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ABSTRACT: The degree to which words are phonologically similar to one another has been termed in the
literature as neighbourhood density. It has traditionally been operationalized as a single phonemic difference
between words, and subsequently used as an experimental variable in a variety of tasks across a variety of languages.
However, few studies to date have assessed the validity of such a metric in a language other than English. In the
current study, 23 typical Spanish-speaking adults were presented with 100 CVCV nonwords, and asked to name a
similar-sounding Spanish real word after each stimulus. Findings revealed that participants modified an average of
two segments per word, in contrast to previous work conducted in English. Participants largely relied on
substitutions of final segments, while additions and deletions were less frequently used; a similar average number of
changes was made to consonants and vowels. Taken together, the results suggest that using a single-segmental
metric to index phonological similarity may not adequately capture unique crosslinguistic differences, especially
when considering other influential domains of language such as semantics and morphology.
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1. INTRODUCTION
During language acquisition, the learner is tasked with mastering all of a particular language’s
integral components, ranging from its syntactic structure to its pragmatic conventions. While significant
emphasis is often placed on explicit learning, such as acquiring a functional vocabulary, other aspects of
language are learned more implicitly, often unbeknownst to the learner. For example, the frequency of a
word has been shown to impact how it is processed, and even the age that it is acquired (Brysbaert et al.,
2018) for a review; (Storkel, 2004). Other lexical variables that have been found to impact language
processing include other domains of language such as phonology. One variable, dubbed neighbourhood
density (ND), has been proposed to index phonological similarity (i.e., how similar words sound to one
another). Although theoretically arbitrary in nature, depending on the learner or the language, it has
typically been operationalized in the literature as two words that differ only in one phoneme. This
difference may exist in the form of a single addition, substitution, or deletion according to the most
widely-used metric proposed by Luce and Pisoni (1998). For example, consider the word /piʧ/. According
to the aforementioned definition, neighbours of this word would include /spiʧ/ (an addition), /ɹiʧ/ (a
substitution), and /iʧ/ (a deletion). Consequently, using the same metric, /spik/ is not a neighbour of /piʧ/
despite its obvious phonological similarity, and is presumed as dissimilar to it as words such as /ɹɛd/ or
/muv/.
The validity of the one-phoneme metric has previously been investigated in two studies, both
conducted in English. During a naming task, Luce and Large (2001) asked typical adults to name similarsounding real English words in response to CVC nonwords following English phonotactics. Results
indicated that participants modified only one segment 70% of the time, supporting the existing metric to a
degree (though also revealing its limitations). In order to create neighbours, participants added or deleted
a single sound less than 6% of the time. Instead, the majority of responses involved a single substitution,
indicating that participants may perceive words as more phonologically similar to one another when there
is a substitution compared to other changes. Finally, a quarter of the responses involved multiple sound
changes, questioning whether a single-sound metric adequately captures listeners’ perceptions of
phonological similarity.
In a follow-up study, and in order to expand the analysis to include what types of changes occurred,
and positionally where such changes occurred, Freedman et al. (2016) presented a different set of CVC
nonwords to typical adults. As in Luce and Large (2001), participants were asked to name a similarsounding real English word following each stimulus. Findings again showed that participants relied on a
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single-sound change to create neighbours, accounting for more than 90% of the changes to the stimuli,
which was even higher than originally found in Luce and Large (2001). An average of one sound change
was made to each word, lending additional support to the existing metric of ND. However, the detailed
analysis showed that while substitutions remained the most preferred change for participants (accounting
for nearly half of all changes), additions and deletions were used more frequently than previously found,
accounting for roughly 12% of all changes. Lastly, almost 10% of all changes involved an epenthetic
syllable, which notably is not considered in the aforementioned one-phoneme metric.
Importantly, the one-phoneme metric of ND was initially proposed following perceptual
experiments conducted in English (Luce and Pisoni, 1998). Since that time, two studies, both conducted in
English, have demonstrated that this metric appears to demonstrate adequate, but not unconditional,
support for the purposes of defining an experimental variable such as ND. Specifically, researchers over
the past 20 years have designated words as either having low ND (i.e., sparse words with few similarsounding neighbours) or high ND (i.e., dense words with many similar-sounding neighbours). Studies
have repeatedly shown that ND can impact speech perception, speech production, and word learning in
both children and adults for a comprehensive review). And yet, despite a lack of validity that this measure
is adequate for languages other than English, the metric has been used in crosslinguistic research with
children and adults, most frequently in Spanish (Arbesman et al., 2010; Baus et al., 2008; Goodrich and
Lonigan, 2016; Rosales and Storkel, 2006; Sadat et al., 2014; Stamer and Vitevitch, 2012; Vitevitch and
Rodríguez, 2005; Vitevitch and Stamer, 2006). Moreover, the databases providing ND values for Spanish
stimuli (e.g., native-like language proficiency: BuscaPalabras, see Davis and Perea (2005) beginner’s
language proficiency: Vitevitch et al. (2012) have utilized the one-phoneme metric originating from a
study conducted in English (e.g., Luce and Pisoni (1998). This issue is then compounded considering that
contrasting results have been reported on the same task between English- and Spanish-speaking
participants. Adults have been shown to perceive sparse words more accurately than dense words in
English, (Luce and Pisoni, 1998; Vitevitch and Luce, 1999), but the opposite effect was subsequently
found in Spanish (Baus et al., 2008; Sadat et al., 2014; Vitevitch and Stamer, 2009). Turning to children,
Rosales and Storkel (2006) reported that developing English vocabularies revealed clustering effects (i.e.,
the probability that two neighbours of a word are also neighbours of each other) at 16 months, but such
effects in Spanish were not observed until 6 months later. It is possible that the one-phoneme metric, first
proposed based on English-speaking participants’ perceptions (Luce and Pisoni, 1998), might be at the
root of some of these discrepancies.
There are several reasons to consider why the operationalization of phonological similarity may not
be universal. First, each language’s phonology is unique regarding its individual phonemic inventories as
well as its phonotactics (i.e., two languages may have identical inventories but different sequence rules).
For example, words in Spanish are typically longer than English (Vitevitch and Rodríguez, 2005;
Vitevitch, 2012), and contain fewer codas and consonant clusters when compared to English. Second, it
has been shown that Spanish and English words differ in terms of their neighbourhood characteristics.
Arbesman et al. (2010) noted that while English neighbours tended to be similar only a phonological
basis, Spanish neighbours were found to be similar phonologically, semantically, and morphologically.
The authors concluded that given such significant differences, different processing strategies might likely
be used by learners of each respective language.
In order to explore how Spanish speakers perceive phonological similarity, particularly regarding if
it is in a similar manner as English speakers, the current work aims to implement a task that has yet to be
only conducted in English. Such research has precedent based on studies of other lexical variables such as
word frequency. For example, in an effort to ensure that certain characteristics of an English word
frequency network were not merely due to language-specific elements, Arbesman et al. (2010) also
investigated word frequency networks of Spanish, Mandarin, Hawaiian, and Basque. In conclusion, ND
warrants the same crosslinguistic exploration considering its widening use as an experimental variable in
studies of language processing across the lifespan.
It is predicted that similar to English-speaking participants, Spanish-speaking participants will
modify an average of one segment per stimulus to create real-word neighbours. There is no current
evidence to suggest that speakers of a language other than English demonstrate a broader sense of
phonological similarity. However, given crosslinguistic differences in terms of other domains such as
morphology, Spanish-speaking participants may demonstrate different types of changes than previously
observed. Unlike English, Spanish is a highly inflected language, particularly on word-final segments
related to conjugation. As discussed above, neighbours in Spanish relative to English are similar beyond a
pure phonological basis. Therefore, it is predicted that Spanish-speaking participants will be more inclined
to modify later-occurring versus earlier-occurring segments than English-speaking participants given
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overall greater morphological overlap. Lastly, based on prior research (Freedman et al., 2016; Luce and
Large, 2001), it is predicted that substitutions will be participants’ most preferred type of change, while
deletions will remain the most infrequent. Preserving a word’s syllable structure is likely a high priority
given that adding or deleting a sound to create a new syllable structure requires additional processing
demands.

2. RESEARCH METHODS
2.1. Participants
Twenty-three participants at Ithaca College were recruited from upper-level Spanish courses and oncampus Spanish-oriented student organizations, as well as through electronic college announcements. All
participants reported native or native-like Spanish proficiency, and denied any history of speech,
language, or hearing impairment. Before beginning the task, each participant signed an informed consent
form previously approved by the college’s Institutional Review Board.

2.2. Materials
One hundred and ten CVCV nonwords following Spanish phonotactics were selected as stimuli (see
Appendix: Stimuli). While previous studies of a similar nature presented participants with CVC stimuli
(Freedman et al., 2016; Luce and Large, 2001), these studies were conducted in English. However,
CVCV words occur much more frequently in Spanish compared to CVC words. Therefore, it was
determined that CVCV stimuli would be more valid to include in the current experiment. Similar to prior
work, nonwords were included in the study to avoid any potential semantic influences of a particular
stimulus. For example, presenting the Spanish word /lago/ (lake) might elicit [agwa] (water) instead of a
phonological neighbour such as [pago] (I pay). In line with previous research e.g., (Freedman et al.,
2016; Vitevitch and Stamer, 2006), ND was operationalized as the number of words created by adding,
deleting, or substituting a single sound to a target nonword, and was calculated using the Cross-Linguistic
Easy-Access Resource for Phonological and Orthographic Neighbourhood Densities (CLEARPOND;
(Marian et al., 2012). CLEARPOND is an online corpus of 27,751 Spanish words, and features an
interface that provides several different lexical variables. CLEARPOND was selected as an optimal
database for the present study because unlike other Spanish databases that provide lexical characteristics
(e.g., BuscaPalabras; see (Davis and Perea, 2005), CLEARPOND is capable of extracting this information
for nonwords (i.e., none of the stimuli existed in the database or in the larger BuscaPalabras database). In
order to broadly sample ND, half of the nonwords were sparse, (M = 5.18 neighbours, sd = 2.41; range =
0-9), and the other half were dense (M = 13.44 neighbours; sd = 2.48; range = 10-19); a median split was
used to determine the conditions, consistent with the majority of previous studies investigating ND e.g.,
(Stamer and Vitevitch, 2012). A paired-samples t-test confirmed that the sparse condition had
significantly fewer neighbours than the dense condition, t(49) = 97.40, p < .01, d = 3.38. All stimuli
contained trochaic stress, and two native speakers of Spanish verified that none of the stimuli were real
words, which was additionally cross-referenced with a Spanish dictionary.
Once the stimuli were selected, an online random number generator was used to determine the order
of their presentation. A female, native speaker of Spanish recorded the stimuli in a soundproof Tracoustics
RE-243-Bv audio booth using a Roland Edirol R-09 digital recorder. In order to address potential prosodic
variations that can occur while reading a word list, “filler” nonwords were placed at the beginning and end
of the stimuli. Stimuli were normalized using Adobe© Audition, then spliced into individual 16-bit WAV
files at a sampling rate of 44.1 kHz. Next, the stimuli were played to a different native speaker of Spanish,
who repeated the stimuli with 100% accuracy. Consistent with similar work of this nature (Freedman et
al., 2016; Vitevitch and Luce, 1999), three seconds of silence were inserted between stimuli to allow for
participants’ responses.

2.3. Procedure
All participants attended experimental sessions individually. Participants were informed that they
would be hearing a list of Spanish-sounding nonwords. After each nonword, participants were instructed
to name a similar-sounding real Spanish word. Following an initial greeting in English, all subsequent
instructions were provided in Spanish by a native speaker of Spanish in order to elicit only Spanish
productions during the experiment (i.e., to minimize code-switching). Two different native speakers of
Spanish reviewed the instructions prior to the experiment to verify their clarity. Stimuli were presented to
participants via Audio-Technica ATH-M40fs precision studiophones. Participants’ responses were
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transcribed in real-time by two research assistants trained in Spanish phonetic transcription. Additionally,
a bidirectional microphone was positioned directly in front of the participant’s mouth, and all responses
were recorded to a Roland Edirol R-09 digital recorder for reliability purposes.
Prior to the task, each participant was presented with a practice trial. The trial offered the
opportunity for participants to make a sound substitution, addition, or deletion to a nonword, and
familiarized participants with the task. Responses to the practice item were not included in the analysis.
After participants demonstrated comprehension of the task, the experiment commenced. Each stimulus
was played once. If participants did not respond during the aforementioned three seconds of silence, a “no
response” was noted, and the next item was automatically presented.

2.4. Analysis
Two participants were excluded from the analysis. One participant did not respond to approximately
half (48%) of the stimuli, and one participant reported after the experiment that she was recovering from a
concussion. Over 98% of responses provided by participants were real Spanish words. Inter-rater
transcription reliability was calculated on approximately 20% of all participants’ recorded responses by a
research assistant trained in Spanish phonetic transcription. Mean point-to-point transcription agreement
reached 94.16% between listeners (sd = 4.58%; range = 91%-100%). On responses where transcribers
disagreed, the recorded transcriptions were used during the analysis.
The purpose of the first analysis was to identify the average number of changes that each participant
made to the stimuli. For all participants, the total number of changes made to the stimuli were divided by
the number of stimuli to which participants responded. For example, if a participant made 110 total
changes and responded to each stimulus, 110/110 = 1 (i.e., an average of one substitution, addition, or
deletion was made per stimulus).
The second analysis explored the types of changes that participants made to the stimuli, as well as
positionally where such changes occurred. Changes to each stimulus for all participants were classified as
additions, deletions, or substitutions; the positions of the change were classified as initial, medial, or final.
Next, the frequency for each type and place of change were calculated by dividing the number of changes
that occurred for a specific type or place of change by the total number of changes that a participant made.
For example, if a participant made 30 word-final substitutions and 120 total changes to the stimuli, 30/120
= .25 X 100 = 25%. In other words, 25% of all changes for this particular participant involved a wordfinal substitution.
Inter-rater scoring reliability was calculated on approximately 30% of each participant’s data by a
graduate research assistant trained in Spanish phonetic transcription. Mean point-to-point scoring
agreement reached 97.67% (sd = 1.01%; range = 96%-99%). On the few responses where there was
disagreement, the original judge’s scoring was used.

3. RESULTS
Contrary to predictions and prior work conducted in English (Freedman et al., 2016; Luce and
Large, 2001), participants in the present study made significantly more changes to the stimuli. On
average, participants made approximately two sound changes per stimulus (M = 1.96; sd = 0.43; range:
1.28-3.09), nearly double of that reported previously. This is a novel finding. For example, the target
nonword /pema/ elicited [pesaɾ] (to weigh). In this instance, there were two sound changes: one
substitution, one addition. Other examples of multiple sound changes include: [xefe] (boss) for /xabe/,
[bota] (boot) for /bute/, and [taja] (size; height) for /tejo/. Figure 1 displays the average number of changes
made per participant, additionally illustrating the wide variation of perceiving phonological similarity.

15

Noble International Journal of Social Sciences Research
Figure 1. Average Number of Sound Changes Per Participant.

Aside from the average number of changes made to the stimuli, the most common types of changes
also differed from existing work in English. Figure 2 displays the percentages of substitutions, deletions,
and additions made to the stimuli. Note that changes related to adding syllables of unrelated sounds (e.g.,
/fota/  [fotogɾafija]) are not included, and accounted for less than 5% of the data. Upon examining
participants’ combinations of substitutions, additions, and deletions, no pattern emerged – even within
participants. For example, one participant made two changes to three consecutive stimuli. The first
stimulus involved a third-segment substitution and a fourth-segment addition, the second stimulus
involved a first-segment substitution and a fourth-segment substitution, and the third stimulus involved a
third-segment substitution and a fourth-segment substitution. Therefore, participants demonstrated
flexible perceptions of what constitutes phonological similarity, and did not appear to implement any
strategies while producing similar-sounding real Spanish words.
Figure 2. Types of Sound Changes.

While the majority of changes involved substitutions across word position (65% of all changes),
consistent with predictions and similar to studies conducted in English (Freedman et al., 2016; Luce and
Large, 2001), this type of change occurred most frequently on the penultimate segment (e.g., /dito/ 
[diʧo]; 22% of all changes). In contrast, studies conducted in English found that the most common change
involved a substitution of the word-final segment (Freedman et al., 2016; Luce and Large, 2001). The
next most frequent type of change was a word-final substitution (e.g., /fota/  [foto]; 17% of all changes),
followed by a word-initial substitution (/deso/  [beso]; 14% of all changes). This pattern replicates
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previous studies conducted in English (Freedman et al., 2016; Luce and Large, 2001). Therefore,
substitutions of word-initial and -final segments seem to be the most frequent types of changes exhibited
by participants across all studies. Similar to prior research, as predicted, deletions were the least frequent
sound change (e.g., /boso/  [oso]). In summary, it appears that regardless of language, when participants
are asked to name a similar-sounding real word in response to a nonword, they are more likely to
substitute segments rather than to add or delete them. This extends findings of previous work conducted in
English to another language, Spanish.
Finally, Figure 3 indicates positionally where sound changes were most likely to occur in response
to the stimuli. As displayed, over half of all changes made by participants involved modifying the third
and fourth segment, a consonant and vowel, respectively, revealing that participants were more likely to
alter final segments rather than earlier-occurring sounds. This is consistent with predictions. Note that the
number of changes made to target consonants (approximately 48% of changes) were roughly equal to
those made to target vowels (approximately 46% of changes). Importantly, this comparison was not
possible in studies previously conducted in English given that only one vowel composed each stimulus
(i.e., CVC). As such, participants did not appear to favor modifying consonants versus vowels while
perceiving phonological similarity. This is a novel finding.
Figure 3. Placement of Sound Changes.

4. DISCUSSION
The purpose of the current study was to explore how Spanish-speaking adults perceive phonological
similarity. A one-phoneme metric has previously been proposed to adequately index ND (Luce and
Pisoni, 1998). Subsequently, a plethora of studies have used this metric to examine the impact of ND on
speech perception, production, and word learning for Spanish-speaking children and adults (Baus et al.,
2008; Goodrich and Lonigan, 2016; Stamer and Vitevitch, 2012; Vitevitch and Rodríguez, 2005).
Contrary to predictions and previous research in English (Freedman et al., 2016; Luce and Large, 2001),
participants in the present experiment made an average of two changes to stimuli to create real-word
neighbours. This novel finding indicates that phonological similarity might not be universally perceived,
and more likely varies depending on a language’s phonology and phonotactics. Additionally, the results
suggest that the often-used one-phoneme index of phonological similarity may not validly investigate
exactly how ND affects speech perception, speech production, and language acquisition in languages
other than English.
There are several possibilities to consider why participants in the present experiment made double
the number of average changes to the stimuli as participants in studies conducted in English (Freedman et
al., 2016; Luce and Large, 2001). First, a different syllable structure was necessarily used in the study
(CVCV) to better reflect the most common basic word structure in Spanish. By using a different syllable
structure other than CVC, this modification: 1) lengthened the nonwords, and 2) incorporated bisyllabic
nonwords into the task rather than monosyllabic words. With longer nonwords and an extra syllable, the
additional processing demands may have led to a different strategy used by participants during the task.
Vitevitch and Rodríguez (2005) considered this possibility when interpreting their unexpected results of
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the impact of ND on word recognition in Spanish versus English. The second possibility may relate to
language-specific components, such as an interaction between word position and morphology. In terms of
morphological differences, as discussed earlier, Spanish is more highly inflected than English. More
specifically, Vitevitch and Stamer (2006) observed that Spanish words are typically inflected in wordfinal position as compared to English. Given that phonology does not exist in a vacuum, interactions
between morphologies and phonologies in a language might influence how participants of a language
perceive phonological similarity. Lastly, the manner in which neighbours are similar to one another may
have impacted participants in the current study. As mentioned in the introduction, phonologically similar
words in Spanish also tend to be similar semantically and morphologically, whereas English neighbours
are only similar phonologically (Arbesman et al., 2010). This increased activation for Spanish words
from other domains of language may have impacted which words were named during a similarity task.
Participants may have made more than one sound change because they were not purely using
phonological processing skills. Instead, it is possible that similarity in other areas of language (e.g.,
morphology) also contributed to participants’ responses.
While the average number of sound changes in the present work differed from previous work
conducted in English (Freedman et al., 2016; Luce and Large, 2001), important similarities were
nonetheless found. Substitutions remained the most preferred type of change made by participants;
additions and deletions were relatively infrequently used. These findings reveal that both English- and
Spanish-speaking participants appear to have a bias for substituting sounds to create real-word neighbours
versus making other types of changes. It is likely that there is an unintentional strategy to preserve the
syllable structure of the target nonword rather than to alter it, as predicted, which would entail additional
processing during a time-pressure task. In addition, substitutions in both English and Spanish occurred
most frequently on the second consonant of the nonword (in the English tasks, the last segment; in
Spanish, the penultimate segment). As Freedman et al. (2016) proposed, this effect might relate to
positional aspects of phonological processing. The final few segments that participants perceive are likely
the most perceptually salient. As such, they remain the most ideal candidates to modify, similar to recency
effects observed during studies of serial recall e.g., (Murdock, 1962). Regarding the tendency in the
current experiment to substitute the penultimate consonant rather than the final segment, a vowel, note
that there are a greater variety of consonants in Spanish compared to vowels. This increased variety
naturally would allow for more flexibility during a time-pressure task where a specific type of candidate
must be selected.

4.1. Limitations
Given that participants in the present study were English-Spanish-speaking bilinguals, it is possible
that there may have been crosslinguistic effects. Potential English neighbours of Spanish stimuli used in
the present task would have necessitated inhibition, potentially impacting the results. However, given that
only 4% of Spanish words have English words as their neighbours (Vitevitch, 2012) this is unlikely.
Moreover, any increases in the size of neighbourhoods when factoring in “foreign” neighbours is less than
5% (Marian et al., 2012). In addition, since a different syllable structure was used in the current
experiment than prior work of a similar nature, mainly to reflect a different language’s phonology, it is
difficult to directly compare all of the present findings.

4.2. Future Directions
Considering that the central finding in the current study is that Spanish-speaking participants
perceive phonological similarity more broadly than traditionally proposed (i.e., a one-phoneme change),
the operationalization of ND should be re-visited. Rather than tailoring an index of phonological
similarity to every language, it may be more feasible to expand the definition of ND to be capable of
capturing important crosslinguistic phonological differences (including how syllable additions or deletions
might be included). Although Luce and Pisoni (1998) operationalized ND as a one-phoneme alteration in
one of their experiments, a different experiment in the same study calculated neighbourhoods based on
words’ degree of phonetic overlap (i.e., how similar individual segments were to one another). For
example, a neighbour of /dɔɡ/ was /tæɡ/, even though this involves two changes. Such flexibility would be
more consistent with the results of the current work. Additionally, it would be of interest to conduct the
same task with Spanish-speaking children, who have significantly smaller lexicons. The size of a
participant’s lexicon may result in the use of different strategies to complete a perceptual task.
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Appendix
Stimuli
Sparse Words
/keka/
/xeje/
/bute/
/kosi/
/luko/
/repe/
/bako/
/fika/
/gebo/
/goka/
/kero/
/lifo/
/mifo/
/mɔ jo/
/teɾe/
/xaʧo/
/kame/
/kelo/
/mifa/
/ʧimo/
/xabe/
/funo/
/gapo/
/maka/
/naka/
/sene/
/bila/
/divo/
/pexe/
/pime/
/soka/
/tejo/
/boso/
/famo/
/fimo/
/futo/
Dense Words
/boko/
/boɾo/
/gaso/
/gito/
/muta/
/pamo/
/bapa/
/boɾa/
/doda/
/fato/
/fota/
/paxo/
/pajo/

ND
0
0
2
2
2
2
3
3
3
3
3
3
3
3
3
3
4
4
4
4
4
5
5
5
5
5
6
6
6
6
6
6
7
7
7
7
ND
10
10
10
10
10
10
11
11
11
11
11
11
11

Sparse Words

ND

/kota/
/meba/
/paʧo/
/pete/
/goxa/
/gomo/
/liva/
/neɾo/
/ripa/
/vica/
/folo/
/lopo/
/somo/
/tolo/

7
7
7
7
8
8
8
8
8
8
9
9
9
9

Dense Words
/pema/
/poɾa/
/deso/
/dito/
/fomo/
/kate/
/papo/
/bada/
/baɾo/
/delo/
/fito/
/meno/
/mino/

ND
11
11
12
12
12
12
12
13
13
13
13
13
13
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/molo/
/lono/
/mena/
/peta/
/rino/
/lano/
/mola/
/piɾa/
/raga/
/topa/
/daɾo/
/kobo/
/pama/
/pilo/
/rina/
/rona/
/sona/
/tana/
/fala/
/pina/
/mosa/
/pola/
/pate/

13
14
14
14
14
15
15
15
15
15
16
16
16
16
16
16
16
16
17
17
18
18
19

/laɾo/
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