WHAT IS THE DIFFERENCE BETWEEN ENGLIGH AND SWEDISH DENTAL STOPS?

Sidney Woed

During the past few months Gdsta Bruce and I have cooperated in the
production of several X-ray motion films of speech movements for in-
vestigations of vowel articulations and cavity formation, Each of us
has his own informants and his own specific problem area, but the
practical details have been arranged jointly, While we have hardly had
time to analyse the films in depth it is already clear that they reveal
many details of interest for the sthy of speech production over and
above the vowel movements they were designed to portray, One such de-
tail is the laminal articulation of dental stops by an English subject

in contrast to the apical articulation of a Swedish subject,

Swedish and English dental stops

The English dental stops are usually described as having an alveolar
place of articulation. There is a phonemic contrast of voice, /t - d/
(Eiﬂ - Qiﬂ)’ but there is no contrast with other dental stops. The
nearest contrasting stops are the affricates /8, 3§/ (Eﬁiﬂr gig), US U=
ally described as palato-alveolar. The Swedish dental stops are usually
said to be truly dental or post-dental, Here too, the only contrast is
one of voice, /t - d/ (tal - dal), not of place, In central and northern
dialects (where /r/ involves the tongue tip) all dental consonants are
retracted after /r/ with which they coalesce. In this respect Swedish
(1ike Norwegian) resembles a number of the languages of India, The
retracted set is referred to as supradental or retroflexed, The sandhi
character of this process is obvious across word and morpheme boundaries
as in har du ([haqu]) but within morphemes there are minimal pairs such
as pod ~ bord ([busd] = [buiq]). It is a matter of linguistic creed
whether the minimal pairs are used as evidence for a phonemic contrast
between retracted and non-retracted dental stops (/bad/ - /quJO or are
generated by the same sandhi rules as are necessary at morpheme bound-
aries (/burd/ —3 [bu:q], bord).

However, the Swedish subject described in this paper does not repre-

sent this type of dialect. He has instead a southern dialect with a
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dorso-uvular [¥] for /r/ and therefore lacks the retracted set of dentals,
the sandhi rules not being applicable in this case. Nevertheless, it is
still necessary to bear the retracted supradental set in mind dUring.a
general discussion of Swedish dentals, and especially for a comparison
with English, since many Swedes unfortunately seem to prefer the retract-
ed set when speaking English.

The traditional view expressed in pronunciation handbooks is that the
English stops are articulated further back along the tooth ridge, This
well established belief ought to be founded on reliable evidence since
there is excellent tactile sensation in the tongue tip and it is rela—
tively easy to make palatograms and linguograms,

Swedes are very conscious of an audiblé difference between English
and- Swedish dental consonants and look upon the guality of the English
stops as a typical ingredient of an English accent in Swedish, Being so
keenly aware of such an audible difference, they tend to be concerned
not to let it tarnish their English pronunciation. My own personal view
is that a Swedish [t] or [d] is more acceptable in English than the
English consonants would seem to be in Swedish, but I cannot say whether
other Englishmen are equally tolerant. Some Swedish language teachers
instruct their pupils to aim at the retracted supradental reflex of
/eeaTtuas/ or /iuurds../ as an approximation to the English sounds. I
find this gives a distinctly foreign gquality to their English speech,
Johansson (1967) has taken still radiographs of Swedish dental and supra-
dental consonants, and found the latter to be completely retrofilexed,
with occlusion made by the underside of the tongue tip. Gimson (1962;

D 159) advises foreign students of English against the use of retroflex
stops '"since these sound over-retracted to the English ear',

Although both the X-rayed subjects have the same alveolar place of
articulation for the dental stops, the Swedish subject still finds the
English subject's [t] typically foreign in Swedish. The only apparent
articulatory difference is between laminal and apical occlusions, Un-—
fortunately, it is impossible to know how typical these two types are
for the respective languages, there being no statistical evidence avail-
able to confirm any language-specific preference, It is tempting to
speculatewhether or not the percelved difference is in some way related
to the articulatory difference between apical and laminal occlusions,

Acoustically, there may be differences in the formant freguency - transi-
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tions in adjacent vowels, in the spectral character of the plosive burst
and in the duration of the burst and the timing of the voice onset of

the following vowel,

Apical and laminal stops in the literature

Jones (1956: § 515) described the laminal articulation as a less common
variant of the purely apico-dental, providing "a very unnatural effect"
in the English speech of "many foreign people, eg French, Italians,
Hungarians and some Germans'". He describes the English stops as apico-
alveolar, Jespersen (1899: §191) records an observation by Passy that
French dental stops tended to be laminal,. Jespersen recognized that the
laminal articulation occurred frequently as an individual variant but he
doubted whether the audible difference could be so great that a given
language would prefer the one or the other, Malmberg (1967, PP, 95—96)
describes the laminal articulation as an individual variant or as
dialectal (frequent in .central and northern dialects of Swedish and in
French). He considered the acoustical differences to be insignificant,
Catford (1968: p, 327) lists lamino-dental to lamino-bost-—alveolar stops
as "variants of apical stops occurring in English and elsewhere", The
traditional view is thus against a language-specific preference for
either articulation apart from the apical being normal and the laminal

a variant and against any audible difference between the two,

On the other hand, Ladefoged (1954: D 19) has found phonemic
contrasts between apical and laminal stops in the West African lan-
guages Twi, Ewe, Temne and Isoko, which indicates that it must be
possible to obtain a useful acoustic difference in this manner and that
some languages do categorize the two articulations. Chomsky and Halle
(1968: §7.4.4) generalized from this and similar evidence and proposed
a contrast between sounds with long constrictions (denoted [+distributed])
and sounds with short constrictions (denoted [~distributed]), According
to their generalization, two contrasting places of articulation within
the denti-alveolar region are always associated with a difference in the
length of the constriction, A new case pointing in the same direction
has recently been reported by Nihalani (1974) who has made a palatographic
and radiographic examination of the stops of Sindhi, He disagreed with

the standard view that the retracted dentals of Sindhi are retroflexed



176

‘W[ L} 8y} uo suwed) yjus} Ausas je sdeadde jey} ssynd uoijeziuodyouks syy buijedy

-sn||L ‘seousjuss ysi|buj ay} jo auc jo swedboujoads (g) pue suwedboj|tosQ (&) | ‘DL

v 7N
m.oE.m.»+

oipne

ol

sauwed W
_»‘S?&ib\ L R e, %: A

$ 1 wrP:“
S$9223S 1



WL 8y} 4o swzdy yjusy AdeAs je sdeadde 1eyl es|nd UOL1RZIUCJYOUAS By} butiedy
~Sn| |l ‘sa0Us}uss YSLpanS 8y} 40 sUC jo swedbouyoeds (G) pue swedbo|[Ll9sQ (B) 7 "D

171

asl (4] saliexy

o1g oo 0bZ 082 olz 092 gsz 042  0%Z o6l 0% ol

sawel}
0zZ o1z o602 abt - o8 oLl 091 oSl

o aulty



178

as in other Indian languages. He found that the non-retracted stops Lt,
th, d, dh] were laminal with a denti-alveclér location, while the re-

tracted set were aplcal and post-alveolar but not retroflexed.

Cineradiography

The films were made at the County Mospital, Lund, with the consent of
Professor Olof Norman and the assistance of members of the Roentgen

Sunni

Technology Section (Dr Thure Holm, Radiophys la Holje and
Gudmund Swahn and Technician Rolf SGhﬁner)u The customary -high voltage
technique was used (120 kV) in order to take advantage of the greater
transparency of bore to higher frequency Xeradiation, thus producing
adequate pictures of baoth bone and soft tissue,

The lahoratory used is primarily intended for angiographic examina-—

tions with equipment specialized for observing events in sof't tissue

there provides a synchronizing pulse which appears on every tenth frame
and which for clinical purposes can be recorded alongside an elcTrQe
cardiogram, We recorded this latter signal simultaneocusly with the

microphone signal, separately on a parallel track. The microphone and

synchronizing signals are subsequently processed tely for oscillo-

ara

graphic records (Figﬁs Ta, Za) but are mixed 2ctrograns (Figga h,

ZIJ)w We have no opportunity to screen the subject's speech from the rela-

..

tively high ambient nolise level in the laboratory [the high pitch whine

of the rotating anode and the rapid intermittent tapping of the camera
mechaﬂism)e To reduce the recorded level of the background nolse relative
to the speech we place a highly directional microphone close to the
subjectts mouth, The noise is audible on the speech recording but barely
appears on spechtrograms, In order to facilitate anlargement of the radio-
graphs to life size, a long stiff coppar wire with blobs of solder at

1 om intervals is taped to the subject's Forshead and nose and bent so

as not to interfere with the movement of the Lips and mandible, The

camera speed is 75 frames/second (one Frame every 13,33 mﬁ) and the
duration of radiation is 3 ms per frame, We have 30 to 40 seconds
effective time available per reel of film, As a safety precaution each
subject is limited to nne reel,

The speech utterances that were Xerayed were primarily designed for

an investigation of vowel articulation., The present paper is based on
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articulatory data provided by the consonants framing the vowels, Dental
stops (English [t] and Swedish [d]) were repeated four times in each
sentence, always intervocalic and following a strong vowel. The utter—
ances conformed to the grammatical structure of a model sentence in
‘which vowels were substituted systematically., Each sentence contained
four strong positions in which vowels were substituted systematically,
The English sentences were "pgtty pet a pgtty-petter, potty pgfva potty-
potter, ... etc.". For Swedish sets of three vowels were rotated through
four strong positions, thus: "B&da badade vid Bodda boda, Boda badade
vid Badda bada, Bada bodade vid Bédda bada, ... etc.". The English
sentences were uttered at about 4,5 syllables/second, the Swedish sen-
tences at about 4 syllables/second. A further set of English sentences,
uttered at about 6.5 syllables/second, has not yet been analysed and
could not be included in the present comparison of dental stops,

This paper is devoted to a comparison of two subjects only - myself
(Southern British English, NE Kent) and GBsta Bruce (Helsingborg, NW
Skane),

The dental stops of the X-rayed subjects

A striking difference between the two subjects was in the formation of
dental stops. Fig. 3 shows how the English speaker made his dental stop
with a flat area of the tongue behind the tip (unbroken line, depicting
the mament of occlusion). Fig. 4 shows how the Swedish subject made his
dental stop with the very tip of the tongue (unbroken line), These trac-
ings distinguish between mandibular and lingual gestures,

The actual shape of the tongue body at the instant of occlusion
depends on the preceding vowel, The broken lines at Figs. 3 and 4 show
the preceding vowel positions., These represent the turning point (last—
ing from 1 to 3 frames or about 10 — 50 ms) between the end of the GV
movements and the beginning of the [t] or [d] movements, At these
speaking rates (4 ~ 5 syllables/second, a little more leisurely than
everyday speech) the gestures of the dental stops (mandible elevation,
tongue tip raising) were not initiated until the vowel configurations
had been completely formed, The cares illustrated are for a preceding
palatal vowel [E] and twn “wyageal vowels [D] and [QJ. For the Swedish
subject, [o] is t~ ‘ral portion of a diphthong [éé:]FDr /o/ (cf.
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Bruce 1970 and see the spectrograms at Figs. 2b and 7b). Similarly, the
shape of the tongue body at the moment of release (dotted lines) depends
on the gonfiguration of the oncoming vowel towards which the tongue is
moving, To make the examples as comparable as the material will permit,
the cases illustrated are [8] following the English [t] and weak [a]
following the Swedish [d].

Comparison of Figs, 3 and.4 indicates practically the same place of
occlusion for both subjects, This need not necessarily contradict the
general belief in different places of articulation for English and
Swedish stops since the .Swedish subject is from Helsingborg and Malmberg
(1967: PP. 94—95) has reported that the northern part of the province of
Skéne 1s one of several Swedish areas where the dialects have stops that
are alveolar rather than dental.

There 1s also a difference of voicing between the utterances of the
subjects ([t] for the English, [d] for the Swedish), Malmberg (p. 95)
also stated that there are freguent instances of different places of
articulation for volceless and voiced dental stops, [d] aften being more
retracted than [t]. He specifically mentioned the south of Sweden gener—
ally, reporting that [t] is dental but [d] post-dental. The Swedish
subject included his name and the date in his film, and has thus pro-
vided examples of other dental consonants. Fig. 5 shows the initial [n]
in nitton, the [t] in nitton and the [t] in sjuttio, These are all
clearly alveolar and indicate that this subject does not have different
places of articulation for [tj and [d].

There is an inherent difference of tongue body shape between the
laminal and apical types of articulation. The crown of the tongue arch
is clearly higher during the period of occlusion for the laminal afticu—
lation than for the apical. This is because the tongue curves upwards
behind the laminal occlusion whereas the tongue tip approaches the tooth
ridge from below for the apical occlusion; Consequently the vocal tract
widens abruptly behind the apical occlusion but gradually behind the
laminal occlusion (Fig. 6), The different vocal tract resonance condi-
tions resulting from this will be discussed further on.

In order to compare the acoustical characteristics of [t] segments
for both subjects, two separate series of teswords have been specially
recorded; ['ktha] (Swedish) and ['kvta] (English), where [V] represents

a range of vowels for commutation, Most resulting testwords were nonsense
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jag sdq en "kv & t t &' pd st a'n

Fig. 7. Spectrograms of two examples of the sentences re-
corded for a comparison of [t] segments in (a) English
(above) and (b) Swedish {below). The arrows indicate the
locations of spectral sections (Fig. 8).
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but a few were common real words -~ Swedish Kk  (Msettle a d&bt”) and
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Discussion

The difference traditionally described is that fhe English dental stops
are more retracted than the Swedish, i.e. there is a difference in the
place of articulation, Yet both of the subjects had alveclar stops.
Paradoxically, the Swedish speaker had a lower locus, which tradition-
ally would be ascribed to a more retracted place of articulation,

The most obvious difference seen on the X-ray films is that between
laminal and apical occlusions, i.e. a difference of tongue shape rather
than a difference between the points of aim of lingual gestures, The
different vocal tract configurations associated with the twn types of
occlusion are illustrated at Fig, 6 while the consequent resonance
conditions will be discussed below, where it will he argued that the
observed loci and spectral differences are compatible with these two
types,

There is finally the longer duration and greater overall intensity
af the English subject's [tj burst. A necessary articulatory correlate
of this is an open glottis to permit an adequate airflow, and a neces-—
sary consequence 1s the delay in voicing onset for the vowel., Glottal
adjustment alone would account for a longer aspiration phase and delayed
voice. But if the [s]—like guality of the burst is an essential compo-
nent of the English [t], then the glottal adjustment must also be coore—
dinated with a slow release of the occlusion to maintain a turbulent
air stream through the tongue constriction and past the incisors,

Any cross—language comparison based on only two subjects is beset by
the problem of how to generalize the results to embrace entire communi-~
ties, especially when those results are novel and seemingly in contra-
diction to a long established and widely accepted view, The articula-
tions X-rayed here are in accordance with the belief that English and
NW Skéane dental stops have an alveolar place of articulation,
Johansson's central Swedish subjects had purely dental occlusions (or
mare precisely dpnti—gingival). This is in accordance with the estab-
lished belief that English and Central Swedish dental stops have dirfer—
ent places of articulation, The novelty of the present results is that
the dental stops of tne two subjects are acoustically different, not-
withstanding the same place of articulation, This suggests that the
essential difference between English and Swedish dental stops must be

something else and not the place of articulation, Gimson's advice to
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foreign learners of English (DD. 153, 154, 159) points in the same
direction - he recommends practising affrication of English /t, d/ as
[ts, dz]. This advice coincides with the difference observed above
between the two subjects - the duration and spectral character of the
burst (Fig. 8).

Are the cbserved acoustic differences related to the difference
between apical and laminal occlusions? The traditional view has been
that there is hardly any audible difference between the two types of
articulation. But the contrasts reported by Ladefoged for certair West
African languages indicate that there is a consistent difference that
is large enough to be useful for phonemic oppositions. Stevens (1973)
has recognized that the character of the turbulence of dental conso-
nants is more. dependent on the type of constriction (apical or laminal)
than on the location of the constriction. For constrictions in the
denti-alveolar region, turbulence excites mainly the front cavity
resonances, But his calculations also indicate that a more gradual
widening or tapering of the vocal tract behind the constriction results
in greater coupling of the turbulence source near the constriction to
the back cavity resonances. Consequently, he argues, for laminal articu-—
lations several resonances are excited over a range of freguencies abave
a certain critical freguency determined by the amount of tapering.

Chomsky and Halle believed that their contrast of constriction length
would also caver the difference between hard and soft consonants in
Slavic languages, They guoted evidence from Polish, Fant has published
radiographs and area functions of Russian palatalized (soft) and non-
palatalized (hard} consonants, including dental stops (1960: Figs. 2.6~
and 2.6—9). The articulatory difference made by his subject is precisely
that difference between the laminal and apical occlusions described
above, and between Chomsky and Halle's long and short constrictions -
for the soft dental stops the occlusion was laminal and long with the
tongue body high against the hard palate, but for the hard dental stops
the occlusion was apical and short with the tongue body depressed.

Stevens's argument is completely in accordance with the data presented
by Fant for the Russian soft (laminal) voiceless dental stop relative to
the hard (apical) voiceless dental stop (Fant's Fig, 2.6—10), The release
burst of the soft laminal voiceless stop was characterized by low spec—

tral levels below 3000 Hz, with a weak F2 at about 1900 Hz, and a high
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level in the region 6000 - 92000 Hz, while that of the hard apical voice-
less dental‘stop was characterized by a relatively high spectral level
below 500 Hz, a zero at 850 Hz, an F2 peak at 1600 Hz and a generally
lower level at higher frequencies, declining after smaller peaks in the
3800 -~ 4500 Hz region,

The similarity between the two Russian [t] types and the [t] bursts
of the present subjects (Fig. 8) is very striking. Like the Russian soft
[t] burst, the English subject's [t] burst is relatively weak below
about 4000 Hz but contains numerous high level peaks throughout the
4000 - 8500 Hz region, This corresponds to the greater excitation of
the back cavity resonances when the vocal tract widens‘gradually behind
the constriction, as pointed out by Stevens. Similarly, like the Russian
hard [tj burst, the Swedish subject's [t] burst is relatively weak above
5000 Hz, They have peaks at similar frequencies - about 500, 1100, 1600,
3500, 4500 Hz, Unlike the Russian hard [t], the Swedish [t] did not have
Lta maxcdimum level at F2, and it had additional small peaks at 2100 and
2600 Hz, This type of spectfum corresponds to the excitation of the
Front cavity resonances only and the exclusion of back cavity resonaﬁoes
when the vocal tract widens abruptly behind the constriction, as pointed
out by Stevens, The vowel formant transition loci of the English and
Swedlsh {tj gceclusions cgrrespond to the F2 freguencies found by Fant in
the Russien soft and hard [t] bursts, 1900 and 1600 Hz. The different
spectral characters of the [t] bursts of the English and Swedish sub-
jects, and the difference in locus frequency, are thus related to the
apical and laminal manners of forming dental occlusions,

Stevens also notes a tendency for the longer laminal constriction to

62

d more slowly., In the case of voiceless stops the burst is
prolonged and the voice onset for the following vowel delayed (he guotes
data showing 20 ms or more following the laminal occlusion compared with
a few ms after the apical occlusion), This was also observed by Ladefoged
in the West African languages, where the laminal stops tended to be
affricated. The same difference can also be seen on the spectrograms
published by Fant for the Russian consonants (his Fig. A. 13—16) which
show @ much longer burst after the laminal soft [t], than after the
apical hard [t]. The [t] burst of the English subject was nearly three
times as long as the Swedish subject's, This difference is thus also in

eccordance with the laminal and apical types of occlusion,
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Conclusions

One firm conclusion at least can be drawn from the present results -
that the observed vowel formant transitions, the spectral characters of
the bursts and the relative durations of the bursts can be reiated to
the apical and laminal types of occlusion, Would it be presumptucus to
assume that Swedish dental stops are generally apical and English dental
stops generally laminal? This would contradict the widely held belief
that dental stops are apical for most speakers of both languages,
laminal for some in both languages.

If the widely held belief is correct, that dental stops in both
languages are generally apical, then the difference between laminal and
apical articulations ohserved in this pair of subjects will not be a
typical difference between English and Swedish. Nor will the associated
spectral differences be typical either and the spectra illustrafed at
Fig. 8 will then in part be individual speaker-dependent characteristics
rathen than essential language~dependent features, What would this leave
us with? Firstly, that the English [t] burst is [sj—like whereas the
Swedish burst is not. This difference can be achieved with either type
of articulation., Secondly, the English burst is longer and voice onset
delayed for the next vowel, While this is a typical attribute of the
laminal articulation, the latter is not necessary condition for affri-—
cation, Gimson's advice to learners, to meke the burst [s]-like and
affricated, favours both of these differences between English and Swedish,
The longer burst reguires the vocal folds to remain open for a longer
period for English [t], the more intense [5]—1ike guality of the burst
reguires greater pressure behind the constriction, while the msintenance
of thé [s]-1liké ‘guality thoroughout the whole of the longer burst re-
guires the Dcclﬁéion to be released more slowly,

How important is the often-~quoted difference in place of articulation?
For most Swedish dialects the dental stops are said to be truly dental
while the English stops are alveolar, The fact that some Swedish dialects
have alveolar stops without the "foreignness" of the English stops
suggests that the difference in location is unihportant. Stevens has
demonstrated that there are regions of the vocal tract where variations
of constriction location yield minimal acoustical differences, The denti-
alveolar part of the tract is one such region, There are other regions
where differences of constriction location yield large acoustical differ-—

ences, for example from the alveolar to the palatal., Gonseguently the
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acoustical difference between alveolar and purely dental consonants is
very small, insufficient for a phonemic contrast. In the languages that
have contrasting sets of dental stops with different locations, there
is always the difference of constriction length (usually apical vs
laminal) with the extra redundancy of affrication vs non-affrication,

I am-sure in my own mind that it is unwise'Fér language teachers to
emphasize the retracted English arficulation. The danger is that this
prompts the pupils to adopt something like the Swedish supradental
&etroflexed) consonants, The first priority (eg for French learners)
should be to learn aspiration, The next priority (eg for Swedish

learners) to make the aspiration [s]-like and prolonged.
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