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A STUDY OF CONSONANT QUANTITY IN WEST GREENLANDIC
Hideo Mase and Jegrgen Rischel

1+ Introduction

The phonetic structure of Eskimo words is character-
ized by very heavy constraints on the possible clusterings
of consonantal segments. These constraints become heavier‘
the further one proceeds toward the East. In Greenland,
which is the easternmost part of the contiguous region in
which Eskimo is spoken, the surface phonetic word structure
is characterized by a very,monotonbus distribution of con-
sonant segments (see section 2, below; also cf. Bergsland
1955 Pe 3, where it is shown that this is an innovation of
modern Greenlandic).

On the other hand, Greenlandic is characterized by a
high degree of utilization of the contrast between short
and long, or single and geminate, segments., This is true of
vowels as well as consonants., The importance of quantity
was emphasized already in the earliest grammar of West
Greenlandic (Egede 1760 p. 6-7), where it is stated that
there are two kinds of ﬁaccent", vize long and short. The
data given are somewhat confusing, but there are at least
some examples which - also in modern West Greenlandic - are
perfect minimal pairs, e.g.‘/manna/l'this' (Egede: M4nna)
versus /maanna/'now! (Egede: Minna)j; /agi(j)utaa/ 'his file!
(Egede: Aggiut4) versus /aggi(j)utaa/ this day of arrival?

l) For practical reasons we frequently refer to a slightly
modified version of the autonomous phonemicization
found in such works as Swadesh 319E65, Bergsland 31955L
Slant lines are used only with autonomous phonemic

notations; abstract representations of a generative
phonology are underlined when occurring in running text.
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(Egede: Aggidta). - In contemporary language the functional
load of the quantity contrast has obviously increased com-
pared to the eighteenth century, because far-reaching
assimilation processes have been at work after that time.
Several of these processes survive as rules of grammar in
modern West Greenlandic: there are numerous clusters of
unlike consonant segments or of unlike vowel segments in

the morphophonemic representation, but most of these do not
appear at the surface phonetic level, because they are
subject to assimilation (or other processes, e«.g. metathesiéL

The long or geminate consonant segments that occur
in West Greenlandic sometimes have a clearly heteromorphemic
origine, There is a suffix meaning 'new! which occurs with
initial /t/ in such forms as /irnirtaaq/ 'new son!' (cf.
/irniq/ 'son', which shows that the uvular element "/r/" is
a variant of the stem final segment). When the suffix is
added to stems ending in a non-uvular consonant, e.g. the
stem in /kamik/ 'boott!, we get /tt/ (o: [t:]) by complete
assimilation: /kamittaaq/ 'new boot'. This is an extremely
common type of process with most types of suffix initial '
consonante.

There is, however, another major source of Greenlandic
1ong/geminate consonant segments, namely the process gener-
ally referred to as gemination (see Bergsland 1955 p. 9-13).
This process is apparently rather independent of morpheme
boundaries. In many cases it affects a (synchronically)
morpheme internal consonant which is geminated in connection
with the addition of certain suffixes (that also eften |
condition a modification of the final part of the stem), €e8o |
/nukaqg/ tyounger sibling (of same sex)' , plural /nukkat/;
/sanawuq/ 'he works (with woodden material)!, /sannawik/

'a workshop!. (An attempt at a description of this process
will be given in section 2.4. below,)

There is much disagreement among scholars on the cause

of gemination as a historical process, and it is also a crux
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in synchronic phonology. It is obviously of importance for
the appraisal of different explanations of this process to

study various aspects of the phonetic relationship between

forms with long and short consonant segments in Eskimo,

In the current phonemicization long/geminate conso=-
nants are denoted by double consonants (irrespective, of
course, of their origin). . In addition it posits two types
of consonant clusters: (1) uvular fricative plus consonant,
and (2) a unique cluster /ts/. It has, however, been noted
by various scholars that the quantity relationships in
these clusters are very peculiar,

In clusters such as /rn/2 in /irniq/ 'sont! the second
segment of the alleged consonant cluster (i.e. /n/) clearly
sounds long, and native speakers asked to utter the word
slowly and chopped into syllables definitely tend to say
"jrn-niq" rather than "ir-niq". However, it is open to
question whether different types of consonants behave dif=-
ferently in this respect. Moreover, it is open to question
whether the post-uvu;ar segment should be classified in sys-
tematic phonetic terms as a truly long segment (essentially
similar to /nn/ in /inniq/ *'firet!), or whether it is only a
somewhat prolonged variety of the short type of segment (as
in /ini(q)/ 'room!),

As for the cluster that is generally rendered as /ts/
(in e.g. /tatsit/ 'lakes!, /natsat/ tcaps!,. /tugutsiwuq/
'he performs killing!) the phonetically trained listener
hears the first, i.e. occlusive, portion of it as long or
geminate, whereas the fricative portion seems to be short.
It thus makes sense to transcribe the auditory impression
of this cluster as a long affricated [t:s] or as a combi-

nation of stop plus affricate [t#].B However, its rela-

2)’ The symbol r is generally used to denote a uvular
fricative in Eskimo.,

3) The symbol f denotes a rather advanced affricate.
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tionship to other types of short (single) and long (gemi-
nate) coronal stops is a problem.

The question of short (single) or long (geminate)

in these clusters is of interest from a general theoretical
.point of view, because the phonological processes that ap=-
pPly to them are controversial. Before entering into this
it is necessary to repeat that the clusters in question

are not the only underlying clusters in the language. Long

consonant segments often reflect a succession of two con-
sonants separated by morpheme boundary, since in most types
of clusters (except uvular plus consonant and t+s) we find
a complete, regressive assimilation, e.g. k+t—>tt ([t:]),
k+s —» ss ([s:]). Hence it makes senSe to assume a priori
that clusters like r(+)n, t(+)s should be comparable in du-
ration to the ordinary long consonant segments occurring in
the phonetic surface representation of West Greenlandic,
since the underlying representations are of similar com-
plexitye.

As for the clusters of uvular plus consonant the ge-
nenal problem may be put quite briefly like this: are these
clusters (1) subject to a peculiar phonological rule that
lengthens the second segment, or are they (2) subject to
a very ordinary assimilation rule according to which a
greater or lesser part of the first segment is assimilated
to the second (with regard to some or all features) and
hence produces the effect of a prolongation of the latter? =
As for /ts/ one might likewise suggest two phonological ex-
pPlanations of the longer closure hoi&:‘(l) there is a rule
that lengthens stop before homorganic sibilant, (2) the si-
bilant is partly assimilated to the preceding homorganic
stope.

It has been amply demonstrated in phonetic literature
that the phonological categories "long" and ."short", or
"single" and "geminate", cannot be generally defined in terms

of absolute values of physical duration., The actual duration
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of a segment is conditioned by a complex of factors having
to do both with the context in which the segment occurs
and with inherent features of the segment itself, Never=-
theless, it can hardly be denied that a phonological gram-
mar that assigns the values "long" and "short" to particu-
lar phonetic segments is more successful in doing so if
there is a reasonable correlation between these terms and
measurable quantities. If, now; we assume that the extra
segment length in the clusters above is due to segment
lengthening rules, then this account would seem to be
corroborated if the total duration of these clusters clear-

ly exceeds the duration of other entities of the same pho-

nological size (i.e. if the total duration of, say, g+t —>
rt considerably exceeds that of k+t—> tt, [t:], etce)e
Conversely, the assumption that we have to do with a purely
assimilatory phenomenon would seem to be corroborated if

the total duration of the clusters in question is essential-

ly similar to that of ordinary long (geminate) seéments,

such as [t:] from underlying k+t, etc.

As regards /ts/ the phonological situation is quite
complex, There exists in the language an affricate [ts]
or, in an alternative transcription, [#], which in all re-
spects counts phonologically as a single, short segment.
It is the obligatory reflex of underlying t before i (e.g.
in such forms as /tii(q)/ 'tea', /atiq/ 'name?,
/aallartippaa/ 'he lets him travel away!), and this af-
frication is found also with the long stop segment arising
from non-uvular consonant plus t before i (e.ge in /allatti/
'secretary!, with tt from underlying k+t). Obviously, t and
s are néutralized in the position between t and i. Phonet-
ically there is only one long segment or cluster beginning
with a coronal stop in the position before i, which may. be
transcribed [t:s] or [tf]. It sometimes derives from under-
lying t(+)s and sometimes from underlying E (+)t, but there
is no distinction between "/ts/" and "/tt/" before /i/ on an
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autonomous phonemic level (see section 2.2. below concern=-
ing the inadequacy of the current autonomous phonemiciza-
tion). This double origin of the long coronal affricate
must be taken into consideration in formulating the rules
deriving it from t(+)s. To put it in a somewhat over-
simplified way, o;e m;y ask whether Ez'becomes ts before i
(and hence is affected by some, probably late, rules which
modify the durational relationship between f and s in this
cluster), or whether ts and tt become a long (geminate)
affricated stop segment by entirely different rules (these
very rules producing the neutralization)f‘ It must clearly
be of interest to check the phonetic adequacy of such dif-
ferent analyses by measuring whether the affrication of the
long affricate is so similar to the affrication of the
short affricate (derived from single t before i) that they
can be considered the same articulatory gesture. If this
appears to be true, it seems beyond dispute that we should
derive the affrication of underlying tt and t before E
by the same rule(s) rather than assume that /tt/ takes a
different path (via ts) through the phonological rules.
If, on the other hand, we are faced with two clearly dif-
ferent kinds or degrees of affrication, the other solution
may not be a priori out of question,

The phonological problems mentioned above are clearly
not just problems of the synchronic deécription but Jjust
as much problems of diachrony. What is the nature of the

historical processes that have produced the present con-
sonant patterm of Greenlandic Eskimo? Measurements of
physical segment duration do not in themselves provide
answers to such questions, but they may help to show
whether the phonetic framework on which the phonological
explanations are basedy,is a plausible model of what

actually goes on,

4) The apparent third possibility: ts—>tt/.i is out of
question, since ts behaves essentially alike before all
vowels,
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The remainder of this paper contains f%rst a more de=-
tailed presentation of the role of consonant length (ge-
mination) and affrication in the phomnology of modern West
Greenlandic, arguments being adduced in favour of a par-
ticular conception., = After this follows the presentation
of a rather extensive set of measurements of consonant
duration in West Greenlandic, and finally a brief discussion
of how the results agree or disagree with the phonetic model

implied by the phonological rules,

2. Elements of West Greenlandic phonology

2.1, The traditional description: autonomous phonemic

pattern
The phonemicization that is generally used in tran-

scribing West Greenlandic and related dialects in linguistic-
papers and manuals, comprises the following inventory (dis-

regarding some quite peripheral items):

vowels: /a i u/
stops: /p t k q/
nasals: /m n 0/
sibilants: /s s/

other continuants: /w1 j g r/

Some of these symbols afe sufficiently self-explanatory
(in terms of the IPA standard) for the purpose of the
present paper. Note, however, the following:

(stops:) /k/ is midpalatal/prevelar; /Q/ is uvular,

(sibilants:) /s/ (generally transcribed /§ /) is nonante-

riore.

(others:) /1/ is sometimes lateral, sometimes flapped
or articulated as a slightly fricative

tongue-tip [x] ; /i/ (generally transcribed
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/y/) is a palatal glide; /g/ (often tran-
scribed /y/ is a midpalatal/prevelar fricative;
/r/ (often transcribed /'g/)5 is a uvular

fricativee.

The most important6 rules of allophonic variation according

to this type of analysis are:

=

(apérture:) all vowels are 1dwered and retracted before
uvulars; on the other hand, /a/ is raised before
-non-uvulér consonants in the same syllable (i.e.
before consonant clusters or word final conso=-
nants); in other positions /i u/ are (essen-
tially) high, /a/ low.

(1ength:) in the cluster /ts/ the first consonant is long;
’ in other clusters of two different consonants

the second consonant is long.

(voice:) stops and sibilants are unvoiced; nasals are
voiced; other consonants are voiced in those
positions where they are manifested as short
segments, but unvoiced elsewhere.

The rules of combinability of autonomous phonemes

depend heavily on the interpretation of such sequences as
[...ija...], [eeeu”iees] (see section 2.2. below), If we
assume (somewhat arbitrarily) that there is a consonant
segment in this position, the rules for syllabification
become very simple, and the other rules of combination

become simple as well:

(syllabification:) de vowel phonemes in succession form

one syllable. The vowels of adjacent syllables (within

5) The presentation in Hill (1958 p. 420-421) is erroneous
due to a confusion of the symbols used by Swadesh (1946).

6) Phenomena not directly relevant to the present paper
are disregarded here.
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one "word")7 are separated by one or two consonants,
The initial syllable of the word may begin with zero
or one consonant, the final syllable may end with

zero or one consonante.

(distribution of vowels:) All vowels occur single and
geminate., There is one diphthong /ai/, which how-

ever occurs only in absolutely word final position.

(distribution of consonants:) All consonants (excluding
/3i/y which was defined above as a glide) occur single
as well as geminate. Word initially only noncon-
tinuants, i.e. stops and nasals (except /Q/), are
found. Word finally only stops are found. In ad-
dition to the phonemic geminates there is a series
of clusters comnsisting of /r/ plus consonants which
occur intervocalically. The second constituent of
these clusters may be any consonant, except that
/k g/ as well as the glide /j/ do not combine with
/r/. Finally there is a unique cluster /ts/ occurring

in intervocalic position.

2.2 Some major inadequacies of the autonomous phonemic

notation

In contemporary phonological work the interest has
shifted very much from autonomous phonemics to models that
can be integrated into a transformational generative gram-

mar. It has been argued that autonomous phonemic descrip-

7) For practical reasons we use the straightforward
term "word" (i.e. phonological word) instead of some
other term such as "phrase" or "stretch" (Bergslandts
term)in referring to such complex entities as
/qiturnartaannu(w)aq/ 'a little newborn child?,

From a phonological point of view, at least, they are
no less words than such forms as loneliness, regret-
fully, or man-eater in English.,
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tions do not constitute a significant level of linguistic
structure., Nevertheless, people still find it expedient
to refer to some kind of broad, i.e. more or less genuine-
ly autonomous phonemic, notation in discussing matters of
phonology. In our opinion the expediency of such a level
of reference is most conspicuous in the case of Eskimo,
and we have chosen to use it in the later, experimentally
oriented sections of this paper. It may, therefore, be
well-motivated to consider why this paradoxical situation
arises for languages in general and for Eskimo in parti-
cular,

Probably the most general argument against autonomous
phonemes in a generative grammar is that phonological rules
operate on single phonological features (such as [ivoice])
rather than on phoneme-sized segments. This means that
phonemes must at any rate be interpreted as abbreviations
(ad hoc symbols) for feature matrices. In itéelf, how-
ever, this is no real break with earlier theories,

A more specific objection against autonomous phonemes
is based on the fact that phonological rules seem to be at
least partly ordered. This means that there is no particu-
lar level between beginning and end of a rule complex. It
should be noted, however, that this does not a priori ex-
clude the possibility of devising a Broad or autonomous
phonemic notation whose symbols can be interpreted as ab-
breviations for feature matrices at some specific point in
the sequence of phonological rules. If we consider the au-
tonomous phonemic description of Greenlandic outlined above,
it is rather evident (on closer inspection) that its allo-
phonic (manifestation) rules would somehow reappear as late
generative rules with no effect on deeper processes of the
phonological component. This does not &irectly mean that
the phoneme symbols reflect matrices as they appear at a
particular break between M"early"™ and "late" rules, but

rather that they can be easily translated into such mae
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trices. Therefore, the autonomous notation constitutes an
expedient frame of reference in illustrations of early as
well as late rules: in the former case it is possible to
refer to the output of the rules without cumbersome and
irrelevant indications of phonetic phenomena introduced
by late rules (such as the aperture of Greenlandic
/a i u/ or the voicedness of nonsibilant continuants),
in the latter case it is possible to mention forms that
satisfy the structural description of the late rules with-
out indicating irrelevant high-level information., It may
be theoretically preferable to have specific, letter-sized
transcriptions for the input and output of every rule (as
is widely done in Chomsky and Halle 1968), but this gives
many technical problems and sometimes makes it rather dif-
ficult for readers not familiar with the subject-matter to
keep track of the material that is used for documentation.

Now, in order for a broad or autonomous transcription
to be at all meaningful as a frame of reference it must at
least be a notation in which neutralized segments are in-
dicated by one common symbol (Kiparsky 1968 takes the au-
tonomous phonemic specification to mean essentially this).
However, much of the work that was done previously in au-
tonomous phonemics was based on a conception of the phoneme
which did not allow for meutralization., Hence in cases of
factual neutralization one or the other phoneme is indi-
cated, often arbitrarily., This is also true of the phonemi-
cization of Eskimo. A closer consideration of some of
these cases neatly reveals the fallacy of the belief that
such problems can be resolved by appeal to "symmetry of
distribution”.

As regards /j/ and /w/, the former is not distinct
from zero at the surface level in the sequences /i(j)a/,
/i(j)u/, and the latter is not distinct from zero at the
surface level in the sequences /u(w)a/, /u(w)i/. These
segments have a twofold origin: from underlying obstruents

and as secondary segments due to a rule of glide insertion,




p. 186, 1., 3-4, read: We follow Bergsland's (1955) practice
of indicating these consonants (though without parentheses);
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Since the glides are weak (often virtually imaudible) it
is a problem in autonomous phonemics whether: to represent
them as segments or not. We follow Bergsland's (1955)
practice of giving them in parentheses; from a generative
point of view it can be shown that they are segments at a
near-surface level, but it would be outside the scope of
the present paper to go further into th:i.s.8
The affricate cluster /ts/ or /tt/ before /i/ poses
another problem, which was outlined in section 1., above.
Comparison with the behaviour of /t/ before /i/ suggests
that we have /tt/ in forms like "/tatsit/" tlakes!, where-
as comparison with the long affricate that occurs before
/a/ in forms like "/natsat/" 'caps' suggests /ts/. From
a generative point of view the long affricate has a double
origin, but there is no obvious reason to claim that either
ts — tt, or _t_ii-—)_t_s_, before i. Rather, if we define an
affricate ¢, it is reasonable to claim that

ts — t£ (in all environments)
tt—> ¢/ i

by two different processes. If it is to be meaningful,
the autonomous phonemic notation must represent the out-
puts of these two rules, and we therefore suggest that the
cluster should be rendered as /t¢/. Since the‘latter part
of the cluster auditorily resembles the manifestation of
single /t/ before /i/, it would seem more consistent also
to restate the analysis of the latter by splitting the au-
tonomous phoneme "/t/" into two, viz. /t/ and /¢/ (a form
like "/atiq/" 'name! being restated as /agiq/). Adherents
of autonomous phonemics should note that /t/ and /£/ are

8) Positing these segments allows us to refer to syllable
number on a well-defined basis,
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distinct in the environments /t__a/, /t_u/, cf. /attat/
tbutton? versus /natfat/ 'caps!, or /tuttut/ 'reindeers!
versus /putgut/ 'clouds (of smoke or the like)?.

From a generative point of view the restatement of
the single coronal stop as an affricate before the high
front vowel implies that the second rule above is Jjust

a special case of the more general rule
t i

In the absence of evidence to the contrary it seems
strongly motivated to claim that this is the case, i.e.
that affrication of all occurrences of underlying‘g before
i takes place before the point in the rules that is (rough-
ly) reflected by the autonomous notation.

We therefore tentatively change the notation as sug-
gested above, i.e. we contend that there is a segment é
with the same feature specification in both /agiq/ and
/tatgit/, or in the pair /mnagiq/ 'floor'! - /matgiq/ ' a
kind of seal', The validity of this contention from an
acoustic point of view will be tested below,

There remains one major inconsistency in the autono=-
mous notation, viz. the uvular entity in such forms as
/aqqa/ 'his name'. The non-uvular stops occur, according
to the autonomous notation, both as geminates (/tt/ etc.)
and in clusters with preceding /r/ (/rt/ etc.)e. This
leaves us with a distributional problem:- should the form
above be transcribed /aqgqa/ or /arqa/? The existence of
this problem is, in our opinion, a symptom of the basic
inadequacy of transcriptions like /rt/. A satisfactory
solution implies a complete restatement of clusters in
general, and it would thus remove the notation very much
from current practice. We have préferred to leave the
autonqmous notation used as reference as it is on this
point (i.e. we write /qq/ but /rt/), but the problem will
be approached within a generative framework in the section

below,
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2+3. The regressive assimilation rule

As stated in section 1, above/there is an assimila-
tion rule which assimilates a non-uvular consonant to a
following consonant within the same word. If ordered after
the (progressive assimilation) rule that changes t+s into
Eé, the regressive assimilation rule applies without excep-
tion, as long as the first consonmant is non-uvular, i.e.

does not have the feature configuration

+back
| =high

(according to the feature theory of Chomsky and Halle
(1968)).

Now it lies close at hand to assume that the (subjec-
tive impression of) length in the second segment of_clusters
like "/rp/", "/rt/", "/rn/" is a consequence of the same
rule rather than due to a spurious lengthening rule. This
would mean that the regressive assimilation applies also
if the first segment is uvular, but only partially in this
casees The difficulty with the formulation of such a partial
assimilation rule is that it is not easy to determine on
a purely auditory basis what is going on. The uvularity is
signalled most clearly by the influence on the preceding
vowel.,

It holds true generally that vowels assume a highly
different quality before uvulars than before non-uvulars,
cf.

qimmiq [qim:e-q] tdog?

qimmit [qim:it] Ydovy Ple?
tuukkaq [tutk:aq] ‘t*harpoon!
tuukkat [tuskset] ‘t*do., pl.!

and the (late) rules that introduce this modification

(“uvularization") of vowel before uvular applies also when
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a vowel is followed by one of the controversial clusters
exemplified #bove. It is not clear, on the other hand, how
much is left\of the uvular consonant segment.

In terms of ordered rules nothing prevents us from

assuming that the "uvularization" of vowels takes place

before regressive consonant assimilation, If this is true,

the assimilation of a uvular to a following consonant may
be complete without any loss of distinctiveness, the dis-
tinction between forms like "/irniq/" and "/inniq/" being
carried over to the preceding vowel., However, nothing else
seems to suggest that "uvularization" of vowels is an early
rule. On the contrary, it must at any rate be later than
the affrication rule (see section 2.2.). Affrication of t
(rt, tt) takes place also before i modified by a following

uvular, but not before the high variety of a, cf.

atiq [age-q] vs. attat [et:et ]

This does not seem phonetically reasonable unless the

affrication takes place before the vowel modifications.

The alternative, and immediately more attractive
solution is that there is partial assimilation of uvular
to a following consonant, but still a uvular component
left to trigger the "uvularization" of the precéding vowel
by a later rule. This may be conceived either in such a
way that the initial portion of the uvular keeps intact
(cf. the partial progressive assimilation of-§»to preceding
E), or so that the segment is completely assimilated to the
following except for the features defining its "uvularity"
(in clusters like "/rt/" or "/rs/" this implies that we
get a coronal stop or continuant with "uvularity" as an
extra articulation - it must then be left to later rules
to specify how such segments are realized in the phonetic

output, be it with "pre-uvularization" or in some other way).
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Though apparently less natural, the latter interpretation
may seem to get support from another rule according to
which t is assibilated to s after an underl&ing i. This
latter rule (whose applicability has to do with very
abstract properties of the underlying pattern) applies
also if a consonant intervenes, cf. in conventional auton-

omous notation /suraarsippaa/ (from sura+1£+t...) 'he lets

him discontinue his work! versus /aallartippaa/ (in our
revised notation: /aallargippaa/) 'he lets him travel away'.
i 5 this.is a rule conditioned by phonological features
rather than morphological diacritics (which is disputable
since ‘'is depends on the analysis of the underlying vowel
system as a three-vowel or four-vo#el system) it seems
immediately most favourable for the formulation of this
rule to have regressive assimilation precede it. The two
forms above then have the coronal sequence :Eg as input

to the rule, and we get straightforward assibilation to

Tss after i in /suraarsippaa/ (but later affrication of

Ttt to “tf before i in /aallargippaa/). However, there
are good reasons for claiming that the alternation between
stop and sibilant is not a phonological process.

Leaving open the question whether phonological simul=-
taneity (in the output of the assimilation rule) of
"uvularity" and other articulations implies ultimate phonet-
ic simultaneity or successivity, we may tentatively formu-
late the assimilation rule without regard to the temporal
relationships within the first segment of clusters. The
formulation becomes rather involved since it must state
that assimilation with regard to the features‘[ ihigh] and
[ +back ] éails to take place if the first segment has
"minus" for the first and at the same time "plus" for the

second feature:
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s B rm--sylla.‘:):l.c:
-syllabic csanterior |xanterior
pcoronal pPcoronal
[+high]|\|__5 Ycontinuant // continuant
[-back d nasal ——— |dnasal
<£high &high
A Ovack fback

(It should be noted that the complexity of this rule may
be due to inadequate specification of the feafures of
underlying forms. It is likely that either the so-called
velars or midpalatals should be specified as nonback, or
the uvulars (Swadesh's "velars") are characterized by a
special feature of extreme backness., Such a feature is,
however, not available in the currently used feature
theory. It would lead too far to discuss the evidence

for either of the two proposals in the present paper.)

If we denote residual uvularity by an index letter r,

the derivation of forms like "/qajartaaq/" 'new kayak! can
be represented like this:

qajag+taaq —> qajarttaaq

Note that the assimilation thus stated does not imply that
the first segment has an intervening stage where it is a

fricative /r/ of full segment length.

2.4, Syllable structure and consonant gemination

If we adopt the glide notation discussed in section
2.2., the semi-surface structure of Greenlandic wordforms

can be given like this:
(C)V(V)(C)eV(V)(C)CV(V)(C)eeoo

i.e. except for the first syllable every syllable contains
the CV sequence, which may be followed by none or one vowel

segment plus none or one consonant segment, This kind of
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structure may be generated by the syllable formula

[ev(v)(c)],

if we add the rule that word initial C may be specified
as zero,9 whereas initial C in other syllables is obliga-
tory (see the discussion of glides in section 2.2.).

It is postulated by the formula that (i) an inter-
vocalic consonant goes to the following syllable, and (ii)
syllable initial or syllable final clusters do not occur:
in case of intervocalic consonant clusters the first con-
stituent goes with the preceding syllable and the second
with the next.

The adequacy of this analysis is shown by the fact
that vowels are influenced strongly by the first member
of a following consonant cluster but not by a following
intervocalic consonant, unless it is uvular. Word final
consonants have the same effect as the first member of
clusters, i.e. in both cases do we have a closed syllable.
The syllable division is easily heard in slow speech, where
there is loose céntact before one intervocalic consonant
but close contact before a cluster, The syllable di#ision
in clusters was noted already by Klginschmidt, who for
example indicated the pronunciation of /aggirpuq/ the comes'!

as ag-gerp-poq (Holtved 1964 p. 29). Note that this ana-

lysis applies also to the long consonants generated from
uvular plus consonant, :

As for "uvularization" of a vowel by a following uvu-
lar this phenomenon is found also when there is a syllable

border according to the formula above, e.g. in forms like

9) Bergsland (1955 Pe ) gives the taxonomically more
adequate formula (C)V(V)[(c)cv(Vv)](C). However, it
seems to us that the unit within square brackets has
no relationship to any linguistically significant unit
(such as the syllable). We therefore prefer the formula
given above in spite of the need of accompanying re-
strictional rules.
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/niqi/ 'meat!, However, the domain of the rule involved
does not extend.further than the syllable Jjust before the
uvular, cfe. that /ii/, /aa/ are modified in their entirety
in such forms as /g£iiq/ ttea', /taaq/ 'shadow!, but only
/a/ is modified in /agijaq/ !'fiddle!, and only /i/ in
/tuwiq/ tshoulder! (note that the controversial segments
/i/ and /w/ define syllable boundary in these forms).

The impression of word rhythm in Greenlandic seems to
depend on the specific "weight" of each syllable. According
to Kleinschmidt (1851, also see Holtved 1964 p. 30) a vowel

segment counts as 2, and a syllable final consonant as 1.

Hence syllables have increasing weight as follows:

v Ve A vvC
2 3 L 5

There is no lexically distinctive category of stress. A
certain degree of stress is generally heard on the ultimate
and/or the antepenultimate syllable (in longer words some-
times on earlier syllables as well), but the impression of
stress placement seems rather dependent both on the specific
weight of the syllables and on the intonation. As for the
latter, the tonal contour of the word is closely bound to
the vowel segments. For example, the typical contour before
a non-final pause is characterized by nonlow tone on the
antepenultimate and ultimate vowels, and low tone on the
penultimate , no matter how they are distributed on syl-
lables;lo schematically:

(= - = =
aawaa the fetches it!? akiwara 'T answer him?

The tomnal rules are as yet quite imperfectly understood, but
there is evidence that the vowel segmeht (the "syllabic")
plays at least as important a role as the syllable in pro-

sodic rules,

lo) A somewhat different presentatioﬂ is given in Petersen

(1970).




194

If we turn now to the segments that contribute to
syllable "weight" in Kleinschmidt's sense, it would be ex-
pedient to have a common term for these., Although we have
not demonstrated any prosodic relevance of these segments,
we suggest mora as a classificatory term for them. We may

then speak of a vocalic mora, i.e. (C)V(V)(C) (first vo-

calic mora) or (C)VV(C) (second vocalic mora) and of a

consonantal mora, i.e. (C)V(V)C. (Opinions may differ as

to the status of word final C with respect to the category
"mora", see below.)

The validity of a category such as "mora" in Green-
landic Eskimo appears from the phenomena associated with

gemination as a process in Greenlandic morphology. The

explanation of this process is one of the most intricate
problems in the grammar of the 1anguage.lllAnyway, geminate-
ion often has the apparent effect of "compensating" for

the deletion of one or several final segments before an
affix, cf. the difference between the two plural forms

below:

nuna tcountryt, pl. nunat

ginaq 'noset, ' Pl. ginpnat
or the difference between the two derivations below:

urnippuq 'comes! - urniguppaa 'comes with it

giniwuq 'flies away! - fioouppaa 'flies.away with it?

(stems: urnik versus tini, of which the latter drops the
final vowel and gets gemination of the preceding consonant
instead).

Gemination also often has the overt effect of compen-

sating for deletion of part of the affix, cf. the two

11) See Ulving (1953), Bergsland (1955), Petersen (1970) -
.for some attempts at diachronic and synchronic expla-
‘nationse.

Also see footnote 13 below,
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variant forms below:

sanawuq 'works (with wood)! -

{sanaappaa

} 'makes something (of wood) for him®
sannappaa

(the underlying affix begins with u, which is assimilated
to a in the first of the two altermative formations but
deleted in connection with gemination of stem intermnal n
in the latter).

Gemination is frequently accompanied by changes in
the feature composition of the geminated segment (particu-
larly alternation between fricative and stop, cf. /miiraq/
tchild!, pl. /miiqqat/). There are even underlying segments
which are entirely deleted unless they are geminated (such
as underlying intervocalic g in /puuq/ 'bag', pl. /puggut/).
The pattern of these altergations is not directly relevant
to the quantity problem and will be disregarded here.

If we look closer at, the "compensatory" effect of
gemination it is interesting that it adds a mora in the
sense defined above, and that this "compensation" happens
together with the deletion of omne (or several) mora. In the
immediately transparent inflectional and derivational forms
gemination does not normally occur if a consonant that is
not mora-forming is dropped. The plurals of /umik/ thair
of beard! and /inuk/ 'human being! are /umiit/, /inuwit/
with loss of k before the syllabic ending in both cases
(and later glide insertion in the second example). Here the
loss ‘of a consonant entails no loss of mora, since the under-

lying full forms would be divided as follows into syllables:
u-mi-kit i-nu-kit

with syllable-initial and hence not mora-forming k. In
plural forms like /qinnat/, on the other hand, a mora is
deleted no matter whether we assume underlying it or t as

the plural affix; if we construct an underlying form by
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adding the former affix shape we get a hypothetical sylla-
ble division

*gqi-na=-qit

and if we construct it with the latter affix shape we get
a hypothetical

*gi-naqt

Deletion of gi in the former case means loss of a vocalic
mora, viz, i, and deletion of g in the latter case means
loss of a consonantal mora. Gemination of the stem intermal
consonant in both cases restores the mora number of the full

plural forms:
gin=-nat
As regards the number of consonantal mora in the
wordform, the effect of gemination with this type of plural
formation is the same as the effect of adding an overtly
syllable~forming ending in another type of plural formation,

o% (with hyphens still indicating the mechanical division

into syllables):
_ (added:
tu-piq' 'tent! - pl. (tup-qit-—» tug-qit one mora)
In this word the second vowel of the stem - which may be
defined as an underlying segment whose feature specifi-
cation differs somewhat from that of a "mormal i" - is
syncopated with the effect that the preceding consonant p
comes to stand in a position where it forms a mora.12
Thus, if we count mora, we find a high degree of reg-
ularity in noun inflectioﬁl(though the pattern is variega-
ted enough in other respeéts). There are two reservations
that must be made to this; Firstly, the gemination rule
has no effect if there is‘already a consonant cluster at
the place where gemination should occur, i.e. in such forms

as

' 12) Cf, the vowel deletion process in Japanese discussed
by McCawley (1968), p. 115f.
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qim-miq 'dog! - ple gqim-mit

and secondly it must be stated that the types of plural
formation exemplified above are not distributed according
to quite rigid principles in modern usage (one hears such
forms as /tupit/ 'tents'; cf. below). Nonetheless, the ad-
dition of one mora in plural versus singular forms is found
in a vast number of words.

The tendency that inflection or derivation with a
particular affix morpheme entails a fixed increment of the
mora number in spite of morphological variation, can be
observed in several types of formation, cf. the (semantic-

ally equivalent) morphological variants (explained above):

sa-naap-paa} identical number of mora

san-nap-paa
or the (semantically differentiated) variants /sannawik/

tworkshop! and /sanawwik/ !'place where to work?:

san‘na'W1k:}identical number of mora

sa-naw-wik

In trying to explain the mechanism behind this surface
regularity one must realise there is a skewness in the re-
lationship between stems ending in a vowel and stems ending
in a consonant. This is clearly seen if we compare /nuna/

and /qigaq/ inflected with a nonsyllabic and a syllabic

ending:
singular plural stem + a 'his'
nu-na nu-nat nu-naa
qi-naq gin-nat qi-naa

If a word final consonant counts as a mora then we have the
same increment of mora number in the two plural forms. If,

on the other hand, the final consonant is considered irrele-
vant to the "weight" of the word, we may state that we have

the same increment of mora number with a syllabic affix
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(note that a stem final consonant is retained or dropped
before such an affix, depending on the vowel preceding it;
this does not affect the mora number at all, since the
consonant will become syllable initial anyway). It seems

that deletion of an underlyving consonant segment only

counts as a mora loss if the non-deletion of the segment

would result in a consonant cluster. (The deletion of q

in the plural of ginaq is thus a loss of mora since its
retention before plural t would result in the structurally
impossible form *ginaqt.)

The tendency in contemporary Greenlandic goes in the
direction of morphological simplification, including the
gradual abolishment of certain forms with "irregularities"
such as gemination., It may be foreseen that it will become
increasingly more common to say /qinat/ 'moses! instead of
/qiooat/, etcetera, This can be explained as partly due to
a formal ambiguity of singular forms in g.,InfeSSential
respects this segment behaves as part of the stem, but it
is clearly felt as a singular marker. If it is taken as
part of the stem it is clear that the plural formation
entails a mora loss which must be compensated for by
gemination. If, en the other hand, the final consonant is

interpreted as a member of a paradigm

q ‘'singular!?
1(i)t ‘'plural
it is obvious that the substitution of one ending for the

other should not lead to any compensatory effects; it

would be entirely parallel to the inflection
nuna - nunat

where t replaces another singulér marker, viz, the absence
of any affix,

As for the compensatory effect of consonant gemination
it is not simple to determine with certainty whether it
compensates for the deletion of an underlying mora-forming
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consonant or vowel in the forms cited above (Bergsland 1955
claims that it always accompanies syllable s&ncopation).

We shall not go further into this here, nor éttempt to for-
mulate a synchronic syncopation rule as a phonological
process (Underhill (1970) argues that gemination should be

considered "morphological" in contemporary West Greenlandic).

3. Acoustic-phonetic investigation

As shown by the preceding sections there are three
main questions concerning consonant duration in Greenlandic:
(i) the relationship of "long" or "geminate" to "short" or
"single" consonants, (ii) the felationship of rC-clusters
to either of these types, and (iii) the relationship of the
long coronal affricate to other segments or clusters. The
remaining sections present some phonetic data bearing upon

these questions.

3.1, Recording of material

The material for this investigation (see section 3.2.
below) was recorded at the Institute of Phonetics (on Lyrec
tape recorders) at several occasions in 1970-71. Informants
were three male adults, Mr Robert Petersen, mag. art.,
amanuensis at the Institute of Eskimology ("RP"), Mr Carl
Christian Olsen, teaching assistant at the Institute of
Eskimology ("CCO"), and Mr Isak Heilmann, teacher ("IH"),
The informants speak slightly different varieties of stan=
dard West Greenlandic as spoken in the central‘part of West
Greenland. Besides being native speakers of Greenlandic all
three informants have a scholarly insight into the language
which has been of much help to us. The research presented
in this paper was in fact inspired by discussions with them
and with other participants at Mr Petersen's seminars on
problems of Greenlandic grammar. We are highly indebted to
them for this co-operation.

It is a well-=known fact that durational measurements

require a carefully selected material in order to be meaning-
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ful, First of all, items to be compared must of course be
recorded under comparable conditions, uttered with comparable
speed, etc. Even if this is so, there is a wide range of pos-
sible types of material, ranging from a piece of normal con-
versation as one extreme to a set of nonsense words as the
other extreme. The former of these extremes is preferable
if it is crucial to find the absolute average durations of
segments in the particular language in running speech; the
other extreme is preferable if the study is to throw light
upon basic, general phonetic questions concerning articula-
tory gestures and their timing.

The present study does not satisfy any of these deside=
rata, It is in fact rather a prerequisite to such studies,
the emphasis being exclusively on the basic questions pre-

sented above, ic.e.: what is the difference or ratio between

segments that are generally considered long and segments

that are generally considered short? and: what is the status

of certain controversial segments such as consonant after

uvular or the coronal affricate - are these long or short

in systematic phonetic terms as regards the oral closure
phase?
We have not used nonsense words as material for this

study though it would have simplified the first phase of

the research. One reason for not doing so is that it would
probably be difficult to read such a text aloud with natural
tempo relationships- amomg the sound segments. Greenlandic
words are highly analysabie, and in reading a strange word-
form one is likely to make attempts to reinterpret it as
something more familiar or reasonable, particularly with the
current orthography, which the reader may not expect to be
correctly used in a handwritten or typewritten text. Even
with grammatical wordforms this problem may arise. In our
text /tutuppuna/ 'I am covered with ingrained dirt' was
occasionally misread as /tuttuppuga/ 'T have caught a rein-

deer'.
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Another problem is that since Greenlandic words are
often extremely long (the average syllable nhmber seems to
exceed 4 in ﬁormal, running prose) the use of short test
words (i.e., ideally of the type VCV or VCCV, where the con-
sonants to be studied intervocalically are put in a minimum
frame) would not necessarily show the typical manifestation
of the quantity contrast. It would at least be desirable to
see also what happens in words of average length, rather than
dealing only with the extreme case.,

We have preferred to use natural words for the present
study, and in order that the raw data should also throw some
light upon the range of manifestation of the durational fea-
tures we have measured a variety of wordforms of varying
length. A logical follow-up would be to investigate the in=-
fluence of word length and other factors on the values meas-
ured. We have devoted a few remarks to this probiem here
and there below, but a closer analysis of the data from this
point of view has not yet been undertaken. In the present
paper, on the contrary, we have set out to find out whether
there is a certain constancy in the durational relationships

in spite of variations in word structure.

The type of constancy one would look for in durational
measurements is of course not to be found in the absolute
val&gs but in the difference or ratio between the durations
of segment types. Hence the material was so arranged that
there were minimal or sub-minimal pairs for the segment types
to be compared. - The subjective impression of stress and
tone contours suggests that in order for segments in analo-
gous environments to be durationally comparable the two words
should exhibit the same number of syllables, and each sylla=-
ble pair should have the same number of vocalic and consonan-
tal mora. We tried to avoid examples that did not exhibit
syllable or mora isomorphy, but is was not always possible.
We also attempted to find ﬁord‘pairs with identical vowel
environments for the consqnants to be compared; among the

pairs of words that were subminimal in this respect some
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were left out because the degree of openness of a preceding
or following vowel obviously influenced the ¢onsonant dura-
tion considerably, but others had to be included because we
héd not been sufficiently successful in finding good minimal
pairs for the contrast in question. = Some of the word pairs
in the material differ as to the presence or absence of a
word initial consonant. The measurements showed that the du-
rations of all segments of the first and second syllable are
influenced by the presence or absence of this consonant, i.e.
there is an apparent tendency toward similar overall duration
of such sequences as /#CVCV.../ and /#VCV.../. A subminimal
pair like /anija/ 'his pain': /mannija/ 'its egg' thus gives
a somewhat erroneous figure because the segments of the lat-
ter word are somewhat shortened (in this case the difference
/n/:/nn/ becomes less than it is in truly minimal pairs).
Some of the recorded words had to be left out on these
grounds. (For a recent study of tendencies toward constant
rate of syllable production see Slis 1968.)

3.2, Word lists

The material consists of the word pairs listed in
Table I.l3 The words are given in autonomous phonemic nota-
tion according to section 2. above. In the case of /tf£/ (see
section 2.2.) the morphophonemic and orthographic status is
indicated in parentheses: "(tt)" means that the long affri-
cate is derived from underlying t(+)t (in the Kleinschmidt
orthography ‘t, vt, or gt), "(ts)" means that it is derived
from t+s or is the geminate counterpart to surface /E/‘in
forms like /tasiq/ - /tatgit/ (orthographically ts). - The

consonants measured are underlined,

13) Several of the word pairs were suggested by Isak Heil-
mann or Robert Petersen, the rest by one of the authors
(JR). Although some of the latter examples may be slight-
ly old=fashioned or unusual in some other respect, none
of the wordforms were deemed phonologically abberant
at all,
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The original, randomized lists were composed at dif=-
ferent times; Due to an oversight three wordipairs (iee.

6 words in all)occurred twice in the word lists recorded,
and separate averages of the measures were made. We have
‘1eft them in, but they are marked as repetifions in Table I.
-(Cf. section 3.4. below.) - Note also that there are sever-
al words (occurring once only in the randomized lists) which
enter into two, sometimes even three different contrastive
pairs, e.g. /t/ in /nigiturpuq/ is contrasted to /tt/ in
/nipitturpug/, /rt/ in /amirturpuq/, and /tg/ in
/akitdurpuq/. Thus the recorded material is not as huge as
it looks in Table I.

In a couple of instances the words in CCO are num-
bered differently than in RP and IH, because some few words
were not spoken by CCO., These differences are indicated in
Table I.

33, Phonetic analysis

All the material was registered on mingograms display-
ing a "duplex oscillogram", a fundamental frequency curve,
and two, three, or mostly four intensity curves (normally
with an integration time of 5ms) for the purpose of tempo-
ral segmentation.14 As regards the signal to the intensity
meters different kinds of frequency filtering (highpass,
lowpass, or bandpass filtering with different cutoff fre-
quencies) were employed in order to facilitate the segmen=
tation, which was found to be difficult particularly with
/n/. = Examples of mingograms are shown in Figs. 1-=7.

As for the strategy of segmentation we did our best
to define the starting-point of the stop or nasal in such
a way that no possible element of fricative or vocalid b <1

in the sequences /rp, rt/ etc. was included. The oral clo-

14) The devices employed (mingograph, fundamental frequen-
cy meter, intensity meter, and filters),are surveyed
in ARIPUC 4/1969 (1970), p. IIff.
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TABLE I

List of word pairs

(Numbers in parentheses refer to CCO's word list only.)

/gg/ - /E/

1. /iggak/ = /igak/
26 /naggarput/ - /nagapput/
3. /#illuppallaqaa/ - /fillupallaqaa/
4, /naggaqqut/ - /nagaqqut/
5. /uppippuqa/ - /upippuq/
6o /#ippapput/ - /¢ipapput/
7o /aluppaat/ - /alupaat/
8. /uqaluggaluppuq/ o /uqalugiluppuq/
9. (8) /anippallappuq/ - /anipallappuq/
lo. (9) /nappaqqut/ - /napaqqut/ (repetition of pair No.4)
11.(10) /tappipput/ - /tapipput/
12.(11) /aggutaa/ i /agutaa/
13.(12) /qamippaa/ - /qalipaa/
14.(13) /ippirtuwuq/ - /ipirtuwuq/
15.(14) /kamippak/ - /qalipak/
16.(15) /ulappupput/ - /ulapipput/
17.(16) = /aappaluppuq/ - /taapalippuq/
18.(17) /aaggarput/ - /aagapput/
/xp/ - /p/
§ /nirgiqarpuq/ - /nigiqarpuq/
2. ‘/agirpallarijarlugit/ - /agipallarijarlugit/
3. /alurpaat/ - /alupaat/
L, /anirgallappuq/ -‘/anigallappuq/
5 /illarpalaarpuq/ - /illapalaarpuq/
6. /sirpiqarpuq/ - /#ipiqarpuq/
Te /targarpuq/ - /tapappuq/
8. /uqargugut/ - /aqugiwuq/
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TABLE I (continued)

/pp/ = /rp/

1.
2
3.
L,
S5
B
Te
8.
9.
loe.
11.
12,
13.
14,
- - Pl
16,

/nipaagguq/ - /niparguq/

/uggik/ - /urgik/

/nipipput/ - /nipirput/
/siippuq/ - /siirpuq/

/ufipput/ - /ufirput/
/tuttupput/ - /tutturput/
/miluppaa/ = /milurpaa/
/uEEioouwaq/ - /urgioquwag/
/tukkupput/ - /tukkurput/
/tuuppaa/ - /tuurpaa/

/miluggara/ - /milurgara/
/aluppaat/ - /alurpaat/
/uqaluppaluppuq/ - /sijanirpaluppuq/
/anippallappuq/ - /anirpallappuq/
/asaluppugq/ - /asalurpuq/
/qaappug/ - /qaarpuq/

/tt/ - [t/

- 4%

-3

3.

L,
.5.

6o

7. (5)

8. (6)

9. (7)
lo. (8)
11. (9)
12,(10)
13.(11)
14,(12)

/nunatta/ - /nunataq/

/tuﬁguppuqa/ = /tuEuppuoa/
/fikizfarput/ - /#ikizarput/
/puuguttaminik/ - /puugutaminik/
/naalattuwarpara/ - /asatuwarpara/
/mattuwuq/ -~ /matuwuq/
/#ikittarpuq/ - /puwisitarput/
/nipitturpuq/ - /niqiéurpuq/
/kasuEEakkat/ - /kuEappuq/
/imaattuwinnarpuq/ - /kaatuwinnarpuq/
/pilaEEuut/ - /silaEuut/
/attappaa/ - /katappaa/

/mattuwuq/ - /matuwuq/

/atturpaa/ - /aturpaa/
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TABLE I (continued)

/ct/ - /t/

1.
2.
3.
L,
56
6.
7.
8.

/tuqqurtaq/ - /uqqutaq/

/imirtarput/ - /puwi§ifarput/
/amirEurpuq/ - /niqizurpuq/
/aturtarpuq/ - /kutappuq/
/imaartuwinnarpuq/ - /kaatuwinnarpuq/
/tartunaq/ - /matuwuq/

/arturpaa/ - /aturpaa/

/purtuwuq/ - /putuwuq/

/tg/ (ts) - /t/ (comparison of stop intervals)

de
2.
3.
L,
S5e
6.
Te
8.
9.

/aatdaat/ - [aataat/

/irinitfapput/ - /puwififarput/

/akitgurpuq/ - /nigiturpuq/

/kutdappuq/ - /kutappuq/

/aatgurpug/ - /aturpug/

/pugéuwalippuq/ - /puEuwijarpuq/

/aatdarput/ - /aatarput/

/akitfdurpuq/ - /niqiturpuq/ (repetition of pair
/siwitfduut/ - /silatuut/ No. 3)

/tg/ - /¢/ (comparison of stop and fricative intervals)

(a) /t# .= "ggh

Xs
2
3.
L,
5.
6.
(v)
s
8.

(1)
(2)
(3)
(4)
(5)

(6)

/naatgirpaa/ - /naagdirpai/ :
/#ikitdirpara/ - /kuulfdigdirpara/
/natéiq/ - /nagiq/

/putgirpuq/ - /ugirpuq/
/inazéit/ - /igaéit/

/naatgirpaa/ - /naagirpai/ (repetition of pair

Ted/ o beio No. 1)

/masatgirpara/ - /kuuldidirpara/ (second word same
Jéitdirut/ - Jaigirut/ as in 2.)
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TABLE I (continued)

/tt/ = [rt/

35
2.
3.
L,
5
6.
Te
8.
9.
lo.

/inuttut/ - /inurtut/

/uqquEEarpaat/ - /tuqqurtarpaat/
/#ikittarpuq/ - /imirtarput/
/nipitturpuq/ - /amirturpuq/
/kasuttakkat/ - /aturtarpuq/
/imaattuwinnarpuq/ - /imaartuwinnarpuq/
/mattuwuq/ - /tartunaq/

/atturpaa/ - /arturpaa/

/paatturiuni/ - /paarEurluni/.
/teatturippuqa/ - /naartulirpuq/

/EE/ - /t¢/(ts) (comparison of stop intervals)

1.
2.
3.
L,
5
6.

/#ikittarpuq/ - /irinitgapput/
/nipitturpuq/ - /akitgurpuq/
/kasuttakkat/ - /kutfappuq/
/pilattuut/ - /siwitguut/
/paatturluni/ - /aatgurluni/
/misigiffarpuq/‘- /irinitgappuq/

/rt/ - /t¢/(ts) (comparison of stop intervals)

1.
2.
3.
b,

/imirtarput/ - /irinitgapput/
/amirturpuq/ - /akitgurpuq/
/aturtarpuq/ - /kutdappuq/
/paarturluni/ - /aatgurluni/

/aa/ - /a/

1.
2.

3.
L.

/quuggut/ - /quugut/
/anigguwaa/ - /aniquwaa/
/tugqurtaq/ - /tuqutaq/
/aggarpaa/ - /agarpaa/
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TABLE I (continued)

5
6.
Te
8.
9.
lo.
11.
12,

13.
14,
35,
16.
1T
18,

/nuwiggarpuq/ - /nuwigarpuq/

/aallagqugumma/ - /aallagugumma/h-
/nunaggagiqarpuq/ - /nunagagiqarpuq/ :
/qulissirasuwagqullugu/ - /qulissirasuwaqullugu/
/ugquttarpaat/ - /tugquttarpaat/

/piggarpuq/ - /pigarpuq/

/agquppaa/ - /aquppaa/

/igqqaawuq/ - /igaarpuq/

/siniggarpuna/ - /inigarpuna/
/nijagqugut/ - /nijagurut/
/iggurpuq/ - /igurpuq/
/tugqugaq/ - /tugutaq/
/uggippuqa/ - /ugippuq/
/siniggarpuq/ - /inigarpuq/

/on/ - /n/

i [
2,
3.
I
e
i
7.
8.
9.
10’

/maanna/ - /maana/

/sinniq/ - /piniq/
/alijaggaarpuq/ - /alijanaappuq/
/akunnappuq/ - /takunarpuq/
/anniq/ - /maniq/

/inniqarpuq/ - /inigarpuq/
/unnirluni/ - /unilluni/
/maanniq/ - /taaniq/

/annippaa/ - /anippaa/
/uunnappuq/ - /uunarpuq/

/tn/ - /n/ (comparison of nasal intervals)

1.
2.

3e
L.,

/maarniq/ - /maana/

/pirniq/ - /piniq/
/agijarnarpuq/ - /alijanaappuq/
/takurgarpuq/ o /takugarpuq/
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TABLE I (continued)

5e /marniq/ - /maniq/

6. /ir&iqarpuq/ - /iEiqarpuq/
Te /urnilluni/ - /unilluni/
8. /qaarniq/ - /taaniq/

/nn/ - /rn/ (comparison of nasal intervais)

- 7 /maagea/ - /maargiq/

2. /sinniq/ - /pirniq/

3. /alijaneaarpuq/ - /agijarearpuq/
L, /akuEE;ppuq/ - /takurnarpuq/

5 /anniq/ - /marniq/

6. /iggiqarpuq/ - /irgiqarpuq/

7o /unnirluni/ - /urnilluni/

8. /maanniq/ - /qaarniq/

sure hold, and the explosion or affrication were measured
separately for stops befo:e the total duration was calcu-
lated as the sum of the two. In the case of single /q/

the point of explosion was often impossible to determine
since the whole consonant was more or less fricative, It
seems to be a general difference between /q/ and /qq/ that
the single consonant is much more loosely articulated. The
total duration could, however, be measured with a fair de-
gree of accuracy, in spite of the unstable character of the
oral articulation. There were no similar problems with the
other types.

The measurements of consonant duration was made by one
of the authors (HM) according to "conventions" for seg-
mentation agreed upon. Random checks on examples measured
by both authors showed generally a good agreement; in a
minority of cases (1ess than ten per cent of the single
word tokens) there was a disagreement amounting to one cs

or (occasionally) more. This means that there is a margin
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] mm‘g‘ﬂ::
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Fig. 3.

Words: /paatturluni/ and /aatgurluni/. Speaker: RP,

Traces from top to bottom: fundamental frequency curve,

three intensity curves with diffgrent filtrétion
(integration time: 5 ms), and duplex oscillogram.
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Fige U4,

Words: /paatturluni/ and /aatgurluni/. Speaker: CCO.

Traces from top to bottom: fundamental frequency curve,
three intensity curves with different filtration
(integration time: 5 ms), and duplex oscillogram.
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of error (which can hardly be avoided since several in-
stances are genuinely problematic due to imperfect mouth
closure or other factors which are more or less impossible
to recognize on the basis of acoustic curves). However,
the error is diminished due to the fact that every bit of
data entered in the tables represents an average of ty-

15

pically five individual measures.

3.4, Results

The average measures of the duration of stops and
nasals are given in Tables II, III, and IV, The printed
symbols are to be understood as follows:

RN VERSUS N etce,: measurements on word pairs differ-
ing as stated (in_casu /rn/ versus /n/ inter-
vocalically), cf. Table I

RP, QQ, TS, T, C, etc.: duration of (what appears to
be) oral closure plus explosion/affrication in word-
forms with these phonemic representations (TS =

/t¢/y C = [¢/)

RN, NN, N: duration of nasal consonant in wordforms
with these phonemic representations

RT/T, etce.: ratio between two measures

RT-T, etc.: difference in centiseconds between two
measures

3.5« Discussion

The main part of this section will be devoted to the
durations of the stop and nasal segments with which the
paper is specifically concerned. The durational charac-
teristics of their environments will be more briefly

treated latere.

15) Word tokens that were obviously misread were of course

excluded., The total number of such omissions is very
small,
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TABLE 1II

Average measures for each word pair: absolute durations

in cs, differences, and ratios. Subject: RP,

SUBJECT RP CONSONANTS PRSVYERSUS . P
PAIR PP P PP-p : PP/P
1 26.5 10.9 15.6 2.43

2 19.3 8.2 11<1 2.35

= 1 17.6 8.3 9.3 2.12

& 20.3 9.6 10.7 2414

5 21.8 8.3 1335 2.63

6 20.6 8.0 12.6 2457

i 26.0 1243 1357 2.11

8 16.9 9.4 75 1.80

9 18.3 8.6 9.7 2+13
10 19.8 7.8 12.0 2.54
1L 23.0 10.2 12.8 2.25
1 19.4 10.2 9.2 1.90
13 25.0 Yl 13.3 2.14
14 20.3 9.0 11.3 2.26
15 20.6 10.3 10.3 2.00
16 17.4 8.2 9.2 2+12
17 16.3 8.1 8.2 2.01
18 20.0 8.6 11.4 2.33
SUBJECT RP . CONSONANTS RP VERSUS P
PAIR RP P RP-P RP/P
1 18.2 9.1 9.1 2.00

2 177 8.8 8.9 2.01

3 16.7 9.0 T d 1.86

4 17.3 8.8 8.5 397

7 19.1 .0 11.6 255

6 20.8 10.0 10.8 2.08

7 22.9 1253 10.6 1.86

8 18.7 8.6 10.1 217
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TABLE II « continued
SUBJECT RP CONSONANTS PP VERSUS RP
PAIR PP RP PP-RP PP/RP
J 20.3 20.0 0.3 1.01
2 26.5 25.5 l.0 l1.04
3 22.6 22.8 -0.2 0.99
4 21l.4 21.5 -0.1 1.00
5 219 224 -0.9 0.96
6 21-1 22.8 _107 0.93
7 24.6 2505 "009 0.96
8 221 233 e 0.95
9 21.8 2245 -0.7 « 0.97
10 24.8 2345 1«3 1.06
18 ) 19.4 2162 -1.8 0.92
) 7 26.0 22.9 3.1 le14
13 16.9 16.2 0.7 1.04
14 18.3 18.7 -0.4 0.98
1°5 18.8 19.6 -0.8 0.96
16 20.6 20.4 0.2 101
SUBJECT RP CONSONANTS TT VERSUS T
PAIR TT T TT-T TT/T
1 22.4 8.9 1345 2.52
2 19.9 9.0 10.9 2521
3 19.0 Te5 11.5 2553
4 18.6 8.6 10.0 2.16
5 19.5 10.8 Bel 1.81
6 2l.4 1053 11.1 2.08
7 19.4 Te4 12.0 2462
8 19.6 7.8 11.8 P
9 215 T6 13.9 2.83
10 173 11.1 6.2 1.56
13 2355 115 12.0 2.04
12 1932 T+5 113 2.56
13 20.2 10.4 9.8 1.94
14 2045 8.7 11.8 2.36

—————————————— - ——————— —— ————————— -~ —_——— - —— - —— . ——— -
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TABLE II « continued

SUBJECT RP CONSONANTS  RT VERSUS T
PAIR RT T RT-T RT/T
1 20.1 743 12.8 2.75
2 19.0 Te4 11.6 2451
3 20.3 7.8 12.5 2.60
4 19.4 7.6 11.8 2.55
5 19.3 L1k 8.2 1.74
6 20.6 10.4 10.2 1.98
7 21.2 8.7 12.5 2.44
8 20.1 10.4 9.7 1.93
SUBJECT RP CONSONANTS TS VERSUS T
PAIR ' TS T TS-T TS/T
1 19.6 T4 12.2 2.65
2 21.0 7.8 13.2 2.69
3 19.8 7.6 12.2 2.61
4 25.9 13.1 1258 G La08
5 24.0 11.5 12.5 2.09
6 19.7 Bat 11.3 2.35
7 20.3 10.3 10.0 1.97
8 18.9 9.0 9.9 2.10
9 19.8 T2 12.6 2.75
SUBJECT RP CONSONANTS TS VERSUS C
PAIR TS c TS-C TS/C
1 21.3 11.5 9.8 1.85
2 20.5 8k 124d 2.44
3 2442 11.6 12.6 2.09
4 21.6 9.5 12,1 22T
5 21.8 12.2 9.6 1.79
6 19.6 10.8 8.8 1.81
7 19.0 8.4 10.6 2.26
8 21.5 13.2 843 1.63

e e e e e e e e e e e e e e e e e = e e e T o S — - o —— -
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TABLE II' = continued
SUBJECT RP CONSONANTS TT VERSUS RT
PAIR 1T RT TT-RT : TT/RT
1 22.0 22.4 -0.4 0.98
2 18.3 17.8 0.5 1.03
3 19.4 19.0 0.4 1.02
‘l’ 19-6 20.3 -007 0.97
5 2145 19.4 2.1 14511
6 17-3 1903 ‘2.0 0090
7 20.2 20.6 =04 0.98
8 20.5 21.2 - =0.7 0.97
9 17.5 18.6 -lel 0.94
10 16.2 16.3 -Ool 0.99
SUBJECT RP CONSONANTS TT VERSUS TS
PAIR T7 TS TT-TS TT/TS
1 19.4 19.6 -0.2 0.99
2 19.6 2100 ‘lo‘l’ 0-93
3 215 19.8 1.7 1.09
4 23-5 24.0 ’0.5 0-98
5 1705 1706 -0.1 0099 .
6 17.2 18.7 : -1.5 0.92
SUBJECT RP CONSONANTS . RT VERSUS TS
PAIR RT TS RT-TS RT/TS
l 19.0 1906 -O.6 0.97
2 20.3 21.0 -0.7 0.97
3 19.4 19.8 ~0.4 0.98
4 18.6 17.6 1.0 1.06
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TABLE II = continued

SUBJECT -RP i, CONSONANTS QQ VERSUS Q
PAIR QQ ' Q QQ-Q QQ/Q
1 22.5 12.0 10.5 1.88

2 23.0 ‘ 12.0 11.0 . 1.92

3 22.1 11.1 11.0 1.99

4 2255 10.6 11.9 2.12

S 20.3 10.0 10.3 2.03

6 14.5 9.1 5.4 1.59

i 15.3 8.6 6.7 1.78

8 18.7 9.8 8.9 1.91

9 23.5 10.4 135%1 2.26
10 21.9 9.5 12.4 2.31
11 23.4 10.5 12.9 2.23
12 25.0 11.9 13.1 2.10
13 17.7 10.3 T4 La#2
14 2l.4 10.8 10.6 1.98
15 22.0 10.1 11.9 2.18
16 18.9 11.0 T.9 1.72
17 22.9 10.6 12.3 2.16
18 19.0 9.1 9.9 2.09
SUBJECT RP CONSONANTS NN VERSUS N
PAIR NN N NN=-N NN/N
1 16.6 4.0 12.6 4.15

2 19.3 5.3 14.0 3.64

3 16.4 4.8 11.6 3.42

4 16.4 3.8 12.6 4.32

5 22.0 5.8 16.2 3.79

6 16.3 5.1 11.2 3.20

¥ 17.4 5.5 11.9 3.16

8 12.4 4.8 1.6 2.58

9 16.3 5.8 10.5 2.81
10 16.0 4.5 11.5 3.56

e e i R e 2 s oo e e o o S i T A e ) o A e e =
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TABLE II ~ continued

SUBJECT RP ' CONSONANTS RN VERSUS N

PAIR RN N RN-N RN/N
1 17.0 4.0 13.0 4.25
2 18.9 5.3 13.6 3.57
3 15.6 4.8 10.8 3.25
4 14.9 3.8 1.1 3.92
5 19.6 5.8 13.8 3.38
6 15.5 5.1 10.4 3.04
7 15.1 5.8 9.3 2.60
8 16.2 4.5 11.7 3.60

SUBJECT RP CONSONANTS NN VERSUS RN

PAIR NN RN NN-RN NN/RN
1 16.6 17.0 -0.4 0.98
2 19.3 18.9 0.4 1.02
3 16.4 15.6 0.8 1.05
4 16.4 14.9 1.5 1.10
5 22.0 19.6 2.4 1512
6 16.3 15.5 0.8 1.05
7 16.3 15.1 1s2 1.08
8 16.0 16.2 -0.2 0.99
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TABLE III

Average measures for each word pair: absolute durations
in cs, differences, and ratios. Subject: CCO,
SHBIECT CLD CONSONANTS PP VERSUS P
PAIR PP P PP-P " PP/P
1% 25.4 12.2 13.2 2.08
2 22.0 8.2 13.8 2.68
3 1762 8.0 9«2 2315
4 21.0 8.9 B 236
5 21.8 8.7 13.1 2501
6 20.3 7.8 LZeb 2.60
7 26.1 13+2 12.9 1.98
8 20.7 10.0 1054 207
9 22.4 9.2 132 2.43
10 24.6 11.5 13.1 2.14
11 21.9 I o 4 10.2 1.87
12 25 e 3 14.0 113 1.81
s 226 8.8 13.8 257
14 20.8 11.4 9.4 o 1.82
15 211 9.1 12.0 2632
16 18.1 9.9 8.2 1.83
Pl 20.4 8.9 11.5 2.29
|

SUBJEGISCCO CONSONANTS RP VERSUS P
PAIR RP P RP-P RP/P
1 18.6 10.8 7.8 BEW
2 18.8 8.9 9.9 2wkl
3 26.1 13352 12.9 1.98
4 19.9 10.0 99 1.99
5 16.8 8.4 Be4 2.00
6 19.8 9.6 10.2 2.06
7 283" 8e5 13.8 2.62
8 227 12.9 ‘9.8 1.76
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TABLE TII -« continued

SUBJECT €CO ... CONSONANTS PP VERSUS RP
PAIR PP RP PP-RP PP/RP
1 204 20.0 D.4 1.02
2 247 24,7 0.0 1.00
<, 23.2 21.8 le4 1.06
4 22.5 22.2 0.3 1.01
5 23.0 22.4 0.6 1.03
6 21.6 22.1 -0.5 0.98
b 25.2 . 27.1 -1.9 0.93
8 21.6 21.5 0.1 1.00
9 21%1 2132 -0.1 1.00
10 25.6 24.6 1.0 1.04
11 22c0 22.9 -0.9 0.96
12 26.1 26.1 0.0 1.00
13 LlsT 16.7 1.0 1.06
14 20.7 19.9 0.8 1.04
15 - 20.0 20.4 =04 0.98
16 22.0 : 23.3 -1.3 0.94
SUBJECT CCO CONSONANTS TT VERSUS T
PAIR , 17 T T =T TT/T7
1 23.0 10.7 12.3 o Ze kD
& 19.0 7.8 1le2 2644
3 20.9 9.4 11.5 2.22
4 17.4 8.5 8.9 . RalS.
5 19.6 8.6 11.0 2.28
6 20.8 10.1 10.7 2.06
7 18.6 8.3 10.3 2.24
8 17.5 10.8 6.7 l.62
9 22.6 13.1 9.5 1.73
10 24.0 8.2 15.8 2.93
11 : 24.8 11.5 13.3 2.16
12 233 8.7 14.6 2.68
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TABLE III « continued

SUBJECT CCO CONSONANTS  RT VERSUS T
PAIR RT T RT-T RT/T
1 2141 8.5 13.2 2.55

2 18.8 8.6 10.2 2.19

3 19.4 10.1 9.3 1.92

4 19.9 8.3 11.6 2.40

5 18.0 10.8 Ta2 1.67

6 23.5 11.5 . 12.0 2.04

7 22.6 8.7 13.9 2.60

8 23.4 10.6 12.8 2,21
SUBJECT CCO CONSONANTS TS VERSUS T
PAIR TS ¥ TS-T CTS/T
1 23.4 14.5 8.9 1.61

2 17.8 8.6 9.2 2.07

3 20.5 10.1 10.4 2.03

4 21.3 8.3 13.0 2.57

5 24.4 8.9 15.5 2.74

6 2252 9.5 T T 2.34

7 21.2 10.6 10.6 2.00

8 2243 10.5 12.2 2.16

9 23.6 13.1 10.5 1.80
SUBJECT CCO B CONSONANTS TS VERSUS C
PAIR . 18 c T 155G TS/C
1 19.4 8.4 11.0 2.31

2 267 11.8 14.9 2.26

3 23.4 9.9 13.5 2.36

4 24.1 11.6 12.5 Aa 2,08

5 19.8 11.4 8.4 1.74

6 24.1 13.8 10.3 1.75

7 19.3 8.4 10.9 2.30

—————————————————— ——— - —— - - — - — - — - ———— - — ——— —— —— - ———— — —
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TABLE III - continued

SUBJECT CCO CONSONANTS TT VERSUS RT
PAIR , E ik RT TT-RT _ TT/RT
1 2108 22.6 -008 0096
2 1800 1805 "005 0097
3 19.6 18.8 0.8 1.04
& 20.8 19.4 l.4 1.07
5 18.6 19.9 ol 0.93
6 17.5 18.0 -005 0o97
i 24.8 23.5 1.3 1.06
8 23.3 22.6 0.7 1.03
9 19.0 19.7 -0.7 0.96
10 20.5 18.4 2.1 l1.11
SUBJECT CCD CONSONANTS TT VERSUS TS
PAIR 17 TS T7-TS TT/7S
1 19.6 17.8 1.8 1.10
2 20.8 20.5 0.3 1.01
3 1806 21.3 -2.7 0.87
4 22.6 23.6 -1.0 0096
5 19.0 19.8 -0.8 0.96
6 20.6 20.5 0.1 1.00
SUBJECT CCO CONSONANTS RT VERSUS TS
PAIR RT TS RT-TS RT/TS
1 18.8 17.8 1.0 1.06
2 19.4 20.5 —101 0095
3 19.9 : 21.3 -lolf 0093
- & 19.7 19.8 -0.1 0.99
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TABLE 1III = continued

SUBJECT CCO CONSONANTS  QQ VERSUS Q
PAIR QQ Q QQ-Q QQ/Q
1 22.1 12.6 9.5 1.75
2 22.4 13.6 8.8 1.65
3 20.9 10.7 10.2 1.95
4 20.4 7.9 12.5 2.58
5 19.5 9.0 10.5 217
6 16.2 9.9 6.3 1.64
7 16.4 8.9 7.5 1.84

8 18.3 7.4 10.9 241
9 19.4 9.0 10.4 2.16
10 19.5 8.7 10.8 224
11 20.9 9.1 11.8 5 2.30
12 23,1 10.0 13.1 2.31
13 16.7 8.7 8.0 1.92
14 20.0 12.3 Tad 1.63
15 20.1 8.8 11.3 2.28
T 21.9 10.7 1142 2.05
17 19.2 8.1 111 2.37

18 18.9. 10.2 87 1.85
SUBJECT CCO CONSONANTS NN VERSUS N
PAIR NN N " NN-N NN/N
1 15.4 7.3 8.1 1
2 19.6 6.5 13.1 3.02
3 14.7 7.3 7.4 2.01
4 14.2 5.2 9.0 2.73
5 20.2 6.4 13.8 3.16
6 15.4 6.8 846 2.26
7 16.5 4.8 1t.7 3.44
8 164 6.7 9.7 2.45
9 16.5 4.8 11.7 3.44
10 16.2 6.4 9.8 2.53
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SUBJECT CCO

PAIR

o~V AN

RN

16.0
18.6
15.2
14.8
17.8
15.6
16.6

15.6

e e e e e e

SUBJECT CCO

PAIR

O~NOU SN

NN

15.4
19.6
14.7
14.2
20.2
15.4
e L
16.4

=

POV N
e o o o 0 0 b o
N~ pNLOLDULIW

RN

16.0
18.6
15.2
14.8
17.8
15.6
16.6
15.6

CONSONANTS RN VERSUS N
RN-N RN/N

8.7 foled9

12.1 2.86

7.9 - 2.08

9.6 2.85

11.4 2.78

8.8 2.29

11.8 3.46

8.9 2.33
CONSONANTS NN VERSUS RN
NN-RN NN/RN

-006 0096

1.0 1.05

"0.5 0.97

-006 0.96

2e4 1s13:

"0.2 0.99

=o'l 0.99

0.8 1.05
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TABLE TV

Average measures for each word pair: absolute durations

in ¢s, differences, and ratios.

Subject: IH,

PP VERSUS P
PP/P

2.56
2.52
2.19
2.43
2.66
237

RP VERSUS P

RP/P

SUBJECT 1IH CONSONANTS
PAIR PP P PP-P
1 32.0 125 19.5
2 23 el 9.4 14.3
3 1B.4 8.4 10.0
4 23.8 9.8 14.0
5 25%3 9.5 15.8
6 2442 10.2 14.0
SUBJECT IH CONSONANTS
PAIR RP P RP-P
1 19.9 9.8 10.1
2 19.2 8.6 1 10.6
SUBJECT i 1H CONSONANTS
PAIR PP RP PP-RP
1 2445 23.8 0.7
2 32.2 32.0 0.2
3 2845 28.0 <5
4 26.5 247 1.8
5 27-7 2802 "005
6 22.9 25‘1 -202
7 29.3 28.4 0.9
8 25.8 2467 1sl
9 21.9 22.9 -100
10 2846 2646 2.0
11 23.4 233 0.1

PP VERSUS RP
PP/RP

1.03
1.01
1.02
1.07
0.98
0.91
1.03
1.04
0.96
1.08
1.00




TABLE 1V = continued

e e o i s o o e s e e o s S e o e e e S S T i T T s e

SUBJECT IH CONSONANTS  TT VERSUS T
PAIR T T TT=T TT/7T
1 30.7 9.5 21.2 ¥: 23

3 223 8.7 135 2.56

3 24.9 8.9 16.0 2.80

4 21.4 9.4 1240 2.28

5 19.2 11.5 75 167

b 24.9 11.9 13.0 2.09

7 3.7 57 16.0 3,08

8 23.8 8.3 15.5 2.87

9 23.9 i3 16:6 oY
10 1770 29,0 8.7 1.97
11 24.9 11.5 13.% 2.17
SUBJECT IH CONSONANTS  RT VERSUS T
PAIR RT ¥ T RT-T RT/T
1 23.9 9idi 14.6 2.%7
SUBJECT IH CONSONANTS TS VERSUS T
PAIR TS T 15<3 TS/T
1 P2 157 Ye ok 2.87

2 23.0 8.3 14.7 3 LAY 47 ¢

3 T4, 7 v 1Tub il 3.38

4 25.4 11.5 13.9 2. 71

5 26.0 13.7 12.3 1.90
SUBJECT IH | CONSONANTS TS VERSUS C
PAIR TS C TS TS/C
1 2151 10.2 10.9 2,07

2 23.4 {83 16.1 3.21




TABLE IV « continued

SUBJECT IH

PAIR

O H N~

SUBJECT IH

PAIR

W N =

SUBJECT 1IH

PAIR

W N -

| e e o o e e o o e e e e o i e T o e e i i it (S S oan t te mte m
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S s o —————————— —— - —————— ——— .~~~ ———— ——

1 RT
28.6 29:9
20.0 19.0
2381 22.1
23.8 24.0
239 22.2
17.7 18.5

17 TS
2341 22.1
23.8 23.0
23.9 24.7
RT TS
22.1 22.1
24.0 23.0
22.2 247

CONSONANTS TT VERSUS RT
TT-RT TT/RT

-1.3 0.96

1.0 1.05

1.6 1.07

-0.2 0.99

1.7 1.08

°008 0096
CONSONANTS TT VERSUS TS
TI7T-TS TT/7S

l.6 1.07

0.8 1.03

-0.8 0.97
CONSONANTS RT VERSUS TS
RT-TS RTZIS

0.0 1.00

1.0 1.04

-2.5 0090
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TABLE IV « continued

SUBJECT IH CONSONANTS QQ VERSUS Q
PAIR QQ Q i QQ-Q QQ/Q
1 25.4 10.6 14.8 2.40

2 23.8 12.9 10.9 1.84

3 24.1 10.7 13.4 2.25

4 23.2 9.9 13.3 2434

5 235 8.9 l14.6 2.64

6 18.4 9.5 8.9 1.94

7 17.0 8.7 8.3 1.95

8 18.6 2 900 9.6 2.07

9 21.8 7.9 13.9 2.76
1 2545 9.6 15.9 2.66
1170 2243 9.4 12.9 2.37
12 264 10.6 15.8 2.49
153 2l.4 8.3 13.1 : 2.58
14 21.3 11.4 9¢9 1.87
15 23.6 9.4 14.2 2.51
16 24.2 10.8 13.4 2.24
o 24.9 8.8 16.1 2.83
18 22.5 8.3 14.2 - 271
SUBJECT IH CONSONANTS NN VERSUS N
PAIR NN N NN-N NN/ N
1 173 6.3 11.0 2

2 23.0 7.9 15.1 2.91

3 18.4 4.5 13.9 4,09

4 16.3 4.1 12.2 3.98

5 24.5 5.9 18.6 4.15

6 16.4 6.1 10.3 2.69




TABLE IV = continued

SUBJECT IH CONSONANTS RN VERSUS N
PAIR RN N RN-N RN/N
1 17.0 “be3 10.7 2.70
2 21.:3 749 133 e eg
3 17.0 4s5 12.5 3.78
4 14,2 P 10.1 % ihh
5 19.8 5.9 13.9 3.36
6 15.0 61 8.9 3 .45
SUBJECT IH CONSONANTS NN VERSUS RN
PAIR NN RN NN-RN NN/ RN
1 1743 17.0 0.3 1.02
2 23.0 23 .0 1.8 1.08
3 18.4 17.0 1. 1.08
4 16.3 1‘!‘02 B 2‘1 1015
5 A48 19.8 %7 1.2%
6 16.4 15.0 1.4 1.09




235

3.5.1l. Geminate versus single consonant

As stated earlier, every measure of duration in the
tables represents an average of generally five individual
measurements. A statistical treatment16 of the original
raw data shows that there is a good deal of dispefsion of

the measures for each item (word). However, the durational

difference between phonologicall eminate (lon and phono-

logically single (short) consonant is found to be signi-

ficant at a 99 per cent confidence level within each (sub-)

minimal word pair.

There is absolutely no overlapping between long and
short consonant within a word pair, and it was true for all
three subjects that all occurrences of the long item were
at least l.7 times as long as any occurrence of the short
(in the same word pair), with the following exceptions:
nine words had a ratio between 1.6 and 1.7, and two words
had a ratio of 1.56 and 1.59 respectively.

The quantity contrast is thus very clearly manifested.
This is true both with respect to the absolute difference
and with respect to the ratio long:short. The former ex-
ceeds 9 cs, and the latter generally exceeds 2:1. General=
ly, the lowest figures are found with /qq/ versus /q/, for
which some word pairs differ by only some 6 cs and show a
ratio of little more than 1.6:1, The opposite extreme oc=-
curs with /nn/ versus /n/ whose ratio sometimes exceeds 4:l.

The relatively low figures for the quantity contrast
of /qa/: /q/ may have to do with the fact that /qq/ : /a/
to some extent differ also by weaker articulation of the
latter. They may thus not be quite comparable. The other

consonants studied are supposed to exhibit a more purely

16) We are indebted to Mr Jorgen Elgaard Knudsen, mag.
scient., who has performed the data processing.
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durational difference,

As for the nasal the high ratio is not due to ex~
cessive duration of /nn/ but to a tendency toward very
short duration of /n/. It may be inherently shorter than
the stops, but the difference may also in part be due to
our principles of segmentation (with exclusion of the en-
tire transitions in order to ensure a meaningful comparison
of /nn/ with /rn/). Anyway, the difference between /nn/ and
/n/ (which, of course, is not nearly as vulnerable to dif=-
ferences in the duration of /n/ as the ratio is) is similar
to that of /tt/ to /t/, etc., viz. typically of the order
of lo cs.

A comparison of the two measures of quantity rela-
tionship: absolute difference and ratio, shows that within
the word list belonging to each phonological contrast there
is more variation in absolute difference than in ratio. If,
however, we compare the averages for each word list with the
averages for other word lists (cf. examples in Table V) the
relative variation of the difference is clearly smaller than
the relative variation of the ratio. Since each list re=-
presents a variety of different word types (differing in
syllable and mora number, in the position of the measured
consonants within the word, etc.), it seems that environ-
ments exert less influence on the ratio than on the absolute
difference in duration, whereas the phonetic properties of
the segments themselves exert less influence on the absolute
difference of duration than on the ratio.

We suggested in section 2., above that geminates differ
from single consonants not only by being "double" but also
by belonging always to two syllables, as against single, in-
tervocalic consonants which are syllable initial., This ap-
plies equally to double consonants that are related to single
consonants by the gemination rule (see section 2.4.) and to
double consonants that are derived from consonant clusters
with complete assimilation (see section 2.3.). Hence, what
we really compare is not, systematicaliy speaking, a long

and a short consonant in the same position (note that word



SUBJECT RP

PP/P

PP-P

SUBJECT CCO

PP/P

SUBJECT RP

PP/RP

PP-RP

TABLE

SUBJECT CCO

PP/RP

PP-RP

SUBJECT IH
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Specimens of statistical treatment

of ratios and differences.

———— v ———————— —— T~ ——— — — . a —-

o e e e e e T e o o o . S e e e

MEAN

R

o i o e v i i o . i

S.D. M.E.
0.04 ity O
0.88 0022

CONSONANTS PP VERSUS RP

MEAN

S.D. M.E.

CONSONANTS PP VERSUS P NUMBER=18
MEAN s, D M. T EOS PETCFLIG
2.21 0.23 0.05 0.11

11.19 2.14 0.51 1.07

CONSONANTS PP VERSUS P NUMBER=17
MEAN S.D. MeE.. 95 PCT.CF.LM.
2.21 0.29 0.07 0.15
11.78 1571 0.41 0.88

CONSONANTS PP VERSUS RP NUMBER=16
MEAN $.b3 T MLE e PCT.CEILG
0.99 0.06 0.01 0.03

-0.13 1.24 0.31 0.66

CONSONANTS PP VERSUS RP NUMBER=16

95 PCT.CF.LM.

O ———— ———— ———— ———————_——— . - — - ——— —— —— - .~ —— ——— —— —————— — — —— — ———— -~

NUMBER=11

95 PCT.CF.LM.
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SUBJECT RP

A

TT-T

CONSONANTS TT VERSUS T
MEAN SaDis MeE.
- 0.36 0.10

11.06 1.95 0.52

NUMBER=14

95 PCT.CF.LM.

SUBJECT CCO

TT/7

=T

| e e e i e e e v e

SUBJECT RP

FA/RT

TT-RT

CONSONANTS TT VERSUS T

ME AN S.D. MoE.
2.21 T 0s36 0.10
11.32 2.48. 0.72

CONSONANTS TT VERSUS T

NUMBER=12

95 PCT.CF.LM.

NUMBER=11

MEAN Se.De MeEe
0.99 0.06 0.02
-0.24 1.09 0.35

SUBJECT CCO

TT/RT

TT-RT

CONSONANTS TT VERSUS RT

MEAN S.D. M.E.
1.01 0.06 0.02
0.25 1.15 0.36

MEAN SeDe MoE. 95 PCT.CF.LM.

2.54 0.55 0.16 0.37

13.97 3.77 118 2.53
CONSONANTS TT VERSUS RT NUMBER=10

95 PCT.CF.LM.

NUMBER=10

95 PCT.CF.LM.

———— ——————— —————————— - —— - —— T ——— - ——— - ——— —— — — — —— —— - —— — —— — —-—— -
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TABLE V = continued

SUBJECT RP CONSONANTS QQ VERSUS Q NUMBER=18
MEAN SBe M.E. 95 PCT.CF.LM.
QQ/Q 2.00 0.20 0.05 0.10
QQ-Q 10.40 2.30 0.54 1.15
SUBJECT CCO CONSONANTS  QQ VERSUS Q NUMBER=18
 MEAN SaDe MeE. 95 PCT.CF.LM.
QQ/Q 2.06 ' 0.30 0.07 0.15
QQ-Q 10.02 1.85 0.44 0.92
SUBJECT IH CONSONANTS QQ VERSUS Q NUMBER=18
MEAN S.D. MeEe 95 PCT.CF.LM.
QQ/Q , 2.36 0.32 0.08 0.16
QQ-Q 12.96 2.43 0.57 4
SUBJECT RP CONSONANTS NN VERSUS N NUMBER=10
MEAN S. B M.E. 95 PCT.CF.LM.
NN/N 3.46 0.55 0.17 0.39
NN-N 11.97 2.24 0.71 1.60
SUBJECT CCO CONSONANTS NN VERSUS N NUMBER=10
MEAN S.D. MeEse 95 PCT.CF.LM.
NN/N oI XA 0.53 0.17 0.38

NN-N 10.29 ; " 2.17 0.69 1.55
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final clusters and geminates are impossible), but a syllable

final consonant versus zero before an identical, syllable

initial consonant:

VC=CV

V=-CV
although on the articulatory level we get a longer versus
a shorter closure hold. If we denote the syllable final,
"mora-forming", consonant by Ca’ and the syllable initial
consonant by Cb’ we may suggest that (i) the addition of
Ca to the sequence gives an increment of duration which is
not highly dependent upon the specific features of Ca,-where-

as (ii) the duration of C,_ is rather dependent upon its spe-

b
cific features. ( - How properties of the environments in-

fluence CaC and Ca remains to be studied in detail.)

GeminZtes tend to be more than twice as long as single
segments. This is not true of all word pairs taken indi-
vidually, but it holds true for the averages of all results
within each type of contrast except /aaq/:/q/, althoﬁgh the

average ratios do not exceed 2:1 very much. The results

are:
/pp/:/p/ RP 2.21:1 CCO 2,21:1 IH 2.,4631
foeli/6/ BB 2,27+ CCO 2,21:1 IH 2,5431
/aa/:/a/ RP 2:1 CCO 2,36:1 IH 2,36:1

/nn/:/n/ RP 3.46:1 CCO 3.43:1 IH 3.43:1

These figures have limited wvalidity since they are1averages
from arbitrary sets of word pairs, but they do show a ten-

dencye.

3e5¢2s rC=clusters

If we now turn to the sequences representing underly-
ing uvular plus consonant, the figures in the tables show
conclusively that the stop or nasal segments of these se=-
quences are equal in duration to the geminates treated above

but entirely different from single segments between vowels,
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I.e., it can be stated that sequences containing an under-
lying uvular plus a stop or nasal are reflected phonetically
by sequences containing a long stop or nasal, which accord-
ing to its duration mighé be the reflex of an underlying

geminate or consonant cluster,

3¢5¢3. Coronal affricate

In all types discussed above the explosion of stops
was included in the (total) duration of the consonant. We
have calculated the averages for closure and explosion
phase separately before adding them together,‘but we have
not given the figures here because we did not find that
they contribﬁted significantly to this discussion. The ex-
plosion is generally short (and rather weak).

As stated earlier, t before i is reflected by the af-
fricate /¢/, and tt in this position coalesces with t(+)s
into /t¢/. Our measurements clearly show that the affrica-
tion phase is of essentially the same duration in /t#/ and
and /¢/, viz. about 5 cs in both (slightly less for IH than

for the other persons), as against the short explosions of

2 cs or less found in other consonants., At the same time
the occlusive portion of /tg¢/ is considerably longer than

a normal segment, so that the total duration of /tg¢/ close=-
ly resembles that of /tt/. Thus the transcriptions /¢/ and
/t¢/ seem adequate from a phonetic point of view: the former
is an affricate of which roughly the last 5 c¢cs are taken up
by affrication, the latter is equal to the same affricate

preceded by the homorganic stop /t/.

3.5.4, Duration of the whole word

In the preceding sections we have been concerned only
with the durations of the specific segments under consi-
deration. In the case of quantity contrasts (not involving
a uvular component) one might, however, expect some influ=-

ence on the remainder of the words. We have measured the
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total duration (minus initial or final consonant) and the
durations of the single segments of some chosen word pairs,
see Table VI. This showed no clear pattern, except for the
durational difference of the contrasting segments..

Sequences involving an underlying uvular consonant pose
a more important problem. We have not found any reason to
assume that the long oral closure hold (whose existence can
be infer:ed from the mingograms) is a succession of two dif=-
ferent consonants sharing a manner of articulation but dif-
fering with respect to point of articulation (i.e. uvular
stop or mnasal plus non-uvular stop or nasal). However, omne
might a priori assume that there should be a clearly dis-
tinguishable "r"-segment of a certain duration before the
stop or nasal, since this is the way phonetically trained
scholars have almost invariably transcribed the sequences, We
have measured the total duration (minus initial or final
consonant) and the durations of the individual segments of
some chosen words with and without underlying r before con-
sonant, see Table VII. The measurements show that vowels
affected by an underlying uvular are either as long as or
slightly longer than their non-uvularized counterparts.
This tendency is, however, very weak indeed, and we cannot
decide at present whether it is a matter of inherent extra
duration of more open types of vowels (the uvularized vowels
require a more pronounced displacement of the tongue than
the other vowels, which might account for their tendency
toward longer duration). At any rate, the total duration
of the vocalic segment (including the transition to stop or
nasal) cannot be said to bear evidence that it represents
a succession of two segments: vowel and r. If one wishes
to derive it that way phonologically, the underlying T
segment must be said to be incorporated phonetically into
the vowel. It may instead be meaningful to speak of pre-
uvularization as a secondary feature of the otherwise as=

similated consonant.
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TABLE VI

Durational relationships of some chosen words,

Averages of 5 measurements.

i P a ékg
i PP a k
cco I SR 5.6 = 22.5
LT 25.4 5.6 = 35.7
RP 5.6 1l0.9 7% 4 = 22,6
L"Ql 26.5 5.“’ = 36.0
IH 6.7 12.5 oy = 25.5
Le7 32.0 6.1 = 42,8
u P - PP u sq;
u PP i PP u q
CCO 3.9 807 5.1 24.1 5.0 = 4608
4.6 21,8 G0 218 5.6 = 59.5
(t) u t u PP una
(t) u tt u PP una
CCOo B8 98 S8 30,2 " a8 = . SHS
4.5 19.0 b 1V:5 16,9 = 62.5
RP 4.9 9.0 4.8 19.8 17.9 = 56.3
4,8 19.9 $.9 " 20.5 17.2 = 67.2
IH 642 8.7 L,9 25,2 20,9 = 65.9
5.3 82,5 5.3 193 18.4 = 70.6
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TABLE VII

Durational relationships of some chosen words.

Averages of 5 measurements.,

PP
rp
24,7

35.6
36.9

N0

UaR'e

24,7

-+ \O

CCO

RP

b3.3
4h.5

6.0
6.0

322
32.0

~ 10}

IH

i nnua . (q
i nhua q

PP
Irp

CCO

tt
rt

g

45.5
46,3
43.5

45,5

nu

RP

532
54.7

IH

CCO

21 o8
22%0

RP

IH

5645
650
65,6

Jan

NN

00 00 \O

e o o
-

00 ™ ©

- N\ O

=

o o ¢
O O\\O
N0 \O

- 0
L ] L ) L)

= S

N0

: L ] L L]
-
NN

-Xala

LaR AR s

O\ N
NN

~ Ny

e o o
IN\O 1N
e [

N O\

N0 \O

6100
71.8
715

or-0

N N\O

Ao M

o o o
[Ny Y
AN A

N A

e o o

LIaRTaR 3!

S |

00 00 O\

0 MO\
=~ 10

~ O

e o o
\O \O N\
~ ~

M A O\

® o o

N0 b~
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3.6, Statistical treatment

Table V presents some specimens of a statistical treat-
ment presenting overall ratios and differences. This approach
is obviously of extremely limited validity since it in-
volves a number of unwarranted (or contrary-to-fact) as=-
sumptions, such as (i) that for a given contrast‘ﬁhere
is a "true" overall figure for thé ratio or difference as
such, (ii) that this can be found from a "representative"
sample of occurrences of the contrast, and (iii) that our
sets of word pairs are such "representative" samples., This
they are not very likely to be, particularly since the very
concept of "representative"™ is anything but well-defined in
this context., (For this reason we have left in a single
repetition in RP's set of 18 word pairs with /pp/ versus
/p/, although it is strictly speaking statistically dubious.,)

The following figures are given for ratios as well as
differences: (l) mean value of the total set (sample),

(2) standard deviation, (3) standard error of the mean, and
(4) maximum deviation of the sample mean from a hypothetical
"true" mean estimated with a probability of 95 per cent.

Several of the sets which are not shown in Table V
were too small for this kind of processing. However, they
all show largely the same tendencies, Some of the'informa-

tion was given in section 3.5.l. above.

L, Conclusion

As shown in sections 3¢5¢le, 3¢5¢2., and 3.5.3. the
phonetic measurements corroborate the assumptions about pho=-
nological rules made in the beginning of this paper. First-
ly it is confirmed to be entirely adequate to describe ge-
minates as clusters of two like consonants, Secdndly clu=-
sters with an underlying uvular as the first segment behave
phonetically as if the first segment is assimilated to the

second as in other instances of assimilation, except that
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the feature of uvularity (uvularization) is retained some=
where in the sequence, Finally, the complex arising from
t(+)t before i or from t(+)s can be described as a succes-
sion of stop and homorganic fricative, i.e. when derived

from t(+)t it exhibits affrication before i, and when de-

rived from t(+)s it exhibits partial assimilation of s to t.
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