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The skill with which humans are able to read implies that we have developed very efficient processes forThe skill with which humans are able to read implies that we have developed very efficient processes for
word recognition.  One key paradigm for studying this process is the lexical decision (LD) task, in which aword recognition.  One key paradigm for studying this process is the lexical decision (LD) task, in which a
subject is asked to determine whether a string of letters is a word or a non-word.  Determining whether orsubject is asked to determine whether a string of letters is a word or a non-word.  Determining whether or
not an item is a word involves searching the lexicon to see if the item is present.  This lexicon may benot an item is a word involves searching the lexicon to see if the item is present.  This lexicon may be
considered as analogous to a mental dictionary.  However, unlike in a physical dictionary, spelling is not theconsidered as analogous to a mental dictionary.  However, unlike in a physical dictionary, spelling is not the
only characteristic by which a word can be stored and retrieved. Understanding the complex organization ofonly characteristic by which a word can be stored and retrieved. Understanding the complex organization of
the mental lexicon is a matter of interest to psycholinguists.the mental lexicon is a matter of interest to psycholinguists.

Orthography, how a word is spelled, and phonology, how a word sounds, are important lexicalOrthography, how a word is spelled, and phonology, how a word sounds, are important lexical
characteristics.  How these characteristics relate to each other is the subject of much research.  Muchcharacteristics.  How these characteristics relate to each other is the subject of much research.  Much
previous research has also looked at how a wordprevious research has also looked at how a word’’s access time is affected by the number of words are ones access time is affected by the number of words are one
letter different from it (orthographic letter different from it (orthographic neighbourhoodneighbourhood size, or ON). The more orthographic  size, or ON). The more orthographic neighboursneighbours a word a word
has, the more quickly the word is recognized as a word (Andrews, 1989). We are interested in how ONhas, the more quickly the word is recognized as a word (Andrews, 1989). We are interested in how ON
interacts with phonological interacts with phonological neighbourhoodneighbourhood size (PN), the number of words one  size (PN), the number of words one phonemephoneme different from the different from the
target word. This may shed light on both how words are organized in the mind, and the nature of irregularitytarget word. This may shed light on both how words are organized in the mind, and the nature of irregularity
in spelling-to-sound mapping.in spelling-to-sound mapping.

An initial experiment (not reported here) looking at overlap between a target wordAn initial experiment (not reported here) looking at overlap between a target word’’s ON and PN showeds ON and PN showed
there was a significant difference in lexical decision reaction times for words with high ON/PN overlap andthere was a significant difference in lexical decision reaction times for words with high ON/PN overlap and
those with low overlap. Subsequently, genetic programming, a computer method used to describe non-linearthose with low overlap. Subsequently, genetic programming, a computer method used to describe non-linear
relationships (Westbury et al, 2003), was used to determine if a mathematical equation could be found torelationships (Westbury et al, 2003), was used to determine if a mathematical equation could be found to
describe the relationship. The resulting equation ignored the orthographic/phonological describe the relationship. The resulting equation ignored the orthographic/phonological neighbourhoodneighbourhood
overlap and suggested a three way interaction between the frequency of the overlap and suggested a three way interaction between the frequency of the ‘‘headhead’’ of the word (first of the word (first
trigram), the frequency of the rime of the word (last trigram) and the phonological trigram), the frequency of the rime of the word (last trigram) and the phonological neighbourhoodneighbourhood size (also size (also
reported in Westbury et al, 2003).  It is this  computer-derived prediction that we explicitly tested in thisreported in Westbury et al, 2003).  It is this  computer-derived prediction that we explicitly tested in this
present experiment.present experiment.

Meet the Meet the NeighboursNeighbours::
A three-way interaction between orthographic trigram probabilities and phonological A three-way interaction between orthographic trigram probabilities and phonological neighbourhoodneighbourhood size size
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Figure 2: LD Figure 2: LD RTsRTs for non-words for non-words
Bars are SE.Bars are SE.

Figure 1:Figure 1:
 Three way interaction for LD  Three way interaction for LD RTsRTs between trigram position and PN size. between trigram position and PN size.

Bars are SE.Bars are SE.

Evidence from the experiment reported here suggests that the relationship between orthography andEvidence from the experiment reported here suggests that the relationship between orthography and
phonology is complex.  The results with words show that subjects are not only sensitive to thephonology is complex.  The results with words show that subjects are not only sensitive to the
frequencies of frequencies of subwordsubword orthographic and phonological components, but that they are sensitive to the orthographic and phonological components, but that they are sensitive to the
overlap of these different kinds of frequency.overlap of these different kinds of frequency.

This suggests that ON and PN are too gross a measure of how similar a word is to other words. It isThis suggests that ON and PN are too gross a measure of how similar a word is to other words. It is
important to take into account not only the number of words that are similar to the target word, butimportant to take into account not only the number of words that are similar to the target word, but
also the locus of the overlap (early or late), the type (phonological or orthographic) and thealso the locus of the overlap (early or late), the type (phonological or orthographic) and the
interaction between them.interaction between them.

Careful attention to these kinds of interactions may help clarify what exactly it means for a word toCareful attention to these kinds of interactions may help clarify what exactly it means for a word to
be irregular in its spelling-to-sound mapping. For example, a word that is very unusual frombe irregular in its spelling-to-sound mapping. For example, a word that is very unusual from
orthography (LO-LO in our experiment) is accessed much more quickly if it is not unusual by aorthography (LO-LO in our experiment) is accessed much more quickly if it is not unusual by a
phonological measure (high PN) than if it is unusual phonologically (low PN). The three-wayphonological measure (high PN) than if it is unusual phonologically (low PN). The three-way
interaction between locus of overlap and PN means that we cannot. however, simply conclude thatinteraction between locus of overlap and PN means that we cannot. however, simply conclude that
ON is modulated by PN.ON is modulated by PN.

There was no effect of sensitivity to locus for the There was no effect of sensitivity to locus for the NWsNWs: subjects reject HI-LO words and LO-HI: subjects reject HI-LO words and LO-HI
words with almost exactly the same speed. The pattern of results for words with almost exactly the same speed. The pattern of results for NWsNWs is closely analogous (but is closely analogous (but
reversed)  to that seen for low PN words. Subjects are quick to accept low PN HI-HI words and slowreversed)  to that seen for low PN words. Subjects are quick to accept low PN HI-HI words and slow
to reject HI-HI to reject HI-HI NWsNWs; they are slow to accept low PN LO-LO words and fast to reject LO-LO ; they are slow to accept low PN LO-LO words and fast to reject LO-LO NWsNWs,,
and show little or no effects of overlap locus for LO-HI and HI-LO words. We did not measure theand show little or no effects of overlap locus for LO-HI and HI-LO words. We did not measure the
PN of our PN of our NWsNWs, but this pattern of results suggests that they all have low PN., but this pattern of results suggests that they all have low PN.

The hypothesis that motivated this experiment was suggested by a computer that tried to account forThe hypothesis that motivated this experiment was suggested by a computer that tried to account for
variation in LD variation in LD RTsRTs in data collected for a different purpose. This experiment therefore has some in data collected for a different purpose. This experiment therefore has some
historical interest as being a rare case in psychology of a scientific discovery made by a computer.historical interest as being a rare case in psychology of a scientific discovery made by a computer.
Computer-guided discovery is becoming more commonplace in all scientific disciplines, and mayComputer-guided discovery is becoming more commonplace in all scientific disciplines, and may
play an increasingly large role in future scientific work.play an increasingly large role in future scientific work.
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Twenty-six University of Alberta undergraduate students participated in the experiment in exchangeTwenty-six University of Alberta undergraduate students participated in the experiment in exchange
for course credit.  All were right-handed, native English speakers.for course credit.  All were right-handed, native English speakers.

 STIMULI STIMULI

The stimuli consisted of 110 five and six letter words were selected on the basis of three factors;The stimuli consisted of 110 five and six letter words were selected on the basis of three factors;
phonological phonological neighbourhoodneighbourhood size (PN) and first and last trigram frequency.    Words with low PN had < size (PN) and first and last trigram frequency.    Words with low PN had <
3 3 neighboursneighbours and words with high PN had > 17  and words with high PN had > 17 neighboursneighbours.  Trigram frequency represents the number.  Trigram frequency represents the number
of times per million words of text that one would encounter a particular trigram in that position inof times per million words of text that one would encounter a particular trigram in that position in
words of the same length.  For first trigram low frequency was defined as < 9 and high as > 390.  Forwords of the same length.  For first trigram low frequency was defined as < 9 and high as > 390.  For
last trigram frequency low was < 1 and high was > 600.last trigram frequency low was < 1 and high was > 600.

110 pronounceable 5 and 6 letter non-words were selected from randomly combined high and low110 pronounceable 5 and 6 letter non-words were selected from randomly combined high and low
frequency trigrams.frequency trigrams.

Subjects were placed in a quiet room with a computer.  They were instructed to determine as quicklySubjects were placed in a quiet room with a computer.  They were instructed to determine as quickly
and as accurately as possible whether the string of letters presented on the computer screen was a realand as accurately as possible whether the string of letters presented on the computer screen was a real
English word.  They responded using key presses on a marked computer keyboard using the indexEnglish word.  They responded using key presses on a marked computer keyboard using the index
finger for finger for ““yesyes”” and middle finger for  and middle finger for ““nono””.    The stimuli were presented in random order..    The stimuli were presented in random order.

There were main effects for trigram frequency; first trigram [F(1,25) =  15.75, p < 0.0001], secondThere were main effects for trigram frequency; first trigram [F(1,25) =  15.75, p < 0.0001], second
trigram [F(1,25) = 27.60, p < 0.0001].  In addition the three way interaction between phonologicaltrigram [F(1,25) = 27.60, p < 0.0001].  In addition the three way interaction between phonological
neighbourhoodneighbourhood and first and last trigram frequency was found also found to be significant [F(1,25) and first and last trigram frequency was found also found to be significant [F(1,25)
= 7.19, p < 0.01]. These results are illustrated in Figure 1.= 7.19, p < 0.01]. These results are illustrated in Figure 1.

The RT results for non-words are shown in Figure 2.The RT results for non-words are shown in Figure 2. REFERENCESREFERENCES
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The The NWsNWs also showed a main effect for trigram frequency, for both the first trigram [F(1,25) = also showed a main effect for trigram frequency, for both the first trigram [F(1,25) =
48.79, p<0001] and the last trigram [F(1,25) = 17.46, p<0001].  However, there were no48.79, p<0001] and the last trigram [F(1,25) = 17.46, p<0001].  However, there were no
significant interaction effects.significant interaction effects.


