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Vowel insertion in Scottish

Gaelic*
Michael Hammond
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Andréa Davis
Andrew Carnie
Diana Archangeli
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University of Arizona

Scottish Gaelic has been cited as providing an instance of vowel excrescence
(Hall 2006). One of the defining properties of excrescent vowels is that they
are phonologically inert and are not motivated by – nor do they contribute to – the
syllable structure of a language. In this paper, we report on a series of experiments
which tap into native speakers’ intuitions of syllable structure in Scottish Gaelic.
Insofar as intuitions about syllable count and syllabification reflect phonological
structure, our results suggest that the relevant vowels of Scottish Gaelic are
not phonologically inert, and contribute directly to native speaker intuitions
involving the number of syllables and the affiliation of consonants to those
syllables. However, our results also establish that the relevant vowels have an
intermediate phonological status, which also distinguishes them from underlying
vowels.

1 Introduction

Scottish Gaelic has been described as having a number of unusual
phonological properties (Borgstr¿m 1940, Ladefoged et al. 1998). Among
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these is the phonological status of the inserted vowel.1 Consider, for
example, a word like balg ‘blister’, pronounced as [balak]. The apparent
second vowel in the pronounced form is obligatory, and is claimed either to
have been historically inserted in certain environments, some of which are
now opaque (Borgstr¿m 1940), or to be synchronically inserted in those
same environments (Clements 1986, Bosch & de Jong 1997). Compare this
with ballag [balak] ‘skull ’, where the second vowel is underlying.

There has been corresponding debate as to the inserted vowel’s
phonological status. Hall (2006), in particular, cites the Scottish Gaelic
inserted vowel as an instance of an EXCRESCENT vowel. An excrescent
vowel is defined as one that is phonologically invisible. As such, it is pre-
dicted not to affect the phonology of the rest of the word; for example, it
should not count as a syllable, or be in the environment for a phonological
alternation. In this paper, we report on a series of experiments, and argue
that though the inserted vowel exhibits virtually all of the properties
that define an excrescent vowel for Hall, it is not, in fact, phonologically
invisible. That said, we also find that the inserted vowels are not visible to
the phonology in the same way as underlying vowels.

We first review the distribution of the vowel. We go on to consider
Hall’s typology of inserted vowels, showing how the Scottish Gaelic
case fits the typology. We then turn to our experiments. Our experiments
establish the facts in (1) about the inserted vowel in Scottish Gaelic.

(1) a. Words containing the inserted vowel are perceived by speakers as
di‰erent from other words (Experiments 1 and 2).

b. The inserted vowel does not ‘count’ as an entire separate syllable in
judgement tasks. Hence it does not add a syllable to the number of
syllables in a word. However, it is not the case that the inserted vowel
adds nothing to the syllable count. Rather, it adds something less
than a syllable to the count (Experiments 3 and 4).

c. Syllabification of an intervocalic consonant is di‰erent if it precedes
an inserted vowel than if it precedes a non-inserted vowel. Specifically,
we show the normal syllabification of Scottish Gaelic intervocalic
consonants is VC.V, but if the second vowel in the sequence is an
inserted vowel, the syllabification is more likely to be V.CV (Experi-
ments 5 and 6).

These results are important, because they provide empirical substance to
the debate on the phonological status of inserted material. Once we have
reviewed the properties of excrescent segments, we will show how these
are incompatible with treating the Scottish Gaelic inserted vowel as ex-
crescent.

1 These vowels are traditionally characterised as epenthetic, but it is precisely this
characterisation that is questioned by Hall (2006). Following Hall, we term these
INSERTED vowels, to avoid bias. There is disagreement in the literature about the
phonetic identity of these vowels. Some are transcribed as schwa and some as full
vowel copies of the preceding vowel. In this paper, we transcribe all relevant ex-
amples as full vowels with underlining, to stay neutral on this question.
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2 Distributional regularities

In this section, we outline the distributional regularities governing the
inserted vowel in Scottish Gaelic. Previous treatments of the relevant
phonology include Clements (1986), Bosch (1991), Bosch & de Jong
(1997) and Smith (1999).
Certain consonant sequences are broken up with a vowel, as shown

in (2).2

(2) a. aran
arm

b. seanair
seanmhair

[ar.an]
[a.ram]
[SEn.Er]
[SE.nEv.Er]

‘bread’
‘army’
‘grandfather’
‘grandmother’

/aran/
/arm/
/SEnEr/
/SEnvEr/

In each pair in (2), the first word has an underlying second vowel and
the second an inserted vowel; the inserted vowel does not appear in the
orthographic representation. Borgstr¿m (1940) maintains that, while an
intervocalic consonant normally affiliates with the syllable to the left, be-
fore an inserted vowel the consonant affiliates to the right; we have marked
this syllabification in (2).3

The examples in (3) show that the inserted vowel is generally identical
to the preceding vowel.

(3) urchair
dorcha
tilg

[UrUxUr]
[dOrOx@]
[CIlIk]

‘shot’
‘dark’
‘to toss away’

/UrxUr/
/dOrx@/
/CIlk/

There are four conditions that must hold for vowel insertion: (i) the
preceding consonant must be a sonorant liquid or nasal, (ii) the preceding
vowel must be a short monophthong, (iii) the cluster may not be homor-
ganic and (iv) the second consonant may not be a preaspirated stop. We go
through all four cases here.
The consonant preceding the inserted vowel must be a sonorant liquid

or nasal. The following are examples of clusters that don’t exhibit the
inserted vowel, because the first consonant of the cluster is not a sonorant.

(4) smachd
am-measg
sgriobhte

[smaxk]
[@mEsk]
[skrivC@]

‘stifle’
‘mixed, among’
‘written’

/smaxk/
/@mEsk/
/skrivC@/

*[smaxak]
*[@mEsEk]
*[skriviC@]

The preceding vowel must be a short monophthong; a preceding long
vowel or diphthong blocks insertion, as shown by the examples in (5).

2 Here and following, all forms are from fieldwork with our sixth author, a native
speaker of Scottish Gaelic. The phonological generalisations here were first dis-
cussed by Clements (1986). For purposes of clarity, the input forms here are not as
abstract as they might be, and include the results of other irrelevant phonological
alternations.

3 Similar syllabification facts are reported for the related language Irish Gaelic, but
see Nı́ Chiosáin et al. (2012) for a more nuanced view, based on experimental data.
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(5) mìorbhaileach
dualchas
iarmailt
neulmhor

/mi:rv@lj@x/
/du@lx@s/
/i:rmElC/
/nialv@r/

‘marvellous’
‘tradition’
‘firmament’
‘cloudy’

*[mi:riv@lj@x]
*[du@l@x@s]
*[i:rimElC]
*[nialav@r]

[mi:rv@lj@x]
[du@lx@s]
[i:rmElC]
[nialv@r]

Inserted vowels may not break up a homorganic cluster, as seen in (6).

(6) Òlaind
ceannard
mandrag

/o:lanJ/
/kjawnarSt/
/mandrak/

‘Holland’
‘boss’
‘mandrake’

*[o:lanaJ]
*[kjawnaraSt]
*[manadrak]

[o:lanJ]
[kjawnarSt]
[mandrak]

Finally, the second consonant may not be a preaspirated stop. In medial
position, the voicing contrast for stops is realised as a contrast between
plain voiceless and preaspirated (Clayton 2010). The former correspond to
initial voiced (or plain) stops, while the latter correspond to initial voice-
less (or aspirated) stops.4 After a sonorant, we transcribe the preaspiration
as devoicing of the sonorant, as in (7).

(7) olc
cearc
corp

/Olk/
/kjark/
/kOrp/

‘evil’
‘chicken’
‘body’

*[OlOk]
*[kjarak]
*[kOrOp]

[Olk]
[kjark]
[kOrp]

Summarising, the inserted vowel is obligatory in the frame in (8). There
must be a preceding short vowel. The first of the two consonants must be
a sonorant and the second must not be preaspirated. Finally, the two
consonants may not be homorganic.

(8) C1
[+son] [—preasp]

C2 (where C1 and C2 do not share place)á _

Notice that there is no overt syllabification restriction on the nature of the
cluster in (8); hence adding suffixes to relevant word-final clusters does
not produce alternations.

Bosch (1998) maintains that there are stress and syllabification
differences in many dialects between inserted and underlying vowels.
First, as already noted above, Borgstr¿m (1940) holds that while, in
general, intervocalic consonants are reported to affiliate to the left, a
consonant preceding an inserted vowel affiliates to the right, implying the
syllabifications in (9). This would, of course, go against the typical
cross-linguistic pattern where onsets are maximised (e.g. Hooper 1972,
Kahn 1976, Steriade 1982, Clements & Keyser 1983).

(9) s

a r na

s s

a r ma

svs.

4 Clements (1986) discusses some additional potential restrictions concerning lenited
segments, but the facts seem quite unclear and we set these aside for future study.
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Second, while stress generally falls on the first syllable of a word, if the
second vowel is an inserted vowel, stress is reported to fall there instead, as
in (10) (Bosch & de Jong 1997).

‘aran vs. a‘ram(10)

These prosodic restrictions are quite remarkable. First, we would not
expect inserted vowels to attract an onset where underlying vowels do not.
In addition, we would not expect inserted vowels to attract stress in an
environment where underlying vowels do not. We do not treat the stress
facts here, but our experiments directly address the syllabification facts.

3 Epenthesis vs. excrescence

Hall (2006) argues for a sharp distinction between what she refers to as
epenthetic vowels (phonologically visible inserted vowels) and excrescent
vowels (phonologically invisible inserted vowels), giving the properties in
(11) for epenthetic vowels (2006: 391).

(11)
a. The vowel’s quality may be fixed or copied from a neighbouring

vowel. A fixed-quality epenthetic vowel does not have to be schwa.
b. If the vowel’s quality is copied, there are no restrictions as to which

consonants may be copied over.
c. The vowel’s presence is not dependent on speech rate.

Properties of phonologically visible inserted vowels (epenthetic vowels)

d. The vowel repairs a structure that is marked, in the sense of being
cross-linguistically rare. The same structure is also likely to be
avoided by means of other processes within the same language.

She describes excrescent vowels as in (12).

(12)
a. The vowel’s quality is either schwa, a copy of a nearby vowel or

influenced by the place of the surrounding consonants.
b. If the vowel copies the quality of another vowel over an intervening

consonant, that consonant is a sonorant or guttural.
c. The vowel generally occurs in heterorganic clusters.

Properties of phonologically invisible inserted vowels (excrescent vowels)

d. The vowel is likely to be optional, have a highly variable duration
or disappear at fast speech rates.

e. The vowel does not seem to have the function of repairing illicit
structures. The consonant clusters in which the vowel occurs may
be less marked, in terms of sonority sequencing, than clusters which
surface without vowel insertion in the same language.

The inserted vowel in Scottish Gaelic exhibits many of the properties of
excrescent vowels. First, the inserted vowel is a copy of the preceding
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vowel (12a).5 The consonant intervening between the inserted vowel and
the vowel it copies is a sonorant (12b). Third, the vowel occurs only in a
heterorganic cluster (12c). Finally, the inserted vowel doesn’t obviously
repair an illicit structure (12e).6 On the other hand, the inserted vowel is
not optional or variable (12d).

Hall’s proposal is to treat excrescent vowels in general, and Scottish
Gaelic inserted vowels specifically, as the result of a non-phonological
gestural operation. Since this operation takes place at a different level
from the phonology, it follows that words like arm [aram], with an inserted
vowel, are phonologically monosyllabic.

Hall gives a number of arguments that the Scottish Gaelic inserted
vowel is not phonological. This is a difficult argument to make in
principle, because there is no generally accepted diagnostic for what
constitutes a phonological pattern vs. what constitutes a phonetic pattern.
Several of Hall’s arguments are of a derivational character: the argument
is based on the observation that vowel insertion would seem to follow some
other process.

For example, she cites glottal epenthesis in Argyllshire Gaelic as
evidence (Smith 1999). In this dialect, a glottal stop is inserted to close
short stressed open syllables (13a). This does not occur after a long
vowel or diphthong (13b), or before a cluster broken up by an inserted
vowel (13c).

(13) a.

b.

[‘kHa?rax@G]
[‘u?]
[‘mE:ri]
[‘tHraj]

‘move, stir’
‘egg’
(name)
‘beach’

/kHarax@G/
/u/
/mE:ri/
/tHraj/

£
£
£
£
£
£

c. [‘men@v]
[‘mar@v]

/menv/
/marv/

*[‘me?n@v]
*[‘ma?r@v]

‘fine, small’
‘dead’

*[‘mE:?ri]
*[‘tHraj?]

Hall concludes that clusters broken up by inserted vowels behave like
coda consonants and that the inserted vowel is excrescent. Alternatively,
from a derivational perspective, this can be characterised in terms of vowel
insertion following glottal stop insertion in the phonology. Hall presents
three additional sets of data that are of this sort: (i) first-syllable vowel
restrictions apply to inserted vowels, (ii) vowel assimilation to palatalised
(in traditional terms ‘slenderised’) consonants includes the vowel pre-
ceding the inserted vowel and (iii) vowel syncope creates an environment
for vowel insertion. While these additional facts are consistent with an
analysis where vowel insertion is not phonological, they are also consistent
with an analysis where vowel insertion follows the relevant phonological
process. Such relationships are handled differently in a framework
such as Optimality Theory, but our point is not the precise theoretical

5 This property in and of itself is not probative, as epenthetic vowels can also be
copies; see (11a).

6 Though see Nı́ Chiosáin (2000), who argues that the analogous process repairs a
sonority sequencing violation in the related language Irish.
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characterisation, but rather that these arguments have a general character
consistent with inserted vowels being phonological.
Hall also cites arguments from prosody. First, she cites Ladefoged et al.

(1998) as establishing that a monosyllable with an inserted vowel ‘has the
same pitch pattern as monosyllables’ (2006: 401), but this is not our
reading of that paper. Rather, Ladefoged et al. present preliminary results
that would seem to show that words with inserted vowels, like balg [balak]
‘blister’ have different pitch properties from words with underlying (non-
inserted) vowels, like ballag [balak] ‘skull ’. They do not directly compare
these words with monosyllables which do not have an inserted vowel. In
fact, given that words like balg have two vocalic portions, it’s not clear how
their pitch could be the same as genuine monosyllables with one vocalic
portion. That said, this line of argument is certainly interesting and merits
further detailed investigation.
Hall also cites syllabification arguments in support of her position. For

example, Borgstr¿m (1940: 153) maintains that native speakers do not
treat inserted vowels as a separate syllable:7

Comparing the two words fqNak ‘a crow’ º and S[aLa]k ‘hunting’
º [a consultant] said: In fqNak there is a ‘space’ between the two syl-
lables, so that he could pronounce fq – Nak. In S[aLa]k the L and the
following k are so ‘close together’ that such a separation is impossible;
the word is ‘nearly monosyllabic, but not quite monosyllabic’.

If this is correct, inserted vowels do not change the syllable count of a
word; a word like sealg [Salak] ‘hunting’, with an inserted second vowel,
has one syllable.
Summarising, the phonological evidence is unclear on whether the in-

serted vowel in Scottish Gaelic is phonological. We saw in the previous
section that the conditions under which the inserted vowel occurs are
phonological in nature: they can be expressed in terms of configurations
that can be expressed in phonological features and syllable structure. That
said, the inserted vowel is not treated as a vowel by other phonological
processes in the language. In addition, the syllabification facts that have
been cited would also seem to support a view that the inserted vowel is not
phonological.
Our experiments address precisely the syllabification claims. We con-

sider first whether speakers can perceive these vowels at all, and then focus
on the two specific syllabification claims: (i) do inserted vowels constitute
a separate syllable, and (ii) do they affect the syllabic affiliation of adjacent
consonants? We establish that speakers are aware of these vowels and can
distinguish them from underlying vowels. In addition, we show that they
do affect the number of syllables in a word and the syllabic affiliation of
intervocalic consonants. The import of these results is that the inserted
vowels of Scottish Gaelic are phonologically relevant. The precise

7 In the transcription used here, these words are: feannag ‘crow’ [fjanak] and sealg
‘hunting’ [Salak].
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contribution of these vowels is not categorical, however, and so it is fair to
say that if the inserted vowels are phonological, they are not phonological
in the same sense as underlying vowels. We return to this after we present
our experimental results.

4 Experiment 1: partial word identification

The purpose of this experiment was to determine whether native listeners
can identify whether a string contains an inserted or an underlying vowel
on the basis of acoustic cues. These cues need not be localised in the vowel
itself, but may be distributed throughout the string. However, if listeners
heard the entire word containing the target vowel, they could use knowl-
edge of the lexicon and orthography to determine the insertion status of
the vowel. Therefore, in this experiment, we presented VC(V)C portions
clipped from recordings of longer real words, where the second vowel was
either inserted or non-inserted (underlying).8 For example, the words
bargan [barakan] ‘bargain’ and marag [marak] ‘blood pudding’ were re-
corded by a native speaker of Scottish Gaelic (the sixth author, our native
speaker consultant, who was naive as to the purposes of the experiment at
that time) and the [arak]/[arak] portions of each word were clipped out
for use as stimuli. This manipulation ensured that the target vowels
were pronounced naturally, as they were read in real words, but that the
listeners could not hear enough of the word to recognise the lexical item. It
is possible that coarticulation in the remaining segments could provide
enough information for listeners to recognise some of the whole words.
However, for most items, it was expected that the remaining part of the
stimulus word presented would not provide enough cues to allow recog-
nition of the full word. Furthermore, it was important to present the vowel
before the target syllable if possible, because the duration ratio of the
vowels might serve as a cue to their vowel-insertion status. This method
was used rather than presenting whole words because there are very few
minimal pairs in the language differing only in the insertion status of the
vowel.

4.1 Participants

All of the experiments that we report on here were run in sequence, in-
terspersed with a number of other perceptual and articulatory experi-
ments not relevant to the topic of this paper. The sequence was not the
sequence in which results are reported here, and varied by subject. These
different orderings were largely a function of logistical concerns, maxi-
mising the participation of each subject across the experiments reported

8 For purposes of our experiments, we take inserted vowels to be those that occur in
the appropriate environment with the appropriate vowel quality and that are or-
thographically absent. The other purported properties of these vowels are precisely
those at issue, so these were not used in the selection of stimuli.
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here and others that we conducted not relevant to this paper. There were
some ordering constraints that we maintained so as not to bias subjects
from one study to another, and these are cited below where relevant. We
used only subjects for whom Scottish Gaelic was a first language. Given
the endangered status of the language, this meant that subjects were hard
to find and that many of our subjects were quite old and occasionally
infirm. We were able to run our experiments on 18 native speakers of the
language, all of whom had been monolingual until age 5. Because of
their age, some of our subjects were not able to complete all the studies. In
addition, one subject was not literate in Scottish Gaelic and had to be
excluded from some of the studies. These exclusions are noted separately
for each experiment.
For Experiment 1, participants were 18 native speakers of Scottish

Gaelic. The participant who was ultimately discovered not to read
Scottish Gaelic was excluded from this task. Another subject was ex-
cluded because of equipment failure during the experiment. Data from 16
subjects were thus available for analysis.

4.2 Methods

The experiment was run using E-prime software on a PC netbook. For
each task, subjects were first given oral instructions in English about the
nature of the task. Written instructions in English were also provided at
the beginning of each E-prime experiment.
Target stimuli were extracted from the 14 real words of Scottish Gaelic

in (14), seven of which contained an inserted vowel and seven an under-
lying vowel in an environment matching the environment of one of the
words containing an inserted vowel. Stimuli were randomised with the
stimuli for several experiments on perception of other distinctions not
reported here, so that listeners were not responding repeatedly to tokens
with inserted vowels.

(14)
inserted
anman
balg
bargan

falbh
meanbh
seanchas

urchair

[anaman]
[balak]
[barakan]

[falav]
[mEnEv]
[SEnEx@s]

[UrUxEr]

‘souls’
‘blister’
‘bargain’

‘to leave’
‘midge’
‘oral tra-

dition’
‘shot’

Items used in Experiment 1

anam
lag
marag

falamh
leanabh
gearanach

carach

‘soul’
‘hollow’
‘blood

pudding’
‘empty’
‘baby’
‘sighting’

‘crafty’

non-inserted
[anam]
[lak]
[marak]

[falãv]
[ljanav]
[gEranax]

[kæræx]

The stimuli relevant to perception of other distinctions (which served as
fillers for the current experiment) were similar to the current stimuli, in
being strings of a few segments excised out of Gaelic words. The task for
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these fillers was the same as for the target items, except that for some
distinctions the response alternatives were parts of words instead of whole
words.

The word pairs were matched for the consonants surrounding the target
vowel, and for five of the seven pairs also on the vowel of the preceding
syllable. For one pair, the vowel of the previous syllable differed, and for
one word of another pair, there was no preceding vowel.9 The boundary
between a preceding consonant and the first vowel of the stimulus was
placed at the onset of a clear second formant frequency for the vowel. For
consonant-initial stimuli, the boundary between a preceding vowel and
the consonant was placed at the most sudden change in the spectrogram
consistent with onset of the consonant (e.g. the sudden shift in frequency
distribution at the onset of a nasal). For stimuli which had an additional
vowel in the word after the last consonant of the stimulus, similar criteria
were used.

Participants heard a partial word, and were simultaneously presented
with two whole-word orthographic choices on the screen. One of the
choices was the correct orthography of the word from which the stimulus
was spliced; the other was the orthography of the other word of the pair.
For example, when the stimulus [arak]/[arak], spliced from either bargan
(inserted [a]) or marag (underlying [a]), was played, those two words were
the response alternatives displayed on the screen, in Gaelic orthography.
All stimuli were presented once.

Participants were encouraged to guess if they did not know the answer;
if no response was detected, the program advanced automatically after six
seconds. After a participant responded, there was a pause of 700 milli-
seconds before the next stimulus was presented. Participants responded
on a PST Serial Response Box (subjects 1–11) or keyboard (subject 13 and
above).10 Only response, not response time, was analysed, so the keyboard
was sufficient for recording responses. There were five practice items
before the target items.

9 For these two word pairs, no pairs with matching preceding vowels could be found.
Therefore, for stimuli from these two pairs, and through experimenter error also
from one other pair (leanabh [ljanav], meanbh [mEnEv]), only the C(V)C portion was
presented, rather than the VC(V)C portion. This prevents listeners from using the
differences in the preceding vowel to identify the insertion status of the target
vowel. Thus, for example, only the [rVx] sequence of the words urchair [UrUxEr]
and carach [k^r^x] was presented. For two words (lag [lak] and anam [anam]),
the stimulus constitutes the entire word. However, since all the other stimuli, as
well as the approximately 150 other stimuli for the related experiments, consisted of
partial words, we do not expect that listeners used lexical information to determine
the insertion status of these two words, nor even recognised that these stimuli were
the whole word.

10 The button box began malfunctioning during subject 12’s responses, which was the
reason for the switch to keyboard response. Subject 12’s responses were excluded.
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4.3 Results

In total, there were 221 data points. (There were 3 non-responses.) The
data were analysed using mixed effects logistic regression (Jaeger 2008).11

In all of our analyses, we follow the recommendations of Barr et al. (2013),
using maximal design-based models with random slopes as appropriate.
The data were analysed using vowel status (inserted or non-inserted) as

the single factor. This is a repeated measure for both subjects and items,
since the stimulus words were chosen in matched pairs (with at least the
two consonants and any vowel before the C(V)C string matched, e.g.
bar(V)gan was matched to marag). The data were analysed with the pro-
portion of inserted vowel responses as the dependent variable, i.e. the
proportion of items for which subjects chose the orthographic represen-
tation consistent with analysing the target vowel as inserted. Thus, if a
subject choseºargº rather thanºaragº, this was an inserted response,
regardless of whether the stimulus came from bargan (inserted) or marag
(non-inserted). Analysing the proportion of inserted vowel responses ra-
ther than the proportion of correct responses removes the confound of bias
with perceptibility.12 In this particular analysis, we use random intercepts
and slopes for both subjects and items.
Means and standard deviations appear in Table I. Notice that the

proportion of inserted responses is much higher for items with inserted
vowels. It might seem surprising that listeners only identified inserted
vowels as inserted on 54% of trials. This reflects a bias toward choosing
an orthographic representation that is closer to the surface form. When
listeners heard a stimulus with an inserted vowel, they could choose the
underlying, non-inserted response, which was closer to the surface form
which they heard. Choosing the (correct) inserted response required
choosing a more abstract orthography. Thus listeners had an overall bias
toward the underlying responses.

Table I
Proportion of inserted responses (e.g. choice of …arg… rather than

…arag…) for Experiment 1, by insertion status of the stimulus word.

mean

inserted
non-inserted

0·54
0·26

SD

0·20
0·15

11 These were performed using the lmer() function of the R lme4 package.
12 If we analyse proportion of correct responses for both stimulus types directly, we

don’t know whether any apparent difference is a consequence of correctly identi-
fying the vowels or because there is a preference for inserted vowel responses.
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The effect of vowel insertion is significant, as shown in the bottom
right-hand cell of Table II. The positive coefficient for insertion confirms
the pattern in Table I.

4.4 Discussion

We see that subjects were generally able to distinguish forms with and
without inserted vowels even, in the general case, without hearing enough
of the word to recognise the lexical item. There must thus be acoustic
differences between matched pairs. These differences do not stem from
the quality of the preceding vowel or coarticulation with the surrounding
consonants, since these were matched. This suggests that inserted vowels
are phonological entities which are distinct from non-inserted vowels.
Note that our result does not establish when in the signal the perceptual
cues to vowel-insertion status occur. As noted by an anonymous reviewer,
perceptual cues to vowel-insertion status may overlap into neighbouring
segments or the preceding syllable, and our technique does not separate
these out. Examination of means for each item pair (see the individual
item-by-item response means in Table XII in the Appendix) shows that
for six of the seven pairs, listeners are more likely to respond that a vowel
is inserted if it actually is than if it is not. There is of course variation in the
size of the effect, but the pairs with the smallest differences show 6%
(anman [anaman] vs. anam [anam]) and 13% (balg [balak] vs. lag [lak])
differences. The item-pair means demonstrate that the perceptual effect is
not carried by one or two items. Determining whether there are cues to
vowel insertion in segments other than the vowel, and where these are
located, is a question for future research. The current study establishes
that sufficient cues are present within the vowel and surrounding seg-
ments for listeners to distinguish inserted from underlying vowels.

We examined several acoustic measures of the 14 stimulus sound files,
to determine how likely it is that the vowel itself might contain perceptual
cues to the inserted/underlying distinction. Because only a single token of
each word was presented to listeners (because of the constraints of field-
work with native speakers of a severely endangered language) this analysis
has low statistical power. However, it reveals two potential acoustic
characteristics listeners might use to hear the distinction, both realised
within the vowel itself. Average vowel duration is 52 ms longer for

Table II
Mixed e‰ects logistic regression results for Experiment 1.

coecient

intercept
inserted

—1·46
1·71

SE

0·626
0·839

p (>|z|)

0·01969
0·04095
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inserted vowels than underlying ones, consistent with past literature on
another dialect (Bosch & de Jong 1997). Furthermore, the F0 peak is
timed earlier in words with an underlying vowel, but near the onset of an
inserted vowel (the average time of the F0 peak relative to the onset of
the target vowel is 57 ms earlier for underlying vowels), which is also
consistent with Bosch & de Jong’s findings. Using within-items ANOVA,
because these data have only one random factor, the vowel-duration dif-
ference is not significant (F(1,6)=3.63, p=0.106), but the F0 peak-timing
difference is (F(1,6)=6.48, p<0.05). These analyses of the acoustic
characteristics of the target vowel suggest that there may be perceptual
cues to the vowel’s insertion status even within the vowel itself. However,
it was not the purpose of this experiment to determine when in the signal
sufficient perceptual cues to the insertion distinction become available,
and it is quite possible that listeners also use additional perceptual cues
in surrounding segments. What this experiment shows is that there are
perceptual cues located in the target vowel and/or the string of segments
around it that are sufficient for listeners to perceive the distinction, and
the acoustic analyses of the stimuli suggest that at least some of those
perceptual cues are probably located within the vowel. Our result here
does not establish that the inserted vowel is itself acoustically distinct from
a non-inserted vowel.
Presenting the two orthographic response alternatives (representing

inserted and non-inserted spellings of the sound string) on the computer
monitor could draw subjects’ attention to the issue of insertion status. It is
also possible that some listeners could recognise what word some of the
items came from, even though only a portion of the word was presented.
In order to rule out possible effects from these sources, we conducted
Experiment 2, using nonsense words and a task that would not draw lis-
teners’ attention to insertion status.

5 Experiment 2: nonsense-word task

In our second experiment, we created a set of nonsense items that varied in
terms of inserted vowels. The goal was to see if subjects could reliably
distinguish inserted from non-inserted items in an open-response ortho-
graphic transcription task, which did not direct their attention to insertion
status or constrain their response alternatives.

5.1 Participants

Participants were the same as in Experiment 1. The subject who was not
literate in Scottish Gaelic was again excluded, leaving 17 subjects.

5.2 Methods

33 nonce words were constructed. All nonsense words were spelled
with a second-syllable vowel that would be read as unstressed (e.g. ralabh
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[ralav]), or were spelled without a second vowel, but had an environment
for an inserted vowel (e.g. albh [alav]).

To create the tokens for the experiment, items were written down in
Scottish Gaelic orthography. The items were then recorded by a native
speaker (the sixth author, who was again naive as to the purpose of the
experiment at the time of the recording). The speaker produced all of the
stimulus items with an unstressed second vowel. For items spelled with-
out a second vowel, such as albh, she inserted a vowel. For items spelled
with a second vowel, such as ralabh, she produced the vowel as a non-
inserted vowel. All items are given in (15).

(15)
inserted albh

bainm
beallb
beilb
bralb
cearbh
cearg
coirg
dorb
fonm
golb
ilm
molb
morb
mulb
olb

[alav]
[bEnEm]
[bjalap]
[bIlIb]
[bralap]
[kjæræv]
[kjarak]
[kVrVk]
[dVrVp]
[fVnVm]
[gVlVp]
[IlIm]
[mVlVp]
[mOrOp]
[mUlUp]
[VlVp]

non-inserted beillib
boirreag
bollob
bolob
corrab
dulab
fainim
fealag
feallag
fearabh
fonam
gealab
ilim
morab
pearrag
ralabh
tolab

[bIlIp]
[bOrjæk]
[bVlVp]
[bOlOp]
[kVrVp]
[dul@p]
[fEnEm]
[fjalak]
[fjalak]
[fErEv]
[fVnVm]
[gjalap]
[IlIm]
[mOrOp]
[parak]
[ralav]
[tVlVp]

Items for Experiment 2

Instructions were given orally in English. Subjects were told they would
hear recorded nonsense words in Scottish Gaelic, and were asked to do
their best to write the words down in Scottish Gaelic orthography. Items
were presented in a single pseudo-randomised order.

5.3 Results

The data were analysed using a mixed effects logistic regression. Random
intercepts were used for subjects and items, but random slopes were only
used for subjects. Because the items are nonsense words, the insertion
status of the vowel actually reflects whether the vowel was ortho-
graphically present in the non-word materials the speaker read the stimuli
from. An item spelled albh in the stimulus recording list (and pronounced
[alav]) is an insertion item, because the speaker had to pronounce it with a
second vowel. An item spelled ralabh in the stimulus recording list (and
pronounced [ralav]) is a non-insertion item, because the speaker treated
the vowel as being underlyingly present.
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Because the data use an orthographic open-response format, because
the participants do not all have the opportunity to write in Scottish Gaelic
frequently even if they can read it well and because Gaelic has a relatively
opaque orthography where many spellings are possible for the same pho-
netic string, written responses were highly variable on features other than
insertion status of the target vowel. Any response with an orthographic
vowel between the second syllable consonants was counted as a non-
insertion response. Any response without one was counted as an insertion
response. For example, for a stimulus which the speaker read from
the non-word ilim, responses included eilim, iolam (both non-inserted),
iolm, eilm (both inserted), etc.13 There were also misperceptions or mis-
transcriptions of consonants, as in the response birip for a stimulus read
from beillip. Although the purpose of the experiment was to examine the
insertion status of vowels, we also coded responses for the number and
type of variations from the expected form (in addition to insertion status).
These measures did not show any significant differences between inserted
and non-inserted stimuli, and will not be discussed further here: whether
the second vowel was pronounced as inserted or not did not affect
how accurately listeners succeeded in transcribing consonants or the first
vowel.
In total, there were 561 data points. Table III shows the proportion of

items to which subjects responded with an inserted vowel.

Notice that the percentage of inserted responses is higher for
inserted items, but this effect is not significant, as shown in the final cell
of Table IV. The positive coefficient shows the non-significant positive
effect of insertion. The lack of fully matched pairs of items is likely to
increase the variability in responses to specific items.
Although the items are all nonsense words in Gaelic, it is possible that

listeners would be influenced by how similar the items are to real words, or
by what proportion of real words with the same consonant cluster as the

Table III
Proportion of responses with no orthographic vowel between

the second-syllable consonants (insertion responses) for
Experiment 2, by insertion status of the stimulus (see text).

mean

inserted
non-inserted

0·39
0·32

SD

0·21
0·18

13 As noted above, there is a great deal of opacity in Scottish Gaelic spelling, so it is
impossible to be definite about how these invented spellings might be pronounced
by other speakers. Here are some reasonable possibilities for the examples cited:
eilim [elj@m], iolam [il@m], iolm [ilim], eilm [eljem].
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non-word show insertion. The proportion of subjects responding to each
item as if the second vowel were inserted (e.g. albh-type responses) was
tested for correlation with the neighbourhood density of the nonsense
item, and with the probability of an inserted vowel within the lexicon in
the target consonant cluster.

For this analysis, neighbourhood density and probability of insertion in
the lexicon were determined as follows. We calculated neighbourhood
density with respect to the LER-BIML corpus.14 Neighbourhood density
was 0 for most items, owing to the complexity typical of Gaelic words, but
there was some variation within this measure. This correlation was not
significant (r(31)=q0.057, p=0.754), but it is difficult to conclude much,
given the lexical data available.

We also coded items for how likely a vowel is at the relevant site. For
example, we counted up the number of instances of lb and the number of
instances of lVb. Items were then coded for how likely a vowel was in
that environment compared to no vowel. This correlation was also not
significant (r(31)=q0.308, p=0.081). Although it seems to approach sig-
nificance, it is also in the opposite of the expected direction: words with a
higher probability of insertion elicit fewer inserted vowel responses. We
conclude that the likelihood of vowel insertion was not a factor in this
experiment.

5.4 Discussion

This task was completely open-response, asking listeners simply to write
down what they heard, and not directing their attention to the fact that
some of the vowels were potentially inserted. Listeners were not in-
structed to choose whether the second vowel should be written or not, for
example. Responses were quite variable on aspects unrelated to insertion
status as well, indicating that encoding the phonemes of non-words in
Gaelic orthography was not a straightforward task. (The lack of corre-
lation with lexical measures suggests that this non-word transcription task
did avoid lexical influence on responses.)

Table IV
Mixed e‰ects logistic regression results for Experiment 2.

coecient

intercept
inserted

0·644
0·398

SE

0·468
0·523

p (>|z|)

0·16899
0·44616

14 This corpus, available at http://www.ling.lancs.ac.uk/biml, is quite small : only
20,829 words. It includes a transcribed conversation, a university lecture, several
sermons and one public educational talk.
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The overall proportion of responses indicating that listeners interpreted
the vowel as inserted was slightly higher in Experiment 1 (phonetic
identification of partial real words; averages of 0.26 and 0.54 insertion
responses) than in Experiment 2 (open transcription of non-words;
averages of 0.32 and 0.39 insertion responses). Thus Experiment 2 shows
a stronger bias against insertion responses. This is probably a result of the
open-response task in Experiment 2. Since listeners were not instructed to
consider that some of the vowels might be inserted and therefore might
not be spelled, the most straightforward response would be to write all the
sounds they heard, regardless of potential phonological origin and subtle
phonetic differences that might differentiate them, giving a surface rep-
resentation of the stimulus (e.g. responding alabh rather than albh for
[alav]/[alav]). Giving an insertion response (e.g. albh) requires realising
that the sounds could be spelled in a way that is further from the surface
form.15

6 Experiment 3: counting syllables

In this experiment, subjects were asked to count the number of syllables in
a word overtly. The goal was to see if or how inserted vowels contribute to
the syllable count. This experiment bears directly on the question of
whether an inserted vowel constitutes an independent syllable.

6.1 Participants

Participants were the same as in Experiments 1 and 2. One subject did not
participate in this experiment, because of a hearing impairment and
consequent difficulty in completing all the tasks. There were thus data
from 17 subjects available for analysis.

6.2 Method

Participants were prompted verbally with an English word or phrase, and
were instructed to give the Scottish Gaelic translation equivalent. Items
were presented in a pseudo-randomised order. If a participant did not
respond with the expected item, the experimenter prompted the partici-
pant with the desired item in Scottish Gaelic. If the participant indicated
after prompting that they were not familiar with the item, it was discarded
from the later parts of the experiment. In this and all of our experiments,
the experimenter was always a speaker of English who had limited
knowledge of Scottish Gaelic.
Participants were then asked to count the number of syllables in

the Scottish Gaelic equivalents of the English stimuli. All responses,

15 This is an intriguing notion, but following it any further here would lead us well
away from the focus of this paper, so we reluctantly set it aside for now.
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regardless of the nature of the prompt, were treated together. Non-whole
number responses (e.g. ‘one and a half syllables’) were initially excluded
from the analysis, as the experiment was designed for categorical re-
sponses. A subsequent separate post hoc analysis was done that included
these responses, to ascertain if they affected the results.

Items were coded for how many non-inserted syllables were present.
For example, a form like aran [aran], with no inserted vowels, would be
coded as having two syllables. A form like arm [aram], with a single non-
inserted vowel, would be coded as having only one syllable. Subject
responses were coded in terms of how they departed from these. For ex-
ample, if a subject responded that [aran] had two syllables, this would be
coded as zero. If they responded that it had three syllables, this would
be 1; a response of one syllable would be coded as q1. Similarly for a form
like [aram]: if a subject said it had one syllable, this would be coded as
zero, and if they said it had two syllables, this would be coded as 1. The
general logic of the response coding is that zeros would indicate
that subjects were not counting inserted vowels, and positive counts
would indicate that they were.16 The items used in the experiment are
given in (16).

inserted

non-inserted anam
aran
caileag
calachan
feannag
leanabail
marag
sgalag

[anam]
[aran]
[kalak]
[kalaxan]
[fjanak]
[ljanabEl]
[marak]
[skalak]

ainm
arm
balg
calpa
gorm
meanbh
sealg
seanchas
tiormachd

[EnEm]
[aram]
[balak]
[kalapa]
[gOrOm]
[mEnEv]
[Salak]
[SEnEx@s]
[tSIramaxk]

‘name’
‘army’
‘blister’
‘calf’
‘blue’
‘midge’
‘hunt’
‘oral tradition’
‘drought’
‘soul’
‘bread’
‘woman’
‘harbours’
‘hoody crow’
‘childish’
‘blood pudding’
‘farm worker’

(16) Items for Experiment 3

16 The coding here and for the next experiment is based on the assumption that the
vowels are indeed inserted. Another possibility would be to treat inserted vowels as
present and ask how often they were not counted. This latter approach is interesting,
but we opted for the analysis in the text, as we start from the generally accepted
assumption that these vowels are inserted.
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6.3 Results

Out of 300 possible scores, there were 261 usable data points. There were
significant effects of insertion status in the count data: we give the means
and standard deviations in Table V. A positive number indicates that
responses had an extra vowel compared to the count of non-inserted
symbols; a negative number indicates that responses had fewer vowels
than expected.

The means for each condition show that the words with inserted vowels
sometimes, but not always, got an extra syllable; indeed, there was an
extra syllable about 59% of the time. In contrast, words with non-inserted
vowels on average did not get an extra syllable. The negative mean is due
to subjects not always counting non-inserted vowels as syllables (hence the
difference between expected number of syllables and observed number of
syllables would be negative in those cases). Vowel type is significant by
likelihood ratio test (c2(1)=16.7, p<0.001).
As noted above, some subjects gave non-whole-number responses, e.g.

‘one and a half syllables’, etc. There were eight such responses, given by
five different subjects. Vowel type is still significant by likelihood ratio test
(c2(1)=16.7, p<0.001) when these responses are included.

6.4 Discussion

Our results show that inserted vowels are not equivalent to non-inserted
vowels, since subjects counted the former only 58% of the time. At the
same time, inserted vowels were counted as a syllable more often than
would be expected if they were indeed non-syllabic, as claimed by Hall.
Indeed, at, 58%, they were counted more than half the time. Therefore
these results would argue against treating Scottish Gaelic inserted vowels
as excrescent.
Looking at the item-by-item values in Table XIII (in the Appendix),

the means are quite consistent. The mean for calachan stands out, and it
may be that this is actually an inserted-vowel item.

Table V
Degree of deviation from number of orthographic (non-inserted) syllables for

the counting experiment, by whether the word contains an insertion environment
or a matched non-inserted vowel. Positive numbers reflect addition of a syllable

beyond the number that is written, such as a syllable for an inserted vowel.
Negative numbers reflect the absence of an underlying syllable.

mean

inserted
non-inserted

0·59
—0·13

SD

0·54
0·33
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While our experiment was not set up to test the gradience of syllable
count, it is interesting to note that some subjects would count words with
inserted vowels as having an extra half syllable. Several subjects gave this
type of response even though it wasn’t an option given to them in the
instructions. (These responses were therefore excluded from our initial
analysis.) This response was never given for words without inserted
vowels.

7 Experiment 4: knocking for syllable beats

We were concerned that subjects might not understand syllable counting
correctly or that we might elicit some sort of prescriptive or ortho-
graphically determined syllable count. We therefore had a second task
with the same items as Experiment 3, where subjects were asked to knock
in time to each word. The reasoning is that this might provide a more
natural opportunity for syllable count to be revealed.

7.1 Participants

Participants were the same as in Experiment 3. The same 17 subjects
completed the task.

7.2 Method

As for Experiment 3, participants were asked to give the Scottish Gaelic
translation equivalent of an English word or phrase. Following this,
participants were asked to ‘knock’ on the table or a hardcover book for
each ‘part’ of the word. Participants were encouraged to give an
immediate response, rather than to count ‘parts’ consciously. This
experiment took place prior to Experiment 3, so that participants would
not be biased toward knocking the number of syllables that they later gave
the count for. In addition, Experiments 3 and 4 were separated from
one another by an unrelated articulatory task using ultrasound. Again, we
received some responses where subjects indicated they wanted to give half
a knock. As with the previous experiment, we analyse the data without
these responses first and then with them.

7.3 Results

Out of 300 possible scores, there were 271 usable data points. There ap-
pear to be significant simple effects with the knocking data as well as the
counting data. The means, calculated the same way as for the counting
data, are given in Table VI. Notice that, just as with the counting data,
subjects did not consistently add an entire syllable for inserted vowel
words.
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As with the counting experiment, a likelihood ratio test shows a sig-
nificant effect of vowel insertion (c2(1)=18.3, p<0.001). As with
Experiment 3, inspection of the item-by-item values, in Table XIV in the
Appendix, shows quite consistent behaviour, though again, calachan
stands out, and may actually have an inserted vowel.
As with the previous experiment, some subjects said that they wanted to

give a ‘half a knock’ to some syllables. There were eight such responses,
given by six different subjects. Only one subject gave half responses for
both tasks. Vowel type is still significant by likelihood ratio test
(c2(1)=18.9, p<0.001) when these responses are included.

7.4 Counting vs. knocking

Is there a difference between counting and knocking? Recall that we
used the knocking task in response to the possibility that counting
might invoke more prescriptive judgements or might be unduly influ-
enced by the orthography. Since the materials of the two experiments
are the same and the methodologies are quite parallel, we can put
response type into the analysis and ask whether there is a significant
difference in the effect of vowel insertion in terms of response type:
whether there is a significant interaction. First, Table VII shows the mean
responses by response type. Note that the numbers here are slightly
different, as we calculate means here only over items where subjects
responded in both tasks.

Table VI
Degree of deviation from number of orthographic (non-inserted)

syllables for the knocking experiment, by whether the word contains
an insertion environment or a matched non-inserted vowel.

mean

inserted
non-inserted

0·56
—0·18

SD

0·53
0·42

Table VII
Comparison of mean degree of deviation from number

of non-inserted syllables by task and word type.

knocking

inserted
non-inserted

0·56
—0·18

counting

0·59
—0·13
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The interaction is not significant by likelihood ratio test (c2(5)=6.62,
p=0.251). There is no difference if ‘half ’ responses are included; the in-
teraction is still not significant by likelihood ratio test (c2(1)=0.008,
p=0.929). We conclude that putative orthographic or prescriptive effects
do not distinguish the tasks.

7.5 Discussion

The results of Experiment 4 essentially replicated those from Experiment
3: in the aggregate, inserted vowels add less than a whole syllable, but
more than nothing, to the number of knocks for a word.17 There does not
appear to be a significant difference between the knocking and counting
tasks in terms of the effect of insertion, though counting resulted in
numerically a slightly higher, but non-significant, reported number of
syllables overall. The import, once again, is that inserted vowels are not
invisible phonologically if we make the natural assumption that our tasks
tap into phonological awareness.

8 Experiment 5: syllabification in the coda?

Recall from w2 that Bosch (1998) maintains that a consonant preceding an
inserted vowel is more likely to syllabify as the onset of the following
vowel/syllable than as the coda of the preceding vowel/syllable. This is
contrary to the normal syllabification of the language, as laid out by
Borgstr¿m (1940) and summarised in w2 above. In Experiments 5 and 6,
we tested whether this is true by asking native speakers to give the first and
last syllables of disyllabic words. If Bosch is correct, (i) the intervocalic
consonant should be in the first syllable but not in the last syllable if the
vowel of the second syllable is not an inserted vowel, and (ii) it should be
in the last syllable but not in the first syllable if the second vowel in the
word is an inserted vowel.

There are of course two other possibilities: the consonant could be in
both syllables, or it could be in neither syllable. Accordingly, we treated
first- and last-syllable responses separately, first asking whether the in-
tervocalic consonant was more likely to be in the first syllable for inserted
vowels or for non-inserted vowels, and then doing the same for the last
syllable.

Syllable judgements of this sort have been used for some time to tap into
subjects’ intuitions about syllables (Treiman & Danis 1988, Treiman &
Zukowski 1990). Following the same paradigm, Derwing (1992) found
further support for these factors (stress, vowel quality, orthography, etc.)
affecting syllabification in English, and reported similar results in Korean,
Arabic, Swiss German and Blackfoot, thus extending the pause-break

17 An anonymous reviewer notes that we might instead interpret this as follows:
sometimes inserted vowels get a full count/knock, and sometimes not, while non-
inserted vowels always get a full count/knock.
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paradigm to other languages. That judgements for adjacent syllables
should be treated separately is argued by Content et al. (2001); see also
LaCross (2008).
The import of this question is that syllabification is a phonological

variable. If inserted vowels are associated with different syllabification,
this supports the notion that inserted vowels are phonologically visible
and not excrescent.

8.1 Participants

This experiment had the same participants as the other experiments, ex-
cept that two subjects did not participate in this one. Thus data from 16
subjects were available for analysis.

8.2 Method

As in Experiments 3 and 4, participants were prompted verbally with an
English word or phrase and asked to give the Scottish Gaelic translation
equivalent. If the participant did not respond with the expected item, the
experimenter prompted the participant with the desired item in Scottish
Gaelic. If the participant indicated that they were not familiar with the
item after prompting, it was discarded from the further parts of the ex-
periment. Participants were then asked what the first syllable of the word
was. In this experiment and the next, we therefore explicitly used the term
syllable.18 Participants were told that the first and last syllables could be
the same, in case they did not think that a word with one underlying vowel
and one inserted vowel was two syllables long. We focused on words that
have two syllables on the surface, where the second vowel is either inserted
(ainm) or not (anam). We did this to avoid the complexities of dealing with
words that are potentially longer, where some medial syllable might
complicate the responses.

8.3 Results

There were 175 usable data points. We first analyse the first-syllable
judgements, focusing on whether that syllable is closed by the intervocalic
consonant or not. (In the next section, we treat separately the question of
whether that consonant affiliates to the second syllable.) If the intervocalic
consonant was part of the first syllable, we coded that as a ‘yes’ response.
The mean proportion of ‘yes’ responses by insertion status is given

in Table VIII. Notice that the proportion of ‘yes’ responses is much lower
for inserted vowels. As before, we analyse this with a mixed effects logistic

18 A reasonable follow-up to these experiments would be to use a more agnostic set of
instructions, where subjects are instructed to look for ‘parts ’ of the word, rather
than syllables per se.
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regression with random intercepts for subjects and items and random
slopes for subjects.

There is a significant effect of vowel insertion, as shown in the final cell
of Table IX. The negative coefficient reflects the negative effect of vowel
insertion on the response variable.

Both types of words (words with inserted vowels and words without)
may have the intervocalic consonant in the coda of the first syllable, but
words without the inserted vowel are significantly more likely to; on
average, the intervocalic consonant is in the first syllable 73% of the time
for words without inserted vowels, as opposed to only 44% of the time for
words with inserted vowels.

It’s possible that phonotactic restrictions played a role in this task.
While items in both conditions contained the vowel [a] followed by [l], [n]
or [r], there were two items in the inserted condition that contained the
vowels [E] and [O], e.g. gorm [gOrOm] and meanbh [mEnEv]. These vowels
can occur in open syllables in Scottish Gaelic, e.g. in e ‘he’ [E] or seo ‘here
is ’ [SO], but their type frequency is quite low; there are very few words of
this sort, though the ones that do occur are extremely high-frequency. It’s
possible that subjects may have been reluctant to supply closed syllable
responses in such cases. If this were the case, however, notice that it would
go in the opposite direction from the effect that we have found. We con-
clude that any phonotactic effect of this sort is not confounded with our
effect.

Table VIII
Proportion of responses including the intervocalic consonant

in the first syllable, by insertion status of the word.

mean

inserted
non-inserted

0·44
0·73

SD

0·37
0·35

Table IX
Mixed e‰ects logistic regression results for Experiment 5.

coecient

intercept
inserted

SE

0·736
0·640

p (>|z|)

0·01234
0·00048

1·84
—2·23
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8.4 Discussion

Results for Experiment 5 confirm Bosch’s claim: syllabification of
Scottish Gaelic normally places an intervocalic consonant at least partially
in the coda. Further, the consonant is less likely to be such a coda when the
following vowel is an inserted vowel. As with our syllable-counting and
knocking experiments, however, this is not categorical.
At the same time, the consonant preceding the inserted vowel does

sometimes (44% of the time) appear in the first syllable, in contrast to the
claim that it should always be the onset of the inserted vowel. 44% does
not approach 0%, which suggests that the syllabification of a consonant
preceding an inserted vowel is gradient, ambiguous or ambisyllabic. What
is very clear, however, is that the presence of the inserted vowel has
consequences for syllabification. Hence it would be incorrect to view the
inserted vowel as phonologically invisible.

9 Experiment 6: syllabification in the onset?

Whether the intervocalic consonant is in the last syllable is
treated separately from whether or not it is in the first syllable,
since, conceivably, the consonant could be in both syllables or neither
syllable.

9.1 Participants

This experiment had the same 16 participants as Experiment 5.

9.2 Method

Following Experiment 5, there was a break during which participants
participated in another, unrelated experiment, so that the responses they
had given for the first syllable would not influence their responses for the
last syllable. As with Experiments 3–5, participants were prompted with
an English word or phrase, for which they were asked to give the Scottish
Gaelic translation equivalent. Participants were then asked to give the
final syllable of the Scottish Gaelic words. As with Experiment 5, only
plausibly disyllabic items are relevant.

9.3 Results

In this section, we consider the syllabification of an intervocalic
consonant into a following syllable depending on whether the vowel of
that syllable is inserted (ainm) or not (anam). Table X shows the difference
in the proportion of ‘yes’ responses across the two conditions. A ‘yes’
response means the subject judged the intervocalic consonant to be in the
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following syllable. Notice that the consonant is less likely to affiliate to the
right in words with inserted vowels.19

There were 175 usable data points. We analyse this with a mixed effects
logistic regression with random intercepts for subjects and items, and
random slopes for subjects. This difference is significant, as shown in
the final cell of Table XI. The negative coefficient reflects the pattern
in Table X. The difference is small, but the consonant syllabifies right-
ward with non-inserted vowels more readily than with inserted vowels.
The literature reports no difference in syllabic affiliation in this direction.

9.4 Discussion

The main result from Experiments 5 and 6 is that the consonant preceding
an inserted vowel was less likely to be included in the preceding syllable,
and was also less likely to be included in the following syllable. As already
discussed, the former fact argues that inserted vowels in Scottish Gaelic
are not phonologically invisible, since their presence has consequences
for syllabification. The rightward-affiliation facts support this conclusion
as well.

The results are somewhat anomalous, however. While we have found a
clear effect in Experiments 5 and 6 for vowel insertion, the conclusion

Table X
Proportion of responses including the intervocalic consonant

in the following syllable, by insertion status of the word.

mean

inserted
non-inserted

0·06
0·12

SD

0·00
0·05

Table XI
Mixed e‰ects logistic regression results for Experiment 6.

coecient

intercept
inserted

SE

0·897
1·657

p (>|z|)

0·00002
0·00048

—3·83
—5·78

19 An anonymous reviewer expresses concern over whether subjects may have some-
times given whole-word responses here. This did occur (20 times), but these re-
sponses were excluded from the analysis.
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seems to be that subjects avoided including the consonant preceding an
inserted vowel in either syllable. Neither effect is categorical, of course.

10 General discussion

The results from all experiments show some support for claims from the
literature, but in each case require a more nuanced view of the status of the
inserted vowel.
Experiment 1 showed that subjects can distinguish words with inserted

vowels from words with underlying vowels. This suggests that there is
indeed both a phonetic and a synchronic phonological distinction between
the two classes of words. This experiment did not establish that the per-
ceptual cues for that distinction are found during the vowel; they may very
well be distributed over other segments in these words. However, the
acoustic analyses we performed of the stimulus productions suggest that at
least some perceptual cues are probably located in the vowels themselves,
such as vowel duration and the shape and height of the F0 curve as af-
fected by timing of the F0 peak. However, the timing of the perceptual
cues is not at issue, and this experiment establishes that sufficient cues are
available for listeners to hear the difference.
Experiment 2 was an open-response ‘write what you heard’ task, using

nonsense words. The task did not draw listeners’ attention to the insertion
phenomenon, although one or two listeners with extensive metalinguistic
knowledge about Scottish Gaelic did realise that this experiment was
about these vowels. The effect of vowel-insertion status in this experiment
was not significant, but this may stem from the small number of items, the
fact that the items were not fully matched, and the expected variability of
open-response data, all of which lower statistical power. The non-signifi-
cant effect suggests that listeners may perceive some difference between
inserted and underlying vowels even when their attention is not drawn to
this distinction, and reflect that difference in choice of orthography.
We also saw in Experiments 3 and 4 that subjects had a different syllable

count for words with and without inserted vowels: words with inserted
vowels were judged as having more than the number of input vowels (see
note 2 on our use of ‘ input’). This argues that words with inserted vowels
in their surface form have to be represented phonologically somehow as
having more syllables than in their input. On the other hand, Experiments
3 and 4 also show that the count for words with inserted vowels is not
simply a result of adding an additional syllable. Rather, in the aggregate,
such words would seem to have something less than a syllable added.
Experiment 5 established that the affiliation of intervocalic consonants

was different in the two classes of words. When the following vowel was in
the input, the consonant affiliated to the left. When the following vowel
was an inserted vowel, the consonant was significantly less likely to affiliate
to the left. Finally, Experiment 6 showed that in the face of a general
preference for not including the intervocalic consonant in the following
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syllable, this preference was significantly stronger when the following
vowel was inserted. Since syllabification is an instance of phonology in
Hall’s sense, and inserted vowels have consequences for it, this suggests
that inserted vowels are phonological.

Taken together, these results establish that the inserted vowel is not
simply a retiming of phonetic gestures, irrelevant to the phonology.
Rather, the inserted vowel makes a clear contribution to the syllable
structure of Scottish Gaelic.

Thus, even though Scottish Gaelic inserted vowels meet some of Hall’s
criteria for excrescent (phonologically inactive) vowels, such as occurring
in heterorganic clusters, having a schwa or copied quality, and not ex-
plicitly repairing illicit structures (see (12) above), the current results
show that Scottish Gaelic inserted vowels are phonologically visible. This
suggests at least that inserted vowels in the world’s languages cannot be
divided into phonologically visible epenthetic vowels vs. phonologically
invisible excrescent vowels on the basis of any simple set of criteria. Hall’s
criteria are already quite elaborated, and she uses Scottish Gaelic inserted
vowels extensively as an example of a phonologically invisible excrescent
vowel. Thus the current results draw such classification criteria into
question.

Warner et al. (2001) argue on the basis of articulatory data that Dutch
inserted vowels, which Hall (2006) also claims to be phonologically in-
visible, are in fact phonologically active, in that they trigger an allophonic
alternation that depends on syllable structure. Warner et al. argue that the
allophonic alternation (between light and dark /l/) cannot be achieved by
changing the timing of the existing articulatory gestures in an Articulatory
Phonology analysis (Browman & Goldstein 1990), and instead requires
insertion of a phonological unit (the inserted vowel). The current results,
for Scottish Gaelic, also show that there is a phonologically visible inser-
tion, but the current results show this on the basis of listeners’ judgements
rather than articulatory gestures, complementing these previous
results. The fact that listeners variably judge words with inserted vowels
to contain an extra syllable, or even volunteer that such tokens contain half
an extra syllable (but not a whole one), strongly suggests that the gestures
of the underlying form without the additional vowel have not just been
retimed, but that a phonological unit of some sort has been inserted. Thus,
Scottish Gaelic vowel insertion provides another case in which gestural
retiming alone cannot explain the phenomenon.

That said, Scottish Gaelic inserted vowels are not like other vowels in
the language. They ‘count’ less than non-inserted vowels in a very clear
way. In addition, they contribute to a different syllable structure.
Together, these results suggest that inserted vowels are indeed phono-
logical elements, but elements that have a different phonological status
than non-inserted vowels. Our results would seem to imply that any
phonology–phonetics distinction for inserted vowels is probably more of a
continuum, rather than a categorical split, or at least that there are more
than two types of inserted vowels.
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Appendix: Item-by-item means for Experiments 1, 3 and 4

Table XII
Item-by-item means for Experiment 1, showing proportion of responses

choosing the word with an inserted vowel (responses of ‘inserted’).

anman
balg
bargan
falbh
meanbh
seanchas
urchair

0·25
0·19
0·31
0·81
0·88
0·53
0·81

meaninserted

anam
lag
marag
falamh
leanabh
gearanach
carach

0·19
0·06
0·00
0·38
0·67
0·53
0·06

meannon-inserted

Table XIII
Item-by-item means for Experiment 3, showing degree of deviation from

number of orthographic (non-inserted) syllables for the counting experiment,
by whether the word contains an insertion environment or a matched non-
inserted vowel. Positive numbers reflect addition of a syllable beyond the
number that are written, such as a syllable for an inserted vowel. Negative

numbers reflect the absence of an underlying syllable.

ainm
arm
balg
calpa
gorm
meanbh
sealg
seanchas
tiormachd

0·41
0·43
0·82
0·31
0·47
0·71
0·94
0·85
0·50

meaninserted

anam
aran
caileag
calachan
feannag
leanabail
marag
sgalag

—0·06
0·00
0·00

—1·00
0·00

—0·07
0·00
0·00

meannon-inserted
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Table XIV
Item-by-item means for Experiment 4, showing degree of deviation from number
of orthographic (non-inserted) syllables for the knocking experiment, by whether

the word contains an insertion environment or a matched non-inserted vowel.

ainm
arm
balg
calpa
gorm
meanbh
sealg
seanchas
tiormachd

0·53
0·44
0·85
0·31
0·53
0·65
0·69
0·67
0·44

meaninserted

anam
aran
caileag
calachan
feannag
leanabail
marag
sgalag

0·00
0·00
0·00

—1·07
0·00

—0·25
—0·18

0·00

meannon-inserted
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