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ABSTRACT

The experiment presented in this paper attempts to establish what
parameters are important in the perception of phonological similarity
between words. The results broadly support those obtained with a
computational approach. We analysed the importance of single segments,
vowels vs. consonants, syllabic structure and stress. We also discuss the
implications for the role of morphology in the perception of word-form.

1  INTRODUCTION

The aim of this paper is to explore the relative importance of different parameters of
word-form similarity such as sharing the same vowels, consonants, or stress.

In last year’s post-graduate conference (Tamariz, 2002), we presented a computational
approach to this question, and obtained a ranked list of parameters that seemed to indicate
that word forms are similar when they share morphological and phonological factors.
That approach was based on the finding of a significant correlation between word form
and word meaning in English: to a small, but statistically significant extent, words that
sound similar tend to have similar meanings. This correlation could help word acquisition
in children and new word comprehension in adults. We applied the same measure of
semantic similarity to a Spanish corpus, and run a “hill-climbing” algorithm that
maximized that useful correlation to return values for the different parameters of word-
form similarity.

This computacional approach needed some psychological backing, such as an
experiment that obtained different relative values for the same parameters of word-form
similarity, but this time judged by people instead of returned by a series of operations
performed on corpus data.

2  THE EXPERIMENT

This experiment was carried out on the internet. Participants were recruited through a
message sent to a linguistics web forum and also to some friends requesting them to take



part in an experiment and forward the message on to their acquaintances. The note
directed participants to a web form containing the instructions and the experimental
material. At the end of the form there was a small questionnaire where they were asked
about their region of origin, age group, sex and the strategy they had followed while
doing the experiment (simply looking at the words, reading them in their heads or reading
them out loud).

2.1  Participants

All participants had Spanish as their mother tongue and lived in Spain, in a Spanish-
speaking environment (e.g. not in Cataluna, where Catalan is spoken by a large
proportion of the population. 23 participants from 7 different Spanish regions took part in
this on-line experiment. Nine were male and 14 female. One participant was between the
ages of 10 and 19, seven between 20 and 29, nine between 30 and 39 and six between 40
and 49. Fourteen participants reported having read the words out loud, eight to have read
them in their heads, and only one to have simply looked at them.

2.2 Materials
2.2.1 Parameters

The parameters are features that two words can have in common. We used two groups
of stimuli, cv-cv and cvcev non-words. Table 1 shows the parameters used in this
experiment for each of the stimulus groups.

cv-cv cveev
Same 1% consonant Same 1% consonant
Same 2™ consonant Same 2™ consonant
Same 1% vowel Same 3" consonant
Same 2™ vowel Same 1% vowel
Same two syllable-initial consonants Same 2" vowel
Same two vowels Same two syllable-initial consonants
Same stress (on 1% syllable) Same consonant cluster
Same stress (on 2™ syllable Same two vowels
y
Same stressed vowel in the 1% syllable Same stress (on 1 syllable)

Same stressed vowel in the 2" syllable Same stress (on 2" syllable)
Same stressed vowel in the 1% syllable
Same stressed vowel in the 2™ syllable
Same syllabic structure (cvec-cv or cv-ccv)

Table 1. Parameters used in the experiment for cv-cv and cvcev words.

2.2.2  Stimuli

We prepared a set of 93 triads (like the one shown in Figure 1) that represented all the
sensible combinations of parameters for four and for five phoneme non-words (cv-cv and
cvcev, respectively). E.g. in the example triad in Figure 1, mélto shares the third
consonant with the base non-word sunta and mulko, the stressed vowel on the first



syllable, so this the triad compares parameters “same 3rd consonant” vs. “same stressed
vowel on the Ist syllable”.

o mélto
stinta

o mulko

Figure 1. One example of non-word triad. In this case the top word on the right shares the third
consonant (t) with the word on the left and the bottom word shares the stressed vowel in the first
syllable (). These are the two parameters that we are comparing here.

Since every words must be stressed on one syllable, when stress was not an issue all
three words in a triad would share the same stressed syllable.

All the possible and sensible combinations of parameters were used. Parameter
combinations that were impossible to occur simultaneously such as “sharing the stress on
the first syllable vs. sharing the stress on the second syllable” were excluded. Also, in
order to keep the number of stimuli to a minimum, we excluded combinations that would
generate an obvious response, e.g. “sharing the vowel 17 vs. “sharing vowels 1 and 2”.
Here we assumed that the second option would be rated as more similar than the first one
and for the results, gave it a confidence factor of 0.75 (see Table 3 below). The full set of
triads is found in Appendix 1.

2.2.2.1  Frequency

In order to make the non-words natural to the Spanish ear, the frequencies of the
consonants in the sets of non-words mirrored the frequencies of consonants in the word
sets extracted from the corpus and used in the hill-climbing algorithm. For cv-cv words,
the similarity between the distribution of the first and the second consonants was highly
significant (t-test, p < 0.001). For cvcev words, the similarity of consonant clusters was
significant (t-test, p < 0.003) but the similarity of first consonants was not (t-test, p <
0.09). Note that given the constrained set of consonant clusters in cvcev words in
Spanish, there are not many phoneme combinations that are not real words.

2.2.2.2  Neighbourhood

The phonological neighborhood density (number of words that sound similar to a target
word) of the stimuli was calculated using a 707,000 word (including derived and
inflected words) corpus of spontaneous speech (UAM corpus, Marcos Marin, 1992). We
counted as neighbours: (a) words of the same length that differed from the stimuli by a 1-
phoneme substitution; (b) words up to 6 phonemes (for 4-phoneme stimuli) and up to 8
phonemes (for 5-phoneme stimuli) that contained the stimulus; and (c) longer words
whose coda was the stimulus i.e. that rhymed with the stimulus. E.g. the stimulus non-
word sito has 27 neighbours:

Differs by 1 phoneme from (4-phoneme neighbors): Cito, Rito, kito, mito, pito, sEto,
sido, sigo, siko, sino, site, situ, sOto, tito, zito.

Is contained by (5- or 6-phoneme neighbors): osito, ositos, pasito, pisito, besito.



Rhymes with (7 or more phoneme neighbors): Rekisito, Repasito, bersito, deskansito,
ekskisito, nezesito, konkursito, luisito.

cU-cv | cvccy
Neighbourhood range | 0-77 0-45
Average 8.2 0.7
Distr. kurtosis 23.4 85.3

Table 2. Data about the neighbourhood density of cv-cv and cveev stimuli.

Table 2 shows that cv-cv words have larger neighbourhoods, and that they are more
evenly distributed. For the complete neighbourhood density list, see Appendix 2.

2.3 Method

Each participant saw 45 randomly selected triads so as to keep the experiment time low
and encourage participation and completion. Participants were asked to read the non-
word triads and determine which of the two words on the right sounded more similar to
the word on the left. It could be argued that in an experiment concentrating on
phonological and morphological aspects of the word-form stimuli should be acoustic, but
in order to access Spanish participants living in Spain the experiment would have to be
done over the Internet, and we decided that sound-playing equipment and quality in
remote terminals would not be reliable. Therefore the instructions stressed the fact that
they should focus on the sound of the stimuli. They were also directed to pay attention to
the stress of the stimuli, which was marked in all of them by means of an acute on the
corresponding vowel (the usual orthographic stress mark in Spanish). The results of each
run were automatically emailed back to the experimenter, together with the demographic
data.

3  RESULTS

We analyzed the results for 4 and for 5-phoneme words separately. For each pairwise
comparison of parameters we counted the proportions of respondents who had chosen
each of the two options to obtain the "winner" of that comparison. E.g. for the triad
comparing "having the same second consonant" vs. "having the same first vowel", 1/3 of
the respondents preferred the consonant and 2/3 preferred the vowel. We then calculated
a factor between zero and one that expressed the confidence of the result, such that if
everybody prefers the same parameter the confidence factor for the winner is 1 and if the
responses were fifty-fifty, the confidence factor is 0, and there is no winner. In our
example, 1/3 (=0.33) more people preferred the winner (the consonant) than the loser (the
vowel), so for this comparison we would have winner = second consonant; confidence
factor = 0.33. These results are shown in Table 3.



ci c2 v1 v2 Tc Tv a1l a2

ci w cf

c2 c1 10| W cf

vi | cf 33| c2 45 | W cf

v2 c1 4 | v2 33 | vi 07 | W cf
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avl | — 0| - olavl 75| av1 5| tc 66 | 0|lavt 75|

av2 [av2 46 |av2 55 |av2 .55 |av2 .75 |av2 .33 | - 0| - 0 a2 10

Table 3. Matrix of the winner and the confidence factor for each pairwise combination of
parameters. W = winner. Cf = confidence factor. (In bold, not-tested, assumed values.)

@O cv-cv

11 W cveev

Figure 2. Parameter values obtained for cv-cv and cvcev words.

Then for each parameter we calculated the sum of the confidence factors of the times it
had been the winner. These results (normalized) for cv-cv and cveev words can be seen in
Figure 2. A preliminary glance at the results tells us that they make sense, e.g. sharing
three or two consonants has a higher value than sharing one consonants, and sharing two
vowels, higher than only one. Also, we see a consistency across word-groups: The values
of the parameters common to cv-cv and cvcev groups are significantly correlated
(R?=0.57, p<0.001). (In the hill-climbing algorithm this correlation is R*=0.48, p<0.01).

3.1.1  Single segments

Figure 3 shows a representation of the relationships between different single-segment
parameters (single consonants and vowels). The arrows go from the winner to the loser in
each pairwise comparison and the thickness of the lines reflects the confidence factors
(also shown beside each arrow).
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Figure 3. Relationships between the single segment parameter values in cv-cv and cveev word

groups.

The first consonant wins over every other parameter in both groups, and most of the
arrows point towards the end of the word. These two facts indicate that people focus
more on the beginning of the word to try to find similarities and differences between

words, that is, to identify the word.

3.1.2 Vowels vs. consonants

(a) cV-cV

0 o b_m
D N 12 N N 2
I o 4 0 KO
consonants vowels

(b) CVCCV

consonants vowels

Figure 4. Values obtained by the parameters related to consonants and vowels (a) in cv-cv and (b) in

cveev words.

As seen in Figure 4(a), for cv-cv words single consonants are more important than
single vowels for the perception of word-form similarity. However, sharing all the vowels
is as important as sharing two consonants. Figure 4(b) shows that for cvccv words,
sharing all (two) vowels scores lower than sharing all (three) consonants, but higher than
sharing two consonants. This implies that the vocalic structure of the word is almost as
important as the consonant structure for the perception of word-form similarity.




3.1.3  Syllabic structure

This parameter only applies to cvccv words, and compares two possible syllable
segmentations: cv-ccv Vvs. cve-cv, e.g. mer-ta vs. me-tra. This parameter lost to every
other parameter, so we can say that it is of little importance to the perception of word-
form similarity.

3.14 Stress

The experiment included four parameters related to stress: same stress on the first or
second syllable, and same stressed vowel on the first or second syllable. We found that
sharing the same stressed vowel on the second syllable was the winner over every other
parameter, including sharing all three consonants in the cvcev group. It is worth noting
here that the vast majority of two-syllable words in Spanish are stressed on the first
syllable, so stress on the second syllable is a marked feature.

3.14.1 Morphology

This parameter was also at the top of the ranking obtained with the computational study
mentioned above. In that study, almost all the words stressed on the second syllable were
verbs, and the stressed vowel (¢, ¢, [ and 0) was the morpheme indicating tense and
person, so we hypothesized that the algorithm was giving morphology a role in word-
form similarity.

The present experiment the stimuli were non-words. However, we cannot claim that the
use of non-words precludes the perception of word-final phonemes as morphemes. E.g.
the non-word bunki could be perceived as the 1st person singular of the past tense of the
non-verbs bunker or bunker. If morphology perception interferes with phonology
perception, in the triad [bunki (teskd or tesmi)], tesmi could be found more similar to
bunki because it could be perceived to be sharing the same tense and person.

In an attempt overcome this problem, we included stimuli ending in %, which is not a
verbal morpheme. However, in such triads participants still found words sharing the
stressed 1 more similar than those sharing any other parameter, including sharing the
three consonants. E.g. all participants responding to triad [kandu (kinda or pirgu)] found
pirgu was more similar to the base word. Morphology, then, cannot be directly
responsible for the high score of the parameter “same stressed vowel on the second
syllable”, but the fact that important information such as segmentation cues and
morphology occurs at word-ends, people tend to focus on any phonological variation
there, particularly on marked features.

4 CONCLUSION

This preliminary experiment to determine what parameters are important in making
words sound similar broadly supports the results obtained with an algorithm that
maximizes the correlation between word form and meaning in a corpus.

When trying to find word-form similarity, people focus more on the beginning of the
word, particularly on the first segment; the vocalic structure is almost as important as the



consonant structure; and stress on the second syllable is most important, perhaps because
it is correlated with morphology encoding.
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Appendix 1. Stimulus sets for cvcv and cvcev words. Words 2 and 3 each share one of the
phonological similarity parameters indicated in column one with word 1.

param. let. | word 1 Word 2 | word 3 tv-al 5 gospi toldi talde
cl-c2 5 blnta Bisko linko tv-a2 5 randé targe torgu
cl-c3 5 kaste Kindo binto str-al 5 mésda porti potri
cl-vl 5 sarke Sonti panti str-a2 5 tinka purde pugré
cl-v2 5 minde Morka korke str-avl 5 kéndo mirga mégra
cl-tc23 5 rasli Ronte bosle str-av2 5 fasté turpo tublé
cl-tv 5 finto Faste kisto al-avl 5 pésta durko dérko
cl-str 5 bésto Bugra tunka a2-av2 5 kustd perka perko
cl-al 5 kérpa Kengu méngu cl-c2 4 kétu kobe réte
cl-a2 5 sultd Sande pandé cl-vl 4 sipo sane kine
cl-avl 5 tarbo Tunte kéante cl-v2 4 make mito lite
cl-av2 5 kurta Kombé | sonda cl-tv 4 pina pébo tiba
c2-c3 5 16rdi Pérku péndu cl-al 4 loga lasé mase
c2-vl 5 linka Bentd bistd cl-a2 4 pité puro kurd
c2-v2 5 gusmi Tésba térbi cl-avl 4 duka dose luse
c2-tcl3 5 morfa Serpo melfo cl-av2 4 leti lomé bomi
c2-tv 5 posti Tésto torti c2-vl 4 16ri péru poku
c2-str 5 dékme Mogri monsi c2-v2 4 kabu dibe dipu
c2-al 5 bésta Tusgd tulgo c2-tv 4 bora kire kona
c2-a2 5 tuska Noésde nordé c2-al 4 sire mard mado
c2-avl 5 molka Galpe gospe c2-a2 4 bagu rigo risd
c2-av2 5 pusto Leska lenko c2-avl 4 luko déke dure
c3-vl 5 porda Mésdi mosti c2-av2 4 daké poki poré
c3-v2 5 tarse Binde binso v1-v2 4 sula mute mile
c3-tv 5 ménto Sarti sérmo vl-tc 4 zuki puna zoka
c3-str 5 bisle Dablo dango vl-al 4 kéla bedd bido
c3-al 5 limpe Jospa josta vl-a2 4 tika piré poré
c3-a2 5 bundd Talde talpé vl-av2 4 maso palé puld
c3-avl 5 sunta Mélto mulko v2-tc 4 buse tare baso
c3-av2 5 tonké Perka perté v2-al 4 taro buld bule
v1-v2 5 parti Lande 16ndi v2-a2 4 dolu séru seri
vl-tcl13 5 tingu sirka torga v2-avl 4 male rose rasi
v1-tc23 5 rosta bonde buste te-tv 4 kute kato dube
vl1-str 5 ganti magle moske tc-al 4 kali keld péjo
vl-al 5 tilpa kinda kanda tc-a2 4 puné péna koda
vl-a2 5 pirké tinka tenkd tc-avl 4 sito sate mile
vl-av2 5 sinka mistd mesta tc-av2 4 mila molé bota
v2-tc13 5 tonse lirde tursa tv-al 4 néko tejo tuja
v2-tc23 5 saldi pérbi példo tv-a2 4 kasi dari derd
v2-str 5 mulde kébre kénfo al-avl 4 séli tuka téka
v2-al 5 sorga mendéa méndi a2-av2 4 sird kani kand
v2-a2 5 bondé talke talki

v2-avl 5 tonde I‘ﬁSpe r()spa code parameter

tc13-tc23 5 lésta lonti kosti cl same 1% consonant

tcl13-tv 5 bisna builne tilka c2 same 2" consonant

tc13-str 5 minle maklo dérso c3 same 3" consonant

tc13-al 5 férna falno példo vl same 1% vowel

tcl13-a2 5 jéntd julta pulka v2 same 2™ vowel

tcl3-avl 5 barke bunko ganto tcl13 same 1% and 3™ consonants

tcl13-av2 5 renda risdo tisba tc23 same 2" and 3" consonants

tc23-tv 5 tarke morka munze tv same two vowels

tc23-al 5 | pénte lunti lasdi str same syllabic structure

tc23-a2 5 fustd mésta melgé al same stress (1st syllable)

tc23-avl 5 méspa bispo bérto a2 same stress (2" syllable)

tc23-av2 5 | pulkd golké gorbd avl same stressed vowel (1% syllable)
tv-str 5 | konda bosta butre av2 same stressed vowel (2" syllable)




Appendix 2. Phonological neighbourhood density for the cv-cv and cveev

stimuli.
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