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TasLE IV

The syllable structures of monosyllabic words, with the number of coding rules
postulated in the Syllabic Recoding Theory

Syllable structure Exemplar Number Number of

: of coding

segments rules
1.V a I 3
2. CV saw 2 3
3. VC as 2 5
4. CVC cat 3 5
5. CCV ski 3 5
6. VCC ask 3 7
7. CVCC tart 4 7
8. CCVC ’ star 4 7
9. CCCV stray 4 6
10. VCCC amps 4 8
11. CCVCC stink 5 8
12. CVCCC burst 5 8
13. CCCVC straight 5 8
14. VCCC* ursts* [ g*
15. CCCVCC sprint 6 10
16. CCVCCC prints 6 10
17. CVCCCC bursts 6 10
18. CCVCCCC* glursts* 7 11*
19. CCCVCCC sprints 7 11
20. CCCVCCCC* splursts* 8 12%

Asterisks designate syllable structures which are possible under the phonological rules of
English but lack exemplars in the language. The exemplars given are possible but non-
occurring examples of these structures.

FCG: given that [s] and [k] occur in an FCG, they can appear in either order: [sk]
as in ASK or [ks] as in AKS (axe). The reason for this distributional constraint is
not known at present, nor is it known whether the constraint plays any role in speech
production. But under the Single Order Hypothesis, syllable-initial consonant
clusters are easier to produce than syllable-final consonant clusters, since phonemic
order is determinate in the one case but not in the other.

Experiment II included all 10 syllable structures with segment length four or
less (see Table IV). The Single Order Hypothesis generates two predictions above
and beyond those shown in Table I'V for the Syllable Recoding Theory. Accord-
ing to the Single Order Hypothesis the maximal rate for CCVC should be faster
than for CVCC syllables, despite their equivalence in syllabic complexity and
number of segments. Thus a CCVC syllable such as [klis] with a syllable-initial
consonant cluster having determinate order should be produced faster than a CVCC
syllable such as [lisk] with a syllable-final cluster having indeterminate order. The
Single Order Hypothesis also predicts that adding a consonant to an ICG is easier
than adding the same consonant to an FCG, since the syllable position of the
added consonant is determinate in the ICG but indeterminate in the FCG. Con-
sequently, the difference in maximal rate between CV, CCV, and CCCV syllables
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should be rather small, and definitely smaller than the difference between VC, VCC,
and VCCC syllables, under the Single Order Hypothesis.

Instructions and procedures were identical to those in Experiment I: the subjects
(10 native speakers from the UCLA subject pool who had not participated in
Experiment I) repeated a syllable at maximum rate. The syllables (7= 140) were
mainly nonwords constructed as in Experiment I except for an additional rule
prohibiting segment repetition, thereby excluding syllables such as [siks] due to
possible interactions between the repeated Ss. There were 30 VC structures, 30
CV structures, and 10 each for the remaining structures: V, CV, CCV, CVC, VCC,
CCCV, CCVC, CVCC, and VCCC (cf. Table V).

TABLE V

The median syllable duration and semi-interquartile range for the syllables in Experiment
IT (phonemic representation with diphthongs treated as single vowels)

A4 vC cv

ley] [eyr]  [ses] [eyk] [rey]  [sae]  [key]
(yl] Gyl]l [ell [iyp] [yl (te] (piy]
fay] [ayl] (] [avk] [lay] [1i] (kay]
[ow] [owr] [ar]  [owt] [row] [ra)] [tow]
fuw] (uwr] [ar] [uwp] [ruw] [ra] (puw]
[ae] [eys] [aes] [aek] [sey] [sae] kae]
(e] [iys] [es] [ep] [siy]  [se] [pe]
il fays]  [is]  [ik] [say]  [si] (k]
[2] [ows] [as] [at] [sow] [sa] [ta]
[a] (uws] [as] [ap] [suw]  [sa] [ps]

Number of segments I 2 2
Number of recoding operations 3 5 3
Median Syllable duration (s) o0-227 0-238 0-208
Semi-interquartile range 0035 ©0°043 0032

CCVv CVC VCC CCCV CCVC CvCC VCCC

[krey] [revk] [eyrk] [skrey] [kreys] [reysk] [eyrks]
(pliy] Qiyp] [iylp] [spliy] [pliys] (liysp] [iylps]
[klay] [layk] [aylk] [sklay] [klays] [laysk] [aylks]
[trow] [rowt] [owrt] [strow] [trows] [rowst] [owrts]
[pruw] [ruwp] [uwrp][spruw] [pruws] [ruwsp] [uwrps]
[krae] [raek] [aerk] [skrae] [kraes] [raesk] [aerks]
- [ple] [lep]  [elp] [sple] [ples] [(lesp]  [elps]
[kii] [lk] [ilk]  [skli] [klis] [lisk] [ilsk]
[tra] [rat] [art] [stra] [tras] [rast] [arts]
(pra] [rap]  [arp] [spra] [pras] [rasp] [arps]

Number of segments 3 3 3 4 4 4 4
Number of recoding operations 35 5 7 6 7 7 8
Median syllable duration o238 o217 0204 0278 0278 0313 0333
Semi-interquartile range 0030 0032 o00g7 ©0'0bs 0031 004§ 0-078
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Results

Table V contains the main results. Both predictions of the Single Order
Hypothesis were confirmed: CCVC syllables were produced significantly faster
than CVCC syllables (P<o0-002) and consonants added to an FCG increased
syllable duration relatively more than consonants added to an ICG. The average
difference between CV, CCV, and CCCYV syllables was 35 ms whereas the average
difference between VC, VCC, and VCCC syllables was 48 ms. This difference in
differences was significant at the o-o5 level, subjects as unit of analysis,

Results pertaining to syllabic complexity were mixed since average predictions of

the model were confirmed while some detailed predictions were not. As can be _

seen in Figure 1, the predicted overall relationship between speech rate and
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Fic. 1. Syllable duration in milliseconds, as a function of syilable structure and number of coding
operations.

syntagmatic complexity was confirmed: maximal rate decreased systematically as a
function of syllabic complexity. Monosyllabic V structures were produced no
faster than CV structures (P> o-11), and VCC structures were produced no faster
than CVCC structures (P> o0-764). And as predicted, CCVC, CVCC, and VCC
syllables (averaged together) were produced faster than VCCC syllables (P < 0-02),
but slower than CCCV syllables (P <0-02). But Experiment I was not completely
replicated. Although CCV and CVC syllables were produced faster than VCC
syllables (P < 0-c02), CVC syllables were produced faster than either CCV or VC
syllables (P < o-05, but only with subjects as the unit of analysis), despite their
equivalent complexity. And CV syllables were produced no faster than CVC
syllables (P> 0-20), despite their diffcrence in complexity. However these dis-
crepancies probably reflect an error in constructing CVC materials, which contained
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more actual or occurring English syllables than V, CV, VC and CCV materials, a
variable having significant effects on syllable duration (see subsidiary results).
Another error may account for the statistically equivalent syllable durations
(P> o-20) of CVCC and VCCC structures. None of the CVCC syllables ended in
(s], unlike virtually all of the VCCC syllables. The final [s] probably facilitated
speech rate since VCCC syllables with short vowels ending in [s] were produced
significantly faster than those not ending in [s] e.g. [ilsk]. However the equivalence
in rate for CCCV and CCVC syllables is both unpredicted and unexplained under
either the Single Order or Syllabic Complexity Hypotheses.

The first set of subsidiary analyses concerned effects of vowel amplitude, which
was determined for two subjects chosen for the clarity and measurability of their
oscillographic records. Vowel-initial structures had significantly greater vowel
amplitude than all other structures (P<o-o1). But vowel amplitude accounted for

TasLE VI
Syllabic recoding rules for V, VC, CV, VCC, CCCV, CCVC, CVCC and VCCC syliables

V Syllables [i] VC Syllables [is] CV Syllables [si] VCC Syllables [ist]
1. S—=ICG+VG 1. S=ICG+VG 1. S—=ICG+VG 1. S—ICG+VG
2, ICG—¢ 2. ICG—¢ 2. ICG—[s] 2. ICG—¢
3. VG—[i] 3. VGV +FCG 3. VG—Ii] 3. VG-V +FCG
4. V—{i] 4 V—Ii]
5. FCG—{s] 5. FCG—C1+C;
6. Ci—[s]
7. Ce—{t]

CCCYV Syllables [stri] CCVC Syllables CVCC Syllables VCCC Syllables

[star] [sart] [arts]

1. S—ICG+VG 1. S=ICG+VG 1. S—ICG+VG 1. S—ICG+VG
2. ICG—=C;+C:+Cs 2. ICG—Ci+C2 2. ICG—s] 2. ICG—¢
3. Ci1—[s] 3. Ci—[s] 3. VG—=V+FCG 3. VG—=V+FCG
4 Cot] 4 Co[t] 4 V[l + Vo[l
5. Ca—[r] 5. VG—-V+FCG 5. FCG—Ci1+C: 5. FCG—~C1+C24+Cs
6. VG—i] 6. V—[a] 6. Ci—{r] 6. Ci—>[r]

7. FCG—r] 7. Co—t] 7. Ce—{t]

8. Cs—=[s]

Abbreviations after Table I, terminal elements in brackets.

little of the overall temporal variability: no other syllable structures differed in
vowel amplitude (P>o-10) despite the large rate differences between say CVCC
and CCVC syllables. And vowel amplitude correlated weakly with both syllable
duration (rs=o0-43) and structural complexity (rs=o0-39) but highly (rs=0-98) with
rate variability (semi-interquartile range for the 10 syllable structures).

The second set of subsidiary results concerned a curious intcraction between
vowel length and syllable structure.  As expected, syllables with simple vowels [li]
were produced faster than those with complex vowels [liy] (P <o0-002). But this
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difference varied with syllable structure. Syllables with complex vowels were only
6 ms longer in vowel-final structures (V, CV, CCV, CCCV) but 41 ms longer in
consonant-final structures, a significant outcome, P< 0-02, subjects as unit of
analysis and the difference between complex vs. simple vowels in the two sets of
materials as the variables. Moreover the difference between complex vs. simple
vowels varied systematically with the number of final consonants: 6 ms with o final
consonants, 28 ms with one final consonant, 32 ms with two final consonants and
97 ms with three final consonants.

The remaining subsidiary results concern a difference between actual vs. possible
but nonoccurring English syllables. Actual syllables are either monosyllabic
words, e.g. [prey] or occur in some multisyllabic English word, e.g. [pruw] repre-
sents an actual syllable in PROOVING. Possible but nonoccurring syllables obey
the phonological rules of English but never occur as part of any actual English
word. The data showed no difference between the two types of actual syllables,
but actual syllables were produced significantly faster than nonoccurring syllables
(P< o003, syllable structures as the unit of analysis and actual vs. nonoccurring
syllables as the variables).

Discussion

According to the Syllabic Recoding Theory, CV syllables are no more complex
than monosegmental V syllables. Our data supported this hypothesis since V
syllables were produced no faster than CV syllables. However, neither the theory
nor the data contradict the special status of CV syllables suggested by Jakobson
(1966). Jakobson argued that CV syllables represent a universal type present in all
languages of the world, and that children find CV syllables particularly easy to
remember and produce. These phenomena support the Syllabic Recoding Theory
since CV syllables represent the simplest expansion of the one universal or obliga-
tory rule in the model: S +~ICG+VG. But Jakobson’s universals cannot indicate
that CV structures are simpler than $V structures: ¢V represents a particular
manifestation of the CV structure according to the theory, so that the absence of
¢V in some language is no more interesting or relevant than the absence of any
other syllable-initial consonant (e.g. English n). And contrary to Jakobson, the
recoding model predicts that CV and ¢V structures will be equally easy for children
to learn and produce, a prediction supported in Weir (1966). The recoding model
is not just consistent with linguistic universals and child language learning but
explains why CV is universal and easily learned since CV constitutes the sunplest
possible structure in the model.

The recoding model is also consistent with most of our data for more complex
syllable structures. As predicted, speech rate for syllables of equal length can
differ and longer syllables can be produced faster than shorter ones, depending on
syllabic complexity. But other factors play a significant role in speech rate. There
are complex interactions between speech rate, vowel complexity and syllable
structure. And data supporting the Single Order Hypothesis indicate that sequen-
tial constraints within initial consonant clusters somehow facilitate speech rate.
Moreover the present data do not substantiate the detailed characteristics of recod-
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ing rules, but only the complexity metric these rules provide. Indeed it may seem
intuitively implausible that speakers specify more general aspects of words and
syllables before specifying detailed aspects such as the phonemes composing the
word. Other data nonetheless support this general thesis. Consider the tip-of-
the-tongue phenomenon for example cf. Brown and McNeill (1966) and Yarmey
(1973). When a word is on the tip of the tongue, speakers can often specify how
many syllables the word contains and which syllable receives primary stress—all
without knowing what phonemes make up the syllables. The generic specification
of words, as seen in the tip-of-the-tongue phenomenon, favors a model with the
same general characteristics as the Recoding Theory.

It might be argued that recoding rules apply prior to the motion of the art-
iculators so that differences in speech rate cannot be due to recoding rules.
Such an argument is fallacious on both logical and empirical grounds. It would
be just as logical to argue that military commands precede troop movements, so
that differences in the rate of advancement of armies cannot be due to the
military commands. Moreover it has already been shown that organizational
factors well above the articulator level (i.e. sematic and syntactic variables) play
a role in maximal speech rate (cf. MacKay and Bowman, 1969).

But the present data have little relevance to the more general theory for producing
words in which the recoding model is only one component. The normal produc-
tion of words involves a conceptual component, a syntactic component, a selectional
feature component and a word structure or morphological component, none of
which are relevant to data showing no difference between words vs. nonwords.
Probably the only rules of relevance to the present task are those for determining
the order of abstract syllabic components and for specifying the phonetic features
of these components, including nondistinctive or allophonic features such as the
degree of aspiration of unvoiced stops. The child must learn or reconstruct these
syllabic and phonetic rules for each syllable, except perhaps for universal rules such
as S=ICG+VG. And although the learning, reconstruction and setting up of
syllabic rules is irrelevant to the present data, the model also predicts differences in
the time to learn, and retrieve the program of rules for VCC vs. CCV syllables.
Consider the learning of “secret languages” such as Double Dutch, one of a class
of word games involving addition of dummy units. To speak Double Dutch, one
begins with the ICG of a word, then adds a dummy vowel group (AWL), followed
by a dummy ICG (F) and the VG of the original word. Thus the word DUTCH
in Double Dutch is rendered DAWL FUTCH. As would be expected under the
Recoding Theory, Double Dutch operates on “natural units” as defined in the
model (i.e. units to the left of the arrows in the rules in Table I) rather than “un-
natural units” (i.e. segments which do not arise from expansions of a single term
at any level in the recoding hierarchy, e.g. the CV of a CVC syllable). The pre-
diction of interest is that experimental word games should be easier to learn when
they involve addition, substitution or transposition of natural as compared to
unnatural units. Thus, the model does not predict that all existing word games,
no matter how uncommon, will be equally simple or even readily describable
under the Recoding Theory: some artificial word games may be more artificial
and thus more difficult to learn and use than others.
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The model also applies to syllable perception. For example a bisyllabic VCV
input should be more readily perceived as V-CV than as VC-V, a prediction that
might be tested with Warren and Gregory’s (1958) verbal transformation technique.
If a VCV input is replayed on a tape loop, subjects usually should hear the simpler
segmentation, V-CV more often than VC-V, all other factors being equal.

The model may even apply to rapidly generated outputs in motor systems other
than speech. For example a study of the time to produce patterns of finger
movement with syntagmatic structures analogous to those of syllables (cf. Figure 2)
would seem valuable for testing the hypothesis that similar principles underlie
speech production and other syntagmatic actions. The model and task charac-
teristics developed here may thus prove useful in exploring the acquisition, form,
and consequences of syntagmatic rules for speech and perhaps other behaviors as
well.

(a) P (b) /s\
A/\ B ICG VG
| 2 (4) 32 s T (ARM

F1c. 2. The structure of the syllable START and an analogous structure for a pattem:(P) of

‘finger movements where the unit A is produced with the left hand, B with the nght hand, and the

numbers stand for the fingers such that fingers of the left hand are labeled 1—4 from left to right and
fingers of the right hand are labeled 1—4 from right to left so that anatomically homologous fingers
of the two hands have identical labels. [In this way the components of the simulated ICG and the
simulated FCG can be drawn from the same set in a nonarbitrary way since MacKay and Soderberg
(1970) have shown that anatomically homologous fingers are neurally interconnected and interact
in the generation of finger taps.] The finger labeled 4 represents the vowel and is always stressed
or tapped harder than the others.
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