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Abstract

A number of experimental methods have been used to elicit metalinguistic judg-
ments about syllable division, a good deal of which deals with the syllabification of
English words. However the syllabification literature is largely silent on the issue of
intratask reliability, that is, whether the tasks all yield the same kinds of intuitions
Sfrom speakers. Coté and Kharlamov (2011) gathered data from Russian speakers
who syllabified nonce words in four different experimental conditions. When the
results were compared they observed widely different results in many instances. This
suggests that syllabification preferences are highly influenced by the particular task
used to elicit them, which in turn casts doubt on the intratask reliability of syllabifi-
cation studies.

In order to test the reliability of different experimental methods in English, syl-
lable divisions of 120 English words were elicited with eight different experimental
tasks. In a mixed-effects logistic regression, no main effect of experimental method
was found, although the method showed some interaction with stress and the legality
of the consonant cluster word-initially and word-finally. Reasons why these results
differ from those of Coté and Kharlamov are discussed, some of which are due to
methodological flaws in their analysis.
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Introduction

Since the last part of the twentieth century, linguists have shown a renewed
interest in the syllable, especially in its role in phonological processes. One
topic area that psycholinguists have taken up is investigating how speakers
divide words into syllables, along with the factors that influence syllabifica-
tion. To this end, a variety of different experimental techniques have been
devised. One unspoken assumption that exists in the literature on syllabifica-
tion is that all of the methods of elicitation are equally valid; they all tap into
the same speaker intuitions about syllabification and should yield the similar
results.

Coté and Kharlamov (2011) have recently challenged the assumption
that different tasks produce similar results. They compared the results of
four syllabification studies of Russian that used the same test items, but that
employed different experimental tasks. They observed a lack of significant
correlations between some of the outcomes of their four experiments, which
is a serious cause for concern. If different tasks produce different results,
then it is not only not valid to compare the results of syllabification stud-
ies that use different tasks, but it raises the question of which task, if any,
reflects actual syllabification strategies, or if different tasks tap into different
strategies.

A good deal of what we know about how English speakers syllabify words
is based on experimental research carried out in the past 30 years. The valid-
ity of these studies could be put in serious jeopardy if it is found that different
tasks produce radically different results. The present paper addresses this issue
directly by comparing the syllabification of extant English words using eight
different experimental tasks similar to those used by Cété and Kharlamov. The
results of the present study are contrasted and compared with those of Coté
and Kharlamov, and a number of difficulties with their study are highlighted.
The problematic aspect of their study are rectified in the present study by ana-
lyzing the data using a mixed-effects analysis.

Review of experimental methods

Quite a few different experimental tasks have been use to determine syllabifi-
cation. Some of these are designed to elicit syllabifications subconsciously (e.g.
Prinzmetal, Treiman and Rho 1986; Rapp 1992; Smith and Pitt 1999; Treiman,
Straub, and Lavery 1994). However, the focus of the present paper is on meth-
ods used to test metalinguistic judgments of syllable division. The majority of
work in this area entails variations of three methods. Generally, the instruc-
tions for these tasks do not mention syllables, but merely dividing a word or
identifying its parts.
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In division experiments, subjects are presented an entire word and asked to
divide it. With written stimuli this is done by inserting a slash or space in the
word or choosing from among responses with different slash or space divisions
(Eddington, Treiman, and Elzinga 2013; McCrary 2004; Redford and Ran-
dall 2005; Treiman and Danis 1988; Treiman, Gross, and Cwikiel-Glavin 1992;
Treiman and Zukowski 1990). For example, the responses for gasket could be
ga / sket, gas / ket, or gask / et. Other versions of this task involve producing a
word with a pause between halves or choosing from among auditory options
containing pauses in different places (Barry, Klein, and Késer 1999; Coté and
Kharlamov 2011; Derwing 1992; Fallows 1981; Gillis and Sandra 1998; Goslin
and Floccia 2007; Ishikawa 2002; McCrary 2004; Schiller, Meyer, and Levelt
1997; Zamuner and Ohala 1999). Another variant has subjects insert other
material between the parts of the word (Content, Kearns, and Frauenfelder
2001.)

In contrast to division experiments where subjects deal with an entire
word, identification studies ask subjects to say (or choose from among written
options) what the first or last part of a word is (Cebrian 2002; Content, Kearns,
and Frauenfelder 2001; Cé6té and Kharlamov 2011; Fallows 1981; Goslin 2002;
Goslin and Frauenfelder 2000; Treiman, Bowey, and Bourassa 2002). When
asked what the last part of gasket is, subjects could respond sket, ket, or et.
Equivalently, reduplicating the first or last part of a word is another way of
inducing subjects to identify their intuitions about word division (Berg 2001;
Berg and Niemi 2000; Bertinetto, Carboara, Gaeta, and Agonigi 1994; Berti-
netto, Scheuer, Dziubalsca-Kolaczyk, and Agonigi 2007; Fallows 1981; Trei-
man, Gross, and Cwikiel-Glavin 1992; Treiman and Zukowski 1990). The first
part of gasket would be gas if the reduplicated form were gasgasket, while it
would be gask if gaskgasket were produced.

In reversal tasks, word divisions are tested by prompting subjects to switch
the first and last parts of the word (Barry, Klein, and Késer 1999; Berg 2001;
Berg and Niemi 2000; Bertinetto, Scheuer, Dziubalsca-Kolaczyk, and Agonigi
2007; Cebrian 2002; Content, Kearns, and Frauenfelder 2001; Coté and Khar-
lamov 2011; Schiller, Meyer, and Levelt 1997; Treiman and Danis 1988; Trei-
man, Gross, and Cwikiel-Glavin 1992). Accordingly, gasket could be rendered

as etgask, ketgas, or sketga. Ambisyllabicity is evidence by responses such as
ketgask.

Experimental method

The purpose of the present experiment is to elicit syllabifications from native
English speakers using a variety of tasks. Four written response and four oral
response tasks were used. The four written tasks were: reversal, division, first
part, and second part. Using agree as an example, in the syllable reversal task
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subjects were asked: ‘How would you reverse the parts of agree?” They then
chose either gree-a, ree-ag, or ee-agr. For the syllable division task they were
asked: ‘How would you divide agree?’ They chose between a / gree, ag / ree,
and agr / ee. For the first part task they were asked: ‘What is the first part of
agree?’ and had a, ag, and agr as options. The second part task asked: ‘What is
the second part of agree?” and response options were ee, ree, and gree. The oral
response tasks included the same test items and the same four tasks, but dif-
fered in that the subjects gave their responses out loud rather than choosing
from among prefabricated written responses.

Test items

Following Coté and Kharlamov (2011), all 120 test items were bisyllabic words
containing a variety of two-consonant clusters, along with a variety of vowel
types and stress patterns. However, in contrast to C6té and Kharlamov, who
used nonce words, all of the test items in the present study were extant English
words (see Appendix). This was done to more closely mirror previous studies
of English syllabification that were carried out with actual words. In order to
control for the influence of morphology, all of the test words were monomor-
phemic. Four different tests were made from the 120 test items. Each test con-
tained all 120 items, but differed as to which items were presented in which
experimental task. In each test, 30 test words were presented in each of the
four tasks.

Procedure

The written response tests were carried out online using Qualtrics' question-
naire software. Subjects logged onto the site and first responded to an informed
consent form and provided biographical information. They were randomly
assigned one of the four tests and then were ask to respond to all 120 items.
Each subject saw 30 of the items in each of the four experimental tasks. The
order of presentation of the four tasks, and the order of the items within each
task was randomized. The test was designed so that each subject responded to
each test item only once. No time limit was imposed, but the average time to
complete the survey was about 15 minutes. In the oral response paradigm, the
same four tests were used. The only difference was that the subjects did not
choose from among written responses, but gave their responses out loud. The
responses were recorded by the experimenter.

Subjects

Of the 148 native American English speakers who took the written survey,
four completed it in under eight minutes which was considered inordinately
fast, so their responses were eliminated. The remaining 144 subjects were




20 They then
sk they were
ree, ag / ree,
b first part of
ed: ‘What is
ree. The oral
Sks, but dif-
jan choosing

llabic words
gty of vowel
lamov, who
tant English
ious studies
In order to
MONOMOr-
ith test con-
4 in which
kach of the

 question-
linformed
randomly
1 20 items.
fasks. The
ithin each
ponded to
e time to
digm, the
5§ did not
loud. The

lsurvey,
idinately
s were

DAvID EDDINGTON AND ROSS J. CAIRNS 41

comprised of 104 females and 40 males, the majority of whom (1 = 126) were
between 18 and 29 years of age. Only 18 were 30 or older. The respondents
were fairly well educated in that 114 had some college experience, and 27 at
least a four-year degree. The remaining three had no college experience. Res-
idents of 29 different states of the US were represented. Seven of the subjects
did not complete the entire survey, but the answers they did provide were
included in the analyses.

A total of 44 subjects took the oral response survey: 28 males and 16 females,
of which 33 were between the ages of 18 and 29, nine were in their 30s, and two
were 50 or older. Two subjects indicated that they had a high school degree, 22
had some college education, 11 were college graduates, and nine had graduate
degrees. Residents of 14 different US states were represented.

Results and discussion

As Table 1 indicates, splitting the medial cluster between the two parts of the
test words was the most common division across all tasks. Parsing the words
so that both medial consonants are placed with the second part of the word
was the second most common strategy, followed by putting both consonants
in the coda of the first syllable. This same hierarchy was found by C6té and
Kharlamov (2011). The major difference is that a much higher percent of their
nonce word test items (about 95%) demonstrated a split between medial con-
sonants, while keeping the cluster together in either part of the word was
uncommon.

Table 1: Percentage of responses in each experimental task.2

.LC CC cc

Division-Written 17 76

Reversal-Written 16 76 8
First Part-Written 13 77 10
Second Part-Written 16 74 10
Division-Oral 18 81 0
Reversal-Oral 17 80 1
First Part-Oral 16 79 5
Second Part-Oral 18 79 3

Table 2 gives some percentages of each syllabification for three words. Most
of the responses for thermal divided the medial cluster (i.e. ther.mal), which
was followed by placing both consonants in the first syllable (e.g. therm.al).
None placed both in the onset of the second syllable (i.e. the.rmal). In like
manner, the most common syllabification strategy for gasket was gas.ket while
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gask.et and ga.sket were about equally likely. On the other hand, matrix elicited
mostly syllabifications that placed both consonants in the onset of the second
syllable (i.e. ma.trix) with only occasional divisions such as mat.rix and matr.
ix.

However, the most crucial part of the present study is not the exact way
subjects divided words, but whether the experimental tasks would elicit sim-
ilar or differing divisions. Coté and Kharlamov compared the results of their
experiments by performing a Pearson correlation on the average number of
consonants placed in the first syllable for each combination of experimental
task. We followed suit and our results appear in Table 3 where all the correla-
tions are significant at p < 0.0005. The extremely high correlations between all
eight experimental tasks appears to be quite telling; in spite of the differences
in task, subjects divided the test words in much the same way.

Table 2: Examples of mean responses averaged by test item and task.

thermal gasket matrix

¢cC. ¢C€C . ¢ ¢cC . cc. CcCC ¢
Division-Written 24 76 0 5 70 25 4 4 92
Reversal-Written 25 75 0 20 60 20 1 16 73
First Part-Written 33 67 0 19 74 7 0 25 75
Second Part-Written 23 77 0 21 60 19 0 1 89
Division-Oral 0 100 0 0 73 27 0 91
Reversal-Oral 9 91 0 0 100 0 0 91
First Part-Oral 10 90 0 22 78 0 0 0 100
Second Part-Oral 0 100 0 0 91 9 0 10 90

Table 3: Pearson correlations between the four experimental tasks when compared by
word mean.

Reversal FirstPart Second Part Division Reverse First Second

-Written -Written -Written -Oral -Oral Part-Oral Part-Oral
Division-Written 0.95 0.97 0.94 0.95 0.94 0.87 0.95
Reversal-Written 0.95 0.97 0.93 0.95 0.89 0.92
First Part-Written 0.92 0.93 0.89 0.88 0.92
Second Part- 0.92 0.93 0.88 0.91
Written
Division-Oral 0.93 0.87 0.95
Reversal-Oral 0.87 0.94
First Part-Oral 0.88

It would be tempting to finish the study at this point and conclude that the
high correlations in the present study indicate that the particular experimental
task exerted little influence on the subject’s division preferences. This would
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contrast with C6té and Kharlamov’s study in which a number of the correla-
tions they obtained between experimental tasks were much lower, and could
be interpreted to mean that the tasks produced different outcomes. However,
coming to such conclusions based on the results of a correlation is problem-
atic. In the first place, performing a correlation on these data is statistically
unsound because it violates the assumption the data are independent. In a cor-
relation, a subject can only provide one data point on the X axis and one on the
Y axis (Grissom and Kim 2012: 109). In contrast, both our subjects and those
of C6té and Kharlamov responded to each of the 120 test items, and then the
responses for each test item were averaged. In this way, each subject contrib-
uted to the average of each test item.?

Statistical analysis of the data
Given the repeated measures in the study, an appropriate way to analyze the
results is with a mixed-model analysis. Instead of using correlation to mea-
sure the degree of similarity among the results from the different experimen-
tal tasks, this approach asks whether experimental task significantly influences
syllabification preferences. It controls for the existence of the repeated mea-
sures by allowing each test subject to have an individual random slope over
experimental task. Test items are allowed random intercepts.

The experiments yielded a total of 21,840 responses. The 20 ambisyllabic
responses and one uncategorizable response were eliminated prior to statisti-
cal analysis. However, after collecting the responses, we observed a number of
test items (i.e. segment, perfect, insult, insert, and combat) that may be stressed
on either syllable. This could potentially muddle the influence of stress on the
results, so the 911 responses to these words were eliminated as well. We then
attempted a number of multinomial logistic regressions, but the models in
each case either failed to converge or produced Hessian matrices that were not
positive definite. This appears to be due to the fact that there were so few CC.
responses (e.g. therm.al), which in any event, make up only 7% of the data.
For this reason we removed them from the analysis and concentrated on C.C
versus .CC divisions in a binomial regression.

Although the focus of the study is on the influence of experimental task on
syllabification, a number of other variables are known to influence syllabifica-
tion and need to be included as control variables (c.f. Eddington et al. 2013).
These are whether the word is stressed on the first or last syllable, whether the
vowel in the first syllable is tense or lax, whether the word-medial cluster is
legal word-initially (e.g. [tr-, fI-]), word-finally (e.g. [-rk -ns]) both initially and
finally (e.g. [st, sk]) or in neither position (e.g. [gm, mb]). We also included all
interactions between these variables, but only report the results of the model
that includes the significant variables and interactions.
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The most parsimonious model correctly predicts 95.3% of the remaining
syllabifications which is much higher than the 70.4% by-chance accuracy rate.*
In Table 4 it is evident was a significant main effect for the control variables
that encoded the quality of the first vowel and the legality of the word-medial
consonant cluster, while stress was not significant. In like manner, test method
was not significant either. However, these main effects are moderated by the
fact that they participate in a number of interactions. Stress by cluster legality,
stress by test method, and cluster legality by test method are also significant.
We will not bother investigating the stress by cluster legality interaction since
both of those variables were included as controls and are not of interest to the
hypothesis we are investigating. The two interactions that involve test method,
on the other hand, are crucial since the influence of test method is crucial to
our hypothesis.

Table 4: Result for the main and interaction effects.

Variable F df1® df2 p

Corrected Model 19.93 43 589 0.0005
Stress 2.54 1 94 0.114
Quality of First Vowel 22.50 1 62 0.0005
Cluster Legality 157.07 3 99 0.0005
Test Method 0.39 7 705 0.907
Stress by Cluster Legality 11.04 3 87 0.0005
Stress by Test Method 2.39 7 19,318 0.020
Cluster Legality by Test Method 3.28 21 19,318 0.0005

The first interaction of interest is test method by consonant cluster legal-
ity which is depicted graphically in Figure 1. Consonant clusters that are legal
in word-initial position (e.g. [tr-, bl-] are the most likely to be syllabified as
.CC, and placed in the onset of the first syllable. These are followed by clusters
such as [sp, sk] that are attested both word-initially and finally which prefer
.CC to a high degree as well. However, the lines representing the estimated
means for consonant clusters that are legal word finally and those that are
not legal either in word-initial or word-final position appear at the bottom
of the graph. Words with those kinds of clusters are least likely to receive a
.CC syllabification, which means that they are most likely to have the conso-
nants split between syllables (e.g. mem.ber, ten.der). It is not surprising that
the final and neither legalities are not statistically significant from each other.
The lines representing them are entangled with each other, and are impossible
to distinguish.

Table 5 shows that with the exception of consonant clusters that are legal
word-finally and in neither position, all other paired comparisons between
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consonant cluster legalities differ significantly from each other. The point of
exploring this interaction is that if different experimental tasks yield different
results in words with consonant clusters of different legalities, that would sug-
gest that different tasks result in different syllabifications. In this case, how-
ever, the final and neither legality types were essentially identical across all
of the experimental tasks, while the remainder of the legality types demon-
strated significant differences across all of the experimental tasks. In other
words, consonant cluster legality interacted with task, but it did so in the exact
same way in each task. Therefore, this interaction supports the hypothesis that
different tasks do not produce different outcomes.

Meithar

—  — Initial

- Final

Figure 1: Estimated marginal means for consonant cluster legality by test method.

The second significant interaction of interest occurs between experimen-
tal task and word stress. As Table 6 indicates, stress does not interact signifi-
cantly with any of the experimental tasks except one, the written first part task.
Evidently in this task words with final stress (e.g. estate, afraid) were syllab-
ified .CC more often that words with initial stress such as cluster and aspen.
Although the difference is significant, the interaction is not readily apparent in
the graph of the estimated marginal means (Figure 2).

Comparison with C6té and Kharlamov
In the present study it is safe to conclude that different experimental tasks
produced largely the same syllabifications. The one case in which stress affects
it is a far cry from the widely differing results reported by Cété and Khar-
lamov. The question that naturally arises is why our results differ so much
from theirs. Only four of their ten comparisons were significantly correlated.
It must be emphasized that while the two studies have the goal of investigat-
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ing the influence of experimental paradigm, they vary in many significant
regards. First, the present study contrasted eight tasks that used real Eng-
lish words. In contrast, Coté and Kharlamov’s study contained four tasks in
which Russian nonce words served as test items. Second, the Russian study
averaged responses to all test items that contained the same medial consonant
clusters. In our study, we kept words with the same medial cluster distinct.

Table 6: Interaction between test method and word stress.

Test Method Stress Contrast  Adj.p
Estimate

Division-Oral Final vs. Initial 0.155 0.079
Division-Written Final vs. Initial 0.055 0.179
First Part-Oral Final vs. Initial 0.009 0.880
First Part-Written Final vs. Initial 0.093 0.043
Reversal-Oral Final vs. Initial -0.072 0.182
Reversal-Written Final vs. Initial 0.090 0.060
Second Part-Oral Final vs. Initial 0.053 0.450
Second Part-Written Final vs. Initial 0.060 0.177

al by

18l

Final

timated Margin

]

C

Figure 2: Estimated marginal means for stress by test method.

Third, Cété and Kharlamov performed a correlation on data that were aver-
aged across words containing the same consonant cluster, and across different
subjects’ responses to those words. The fact that each subject provided mul-
tiple responses that were all included in the correlation violates the assump-
tion of independence that tests like correlation, t-tests, and regression require.
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To account for the repeated measures of the subjects we used a mixed-effects
model with a random effect of subject over experimental method, and also
allowed each test word it’s own random intercept. All of these differences in
method could be responsible for the different outcomes in the two studies.

Conclusions

Cété and Kharlamov raise serious concerns about intratask reliability in syl-
labification studies since they report only sporadic correlations between the
different syllabification tasks they utilized. However, their experiment appears
to be the only empirical study of Russian syllabification. In contrast, English
syllabification has been examined experimentally for several decades using a
variety of tasks, which has given us some sense of what factors influence seem
to influence metalinguistic judgments of English syllabification. Nevertheless,
the question of whether results with different tasks are comparable has not
been investigated. If the same lack of intratask reliability that Coté and Khar-
lamov observed were found in English as well, that would make comparing
the findings of the numerous studies of English syllabification problematic
and the significance of individual studies difficult to assess.

The present study addressed this issue by examining the results of four writ-
ten and four oral response tasks. With only one small caveat, the experimental
tasks yielded highly similar results. This suggests that the different experimen-
tal methods that have been used over the years appear to tap into the same kinds
of speaker intuitions. However, a number of additional questions remain to be
answered. The present study is limited to words containing two medial conso-
nants. Whether similarly high correlations would be obtained with words con-
taining one, three, or four consonants clusters has yet to be determined. In like
manner, metalinguistic judgments need to be compared with those obtained in
a more indirect manner, and the particular languages that are tested needs to
be expanded. In short, there is ample room for further research into syllabifica-
tion as well as the methods used to investigate it.

Notes

1. www.qualtrics.com

2. In some cases, the percentages don't add up to 100. This is due to rounding and in the
oral response tasks it is also due to the existence of 20 ambisyllabic responses, and one uncatego-
rizable response.

3. Coté and Kharlamov performed f-tests and regressions on their subject-averaged data
which violates the independence assumption of those tests as well.

4. 3,475 .CC responses / 19,362 total responses = 0.179. 15,887 C.C responses / 19,362
total responses = 0.820. 0.1792 + 0.8202 = 0.704.

5. The Satterthwaite approximation was applied to the degrees of freedom.
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