants is a contrastive feature so by spreading this feature, the coronal stops
/t/, /d/ assimilate to fricatives /s/ and /z/ respectively. To represent contrast and
markedness in this system, we have proposed a contrastive hierarchy of [son] >
[lab] > [cont]> [voiced] for consonants involved in the process of total assimilation
in Persian.

1. Introduction

The concepts of ‘markedness’ and ‘contrast’ have been the focus of a large number of research and various proposals have
been made concerning their roles in phonological theory (e.g., Saussure, 1916; Sapir, 1925; Trubetzkoy, 1939; Jackobson &
Halle, 1956; Kiparsky, 1982; Pulleyblank, 1986, 1988a, 1988b; Archangeli, 1988; Dresher, Piggott, & Rice, 1994, 2007;
Steriade, 1995; Avery, Dresher, & Rice 2008; Dresher, 2009).

Rice (2007) believed that the term markedness is used in phonology to capture the fact that not all elements in a
phonological system are of equal status. The term markedness was introduced by Trubetzkoy (1939/1969) for the first time in
Prague School of phonology to refer to relations between elements of a phonological class (e.g. place of articulation,
phonation types) on a language-particular basis. Over the years, the application of this term has grown and expanded in
many ways so that today, while the notion of markedness is a core concept to phonological theory, capturing exactly what it
means is not straightforward

Jakobson (1941) showed the importance of markedness through dealing with the studies on aphasia, first language
acquisition and phonological universals. He believed that the more a phoneme or a feature is marked, the sooner it is lost in
language deficit and the latter is acquired in the process of first language acquisition. Chomsky and Halle's approach to
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markedness theory as represented in their major work ‘the sound pattern of English’ (Chomsky & Halle, 1968, henceforth
SPE) is different, it does not take account of language-particular contrasts, in other words, SPE treats markedness as
universal. Dresher (2003) criticizing SPE approach to markedness, emphasized that there is evidence that markedness is
relative to particular inventory and it cannot be universal. In Optimality Theory, markedness, which is in the form of a family
of constraints, is considered as an essential tool for configuration of phonological generalizations within a language.

Assimilation, among different phonological process, is the most common one occurring in languages over the world, which is
related to the both of the above-mentioned concepts, i.e, markedness and contrast. This process has different types in terms
of direction, distance and the degree of resemblance between the phonemes undergone the process. It will be discussed in
the section devoted to theoretical foundations.

Working within the framework of MCS Theory and structural markedness, this paper aims to analyze the process of total
assimilation in the phonology of Persian. The rest of this paper involves literature review, theoretical foundations, data
analysis and conclusion respectively.

2. Former Studies in the Field of MCS Theory

Dresher and Hall (2009) in a paper entitled ‘Contrast in 20™ Century and beyond’ focused on the specification of contrastive
features and contrastive hypothesis. They emphasized that through applying contrastive hierarchy contrastive and marked
features are determined and redundant values are omitted from underlying representation.

Dersher (2009) wrote a book entitled ‘Contrastive Hierarchy in Phonology’ which was the outcome of the research done by
him and his colleagues in the university of Toronto. This book is considered as the introduction of "Toronto School of
Phonology". The key concepts of the book are ‘Contrast’ and ‘Markedness’. By comparing different approaches to the
concepts of contrast and markedness, he argued that the notion of contrast can be understood at several different levels and
it has been central to linguistics since Saussure's era.

Hall (2007) in his doctoral dissertations which deals with the role of phonological contrast in determining the featural content
of phonological relations, and with the relation between phonological and phonetic contrast emphasized that the ‘Successive
Division Algorithm (SDA)’ is the best tool for reaching contrastive features and removing redundant features.

Rice (2007) extensively investigated the ways for detecting markedness, by focusing on featural markedness which is related
to the concept of contrast. She defined two main types of markedness; structural (phonological) markedness and frequency
(natural or non-phonological) markedness.

Rohany Rahbar (2009) referring to the research done by Rice (2002) stated that there are different diagnostics to determine
the most unspecified feature in a given language. In particular, unmarked elements result from neutralization, are likely to be
epenthetic, are the target of assimilation, and are lost in coalescence and deletion. Rohany Rahbar (2012) wrote her doctoral
dissertation by the title of ‘Aspects of Persian phonology and morpho-phonology’ within the framework of MCS theory. As
she herself mentioned in her thesis, this work contributes to the field of phonology by arguing that, in the light of the theory
of Modified Contrastive Specification, markedness and contrast as defined by this theory, in order to determine the active
features of a system, phonological activity in that language should be taken into consideration. This study contributes to our
understanding of phonological theory by analyzing the Persian vowel system considering markedness and contrast, concepts
of central and current importance and controversy in the theory.

As mentioned above there is just one research on phonological processes concerning the vowels within the framework of
MCS theory and no research has been done on the assimilation of the consonants of Persian especially total assimilation. This
paper can be considered as the first work in this regard.

3. Theoretical Foundations
In this section theoretical framework of this paper is presented. The first part is devoted to the process of assimilation then in
the rest of this section under specification theory and its different types specially MCS theory is discussed.

4. The Process of Assimilation

When we speak, we do not articulate individual segments separate from each other. Our articulators are always moving from
the sound they just made to the sound that is coming up. This means that each speech segment is influenced by the sounds
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that are near it. Before we proceed to the description of different types of assimilation, it seems necessary to determine what
assimilation is and how it can be defined. The term assimilation usually refers to contextual variability of speech sounds,
which is said to be caused by the influence of one sound upon another. The notion of assimilation presupposes the existence
of at least two segments which, by influencing each other, change their phonetic properties. Assimilation is defined as the
most common phonological process in which a segment changes to resemble its neighbors more closely (Falk, 1973, p. 126;
Roach, 1983, p. 138; Hawkins, 1984, p. 162; Katamba, 1989, p. 36; Ladefoged, 1993, p. 109; Hudson, 2000, p. 113; Gussman,
2002, p. 81; Odden, 2005, p. 228, Ashby & Maidment, 2005, p. 140)

There are different types of the process of assimilation. Three criteria are used for the classification of assimilation which are
as follows:

a. Direction b. Degree of Resemblance c. Distance

According to the criterion of direction, there are two main types of assimilation process;
1. Preservatory assimilation or progressive assimilation

2. Anticipatory assimilation or regressive assimilation

Sometimes the properties of one speech segment persevere into the next segment, in other words, a sound is becoming
more similar to the sound that precedes it. This process is called preservatory assimilation or progressive assimilation.
Assimilation can go in the other direction too. In anticipatory assimilation or regressive assimilation, a sound is becoming
more similar to the sound that follows it. So, assimilation can be anticipatory, where a speech sound is influenced in
anticipation of the sound that is about to be spoken after it, or preservatory, where a sound is influenced by properties
persevering, or lingering, from the sound that was just spoken.

Based on the criterion of the degree of resemblance, there are two main kinds of assimilation; Partial assimilation and Total
assimilation. In partial assimilation the target segment takes on some, but not all, of the characteristics of the source
segment. In other words, the resulting assimilant and the assimilator are not identical. By contrast, total assimilation is the
limiting case in which the target segment becomes identical to the source segment. In other words, the resulting assimilant
becomes identical to the assimilator. This can be expressed by the formula AB - AA or AB - BB.

According to the criterion of distance, there are two main types of assimilation process; contiguous assimilation and distant
assimilation. Contiguous (contact) assimilation takes place when there are no intervening segments between assimilee (s)
and assimilator (s). And Non-contiguous (distant/ long-distance) assimilation occurs when there are one or more intervening
segments between assimilee(s) and assimilator (s).

5.Underspecification Theory

The main stream in the most fields of linguistics including phonology is minimalism and redundancy removing, which derives
from the principle of language economy. The advent of under specification theory in the late 19th century can be considered
as the beginning of redundancy removing in the domain of phonology. This theory focuses on the fact that predictable and
redundant information must be deleted from underlying representations. Minimal specification of phonological features was
proposed by Jakobson, Martinet and Trobetskov (1952) for the first time. Halle (1962), then, referred to the concept of under
specification but the publication of Archangeli's paper entitled ‘aspects of Under specification Theory’ in 1988 paved the way
for writing in this field.

Duanmo (2008) believed that applying under specification results in a more economic phonological analysis and the
underspecified phoneme has more transparency so does not block phonological processes. Under pacification theory has
been manifested in three versions:

a. Radical Under specification

b. Contrastive Specification

c. Modified Contrastive Specification (MCS)

According to what Archangeli (1988) and Archangeli and Pulleyblank (1989) mentioned, in Radical Under specification, two
values are considered for each phonological feature, (+F) means having the feature and (-F) denotes lacking the feature. In
this version of Underspacification Theory, only marked values are specified and it is believed that unmarked features are
redundant and predictable so must not be specified.
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Avery (1996, p. 49) showed the radical under specification of the feature of [voice] in plosive obstruents and sonorants of
English as the following (Tablel)

Table 1: Radical Under specification of [voice] in in plosive obstruents and sonorants of English

p b t d k g m n 1 r

[voice] + + +

It is implied that based on Radical Under specification, positive values of the above table denote marked (contrastive)
features and unmarked values are absent in underlying representation.

Steriade (1987) and Clements (1988) believed that, in some respects, Contrastive Specification is similar to Radical
Underspecification, emphasizing that in Contrastive Specification both values of a feature are specified in underlying
representation. Avery (1996, p. 49) showed the contrastive specification of the feature of [voice] in plosive obstruents and
sonorants of English (Table 2).

Table 2: Contrastive specification of [voice] in in plosive obstruents and sonorants of English

p b t d k g m n 1 r

[voice] - + - | + - +

As illustrated in the above tables (1 & 2), the feature [+voice] is not specified for English sonorants because all of them are
voiced and this feature is considered as redundant for them

The third version of Underspecification Theory is known as Modified Contrastive Specification (MCS) theory. Dresher (2003,
p. 163) emphasized that MCS theory which is one of the findings of Toronto School of Phonology began with a focus on
complexity in phonology and evolved to concentrate on markedness and contrast. MCS has been the subject of a large
number of researches including Avery and Rice (1989), Rice and Avery (1989), Dresher (1998a, 1998b, 2003). In the next
section, the fundamentals of MCS are presented.

6. Key Concepts in MCS Theory

6.1 Contrast and Contrastive Hierarchy

Contrast is a basic concept in MCS and as Dresher (2003) expressed has its origin in Saussure's thoughts. Dresher (2009) and
Hall (2007) believed that Contrastive Hierarchy is essential for determining contrastive and redundant features. MCS
proposes that contrasts are determined by the operation of Successive Division Algorithm, henceforth SDA, on a hierarchy of
features. Dresher (2003) emphasizes that analyses of many languages in MCS suggest a certain amount of variation in the
feature hierarchy. SDA successively divides the inventory into as many subsets as the feature allows for and keeps dividing up
the inventory into sets until every set has only one member. MCS is best characterized with the following principles:

a. Contrastive features must be organized in a hierarchical structure.

b. This hierarchy determines which feature is contrastive in a language.

Hall (2007) analyzes a language having four vowels including { i, e, a, u} based on MCS.

The Contrastive Hierarchy proposed by Hall (2007) for this language has been represented in the diagram 1.

{i,e,a,u)

[low] (Non-low)

[a) [high]) (Non-high)

[e]
[back] (Non-back)

I l
[u] [l

Digram1. Contastive hierarchy for four-vowel system
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This contrastive hierarchy can be represented as [low] > [high] > [back]. As illustrated in the above hierarchy, for [e] no
contrastive feature has been specified and [a] has not been specified for the contrastive feature of [back] since it forms a
one-member class and according to SDA we must not divide it further.

Based on MCS if the value of a feature is specified by a phonological rule (context-bound or context-free) in the process of
derivation, that value is considered as redundant and predictable so it would be absent in underlying representation.

Another important point regarding MCS is this fact that based on the notion of Contrastive hypothesis, in every language,
phonological processing operates only on contrastive feature and only contrastive features are phonologically active

6.2 Monovalent (Privative) vs. Binary (Equipollent) Features

Phonological features are the formal mechanism used by phonologists to describe speech sounds and explain how they are
patterned. Although distinctive (contrastive) features have long been the building blocks of phonology, there is still
challenging debates on their basic characteristics. A fundamental debate in feature theory concerns with the fact that how to
represent phonological contrasts. Hulst (2016) in the paper entitled ‘Monovalent Features in Phonology’ emphasized that
many phonological distinctions are inherently binary, for instance, segments can be voiced or voiceless, but not half-voiced.
Binary contrasts can be expressed in two main ways, which are known as ‘equipollent’ and ‘privative’. The former way assigns
a ‘label’ to each member in the contrast (opposition), while the privative (single-valued) approach assigns a ‘label’ to only one
member, leaving the other literally unmarked:

a. Equipollent: [+voice], [-voice]
b. Privative: [voice], @

An important distinction between binary (equipollent) and unary (privative) approaches in (a) and (b) lies in the fact that the
former deals with two values of a feature but the latter does not consider any value (+ or -) for the feature.

In Generative Phonology as Jakobson, Fant and Halle (1952), Chomsky and Halle (1968), Kenstowicz and Kisseberth (1979)
mention for each phonological feature two values (+ and -) must be assigned, for instance the contrast between /b/ and /p/
in terms of voicing is represented as [+voice] and [-voice] respectively .

As mentiond earlier, in privative approach which is used in MCS theory, there is no room for positive and negative values and
presence and absence of feature are taken into consideration to determine the contrast, in other words, the contrast is
between [F] and @. As Carr (1993) stated the member having an extra feature is called marked member and unmarked
member is shown with zero. Avery (1996), Dresher, Piggot, and Rice (1994), Lombardi (1991), Hulst (2016), Steriade (1995),
and Avery and Idsardi (2001) emphasized that phonological features are unary or privative. Avery and Idsardi (2001) stated
that privative approach which assigns zero to unmarked member of the contrast and has been applied in "Revised
Autosegmental Phonology" and ‘Laryngeal Phonology’ has its root in biology and Control Motor Theory. It is believed that
based on the fundamentals of MCS, only marked member of the contrast has phonological activity.

7. Data Analysis

It is worth nothing that the data used for analysis have been extracted from Iranian native speakers' speech and related
books and papers in the field of phonology then the data have been transcribed based on the phonology and phonetics of
Persian.

The following Tables (3&4), present the data for the process of total assimilation in Persian phonology. Table 3 includes total
assimilation in the cluster —st and table for comprises of the total assimilation in the cluster-zd.

Table 3: Total assimilation in the cluster —st

The process of Total assimilation Gloss

daste > [dasse] The handle
peste > [pesse] The Pistachio
baste - [basse] The package
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Table 4: Total assimilation in the cluster —zd

The process of Total assimilation Gloss
dozdi - [dozzi] The robbery
Nazdic > [nazzic] Near
dozdaci - [dozzaci] furtive

As already mentioned and illustrated in tables 3 and 4, the process of total assimilation in Persian phonology takes place in
consonant clusters —st and —zd. Based on what was mentioned in the section devoted to theoretical foundations, in terms of
the direction, total assimilation is a progressive process because the first member of the cluster which is a fricative sound has
affected the second member of the cluster, that is, the sound which comes after it.

In terms of the degree of resemblance, this phonological process of Persian is considered as total assimilation because the
targeted segment becomes identical to the source segment. In respect of direction this process is called contiguous (contact)
assimilation since there is no intervening segments between assimilee and assimilator.

8. Autosegmental Analysis
In autosegmetal phonology the following analysis is presented for the total assimilation process.
Suppose that we want to analyze the following case presented in table 3:
daste —> [dasse]
In the above example, the second member of the cluster undergoes the assimilation in terms of manner of articulation and
eventually the cluster —st changes to —ss, in fact, /t/ changes to /s/.it can be illustrated as (/t/ —>/s/). In the framework of
autosegmental three stages are proposed for representation of the process of total assimilation.
a.Underlying Representation:

Skelet Tier: C C
Root Tier: S t
Autosegmental Tier: [+Cont] [-Cont]

b.Spreading the feature [+Cont] to the target segment and delinking the feature[-Cont]of target segment simultaneously.
Skelet Tier:
C l C

Root Tier: S

T

Autosegmental Tier: [+Cont] [-Cont]

t

c.Surface representation:
Skelet Tier: C C

Root Tier: \ S S

Autosegmental Tier: [+cont]
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9. Data Analysis within MCS Framework

As mention earlier MCS applies Contrastive Hierarchy to represent contrastive phonological features, the mechanism used is
called SDA in which we successively divide the inventory into as many subsets as the feature allows for and keep dividing up
the inventory into sets until every set has only one member. The order of features in Contrastive Hierarchy is so important
and varies from one language to another one.

Now we must draw a contrastive hierarchy for the consonants of Persian which are engaged in the process of total
assimilation. As already stated, this process occurs in two consonant cluster of Persians which are —st and —zd. For the sake of
ease of analysis, a subset of Persian consonants has been selected. This subset includes anterior consonants of Persian which
comprises of the following consonants:

{/t/,/d1./s1./2],/nl./m/,N\.[v]./0],/b] [5],/v]}
All of the above consonants possess the feature of [anterior]. The first cut in our contrastive hierarchy which results in binary
division, separates anteriors having the feature [sonorant] from non-sonorant anteriors:

|anterior]
.'/‘.\\
(non-sonorant) [sonorant|
tLds.z.pbfv ,IL,m.n

Digram 2. anteriors having the feature [sonorant] from non-sonorant anteriors

According to the procedure used in contrastive hierarchies, we draw a triangle for segments not engaged in the process
under consideration.

The result of the first cut done by SDA is the separation of sonorant anteriors of Persian from obstruent (non-sonorant)
anteriors. The second cut is done by the contrastive feature [labial] which divides the set of obstruent (non-sonorant)
anteriors into two subsets; labial obstruent anteriors and non-labial obstruent anteriors which are represented in the
following hierarchical structure:

(non-sonorant)

(non-labial) [1;1bial]
b,p.v.f s.z. t.d

Digram 3. Labial obstruent anteriors and non-labial obstruent anteriors

The third stage involves dividing the above sets into two subsets by using the contrastive feature [continuant]. The result has
been shown in the following hierarchical structures:

1) (non-labial) 5) {labral)

(non-continuant) {contmuant) (non-continuant) {continuant)
b, p | v Ld S, 2

Digram 4 & 5. Non-labial and labial hierarchical structures
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According to the procedure of SDA which has already mentioned in the section devoted to theoretical foundations, SDA
successively divides the inventory into as many subsets as the feature allows for and keeps dividing up the inventory into sets
until every set has only one member.

To reach one member in terminal nodes we need another contrastive feature which is [voiced]. The final version of the
contrastive hierarchy used to represent total assimilation in Persian phonology is as follows:

tdszpbivlrmn

[ant]
(ﬂﬂﬂ'sﬂﬂ:] - .-.....--"'---._____.. [SUﬂ]
tdszpb v Lr,mn
[1ab] ' (non-lab)
hop. vt tdsz
(nuﬁ.—mntj ) [cont] [u:unt']' - (n;:-r-ﬁ:cunt)

b.p v, T 5. Z t d

[voiced] (non-voiced) [voiced] (mon-voiced) [voiced] (non-voiced) [voiced] (non-voiced)

b 1] v f z s d t

Digram 6. The final version of the contrastive hierarchy of total assimilation in Persian phonology

The above contrastive hierarchy can also be shown as the following:
[Son] > [lab] > [cont] > [voiced]

As illustrated in the diagram 6, both of the phonemes /s/ and /t/ are common in lacking the contrastive features [voiced] ,
[labial] and [sonorant] and their only difference is in terms of the contrastive feature [continuant] that has been specified for
/s/ and has not been specified for /t/. By spreading this feature from /s/ to /t/, total assimilation takes place and two
segments become identical, the arrow shows the direction of the change.

According to the above contrastive hierarchy (diagram6), the phonemes /z/ and /d/ are identical in all characteristics except
the contrastive feature [continuant]. The contrastive feature [continuant] that has been specified for /z/ but has not been
specified for /d/. Just like the above case, by spreading this feature from /s/ to /t/, total assimilation occurs and two
phonemes become identical in all aspects, the arrow shows the direction of the change.

In sum, through total assimilation, the contrastive feature [continuant] spreads from fricative consonants, i.e, /s/ and /z/ to
unmarked coronal consonants, i.e, /t/ and /d/ respectively.

Baesd on the above contrastive hierarchy (diagram 6) feature specification for the phonemes involved in the process of total
assimilation has been shown in the Table 5 below.
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Table 5: Feature specification for phonemes involved in the process of total assimilation

Phoneme [sonorant] [labial] [continuant] [voiced]
Feature

/s/ v

/z/ v v

/d/ v

/t/

As illustrated in Table 5, the contrastive feature [continuant] has been specified for fricative consonants /s/ and /z/ and has
not been specified for coronal consonants /d/ and /t/, so fricatives /s/ and /z/ play the role of the triggers in the process of
assimilation and coronals /d/ and /t/ take the role of the targets of assimilation.

According to the principles of structural (phonological) markedness proposed by Rice (2007), marked segments are
determined as the trigger of the process of assimilation and unmarked segments are considered as the target of the process
of assimilation so it is concluded that the fricative consonants /s/ and /z/ are marked segments and coronal consonants /d/
and /t/ are unmarked ones.

The least marked consonant among the above consonants is the coronal consonant /t/ which has no contrastive feature so
easily undergoes the process of total assimilation another target of total assimilation is the coronal consonant /s/ which has
not been specified in terms of being continuant.

Additionally, Paradis and Prunet (1989) emphasized that in a large number of languages all over the world coronals are
considered as unmarked segments which simply undergo the phonological processes. As it is clear, the result of this paper
conforms to the finding of Rice (2007) and Paradis and Prunet (1989).

10. Conclusion

The general tendency for minimalism and redundancy removing is a main stream in different fields of linguistics including
phonology. As already mentioned, the underspecification theory is considered as the pioneer of this stream in phonology.
Working within the framework of the MCS, through drawing a contrastive hierarchy for the segments involved in the process
of total assimilation, we argued in this paper that in this process occurring in the clusters —st and —zd in Persian which is a
contiguous and progressive assimilation, the contrastive feature [continuant] spreads from the fricatives /s/ and /z/ to the
coronals /t/ and /d/ respectively and eventually two members of the cluster become identical in all respects. The result
obtained in this paper is in accordance with the previous researches emphasizing on the unmarked status of coronals.
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