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Abstract  
 Research has shown that presenting stimuli in high variability conditions 

can lead to an increase in word learning and association in children, and it is 

hypothesized that the same can occur in adults. This experiment aimed to 

investigate if talker variability can assist in the spelling of academic vocabulary in 

both native and non-native English speakers. College aged students were trained 

using a computer generated program to assess spelling and recognition of 

vocabulary words for which they had previously been unable to provide a correct 

or plausible orthographic production. From the limited number of participants run, 

a variable pattern in the improvement of spelling in the different conditions was 

shown, as some subjects improved on words in the high condition, while others 

did better in the low. Overall, participants did display an average 30% 

improvement in just five minutes of training. More subjects will be needed to 

determine if high variability phonological input can lead to improved spelling of 

academic vocabulary.  Specifically more non-native English speakers will be 

needed to make conclusions about potential differences in auditory mapping. 

  

Introduction  
Understanding how individuals are able to learn best is essential to the 

study of both the brain and human behavior. This experiment investigated the 

prospect of improving orthographic production of academic vocabulary words by 

enhancing phonological knowledge through implicit learning. An orthographic 

representation is the correct spelling of a word that follows the rules of the 

language that it is being written in. The phonological representation, on the other 

hand, focuses on the sounds of the word as it is pronounced when spoken aloud.  

It is first important to understand what is needed to create a proper 

orthographic representation, by breaking down the target word into individual 

phonemes. Strong spellers will be able to match each phoneme with a 

corresponding grapheme to represent the sound (Fischer, 1985). For example, 

the word ‘cat’ corresponds directly to the phonemes, or sounds, in that word 

/kæt/. Challenges arise when there are multiple ways in which graphemes can 



represent certain phonemes, specifically in languages with deep orthographies, 

such as English. Orthographic depth measures how much a certain language 

maintains letter to phoneme correspondence. The deeper the orthography, the 

more that certain graphemes can represent other phonemes. For example, the 

grapheme “ch” can represent the /k/ or /ʧ/ depending on the context (“orchid” vs. 

“cheese”). Another issue is that the same graphemes can represent different 

phonemes. For instance, both the words “lie” and “fry” both have the /aɪ/ 

phoneme, but are mapped onto “ie” and “y” in each case. A language with a 

shallow orthography, such as Spanish, contains words in which spelling is very 

consistent and there is a one-to-one relationship between letters and phonemes.  

This process of mapping auditory information into phonemes and then to 

graphemes requires explicit training and is a process that is constantly used in 

learning new words. Orthographic knowledge is formed as children go through 

the process of learning to read and write. That is, they learn to map the 

orthography onto their existing phonology. Thus, it can be difficult to correctly 

spell a word if one does not have a clear phonological representation of that 

word. It has been demonstrated that preschoolers can map orthographic words 

to spoken words and that they are “influenced uniquely by both phonological and 

orthographic information” (Apel, Wolter & Masterson, 2006, 21-42). 

Having a well rounded concept of a language assists in the orthographic 

production of novel words because the individual is able to create certain 

expectations related to the sound patterns within the language. The 

understanding of spelling rules is created through childhood language 

development, usually through structured lesson or also through reading (Fayol, 

Treiman, & Pacton 2013). So, non-native English speakers likely have a less 

complete phonological understanding of English words compared to native 

speakers, and may have more difficulty in spelling because of this. Native 

speakers of shallow orthographic languages may especially have difficulties 

since this process is much more easily accomplished when there are limited 

deviations from letter-phoneme correspondence. For the purpose of this study, 

only non-native individuals with solid English understanding were recruited, but 



orthographic production could still be more difficult even if they have training in 

English spelling. It has been consistently found that proficiency in a second 

language weakened if the second language was learned after the time of 

puberty, suggesting a sensitive or critical period for bilingual learners (Petitto, & 

Dunbar, 2004). This suggests that even if subjects have substantial amounts of 

training, they still may face difficulties in discriminating certain phonemes, which 

would results in more challenges correctly mapping those phonemes to 

graphemes.  

The experiment aimed to improve spelling through increasing phonological 

knowledge through specific learning methods. Implicit learning is the acquisition 

of knowledge without awareness from the learner of doing so, and happens 

without conscious thought from the learner (Reber, 1967). An example of this 

would be a child being able to correctly identify a grammatical rule, not because 

they are familiar with the explicit rule, but rather because it “sounded right.” 

Statistical learning occurs when learners are able to extract consistent patterns 

by implicit learning. Since statistical learning has been shown to not be 

dependent on age, meaning that it can both be observed in adults and children 

(Saffran, Newport, Aslin, Tunick, & Barrueco, 1997), it is possible that auditory 

bombardment can assist learners of all ages in improving phonological 

knowledge of language. Auditory bombardment, the process of repeatedly 

exposing phonological productions of a target word, has the potential to provide 

statistical input that will highlight the phonology of academic vocabulary.  

 Past research has shown that presenting stimuli in high variability 

conditions can lead to an increase in accurate production of non-words 

(Richtsmeier, Gerken, Goffman, & Hogan 2009). In their experiment, children 

were either frequently or infrequently exposed to non-words with either variable 

talkers or a single talker presenting the stimulus. When the words were spoken 

by variable talkers, the children showed a significant difference in production 

compared to the single talker condition and produced fewer errors and quicker 

response times. The experiment showed that children were able to generalize 



certain phonotactic sequences with an unfamiliar word if there were multiple 

talkers, but not in the absence of talker variability.  

Changing input styles by having multiple voices present the stimuli allows 

learners to focus on the necessary features of the stimuli and hear acoustically 

different, yet phonetically consistent examples of a word. This trend has been 

shown to affect word learning in children, but research has not had a focus on 

adult learners.  

With previous research showing that multiple talkers led to improved 

phonological production, this experiment aimed to investigate the effect of using 

a high talker variability training to improve phonological representations, and 

therefore spelling, in adults. It is hypothesized that there will be greater word 

learning in the high variability condition compared to a high consistency 

condition. It is also suspected that non-native speakers will have greater 

improvement in the high variability condition compared to native speakers since 

they will benefit more due to their incomplete phonological knowledge of English. 

It is also expected that variability will have a greater impact on words with higher 

orthographic transparencies and that there will be an increased benefit from 

hearing phonemes that can be directly mapped on graphemes compared to pairs 

that do not. 

 
Methods  
Participants: 

After receiving Institutional Review Board approval, we recruited 

participants at the University of Arizona. Each research participant recruited was 

a student at the University of Arizona, aged 18-26, who was unable to correctly 

spell or provide a plausible orthographic representation of at least 12 of the 

chosen vocabulary words. Individuals were required to be native English 

speakers or non-native speakers who were proficient in verbal and written 

English well enough to provide informed consent in English and began their 

second language acquisition after the age of three. There were four groups of 



Non-Native Speakers: native Arabic, Mandarin, Spanish, and Vietnamese 

speakers.  

 

Stimuli: 

*Appendix to include each word and its phonetic transcription 

The 30 vocabulary words chosen for the experiment were from the Biology 

181 course at the University of Arizona. Each word was selected because it had 

an orthographic transparency of less than 71%. Orthographic transparency (how 

similar the phonetic sounds of the word are to the graphemes of the word) was 

determined by calculating the percentage of phonemes in a word that had a 

transparent orthographic mapping. Words were separated into long (9-13 

phonemes) and short (5-8 phonemes) categories.  

The vocabulary words were spoken aloud by and recorded from 28 

different native English speakers (15 females and 13 males) and ranged in age 

from 4-72 years. Each production was evaluated for its phonetic accuracy and 

clarity for the accepted American English pronunciation.  We selected speakers 

of two genders from a wide age group as variability in talkers has been shown to 

assist in the generalization of language (Lively et al., 2009).  

 

 
Figure 1: Three examples of visual stimuli presented in conjunction with the 

spoken production. 

 

 

 

 

Amphipathic  Centrioles Ribonucleoside 

Example of Stimuli 



Pretest: 

Potential participants completed a computerized pre-test to be completed 

on their own time in which they were presented with an auditory presentation of 

each vocabulary word and a visual image for each word. Subjects typed their 

responses.  If they had non-plausible misspellings for at least 12 words (e.g., 

their spellings did not represent the underlying phonemes in the word), they were 

invited to take part in the study. We ensured that participants had no history of 

brain injury, seizures, or speech and language disorders during the screening 

process where participants filled out a recruitment survey.  

For the pre-test, the image cue was a non-verbal representation of the 

concept and the auditory stimuli were presented with the same talker for each 

word. The participant was prompted by hearing each word once on a computer, 

and then asked to produce a spelling for each of the 30 words presented. There 

were three possible choices for scoring each production: correct, plausible, and 

not plausible. Correct scoring meant that their production was spelled identically 

to the standard spelling and they were able to perfectly matched the orthographic 

representation of the word. In order to determine if a misspelling could be scored 

as plausible, we compared the orthography to the phonology of the word.  

A response was considered plausible if the orthography did not correctly 

match but it did represent the underlying phonology. For example, the word 

‘phosphorous’, a spelling of ‘fosforous’ would be considered plausible, because	

phonology of this word is /fasfXxs/ (Vitevitch & Luce, Klattese-Appendix B). In 

English, it is acceptable in orthography to represent /f/ as “ph” or “f”, thus “f” is a 

plausible spelling, but ‘mosforous’ would not be plausible as there is no spelling 

pattern in English in which /f/ is represented by ‘m’. The list of phonetically 

plausible words was created using Blevin’s (1988) chart of phoneme-grapheme 

correspondences from Hanna (1966). The chart was not completely 

comprehensive, so if certain productions did match legitimate words, (e.g., /f/ 

represented by ‘ough’, as in ‘cough’), that spelling pattern would be considered 

plausible. 



 
Figure 2: Example of correct, plausible and incorrect scoring of the word 

“Amphipathic”. 

 

Training: 

The computer-programmed training was later administered to the eligible 

participants in the Speech Language and Hearing Sciences building on the 

University of Arizona Campus. Testing was conducted in an isolated room with 

only the participant and training administrator present. Before testing, an IRB 

consent form was signed, a hearing screening given that participants were 

required to pass (at 20db for 1000, 2000, and 4000 Hz), and two questionnaires 

were administered in order to get a more rounded profile of their language 

history. The first questionnaire was the Language Exposure and Proficiency 

questionnaire (Marian, Blumenfeld, & Kaushanskaya, 2007), for their native 

language and the second a questionnaire generated in the lab, which asked 

about basic background information, language exposure, and education level.  

The training consisted of 12 misspelled words from the pretest that had 

been randomly selected by the program. The words were randomly sorted into 

four categories of either long or short words, as well as either high consistency or 

high variability conditions. The high consistency condition featured the same 

talker presenting a vocabulary word and visual stimuli ten times. The variable 

condition consisted of ten different talkers presenting a vocabulary and visual 

stimulus. Each trial was presented in a random order with a 500 ms interstimulus 

interval and the visual stimuli were constant across conditions, no matter the 

talker.   



 
Figure 3: Visualization of low-variability and high-variability condition groups. 

 

Posttest: 

Once all words had been trained ten times, which took between five and 

six minutes, participants were given two assessments: a production task and a 

recognition task. The recognition task always followed the production task to 

eliminate the possibility of the different spellings influencing participants’ own 

orthographic productions.  

 

Production: 

Participants completed an orthographic production task of a word and then 

a recognition task. The orthographic task displayed the same visual image the 

participants had been trained on, but with a novel talker and prompted the 

participant to type in the spelling for the word.  

 

Posttest Recognition: 

Participants were shown the trained visual stimuli. However, instead of an 

auditory production of the word, participants were asked to choose the correct 

spelling from a list of six spellings that contained the correct spelling and five 

foils: four plausible spellings and one implausible spelling. Three of the four foils 

came directly from a list of phonetically plausible spellings taken from the Blevins 

summary chart (1998) of Hanna et al., (1966). The first two foils contained only 

one single incorrect orthographic representation of one phoneme. The first foil 



error had a high frequency spelling and the second contained a low frequency 

spelling. For example, for the word ‘catalyst’, ‘catalist’ would be a high frequency 

and ‘katalyst’ would be a low frequency. The third and fourth foils contained two 

incorrect orthographical mapping of phonemes per word. The final foil was 

selected based on the participant’s performance in the training; that is – we 

included the actual misspelling the participant produced in the pretest.  

 
Results 

Eight participants completed the training program in total, four who were 

native English speakers and four who were non-native English speakers (3 

Spanish, 1 Arabic). There appeared to be no difference between the variability 

condition and the high consistency conditions in improvement of orthographic 

productions. Both resulted in improvement in both spelling and recognition 

groups, on average of 33.3% (Standard deviation of 17.8%) for high variability, 

and 31.6% (SD of 22.3%) for high consistency. Both groups showed an average 

increase of 6.3% increase in correct orthographic representations in the 

production task, while plausible spellings increased by 27.1% (High Variability) 

and 25.4% (High Consistency).  

 
Figure 4: Overall percentage in increase of combined correct and plausible 

productions. 
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Figure 5: Percentage increase for both correct and plausible productions.  

 

For the recognition task, participants showed trend for choosing the 

correct spelling when the word was presented with high talker variability. There 

was a 51.2% increase in high condition compared to a 35.1% in the High 

consistency condition.  

 

 
Figure 6: Percent correct on recognition task for high variability and high 

consistency conditions. The bar represents percent possible due to chance alone 

(12.5%). HIGH=High variability, LOW=High consistency 
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 There was slight trend in differences between native English and non-

native English groups in terms of which condition appeared to be more helpful.  

Native English speakers had an average 29.2% improvement in the high 

variability condition, and a 34.2% improvement in the high consistency condition. 

This compared to an increase of 37.5% for non-native speakers in the high 

variability condition and an increase of 29.2% in the high consistency condition.  

 

Discussion 
There appeared to be a variable pattern in the improvement of 

orthographic production in both the high variability and high consistency 

conditions. There was an observable trend in the improvement of the spelling of 

academic vocabulary when the words were presented with high variability for 

certain subjects, but the opposite was observed as some improved more in the 

high consistency condition. While the hypothesized effect of the high variability 

group did not appear to have the expected effect, subjects overall did display an 

average of 30% improvement in both the orthographic production task and over 

43% improvement on the recognition tasks, in just five minutes of training. This 

suggests that word learning can be improved by auditory bombardment when 

vocabulary words are presented by both the same and multiple talkers.  

 The influence of phonological variability on native language status still 

remains to be determined. As expected, there was a slight trend for non-native 

English speakers to have increased improvement in the high variability condition, 

but more participants will be needed to determine if results continue to show this 

trend. 

 
Future research: 
 We predict the original trend of improvement in the high variability 

condition will lead to increased improvement with more participant recruitment. 

We estimate that a total of 30 subjects will be large enough of a group to provide 

significant results into the effect of talker variability for college-aged individuals. 

To make conclusions on the difference in auditory mapping in non-native English, 



more native speakers of Spanish, Arabic, Mandarin, and Vietnamese will need to 

be recruited for the study. If such a trend is statistically verified, further 

investigation into the subjects’ age of acquisition of English will be recorded and 

each subject’s LEAP-Q language assessment will be used to examine their 

linguistic backgrounds.  
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Appendix A 
 

Word IPA Phonemes Orthographic transparency 
amphipathic æmfəpæθɪk 9 67% 
catalyst kætəlɪst 8 63% 
centrioles sɛntɹiolz 9 56% 
chemiosmotic kɛmiəsmɑtɪk 11 64% 
chlorophyll klɔɹəfɪl 8 29% 
cytoplasm saɪtəplæzm 9 56% 
desmosomes dɛzmozomz 9 56% 
dynein daɪnin 5 60% 
eukaryote jukæɹiot 8 43% 
exergonic ɛksɚgɑnɪk 9 63% 
glycolysis glaɪkɑləsɪs 10 70% 
hypertonic haɪpɚtɑnɪk 9 67% 
isotonic aɪsətanɪk 8 63% 
isotope aɪsətop 6 50% 
kinesin kɪnisən 7 71% 
lysosome laɪsəzom 7 43% 
microtubule maɪkɹotubjul 11 60% 
monosaccharides mɑnosækɚaɪdz 11 64% 
nucleoid nukliɔɪd 8 71% 
nucleotides nukliətaɪdz 10 50% 
oxidizer aksɪdaɪzɚ 8 43% 
peroxisome pɚɑksɪzom 10 50% 
phosphorylation fɑsfɚəleʃən 12 36% 
purine pjɝin 5 50% 
quaternary kwɑtɚnɛɹi 9 38% 
reducer ɹɪdusɚ 6 33% 
ribonucleoside ɹaɪbənukliəsaɪd 13 54% 
ribosomes raɪbəzomz 8 38% 
tertiary tɝʃiɛɹi 7 43% 
vacuole vækjuol 7 67% 
 

Red = long 
 

Blue = short  
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APPENDIX

Table A1
International Phonetic Alphabet (IPA) and Computer-Readable “Klattese” Transcription Equivalents

Klattese Transcription Conventions
Repeated phonemes. The only situation in which a phoneme is repeated is in a compound word. For exam-

ple, the word homemade is transcribed in Klattese as /hommed/. All other words with two successive phonemes
that are the same just have a single segment. For example, shrilly would be transcribed in Klattese as /SrIli/.

X/R alternation. /X/ appears only in unstressed syllables, and /R/ appears only in stressed syllables.
Schwas. There are four schwas: /x/, /|/, /X/, and unstressed /U/. The /U/ in an unstressed syllable is taken as a

rounded schwa.
Syllabic consonants. The transcriptions are fairly liberal in the use of syllabic consonants. Words ending in 

-ism are transcribed /IzM/ even though a tiny schwa typically appears in the transition from the /z/ to the /M/. How-
ever, /N/ does not appear unless it immediately follows a coronal. In general, /xl/ becomes /L/ unless it occurs be-
fore a stressed vowel. Words that end in the suffix -ly are exceptions. For example, bodily is /badxli/ not /badLi/.

Vowels preceding /r/. Nine of the vowels appear before /r/. In some cases, the differences are subtle, as be-
tween /cr/ and /or/, or /@r/ and /Er/.

ar as in aardvark Ir as in fear
cr as in horse Ur as in tour
or as in hoarse Yr as in fire
@r as in hairy or Mary Wr as in hour
Er as in herring or merry

Diphthongs. /yu/ and /wa/ are considered by some to be diphthongs. In the database, /yu/ in stressed syllables
is /yu/ and in unstressed syllables it is /yU/. /wa/ is transcribed as /wa/ in all stress environments.

Alternate pronunciations. Only the most common pronunciation for each word is included in the database
(e.g., tomato, potato).

The information in this Appendix is also contained in a document that accompanied the computerized data-
base, prepared by several researchers at MIT including Dennis Klatt, Dave Shipman, Meg Withgott, and Lori
Lamel. The information is included here because the Phonotactic Probability Calculator uses information con-
tained in this database, and therefore, the same conventions.

(Manuscript received April 30, 2002;
revision accepted for publication October 14, 2003.)

IPA Klattese

Stops
p p
t t
k k
b b
d d
! g

Affricates
tʃ C
d# J

Sibilant Fricatives
s s
ʃ S
z z
# Z

Nonsibilant Fricatives
f f
θ T
v v
ð D
h h

Nasals
n n
m m
ŋ G

IPA Klattese

Syllabic Consonants
n' N
m' M
l' L

Glides and Semivowels
l l
ɹ r
w w
j y

Vowels
i i
I I
ε E
e e
+ @
ɑ a

ɑu W
aI Y
- ^
ɔ c
oI O
o o
υ U
u u
! R
ə x
1 |
" X
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