Speech Perception Confusions in Children with Reading Disabilities

Abstract (already accepted)
Objectives.  Some studies indicate language impairment (LI) may originate from difficulty hearing speech sounds.  Because children with LI are at risk for reading disabilities (RD), we reasoned that RD might also be related to speech perception difficulties.  Our objective was to answer the question, “Do children with RD due to decoding and/or comprehension difficulties confuse consonants and vowels more often than children without such reading difficulties?  

Methods.  Participants were 5 children with a history of reading problems and varying reading profiles, who were receiving services for RD; and 2 control children, 8 to 12 years old.  Reading and language profiles were determined from an assessment battery and nonword repetition task.  The children participated in a computerized Syllable Confusion Oddball (SCO) Task and Nonsense Syllable Confusion Matrix (NSCM) Task (for speech sound discrimination and identification, respectively), with 10 hourly sessions per task.  NSCM data were used to generate consonant and vowel confusion matrices.  

Summary of Results.  4 children with RD made numerous perceptual errors on the 2 experimental tasks, whereas the controls and one child with RD scored highly.  For example, 1 child with RD scored low on SCO for 38% of 24 consonants and 13% of 15 vowels, and showed many vowel confusions on the NSCM task (only 66% correct).
Conclusions.  Children with RD may evidence speech perception difficulties more peripheral (or low level) in auditory processing of speech than often reported in the phonological awareness literature. Some common confusions appear across the 2 tasks and among children with RD.  

On-Line Paper (to be submitted; now due May 20, 2007; 3,000 word limit)
Objectives
The current study was inspired by two lines of research.  First, some studies have shown that the source of Language Impairment (LI) in children can be traced back to their inability or difficulty in hearing speech sounds. While not without controversy, in some studies simple childhood middle ear infections have been found to be related to learning problems for speech and language in the preschool and early elementary school years. Along these lines, some studies have shown that listening to temporally modified (i.e., slowed-down) speech sounds can help children with LI improve their communication and reading skills. 

If problems distinguishing speech sounds can cause difficulty with primary language acquisition, then it is conceivable that such problems would create even more difficulty with the secondary use of language for reading.  Imagine a child trying to learn the printed symbols for sounds that he or she never quite learned to discriminate aurally as a younger child with LI.  Furthermore, consider 2 printed symbols that are already visually similar, such as “b” and “d”, or “b” and “p.” The learning problem that such sounds present would be further compounded by any aural perceptual confusion of the two sounds, which are similar in manner and voicing for the 1st pair, and manner and place of articulation for the 2nd pair.  

Therefore, the 2nd line of research to influence the present study concerns the reading abilities of children with LI.  A number of studies have established that children with LI are at risk for developing reading disabilities (RD).  Consequently, we reasoned that RD might also be related to speech perception difficulties.  Although some children with RD may have a speech processing difficulties—at least those who also have LI—assessments and therapies currently available for children with RD, and RD with LI, tend to focus more strongly on language-related skills or links between language and print (i.e., sight vocabulary, decoding, reading or listening comprehension, reading fluency, phonological awareness, expressive phonology, vocabulary, and syntax) than on sensory skills per se (i.e., speech perception).  Similarly, much of the study of phonetic aspects of RD has focused on letter-sound correspondence in decoding or phonological awareness (conscious manipulation of speech sounds), rather than purely speech-perception abilities.  In the present preliminary investigation, we systematically examined aural aspects of RD for a large set of speech sounds.  To our knowledge this has not yet been done in the literature on reading disabilities.

In the present study, we analyzed speech perception data collected for 7 children with a history of reading problems and varying reading profiles.  We attempt to explore a link between speech perception and reading disability in these children, by addressing the following research question:

1.  Do children with RD due to comprehension or decoding difficulties confuse consonants and vowels more often than children without such reading difficulties?

Methods
Participants. Participants were 4 girls and 3 boys with RD in 3rd through 5th grades. They were 8 to 10 years old (M age = 9 years; 7 months).  They attended weekly reading lessons at a private, nonprofit reading center.  Center records indicated that 2 children had reading difficulties primarily due to attention and motivational problems, or health concerns that resulted in frequent school absence.  These 2 children were considered control subjects for the purposes of the present report.   

Assessment Battery. An assessment battery was administered by a certified speech-language pathologist, to determine each child’s reading, cognition, language, and speech profile.  Each child’s hearing was screened at the onset of the experiment to verify normal hearing. The assessment battery included standardized tests or subtests for reading (sight vocabulary, word attack, reading comprehension, and reading fluency); nonverbal cognition, receptive vocabulary, grammar, phonological awareness (segmenting words), and single –word articulation.  In addition, a nonword repetition task was administered and a 15-20 minute sample of the child’s spoken language was recorded to assess expressive language ability in a natural context.  

Syllable Confusion Oddball (SCO) Task.  First, each child participated in a speech discrimination task for 10 hourly sessions (once or twice a week).  The SCO task was designed to determine for which, if any, English consonants and vowels the child exhibited confusion errors. In the SCO task, the child listened over headphones to a random sequence of 3 consonant-vowel or vowel-consonant (CV or VC) syllables spoken by 3 different talkers (e.g., “da-da-fa”), from a set of 18 professionally recorded talkers. Two of the stimuli were the same syllable.  The 3rd stimulus differed in either its C or V. The child was asked to indicate the odd CV of the 3.  The computer program chose the stimuli for each trial randomly.  The number of trials varied per sound, but with 1 exception, children averaged 36 trials per sound.

Nonsense Syllable Confusion Matrix (NSCM) task.   Second, each child participated in a speech identification task (involving both sensory—listening—and motor—speaking—abilities) for another 10 hourly sessions (once or twice a week).  The NSCM task was customized for each child to more often present high-error sounds from the child’s SCO data. In the NSCM task, the child listened to nonsense CV or VC syllables (from the same 18 talkers), 1 syllable at a time via headphones and then spoke back the syllable that he or she heard. The sound was recorded on the computer by a trained investigator administering the trials and transcribed for reliability by a research assistant trained in phonetic transcription.  Again, the number of trials varied per sound, but with 1 exception, children averaged 61 trials per sound.

 Analysis.  Percent correct performance was computed for each consonant and vowel presented in the SCO and NSCM tasks, for comparison across tasks and children.  Consonant and vowel confusion matrices were generated from the NSCM data, yielding sounds confused by the RD and control groups.  On either task, sounds that were correctly perceived on 75% or fewer of the trials were considered to be in error.  

Summary of Results

Four of the 5 children with RD showed a number of perceptual errors for consonants and vowels in both the SCO and NSCM tasks.  For example, 1 child with RD scored low on the SCO task for 9 of 24 consonants (38% of consonants) and 2 of 15 vowels (13% of vowels), and showed many more vowel confusions on the NSCM task.  (On the latter, her accuracy rate for vowels was only 72% correct, with performance at 75% correct or less for 9 of the 15 vowels.)  Her level of perceptual confusion appeared to be subclinical:  Despite a long history of reading difficulties for which she received private tutoring, she was reported as reading on grade level by 5th grade, her current grade.  Her assessment profile revealed, however, current difficulties with segmenting words into phonemes, imitating sentences, and repeating nonsense words.

In contrast, the 2 controls and 1 boy with RD had high SCO scores (> 75% correct on > 91% of the 39 sounds).  Clearly, children in this age range can be highly successful on the SCO task.  Because of their high NSCM performance, the NSCM task was not administered to the 2 controls.  The boy with RD is nearing completion of the NSCM task.

Some group patterns emerged for the 4 RD children with perceptual errors.  On the SCO task, they had a substantial number of errors for the 24 consonants and 15 vowels, scoring 75% correct or less for an average of 8 consonants (33%, range = 2-13 consonants) and 5 vowels (33%, range = 0-11 vowels).  On the NSCM task, the 4 RD children again had a substantial number of errors for the 24 consonants and 15 vowels, scoring 75% correct or less for an average of 7 consonants (29%, range = 3-9 consonants) and 6 vowels (42%, range = 4-9 vowels).  It should be noted that with a single exception, all error scores on the SCO task were well above chance (33%), ranging from 50-75% correct, with 67% of sounds correctly perceived.  Furthermore, all children had many scores above 75% correct on the NSCM task, with 66% of sounds correctly perceived. 

One of the 4 RD children performed the same on the NSCM task as on the SCO task (81% correct on both tasks) and 2 performed slightly worse (78% vs. 84% correct, respectively, for the NSCM and SCO tasks for both children), primarily due to poorer vowel performance.  Poorer overall performance for the NSCM task was predicted because it was designed to deliver a greater percentage of sounds that a child erred on in the SCO task.  Contrary to predictions, however, 1 child performed better on the NSCM task, with its 1 at a time syllable delivery (84% vs. 72% correct, for the NSCM and SCO tasks respectively), primarily due to better consonant performance (though vowels were also somewhat better).  Surprisingly, all 4 children showed a higher rate of confusion for vowels than consonants on the NSCM task (M = 75% vs. 84% correct, for vowels and consonants, respectively).  

On the SCO task, 2 or more of the RD children who made perceptual confusions erred on 8 consonants (/p, b, t, d, xd, xc, m, xg/) and 7 vowels (/i, xe, xa, u, xu, a, xo/).  Surprisingly, confusing sounds included stops, nasals, and the 3-vowel triangle (/i, u, a/), which emerge in spoken American English at a very young age (younger than 3 years of age.)  The 3-vowel triangle also has been shown to be exaggerated in maternal speech to very young children across several languages.  On the NSCM task, 2 or more of the RD children erred on 9 consonants ( /g, f, v, xt, xd, z, xz, xj, xg/) and 6 vowels (xi, xe, xu, c, a, xw/.  In contrast to the SCO task, fricatives and affricates constituted the largest set of problematic consonants on the NSCM task.

Interestingly, certain sounds were problematic for the RD group on 1 task but not the other.  Only 5 sounds caused confusion on both tasks:  2 consonants and 3 vowels.  From the confusion matrices, the most common confusions for these 5 sounds were as follows.  (The M % of instances of each type of confusion are listed in parentheses for those children who erred on the target):

1.  /xd/ (4 children, M = 56% correct):  [v] (15%),  [xt] (9%),  [z] (3%),  [d] (2%),  [l] (2%)

2.  /xg/ (2 children, M = 29% correct):  [m] (42%),  [n] (25%)

3.  /xe/ (3 children, M = 62% correct):  [xq] (23%),  [xa] (4%),  [xi] (3%)

4.  /xu/ (4 children, M = 40% correct):  [xa] (45%),  /u/ (3%), and  /xi/ (6%)

5.  /a/ (4 children, M = 60% correct):  /c/ (19%),  /xa/ (8%), and  /xw/ (6%)

Most of the common confusions from the NSCM confusion matrices were unidirectional, that is the particular stimulus was confused with the particular response listed, but not vice versa.  The only exceptions were 3 to 5 confusions that appeared to be bidirectional:  for consonants, (1) [xd] and [v], (2) [xd] and [xt], and possibly, (3) [xd] and [z] (for 1 child); and for vowels, (4) [a] and [c], and possibly, (5) [a] and [xw] (for 1 child).

Discussion


A large body of literature has established that RD is related to poor phonological awareness (particularly phonemic awareness), which might be viewed as high-level, cortical processing of speech sounds. It appears, though, that some children with RD exhibit speech perception problems that are more peripheral (or low-level) in the auditory processing of speech than has been previously been reported.  Our study differs from phonological awareness paradigms in that the latter typically employ conscious cognitive manipulations performed by the child on words that are meaningful to him or her (e.g., detecting or generating rhyming words, matching words by their 1st sound, segmenting words and eliminating syllables or phonemes to create other real words, etc.)  In contrast, in our study, children listened only to nonsense syllables to reveal speech perception alone, without involving higher level language processing.
In our preliminary findings, reading difficulties appear to be related to speech perception problems for many children who demonstrate RD due to comprehension or decoding problems rather than other possible causes (e.g., attentional, motivational, and educational challenges). 

Because children in our study correctly perceived many more sounds than they confused, it is clear that they could successfully perform both speech perception tasks.  Thus, perceptual confusion was not general, but focused on specific consonants and vowels.  The problem experienced by the majority of children in our RD group appears to be one of confusions which, though small in degree, are great in number, even on such relatively simple tasks as repeating back a single nonsense syllable or distinguishing 1 different syllable among 3.  It is not hard to imagine the extent of disruption so many small confusions might cause a child when trying to perform in more complex phonological awareness or reading situations.

Ascertaining children’s particular auditory perceptual confusions and the distinctive features that might account for them is our ultimate goal, with a larger population of RD children.  Nevertheless, these preliminary results show some common confusions among children with RD on each task and across the SCO discrimination and NSCM identification tasks.  These perceptual errors occur despite largely normal articulation.  They also occur surprisingly for some consonants and vowels that are acquired very early in phonological development, i.e., speech production.  Moreover, some children exhibit more confusion on 1 speech perception task than the other.  Finally, from the child with RD who performed much better on the NSCM task (where only a single syllable was presented in a trial), it appears that SCO results may be related to certain auditory working memory challenges in some children with RD. We hypothesize that some children with RD show poorer performance on the SCO task because it requires remembering 3 syllables and their order, when the syllables are selected from a large set with varying speaker voices and random selection of the set to be presented in each trial. 
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