
 

 

 

 

 

 

 

 

 

Copyright 

by 

Kadee Bludau 

2015 

 

 



The Master’s Report Committee for Kadee Bludau 
Certifies that this is the approved version of the following report: 

 
 

Investigation of Phonological, Orthographic, and Cross-modal 
Integration Differences in Adults with and without Dyslexia: a Nonvocal 

Nonword Recognition Task 
 
 
 
 
 

 

 

APPROVED BY 
SUPERVISING COMMITTEE: 

 

 

 
Li Sheng  

Mary Anne Nericcio  

 

  

Supervisor: 



Investigation of Phonological, Orthographic, and Cross-modal 
Integration Differences in Adults with and without Dyslexia: a Nonvocal 

Nonword Recognition Task 

 

 

by 

Kadee Bludau, B.S.C.S.D 

 

 

Report 

Presented to the Faculty of the Graduate School of  

The University of Texas at Austin 

in Partial Fulfillment  

of the Requirements 

for the Degree of  

 

Master of Arts 

 

 

The University of Texas at Austin 
May 2015 



 Dedication 

 

I would like to dedicate this master’s report to my mother, who passed away September 

2014 from a hard-fought battle with pancreatic cancer. My mother has encouraged me to 

achieve my professional and life goals including completing this report and graduating 

with a master’s degree from the University of Texas at Austin. She supported me 

financially and emotionally throughout my years in school. I dedicate my hard work and 

dedication to her through this report. I love you Mom!  

 



 v 
 

Acknowledgements 

 

I would like to thank Dr. Li Sheng for supporting and guiding me through my 

journey in the Communication Science and Disorders program at the University of Texas 

for the last 5 years. You have been a role model to me for your dedication, passion, 

impressive research, and professionalism.  I appreciate all of the recognition and 

knowledge you have passed on to me over the years. I look forward to maybe one day 

returning to your research lab and pursuing my doctorate’s degree. I would also like to 

thank Boji Lam for being an outstanding mentor, sharing his knowledge and experience 

with me, and helping me complete this project. I am grateful for Julie Novack and Megan 

McGill for providing the base of my experiment, the stimuli and PowerPoint design. Also 

I would like to acknowledge the entire CSD program at UT for allowing me to obtain a 

great academic education  

 



 vi 

Abstract 

 

Investigation of Phonological, Orthographic, and Cross-modal 
Integration Differences in Adults with and without Dyslexia: a Nonvocal 

Nonword Recognition Task 

 

Kadee Bludau, M.A, 

The University of Texas at Austin, 2015 

 

Supervisor:  Li Sheng 

 
The purpose of this report was to describe the phonological, orthographic, and 

cross-modal deficits presented by young adults with dyslexia through a brief literature 

review, which proposes a new nonvocal nonword recognition task that analyzes these 

deficits. Previous research has supported the notion that individuals with dyslexia have an 

assortment of deficits, with phonological impairments being the most consistent and 

severe. There is controversy on whether orthographic skills are impaired or a particular 

residual strength in adults with dyslexia. Research has also shown that dyslexics 

demonstrate difficulties with cross-modal integration, which occur during transfer or 

connection between phonological and orthographical processes. The proposed nonvocal 

nonword recognition experiment assesses phonological and orthographic processing and 

the cross-modality performance in young adults with dyslexia using nonwords and 
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requiring no verbal output. This task utilizes a matching format and specifically 

highlights the transfer between modalities by presenting a stimulus in one modality and 

four matching choices in the same or a different modality. The task includes 4 different 

conditions: auditory-auditory, auditory-visual, visual-auditory, and visual-visual. The 

target stimuli include systematically created nonwords, and the foil stimuli included 

nonword deviations (i.e., addition, substitution, and omission of phonemes) of the target 

nonwords. The pilot study included 2 young adults: one control (male, age 25) and one 

(male, age 26) who was diagnosed with childhood dyslexia. The results revealed similar 

patterns across participants in that both demonstrated difficulties on the tasks that relied 

on phonological memory and were at a higher difficulty level relative to the tasks that 

relied more on orthographic processing and were at a lower difficulty level.  The 

participant with dyslexia performed significantly lower across all tasks and conditions 

than the control and showed difficulties for the tasks that relied more heavily on 

phonological memory. The adult with dyslexia also demonstrated poor awareness of the 

syllable/word shape as indicated by frequent errors of added phonemes to target words. 

The present findings from use of the nonvocal nonword recognition test suggest that 

young adults with dyslexia have significant phonological processing deficits and cross-

modal integration deficits, specifically with transferring orthographic information into 

phonological form. 
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1. Underlying Deficits in Adults with Dyslexia 

1.1 Definition 

 Dyslexia is a specific language learning disability that is characterized by 

difficulties with accurate or fluent word recognition and by poor spelling and decoding 

abilities (Lyon, 2003). While theories of dyslexia have proposed deficits in visual system 

and temporal processing, majority of research supports the underlying deficit of dyslexia 

to be phonological processing. Many researchers emphasize the importance of the 

neurological differences in dyslexic individuals and their peers as evidenced by atypical 

function of the left hemisphere language and reading systems, specifically underlying 

deficit of lexical retrieval (Brunswick, McCrory, Price, Frith, and Frith, 1999). While 

tremendous advances have been made in the characterization and understanding of 

preschool and school-age children with dyslexia, there is limited research on adults with 

dyslexia (Felton, Naylor, Wood, 1990). Childhood dyslexia often persists into adulthood 

leading to difficulties in academic and social success in daily life. Adults with dyslexia 

may often use compensatory strategies to adjust to and overcome their difficulties; 

consequently, their deficits are not easily recognized or revealed unless a task is complex 

and demanding enough to where their strategies cannot aid performance. Adults with 

dyslexia tend to be classified into two groups. The first group is the compensated 

dyslexics, whose reading is sufficient enough to allow them to succeed in higher 

academic levels with use of the compensatory strategies. The other group is non-

compensated dyslexics, whose poor reading skills have persisted and directly affected 
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learning and academic success. Understanding the fundamental deficit in individuals with 

dyslexia directly applies to assessment and treatment of this population. Specifically, 

speech-language pathologists might apply different assessments, interventions, and goals 

to treat adults with dyslexia based on their knowledge of the primary deficit or learning 

where/when the reading breakdowns occur. The treatment approach will most likely be 

different than when treating children with dyslexia, because of different expected 

outcomes and applying strategies to use in social and work situations. Therefore, 

increasing knowledge of this population’s deficits and patterns is necessary and crucial to 

improve performance and functionality of their everyday lives. The following report 

highlights the phonological, orthographic, and cross modal integration difficulties in 

adults with dyslexia in order to propose a novel nonword recognition task that measures 

these differences using transfer of modalities (i.e., auditory stimuli to visual response, 

visual stimuli to auditory response). To date, there has been no research that investigates 

this population’s performance using a similar nonword recognition paradigm to measure 

these primary deficits.  

1.2 Phonological Processing Deficits  

The most pervasive and persistent cognitive impairment among adult dyslexic 

readers is considered to be deficits in phonological processing. Phonological processing 

refers to the higher order cognitive abilities associated with the awareness and use of the 

sound structure of language when individuals process oral and written information. There 

are abundant research studies demonstrating that individuals with dyslexia have 
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significant impairments in phonological processing using a variety of methods and 

stimuli. This report highlights specific studies that use word recognition tasks and/or 

nonwords tests to determine the significant phonological impairments.   

Analysis of performance on demanding phonological tasks often reveals deficits 

in phonological processing as evidenced by slower rate of processing and general lower 

scores on reading/language tests compared to matched peers. Wilson and Lesaux (2001) 

investigated the phonological processing skills of university students with dyslexia. The 

authors used a variety of tests including: word recognition, reading comprehension, 

reading vocabulary, nonword/word reading, and spelling. The dyslexic group scored 

significantly lower than age and education matched controls on standardized spelling and 

reading tests, while also scoring within the average range. The authors discussed how 

college students with dyslexia, who are sometimes considered  ‘compensated dyslexia,’ 

might use compensatory strategies different than peers to decode written language and 

counteract their deficits to score within normal limits and succeed in college. The authors 

found that the controls performed significantly better than the college students with 

dyslexia on measures of accuracy and response time in phonological processing tasks that 

included phonological awareness, phonological recoding in lexical access, and 

phonological recoding in working memory. Therefore, even in the presence of acceptable 

reading and spelling skills, deficits in phonological skills persist in young adults with 

dyslexia. Adults with dyslexia might present as compensated, which makes it difficult to 

pinpoint underlying deficits; however with further analyses, their true deficits may be 

revealed.  
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Researchers frequently use nonwords repetition tasks to analyze phonological 

processing and working memory in adults with dyslexia by having them repeat 

nonwords. Nonwords refer to pseudowords or nonsense words that follow native 

language phonological rules but have no semantic representation (e.g., gik, fooger, 

perplisteronk, penneriful, fakletala). Nonwords are typically used in reading and 

repetition tasks, referred to as nonword repetition tasks (NRT) that assess linguistic and 

cognitive components, specifically phonological skills and working memory. Beidas, 

Khateb, and Breznitz (2013) used nonword repetition tasks to measure phonological 

memory deficits in young adults with dyslexia, who were considered to be compensated 

dyslexics. The first task was a phoneme elision task, in which the researcher would read a 

word and a specific phoneme. The participant was required to repeat the word without 

that named phoneme. The other phonological nonword task tested segmentation skills by 

requiring the participant to hear a nonword and then verbally segment the word into its 

phonemic components (consonants and vowels) as fast as possible. The young adults 

with dyslexia showed poor phonological skills manifested as incorrect and slow 

performance on the phonological tasks. Nonword tasks tend to reveal the severely 

impaired phonological skills in (compensated) adults with dyslexia.  

While consistent and profuse evidence suggests that adults with dyslexia have 

impaired phonological abilities, there is a lack of research specifying which aspect of 

phonological processing is compromised. Pennington, Orden, Smith, Green, and Haith 

(1990) studied the phonological processes of phoneme perception, phoneme awareness, 

lexical retrieval of phonology, articulatory speed, and phonetic coding in verbal short-



 5 

term memory in adults with dyslexia in order to determine the primary underlying deficit 

through four different experiments. First, to determine phoneme perception differences, 

the authors implemented a phoneme perception task with words and nonwords and in 

quiet and noisy environments. The authors found no performance deficits and determined 

that dyslexics’ primary deficit does not appear to be in phoneme perception specifically. 

The second experiment tested phoneme awareness skills by implementing two “pig latin” 

tasks that focused on differences in performance across varying syllable-length or 

clusters in words. The first task required subjects to strip off the initial phoneme of a 

spoken word, move it to the end of the word, and add "ay.” The second pig latin task only 

required recognition of the correct “pig latin” for a stimulus word, which was thought to 

control for articulatory production. The main finding was that the dyslexic group took 

longer to respond than the controls and were less accurate on both the production and 

recognition pig latin tasks. Therefore the authors concluded the results of this experiment 

provided strong evidence for the underlying deficit in phoneme awareness. The third 

experiment tested for a differential effect of stop clusters on dyslexics' lexical retrieval 

abilities through a phonological based naming task. The participants verbally labeled 

pictures whose name began with a stop cluster, a fricative cluster, or an affricate. The 

dyslexia groups were significantly slower at naming each target stimuli than the control 

groups. There was not a significant time difference across dyslexia groups for fricatives, 

stop clusters, affricates, or non-clusters. The authors determined it was unclear whether a 

deficit in lexical retrieval of phonology was a primary deficit. The two tasks used in the 

last experiment of this study sought to determine whether the adults with dyslexia were 
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deficient in verbal short-term memory (STM), and to isolate the particular components of 

verbal short-term memory on which they were deficient. The contribution of 

phonological encoding and output efficiency to verbal STM was evaluated by having a 

simple articulation speed task that had no memory load. The verbal STM task 

administered contained within subject manipulations: list type (nonrhyming real words, 

rhyming real words, or nonrhyming nonwords) and position in the list (initial, medial, 

and final). There was no significant difference between groups on the articulation speed 

task. Analyzing the verbal STM task, the authors concluded that the dyslexic groups were 

similar to controls in the verbal STM components of articulation speed, primacy, recency, 

and serial-order memory. They found that some of the dyslexics showed a deficit in 

verbal STM, which may be due to less efficient phonetic coding in STM, as reflected by 

the tendency for dyslexics to be more affected by the rhyming and nonword 

manipulations. With analyses of all four experiments, the authors concluded the 

underlying deficit in dyslexia was phoneme awareness by evidence of significant 

differences in dyslexic group compared to controls in two different tasks and two 

measures (accuracy and rate of processing) in the phoneme awareness experiment. 

Identifying the primary difficulty in phonological processing as phoneme awareness can 

aid in understanding of where the reading/language breakdown occurs for adults with 

dyslexia. Their difficulties do not appear to be in hearing or speaking the words, but from 

recognizing and distinguishing phonemes.  

The previous studies provided sound evidence that adults with dyslexia 

demonstrate moderate to severe phonological impairments as evidenced by slow 
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processing speeds and decreased accuracy on nonword repetition and word recognition 

tasks. Some of the studies also mentioned how adults with dyslexia are often considered 

compensated and use strategies to overcome their phonological deficits and perform 

within normal ranges in academic and work settings. Further analysis revealed how these 

compensatory strategies might not be sufficient when the task is more complex and when 

it specifically focuses on phonological processing. In addition, phoneme awareness is 

suggested to be the primary deficit, which is important to consider when analyzing their 

performance on these tasks.  

1.3 Orthographic Processing Deficits  
 

Orthographic knowledge is related to the visual information of a word, 

specifically the letters that contain lexical patterns and their order in a word. 

Orthographic processing directly contributes to spelling ability as well as the ability to 

identify the visual pattern of a word. It is also described as the ability to visually 

recognize presented words without relying on their phonology (Breznitz, 2006). 

Orthographic skills are also found to be impaired in dyslexics on tasks such as detection 

of letter clusters in a word, word recognition, and spelling of exception words, which all 

include visual input.  While research on orthographic deficits in children with dyslexia is 

abundant, the extent to which orthographic deficits continue into adulthood is less 

documented. Some researchers suggested that orthographic deficits may remain among 

adults with dyslexia, while others suggested orthographic skills improve over time and 

are even used to compensate for persisting phonological deficits.  
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Bowers and Wolf (1993) were among the first researchers to review orthographic 

differences in adults with dyslexia; many researchers use their hypotheses and expand on 

their findings to analyze this population’s orthographic abilities, as well as phonological 

skills. They introduced the double-deficit hypothesis, which is the idea that the ability to 

read is believed to depend on two skills: phonological processing skills and rapid 

automatized naming. Rapid automatized naming is the ability to transform visual 

information of letters, objects or pictures into a phonological code. Bowers and Wolf 

(1993) hypothesized that reduced speed of processing in adults with dyslexia may 

highlight disturbances in the timing ability and automatic reaction when processing 

orthographic codes and their phonological representations. The researchers used a rapid 

automatic naming task in which participants visually read nonwords and words as fast as 

they could, and then their accuracy of pronunciation and rate of response was measured. 

While acknowledging the significant phonological deficits, the authors suggested that 

dyslexics also demonstrated weaknesses in separating orthographic codes and difficulties 

with automatic organization of orthographic patterns. Slow letter naming speech might 

signal interference in the automatic processes that support initiation of orthographic 

patterns, which in turn resulted in quick word recognition. They proposed individuals 

with dyslexia require more exposure to an unfamiliar word in order to recognize it by its 

visual and orthographic pattern. Moreover, they also explain how skilled readers must 

visually process each letter in a word and then match them to their phonological 

representation. Encoding single letters and/or complex patterns of words more slowly 

also causes reading rate of words and nonwords to be slower. The authors concluded that 
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the dyslexic group performed poorer on word recognition tasks because of slower 

processing speeds and underdeveloped orthographic representations (i.e. letter clusters). 

This study emphasizes the importance to consider how orthographic knowledge 

influences phonological processing of nonwords, and how phonological knowledge 

affects the learning of orthographic units (Bowers and Wolf, 1993).   

Analyzing spelling skills in dyslexics is another way to review orthographic 

memory skills. Kemp, Parrila, and Kirby (2009) studied differences between 

compensated college students with dyslexia and their matched peers through a modified 

spelling task. The participants heard recorded stimuli and then were required to write 

down each word. The stimuli consisted of: phonetically simple words 

(bother/bothersome), phonetically simple nonwords (mimber/mimbersome), 

orthographically simple words (deceit/deceitful) orthographically simple nonwords 

(cirent/cirentful), phonetically complex words (addict/addiction), phonetically complex 

nonwords (imbuct/imbuction), orthographically complex words (submit/submission), and 

orthographically complex nonwords (fulmit/fulmission). Dyslexics spelled all word and 

nonwords more poorly across categories and demonstrated particular difficulty with 

spelling simple orthographic words, whose letter patterns and rules must likely be 

memorized. These results suggest that high-functioning dyslexics make some use of 

phonological skills to spell familiar words, but they have difficulty in memorizing 

orthographic patterns, which makes it difficult to spell unfamiliar words consistently in 

the absence of sufficient phonological cues or orthographic rules. Studying spelling 

performance in adults with dyslexia revealed not only phonological deficits but also 
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severe orthographic impairments. These results do not support claims (mentioned below) 

that orthographic knowledge might be a relative strength, or even a compensatory tool, 

for dyslexic individuals.  

The following studies contradict the theory that orthographic deficits are present 

and significant in adults with dyslexia as previously mentioned (Bowers and Wolf, 1993; 

Kemp et al., 2009), instead they suggest that residual orthographic skills are used to 

compensate for prominent phonological deficits. Levinthal and Hornung (1992) studied 

college students with and without dyslexia on their performance on deciding between 

word pairs either on the basis of phonological similarity (a rhyme match) or orthographic 

similarity (a visual match). For the purpose of this report, the focus was on the 

orthographic task and results. The stimuli for the orthographic test included: Hebrew 

words written with the same letters but sound different, or orthographic similarity and 

phonological dissimilarity (i.e., halav – helev); and Hebrew words written with different 

letters and sound different, or orthographically and phonologically dissimilar, (i.e., boba 

– yuman). The participants were required to decide whether the two words were written 

with the same letters or not.  Adults with dyslexia performed significantly poorer than the 

controls across all word pair conditions. Furthermore, adults with dyslexia were less 

vulnerable to phonological interference when making visual discriminations, while being 

more vulnerable to orthographic interference when matching rhyming words. The authors 

concluded that the results revealed a deficit in phonological coding that led to a 

compensatory over-reliance upon orthographic coding.  
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Other studies reported similar findings that adults with dyslexia actually have 

strong orthographic skills that they use to compensate for their phonological impairments. 

Miller-Shaul (2005) studied school-aged children with dyslexia and college students with 

dyslexia, along with their age-matched peers, to compare and confirm if cognitive and 

language deficits of dyslexia persisted into adulthood. The authors incorporated 

measurements of oral reading time of single words and connected text, reading 

comprehension, word and nonword reading, and auditory rhyming decision to measure 

reading and phonological skills. Orthographic skills were assessed by deciding whether 

words were written with the same letters or not; the words included were either 

orthographically similar but phonological dissimilar or orthographically and 

phonologically dissimilar. The authors found that phonological processing deficits in 

individuals with dyslexia slightly increased and continued into adulthood. On the 

contrary, the orthographic processing abilities of dyslexics demonstrated improvement 

over the years. The authors indicated that adults with dyslexia might rely on orthographic 

information while reading. They also suggested that these individuals developed 

compensatory strategies over the years that included memorizing patterns of print words.  

Research analyzing orthographic processing skills in adults with dyslexia is 

controversial and inconclusive. Some researchers provide evidence that adults with 

dyslexia have impaired orthographic skills, which lead to poor performance on spelling 

and rapid naming tasks. Others argue they have spared orthographic skills that actually 

help them compensate for their impaired phonological deficits. Further research studying 
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orthographic processing in this population is necessary to determine if orthographic 

deficits are an area of concern.  

1.4 Cross-modal Integration Deficits  

Fluent reading is a task requiring translation of visual orthographic code into an 

auditory phonological representation, which is essentially a cross-modal integration 

process. In order for the reading process to be performed efficiently, cross modal 

integration between the different representations is required, with precise timing of 

stimuli arriving from the visual and auditory systems (Shaul 2014). Cross-modal 

integration in language tasks refers to integrating sounds, or phonological representations, 

to letters, or their orthographic forms. Recent evidence highlights that orthographic 

information directly affects phonological processing in typically developing readers; this 

interaction may be impaired in individuals with dyslexia, which suggests that the primary 

deficit underlying reading impairment may be a failure to integrate orthographic and 

phonological information. Researchers have studied cross-modal integration through 

language-based tasks (i.e. nonword lexical decision) and non-language tasks (i.e., tactile 

temporal tasks) in individuals with dyslexia. The following highlights a few of the studies 

analyzing cross-modality performance in adults with dyslexia. It is important to note 

there is a lack of consistent and straightforward research on this topic.  

 As previously described, orthographic knowledge influences phonological 

processing of nonwords and words, and phonological knowledge affects learning 

orthographic units; these processes contribute to the cross-modal integration skills. Shaul 
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(2014) focused on the Parallel Distributed Processing model from Seidenburg and 

McClelland (1989), which describes how the reading process relies on orthographic 

information for visual recognition of graphemes, phonological representations stored in 

memory, and semantic processing for incorporation of mental lexicon. According to this 

model, successful word recognition in reading occurs when the phonological, 

orthographic, and semantic processing systems are stimulated simultaneously. In 

addition, the synchronization and speed in integrating these processing systems are 

important for individuals to have successful word recognition and reading skills. The 

author used a lexical decision task to examine synchronization, speed of processing, and 

accuracy within phonological, orthographic, and cross modalities. The stimuli consisted 

of nonwords or words that were 2-3 syllables. The nonwords were based on the real 

words by replacing a letter or syllable and creating a new meaningless stimulus. They 

were presented visually, auditorily, or both simultaneously, and participants were 

required to verbally respond whether it represented a real word or nonword. The author 

suggested that distinguishing words from nonwords measured reading quality through 

word-decoding skills. The results indicated that students with dyslexia exhibited slower 

reaction times and made more mistakes when performing the lexical decision task 

generally across all three conditions (visual only, auditory only, and cross modal). 

Consistent with other research (Levinthal and Hornung, 1992; Miller-Shaul, 2005), the 

dyslexic college students performed better on visual orthographic than auditory 

phonological tasks. The dyslexic group demonstrated similar reaction times as the control 

group during the cross modal tasks, which was expected because of the benefit of input 
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through both auditory and visual senses. However, the dyslexic group made more errors 

in distinguishing words and nonwords in cross modal tasks, which suggested that 

presenting the two modalities simultaneously created a disturbance in decoding or was a 

burden to their limited processing abilities. Overall, the author claimed simultaneous 

presentation of orthographic and phonological stimuli might benefit the dyslexic adults 

by supporting both processing systems needed for successful reading, even though there 

was evidence (lower accuracy scores) for deficits in cross-modal integration.   

Research often studies cross-modal integration through measuring reaction times 

and including non-linguistic stimuli. Breznitz and Myler (2003) studied the speed of 

processing in college students with dyslexia in nonlinguistic and sublexical linguistic 

auditory and visual tasks and a nonlinguistic cross-modal choice reaction task, while 

recording behavioral and electrophysiological (ERP) measures. The nonlinguistic stimuli 

consisted of tones (auditory) and meaningless shapes (visual); the linguistic stimuli 

included: consonant sounds (auditory) and Hebrew letters (visual). Specifically, the 

cross-modal choice reaction test required the participant to differentiate if the stimuli 

were either auditory or visual alone or if both occurred simultaneously. The dyslexic 

group had significant delays across tasks compared to the controls. Both groups had 

longer reaction times and latencies in the visual compared to the auditory tasks, but were 

longest in the cross-modal task. The findings supported the idea of domain-general speed 

of processing deficits among dyslexic readers. The authors suggested that adults with 

dyslexia present with asynchrony or dysfunctional connections in neural impulses that 

cause widespread problems in the speed at which information is processed and integrated. 
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This occurred specifically when the task required integrating between auditory and visual 

modalities.  

Researchers have also studied crossmodal (visual, auditory, tactile) differences in 

adults with dyslexia with focus on temporal processing deficits. Laasonen et al. (2002) 

assessed temporal processing performance in developmentally dyslexic adults and 

matched controls using crossmodal stimuli of audiotactile, visuotactile, and audiovisual 

perceptual modality combinations. An example task, the audiotactile task, included the 

participant listening to audio stimuli and feeling impulses in his/her finger. The 

participant was then required to determine which stimuli occurred first. Similar 

procedures occurred for each condition. The authors found that the dyslexic adults had 

difficulties choosing the accurate ordering of stimuli in all modalities, as well as had a 

delayed response time. Therefore, the dyslexic group showed deficits to a similar extent 

across different task types.  

In summary, consistent evidence has validated the claim that dyslexics have a 

problem with basic lower level processing of visual, auditory and cross-modal stimuli. 

Researchers have used different methods and measures to describe the cross-modality 

deficits for this population. Most studies concluded dyslexics demonstrated slower 

response times during the tasks. There is a lack of research analyzing cross-modal 

integration performance on language specific tasks with this population.  
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1.5 Summary 

 Previous research has supported the notion that individuals with dyslexia have an 

assortment of deficits, with phonological impairments being the most consistent and 

severe. There is controversy on whether orthographic skills are impaired or a particular 

residual strength in adults with dyslexia. Research has also shown that dyslexics 

demonstrate difficulties with cross-modal integration, suggesting impairments, which 

occur during the transfer or connection between phonological and orthographical 

processes.  

 

2. Nonvocal Nonword Recognition Task  

As mentioned in previous sections, existing research has examined phonological 

processing, orthographic processing, and cross-modality performance in adults with 

dyslexia. However there is still a lack of research studying the impairments in all three 

domains. Further analysis of phonological processing skills in this population would add 

support and/or provide deeper insights into the underlying impairment. The present 

review of studies that analyze orthographic processing leads to inconclusive and limited 

evidence of whether adults with dyslexia present with impaired orthographic processing 

or conversely use improved/preserved orthographic strengths to compensate for 

phonological or cross-modal deficits. More research analyzing their orthographic 

processing patterns is necessary to understand their performance. Research analyzing 

cross-modality differences in this population often includes use of non-language stimuli 



 17 

(i.e., tactile stimuli) to distinguish deficits in transferring information between modalities. 

There is little to no research analyzing the performance in transferring between visual and 

audio modalities in adults with dyslexia. Transferring between orthographic and 

phonological modalities is directly associated with reading: transferring the visual input 

of a written word to its equivalent spoken output. It would be beneficial to analyze how 

adults with dyslexia transfer auditory/visual information into visual/auditory information 

using language specific stimuli, which would directly probe cross-modal language 

deficits. Shaul (2014) incorporated word recognition tasks by presenting visual and 

auditory stimuli simultaneously. A task that presents stimuli in one modality and requires 

response in the other modality might better represent cross-modality abilities, by 

analyzing if and where the breakdown occurs in transferring between modalities.  

The present paper takes into consideration implications in experiments of the 

previously mentioned studies when developing a novel task that focuses on phonological, 

orthographic, and cross-modality measures. The proposed task is a nonvocal nonword 

recognition experiment that assesses phonological and orthographic memory and the 

cross-modality performance in young adults with dyslexia. This task utilizes a matching 

format and specifically highlights the transfer between modalities by presenting a 

stimulus in one modality and four matching choices in the same or a different modality. 

The task includes 4 different conditions (auditory-auditory, auditory-visual, visual-

auditory, and visual-visual) that will be described in detail later. The stimuli consist of 

non-words with 4- and 7- syllables. Knowing that adults with dyslexia can often be 

considered compensated, using a particularly higher number of syllables in the nonwords 
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increases the difficulty level of the task, which will challenge this population and 

potentially uncover true deficits. This experiment does not require a spoken response like 

many nonword tasks. The participant internally processes the orthographic and 

phonological representations and responds by manually pushing the appropriate button on 

a computer. Removing the verbal response allows researchers to analyze and the strength 

of the representation minus articulation and speech output components. Research has 

proven individuals with dyslexia have severely impaired skills in nonword repetition 

tasks (Beidas, Khateb, and Breznitz, 2013); therefore the nonverbal recognition format of 

the current task would add new insights into where the breakdown occurs in formulating 

and maintaining a novel phonological/orthographic representation.  

2.1 Visual-Visual Task  

The visual-visual task does not obligate the use of phonological memory and 

processing abilities, because the participant will have 13 seconds to silently read the 

nonword stimuli and must silently identify each target nonword from a set of four 

nonwords presented simultaneously in visual form. The tasks were adapted from research 

with people who stutter (Novack, 2015); the researchers measured the amount of time it 

took the participants who stutter to silently read the nonwords until they self-determined 

successful pronunciation; the longest silent reading time was 13 seconds.  Participants 

may or may not use phonological encoding to facilitate the memorization of the visual 

stimuli. In typical readers, phonological encoding of visually presented stimuli tends to 

be automatic (Norton & Wolf, 2012). However individuals with dyslexia may utilize 
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phonological encoding to a lesser extent and instead rely more on orthographic 

memory/knowledge to appropriately store the target and recognize the matched response 

(Levinthal and Hornung, 1992; Miller-Shaul 2005). Adults with dyslexia will most likely 

have relatively good performance on this task, because of potential preserved 

orthographic processing skills; however, their scores are predicted to be lower than the 

typically developing peers.  

2.2 Auditory-Auditory Task 

The auditory-auditory task aims to test phonological memory/processing skills by 

providing auditory input only. The individual will have to encode the phonological 

sounds of the nonword and correctly identify the matching nonword in auditory form. In 

this task, the nonword is presented in auditory form only. Following a one-second delay, 

the participant will hear 4 nonword choices that are phonologically similar to the target 

word (See Stimuli below). The participant will then have to auditorily recognize the 

target nonword that was previously presented using phonological memory skills. It is 

hypothesized that adults with dyslexia will demonstrate poor performance on this task 

compared to matched peers, which would be consistent with previous research testing 

phonological skills (Wilson and Lesaux, 2001).   

2.3 Visual-Auditory Task  

The third task is the visual-auditory task that tests the cross-modal transfer 

abilities from visual orthographic to auditory phonological representations. The target 

nonword will initially be presented in written form for 13 seconds. After the target word 
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is presented, the participant will listen to 4 nonwords with similar phonological 

characteristics and will select the nonword that matches the visual stimulus. As such, this 

task mandates the transfer of orthographic codes into their phonological representations. 

Given that people with dyslexia are known for their deficits in translating orthographic 

patterns into phonological code, the dyslexic group is projected to demonstrate significant 

difficulties on this task compared to age matched peers provided that the task is 

demanding enough. It is hypothesized that this task would be the most difficult task for 

adults with dyslexia, because transferring orthographic codes into phonological 

representations requires significant skill in phonological processing (Beidas, Khateb, and 

Breznitz, 2013).   

2.4 Auditory-Visual Task 

The last task is the auditory-visual task that tests cross-modal transfer abilities 

from auditory phonological to visual orthographic representations. The researcher 

presents the nonword targets as auditory stimuli with no visual aid. The participant must 

silently recognize the target from a set of four written nonwords. This task will be 

demanding for the participants because transferring phonological input into orthographic 

form requires higher-level orthographic processing skills (Kemp, Parrila, and Kirby, 

2009). However, this task will be less demanding than the Visual-Auditory task, because 

the answer choices are presented in orthographic form. The task will be easier than the 

tasks with auditorily presented answer choices if the participants with dyslexia have 

residual orthographic processing skills.  



 21 

3. Experimental Method 

3.1 Stimuli  

A total of 16 nonwords consisting of 4- and 7- syllables (n = 8 per syllable length 

category) were selected from the nonword stimulus list developed by Byrd, Valley, 

Anderson, and Sussman (2012) to use in this present study (see Table 1). Non-words 

were controlled for phonotactic complexity, word-likeness, and prosodic variation of the 

recorded vocal production.  Nonwords were controlled for phonotactic complexity using 

the Vitevitch and Luce (2004) web-based method of calculating segmental and biphone 

phonotactic probabilities. The nonwords were considered to have low phonotactic 

probability according to the segmental and bipone sums for both syllable length 

categories (mean sum of segmental probability was 1.437 for the 4-syllable non-words 

and 1.676 for the 7-syllable non-words; mean sum of the biphone probabilities was 1.024 

for the 4-syllable non-words and 1.029 for the 7-syllable non-words).  The nonwords 

were controlled for real word-likeness according to adult English speakers rating scores 

on a word-likeness scale used by Gathercole (1995). Participants rated the spoken non-

word on a 5-point scale with 1 indicating “very unlike a real word” and 5 indicating “very 

like a real word” (Byrd et. al, 2012). The adult raters were instructed to rate the word-

likeliness based on whether the nonword’s sound pattern could exist in the English 

language and not based on whether the nonword was similar to an existing real word. The 

mean word-likeness rating was 2.474 for the 4-syllable non-words and 2.833 for the 7-

syllable non-words. Lastly, the recorded production of the non-words was controlled for 
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prosodic variation according to consistent stress placement on the first syllable of each 

non-word, which is typical in the English language.  

A female native speaker of Standard American English recorded the non-word 

stimuli on a computer using Computerized Speech Lab equipment in a sound treated 

room. The order of the non-word stimuli for each syllable length was randomized using 

Microsoft Excel. The stimuli are presented auditorily via recording and visually with the 

written nonword form. The intelligibility of the non-words was determined by 

corresponding transcriptions by Byrd et al., (2012). Three of the four tasks followed 

procedures from (Novack, 2015), but considering the current focus an auditory-auditory 

task was added to have a balanced task design.  

Table 1 
Nonvocal non-word recognition task stimuli.  

Four syllable nonwords  Seven syllable nonwords 

1. JIG.VEN.TO.XILE   1. VAM.PON.TIG.EEZ.I.TRI.CAY 

2. CAS.TI.PAIL.TY  2. DAY.BISH.OCK.SIN.ALL.O.BIT 

3. AN.TIS.KOL.DATE  3. FO.MMI.GA.VE.LON.TI.PAN 

4. DIG.AN.TUL.IN  4. GIS.TOR.AK.I.DO.PU.LIN 

5. VAY.TAW.CHI.DOYP  5. IN.FAS.KO.VI.JI.DE.EN 

6.  DA.VON.OY.CHIG  6. JED.A.BUL.OS.KER.A.MIC 

7. NY.CHOY.TOW.VUB  7.  KA.DDEN.I.SO.NO.MA.CY 

8. TAV.A.CHEE.NYG  8. SA.CON.IM.BEN.A.LO.PY 

 

The target stimuli are presented with three other word choices, known as the foil 

stimuli, that were used by Byrd et al, (2015). To create the foil stimuli, single phonemes 

were omitted, substituted, or added to the target nonword without altering the number of 
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syllables. Initial and final consonants were omitted, added, or substituted from all 

syllables at least once, as consistently as possible, and in random order. The initial 

phonemes of the first syllable and the final phoneme of the last consonant in the 

nonwords were not altered. See Table 2 for a list of the nonword foil stimuli.  

Table 2 
Nonvocal non-word recognition task foil stimuli.  

Four syllable nonwords 
Target Word Foil Stimuli w/ 

Omitted Phoneme 
Foil Stimuli w/ 

Substituted Phoneme 
Foil Stimuli w/ 

Added Phoneme 
1. JIGVENTOXILE jigentoxile jibventoxile jigventopxile 
2. CASTIPAILTY castiailty casbipailty  castipailtry 
3. ANTISKOLDATE antiskodate antisvoldate  angtiskoldate  
4. DIGANTULIN diantulin  digantumin diganctulin  
5. VAYTAWCHIDOYP  vayawchidoyp  valtawchidoyp vaytawchindoyp 
6. DAVONOYCHIG  davooychig dasonoychig davonoychimg  
7. NYCHOYTOWVUB nychoytovub nychoymowvub nyfchoytowvub  
8. TAVACHEENYG taacheenyg tavacheesyg tavapcheenyg  

 
Seven syllable nonwords   

Target Word Foil Stimuli w/ 
Omitted Phoneme 

Foil Stimuli w/ 
Substituted Phoneme 

Foil Stimuli w/ 
Added Phoneme 

1. VAMPONTIGEEZITRICAY vamontigeezitricay  varpontigeezitricay vampontigneezitricay  

2. DAYBISHOCKSINALLOBIT daybishockinallobit daybishotsinallobit daybishocksinallosbit  

3. FOMMIGAVELONTIPAN fommigaveontipan fommigapelontipan fommigaveplontipan  

4. GISTORAKIDOPULIN gistorakidoulin gistorakicopulin  gisktorakidopulin  

5. INFASKOVIJIDEENT infakovijideent ingaskovijideent  infaskokvijideent 

6. JEDABULOSKERAMIC jedabuoskeramic jedaduloskeramic  jedabulhoskeramic 

7. KADDENISONOMACY kaddenisoomacy  kaddenilonomacy kaddenisonormacy  

8. SACONIMBENALOPY saconimbenaloy saconimbenatopy  saconimbenalolpy 
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3.2 Procedure 

The experiment is to be completed in a quiet room. The administrator will set up 

the experiment, which is on Microsoft PowerPoint, for the participants to listen to the 

recorded stimuli through speakers on a computer. Specific instructions will be read to the 

participant prior to beginning the experiment and before the participant starts each task 

(See Table 3). The tasks will be presented in a specific order: (1st) Visual-Visual, (2nd) 

Auditory-Auditory, (3rd) Visual-Auditory, and (4th) Auditory-Visual. At the end of each 

task, the participant will view a slide that says “STOP” before continuing to the next task. 

The participant will complete 2 practice items before each of the four experimental tasks: 

visual-visual task, auditory-auditory task, visual-auditory task, and auditory-visual task. 

For each task, eight 4-syllable nonwords will be completed before eight 7-syllable 

nonwords that are more challenging. The auditory stimuli will be presented with a one-

second delay before presenting the answer choices. The visual stimuli will be presented 

for 13-seconds before presenting the answer choices. The choices are presented in a 

simple quadrant (See Table 4) and the participant must move the cursor and click on the 

selected answer. The administer will record the selected answer as 1, 2, 3, or 4 based on 

the position in the quadrant and word number. Participants are given one attempt to 

answer each test item. The participant’s responses to the non-word recognition tasks will 

be scored as either correct or incorrect.  
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Table 3 
Verbal instructions. 
Task Instruction 

Introduction  You will be presented with four different tasks that include made-up words.  
I want you to listen to the instruction for each task because they will ask for different types 
of responses. Listen and read carefully. There will be four choices for each item; click the 
correct response with your mouse. Are you ready to begin?  

Visual-Visual  For the first task, I want you to read the word silently and try to remember it, then click 
the next slide. Read all four-word choices. Then select the choice that matches the word 
you first read. Let’s first try some for practice.  
 

Auditory-Auditory For the second task, I want you to listen to one word. Then click to the next slide. You 
will then listen to four word choices. With the mouse, select the word number you heard 
that matches the first word. Lets first try some for practice.  
 

Visual-Auditory For the next task, I want you to read one word. Then click to the next slide when you’re 
ready.  You will then listen to four words. Click on the word number that matches the 
word you previously read. Lets first try some for practice.  
 

Auditory-Visual For the last task, I want you to listen to one word. Then click to the next slide. You will 
then read for word choices. Click on the word that matches the word you just heard. Lets 
first try some for practice. This is the last task. You’re almost done! 
 

 
Table 4 
Example presentation of answer choices.  
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3.3 Predicted Results   

Based on previous research and the information stated above, it is hypothesized 

that adults with dyslexia will demonstrate significant difficulties in performance 

compared to typically developing peers. Both participants are predicted to produce more 

errors on the seven-syllable nonwords than on the four-syllable nonwords, because of 

increased difficulty level with increased number of syllables. However, the participant 

with dyslexia is predicted to show a greater deficit relative to the control for the seven-

syllable nonwords than the four-syllable nonwords.  

The Visual-Visual and Auditory-Visual tasks are predicted to be easier tasks and 

reveal higher scores compared to the Auditory-Auditory and Visual-Auditory tasks. 

However, the Auditory-Visual task will be more demanding than the Visual-Visual task 

because of cross-modal integration deficits (Beidas, Khateb, and Breznitz, 2013).  Both 

the Visual-Visual and Auditory-Visual tasks present stimuli answer choices in 

orthographic form. The participants will have unlimited amount of time to read, re-read, 

and study each nonword choice; whereas, the Auditory-Auditory and Visual-Auditory 

tasks include nonword answer choices in auditory form that are presented one time each. 

Reading each visual nonword choice for an unlimited amount of time allows longer 

orthographic processing time. Listening to each auditory nonword choice results in brief 

phonological processing time. Although these arrangements make the task conditions 

appear to be unequal in difficulty level, this kind of setup directly reflects the nature of 

reading and listening. Reading in natural settings often involves unlimited time for 
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decoding because the orthographical input stays on the page, whereas listening requires 

rapid processing of transient auditory input. These asymmetries may be a probable reason 

why phonological processing might be more difficult than orthographic processing in the 

dyslexic population.  

It is important to consider if the participants with dyslexia are compensated or not. 

If they are considered compensated, they are predicted to score within normal range on 

the Visual-Visual and Auditory-Visual task, because their orthographic memory is 

reserved or improved over the years (Miller-Shaul, 2005). In contrast, the dyslexic 

participants might also perform below age-matched peers on the Visual-Visual and 

Auditory-Visual task if they demonstrate deficits in orthographic processing (Kemp, 

Parrila, and Kirby, 2009).  

Participants with dyslexia are hypothesized to generate lower accuracy scores on 

Auditory-Auditory and Visual-Auditory tasks. Specifically, the Visual-Auditory task is 

predicted to be the most difficult task for the dyslexic group, because of the demands 

needed to successfully transfer between orthographic information into auditory 

phonological form. Poor performance on this cross-modal task will highlight difficulties 

decoding nonwords or translating grapheme visual input to phonetic information. Based 

on the findings by Pennington, Orden, Smith, Green, and Haith (1990) and Wilson and 

Lesaux (2001), the Auditory-Auditory task will also be difficult for the adults with 

dyslexia, because of prevalent deficits in phonological processing. The task requires 

phonological awareness/memory skills to auditorily recognize the target nonwords with 
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no orthographic information provided, which removes the potential use of orthographic 

compensatory strategy (Miller-Shaul, 2005).  

The described nonvocal nonword experiment is expected to be challenging for 

young adults with and without dyslexia, because of demanding nonword stimuli, 

necessary attention to task, and required ability to translate grapheme-phoneme 

information. However, the participants with dyslexia are predicted to demonstrate 

significant difficulties and produce lower scores on each task than typically developing 

peers.   

 

4. Pilot Study 

4.1 Participants and Methods 

The nonvocal nonword recognition experiment was administered to one young 

male adult (age 26) with a diagnosis of childhood dyslexia and one young male adult (age 

25) with no history of dyslexia. Because this was a pilot study and of limited time 

constraints, the participants were not administered any behavioral baseline measures. 

However, the researcher had access to previous clinical reports evaluating his dyslexia 

and other language deficits. The participant with dyslexia also has concurrent mixed 

expressive-receptive language disorder and Attention Deficit Hyperactive Disorder 

(ADHD), which are common disorders co-morbid with dyslexia. (Boada, Willcutt, & 

Pennington, 2012). Therefore, comorbidity does not suggest he is not representative of 

the dyslexia population.  Some of the test scores are listed in Table 5. The participants 
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completed the experiment in a quiet environment with minimal noise distractions. The 

administrator vigilantly observed the experiment and recorded the answers on an answer 

sheet. The participant with dyslexia completed the experiment on two separate occasions 

a week apart because of time constraints. He completed the Visual-Visual task on the first 

session, and the Auditory-Auditory, Visual-Auditory, and Auditory-Visual tasks during 

the second session. The control participant completed all four tasks in one session. 

Table 5.  
Language evaluative measures of the participant with dyslexia.  

 
Test of Adolescent Language 4th edition (TOAL-4) 

 Administered: 11/26/13 
Language Domain Percentile 

Rank 
Performance  

Spoken language 12th   Below average 

Written language 6th   Poor 
General language  6th  Poor 

 
Woodcock Johnson Tests of Achievement (3rd Edition) 

Administered: 8/6/1996 
Sub-Test Percentile Rank Standard Score 

Broad Reading 20th 87 

Reading Fluency  10th 81 

Reading Comprehension 19th 87 

Spelling 29th 90 
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4.2 Results 

The results reveal that the young adult with dyslexia demonstrated greater 

difficulty across tasks than the control. Table 6 (See below.) provides the accuracy scores 

for each task (Visual-Visual, Auditory-Auditory, Visual-Auditory, and Auditory-Visual) 

and in each condition (4- and 7-syllable nonwords). 

 
Table 6 

Performance Accuracy of Nonvocal Nonword Recognition Experiment.  

 Visual-
Visual 

Auditory-
Auditory 

Visual-
Auditory 

Auditory-
Visual Overall 

Dyslexic 
Participant      

4-syllable 
nonwords 100% 75% 87.5% 100% 90.63% 

7-syllable 
nonwords 75% 62.5% 50% 75% 65.63% 

All 
nonwords 87.5% 68.75% 68.75% 87.5% 78.13% 

Control 
Participant      

4-syllable 
nonwords 100% 100% 100% 100% 100% 

7-syllable 
nonwords 87.5% 75% 75% 87.5% 81.25% 

All 
nonwords 93.75% 87.5% 87.5% 93.75% 90.63% 
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For the four-syllable nonword condition, both participants scored 100% accuracy 

on the Visual-Visual and Auditory-Visual tasks. The participant with dyslexia produced 

lower scores on the Auditory-Auditory (75%) task and Visual-Auditory task (87.5%) in 

the four-syllable nonword condition, while the control scored 100% on both of those 

tasks. Across all tasks for four-syllable nonwords the participant with dyslexia scored 

90.63% accuracy and the control scored 100% accuracy (See Figure 1 below).  

Figure 1.  

 

 The seven-syllable nonword condition revealed significant differences between 

participants, as well as overall lower scores than the four-syllable nonword condition for 

both participants. The participant with dyslexia scored lower than the control in all tasks 
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dyslexic participant answered 6 out of 8 items correctly (75%) on both of those tasks. The 

control answered 6 out 8 items correctly (75%) on the Auditory-Auditory task; whereas, 

the participant with dyslexia scored lower on the Auditory-Auditory task with 62.5% 

accuracy. Similarly, the control answered 6 out 8 items correctly (75%) on the Visual-

Auditory task; whereas, the participant with dyslexia scored significantly lower on the 

Visual-Auditory task with only 50% accuracy.  

Figure 2.  
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Analysis of types of errors revealed different error patterns for each participant. 

Each error included the selection of the foil stimuli that was either a substitution, 

addition, or omission of phoneme, as previously described (Table2).  The dyslexic 

participant answered 14 questions incorrectly, and the control participant answered 6 

questions incorrectly. The young adult with dyslexia frequently made errors by selecting 

the addition foil stimuli (64% of errors). His errors also consisted of substitutions (29% 

of errors) and omissions (7% of errors). The young adult without dyslexia frequently 

made errors by selecting substitution foil stimuli (67% of errors) and less frequently by 

choosing addition foil stimuli (33% of errors).  In conclusion, the participant with 

dyslexia had the tendency to select foil stimuli with additional phonemes, whereas the 

participant without dyslexia tended to choose foil stimuli with substitution phonemes.  

Table 7 

Percentage of errors based on type of foil stimuli.  

 Substitution Addition Omission 

Dyslexic 
Participant 29% 64% 7% 

Control 
Participant 67% 33% 0% 

 

 As predicted, both participants produced more errors on the nonwords with longer 

syllable lengths. The control participant presented with difficulties only on the seven-

syllable nonwords; 100% of his errors were made on seven-syllable nonwords. The 
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participant with dyslexia demonstrated difficulties with both syllable lengths. He 

demonstrated more difficulties with seven-syllable nonwords (79% of his errors), but also 

produced errors on four-syllable nonwords (21%).  

 

5. Discussion 

The nonvocal nonword recognition test provided a task that analyzed 

phonological, orthographic, and cross-modal performance in adults with and without 

dyslexia. The present findings suggest that young adults with dyslexia have significant 

phonological processing deficits and cross-modal integration deficits, specifically with 

transferring orthographic information into phonological form. 

5.1 Nonword length and task type effect 

 The findings reveal significant differences between the two participants and 

observed patterns across the experimental tasks. In the four-syllable nonword condition, 

the control successfully completed all four tasks with 100% accuracy. In the seven-

syllable condition, the control performed similarly on the Visual-Visual and Auditory-

Visual tasks by producing high scores of 87.5% accuracy. He produced slightly lower 

scores on both the Auditory-Auditory and Visual-Auditory tasks (75% accuracy) than on 

the Visual-Visual and Auditory-Visual tasks. The individual with dyslexia successfully 

completed the Visual-Visual and Auditory-Visual tasks with 100% accuracy in the four-

syllable nonword condition. He produced lower scores on the Visual-Auditory task 

(87.5% accuracy) than on the Auditory-Auditory task (75% accuracy) in the four-syllable 
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nonword condition. In the seven-syllable nonword condition, the participant with 

dyslexia scored similarly on the Visual-Visual and Auditory-Visual tasks (75% 

accuracy). He produced significantly lower scores on the Auditory-Auditory task (62.5% 

accuracy) and the Visual-Auditory task (50% accuracy). 

 As predicted, the four-syllable nonword condition was less demanding than the 

longer seven-syllable nonword condition. The control did not demonstrate any difficulties 

in the four-syllable nonword condition, while the participant with dyslexia demonstrated 

mild difficulties on the more phonologically-based tasks (Auditory-Auditory and Visual-

Auditory). The control showed decreased performance accuracy in the seven-syllable 

nonword condition but to a lesser degree than the dyslexic participant’s decreased 

performance. The adult with dyslexia demonstrated significant difficulties across tasks in 

the seven-syllable nonword condition. Increasing the syllable length increased the 

difficulty level across tasks. As hypothesized, the increased syllable length revealed 

significant deficits in phonological processing for the dyslexic participant, as well as mild 

deficits in orthographic processing.  

 As predicted, the Visual-Visual task was the easiest task for both participants and 

across all conditions. The Auditory-Visual task was hypothesized to be more difficult 

than the Visual-Visual task because of predicted difficulties in the cross-modal transfer 

from phonological input to orthographic information (Beidas, Khateb, and Breznitz, 

2013).  However, the participants performed similarly on both the Visual-Visual and 

Auditory-Visual tasks, which demonstrates how the visually presented stimuli that was 
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presented for an unlimited amount of time significantly impacted the difficulty level for 

the tasks. The participants were able to rely on orthographic processing skills to 

successfully transfer the auditorily presented stimuli into its orthographic presentation. 

The participants performed similarly on the Auditory-Auditory and Visual-Auditory tasks 

across conditions, which suggests these tasks were on a similar difficulty level. The 

Visual-Auditory task was predicted to be the most difficult task, because of the high 

demands needed to successfully transfer orthographic information into auditory 

phonological form (Beidas, Khateb, and Breznitz, 2013). The results suggested this to be 

the most difficult task only for the participant with dyslexia at the seven-syllable 

nonword condition. This pattern reveals tasks testing phonological memory skills were 

demanding irrespective of visual or auditory input.   

 In analysis of the performance differences between participants, the adult with 

dyslexia performed similarly as the control on the Visual-Visual and Auditory-Visual 

task at the four-syllable nonword condition. The dyslexic participant scored lower than 

the control on all other tasks, as it was predicted that the participant with dyslexia would 

score lower across all conditions and tasks. This suggests the dyslexic participant might 

have used preserved orthographic skills to be successful in these tasks (Miller-Shaul, 

2005). The adult with dyslexia performed considerably lower on the phonological 

memory tasks (Auditory-Auditory and Visual-Auditory tasks) than the controls in both 

conditions revealing significant phonological memory deficits. These findings support the 

hypothesis that young adults with dyslexia have significant phonological deficits that are 

revealed through demanding phonological tasks (Beidas, Khateb, and Breznitz, 2013).   
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5.2 Error Patterns   

The foil stimuli, or deviations of the target nonword, contained error types of 

omissions, substitutions, and additions. Each participant demonstrated a different error 

pattern. The foil stimuli with omission appeared to be the easiest to identify as the wrong 

answer choice, because the participant with dyslexia only selected it in one instance and 

the control did not select it at all.   

The adult with dyslexia tended to select foil stimuli with an added phoneme, 

which indicates difficulties with accurately decoding syllable shape. The added 

phonemes changed the shape of the syllable and nonword. For example, a consonant-

vowel syllable may be changed to a consonant-vowel-consonant syllable (i.e., “to” 

changed to “top” as in “jigventoxile” to “jigventopxile”). Differentiating the foil stimuli 

with an added phoneme from the target nonword is less-demanding task, because it 

changes the structure of the nonword. The adult with dyslexia demonstrated a weaker 

representation of the nonwords. 

The control participant’s errors mostly included selecting the foil stimuli with 

substituted phonemes, which suggests difficulties at the phonological memory level. 

Recognizing substituted phonemes from the target phonemes required high-level 

phonological skills; therefore, this was a higher-level type of error compared to errors on 

additional phonemes. A foil stimulus with a substituted phoneme still maintained the 

same number and position of the phoneme as the target nonword. When a participant 
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made a substitution error, they demonstrated awareness of the overall shape of the target 

nonword. Therefore, the control participant had a better representation of the nonwords.  

5.3 Conclusion 

The nonvocal nonword recognition experiment revealed phonological processing 

deficits and cross-modal integration deficits when transferring orthographic input into 

phonological form in a young adult with dyslexia. Extensive research has highlighted the 

underlying phonological deficits in adults with dyslexia (Wilson and Lesaux, 2001; 

Beidas, Khateb, and Breznitz, 2013).  Researchers have also suggested adults with 

dyslexia demonstrate difficulties with cross-modal integration. However, these studies 

used either tasks with nonlinguistic stimuli or tasks that do not measure direct 

orthographic and phonological integration/transfer (Breznitz and Myler, 2003; Laasonen 

et al., 2002; Shaul, 2014). The present nonvocal nonword experiment directly measured 

the orthographic and phonological integration process and suggested that young adults 

with dyslexia have more difficulties transferring orthographic input into phonological 

form. Because reading involves visually receiving orthographic input and transferring it 

to its phonological form, this directly affects their reading abilities.  

5.4 Implications for Further Research 

One implication of this study was that the current sample included only two 

participants. The limited sample size hindered use of statistical analyses; therefore, the 

patterns reported should be considered as trends. The reported differences between 

conditions were sometimes based on just one response; therefore these results should be 
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interpreted with caution. These trends need to be replicated and confirmed with a large 

sample.  

Future studies should also measure reaction time, which is the interval from when 

the stimulus is presented to when the client selects an answer. Reaction time might reveal 

slower response times in adults with dyslexia, which would further demonstrate their 

significant difficulties on these tasks. Future researchers should implement the current 

tasks into a more specialized psycholinguistic experiment program instead of Microsoft 

Power-Point. To support more reliable measurement, the use of equipment that 

specializes in recording time (i.e., Presentation® or E-Prime®) might be necessary. 

Reliability within the experiment will increase when the computer records the 

participant’s selected response instead of the administrator manually recording the 

answers.  

A practice effect might be evident in this experimental design. The same 

nonwords were used for each task; therefore, the more tasks the participant completed, 

the more times he was exposed to the nonword stimuli. The higher scores on the 

Auditory-Visual task might be the results from familiarity and practice with the nonword 

stimuli. However, the participants performed poorer on the middle two tasks, which 

contradict evidence of a practice effect. Practice effect might be more evident if the 

participants demonstrated gradual improvement from the first to last tasks. Also, 

evidence of a practice effect might not be revealed from a small sample size. To decrease 

the degree or potential of a practice effect, future studies should include different and 
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additional nonword stimuli for each task. The additional nonword stimuli should be 

configured using the same process as previously described.  

Future studies might want to include a more optimal presentation time for the 

visual stimuli. In the experiment, the visual target stimuli were presented for 13 seconds 

before the answer choices. This specific time was determined by pilot studies with 

individuals who stutter; therefore, might not be representative of the current population. 

Future studies should conduct their own pilot study similar to Novack (2015) or 

configure a different time determinant. One suggestion is that the visual stimuli could be 

presented on the page long enough to be read once, which would be similar to how the 

auditory stimuli are presented.  

Another time factor to consider involves the presentation of the visual choice 

stimuli. The Visual-Visual and Auditory-Visual tasks presented answer choices for an 

unlimited amount of time. The Auditory-Auditory and Visual-Auditory tasks presented 

answer choices for limited amount of time, because each nonword was auditorily heard 

once. The visual stimuli allowed more time to process; whereas the auditory stimuli was 

transient. The tasks with visual answer choices were hence less demanding than those 

with auditory answer choices. Therefore, these tasks might not be at equal difficulty 

levels. This might explain the significant difference in performance on the Visual-Visual 

and Auditory-Visual versus Auditory-Auditory and Visual-Auditory tasks. These tasks 

do, however, directly represent the nature of orthographic and phonological processing. 

As previously described, when reading, the words remain on the page for an unlimited 
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amount of time. When listening, the words are auditorily presented briefly and in one 

instance. Future researchers should consider this implication when implementing this 

experimental design.  

Future studies should use the nonvocal nonword recognition experiment to 

increase understanding and knowledge of the deficits in adults with dyslexia, while 

addressing these present concerns of the study. The pilot study revealed promising results 

and suggestions for this specific area of research. Further analysis of this experiment and 

its results will provide clinicians the knowledge and evidence to increase evaluative and 

treatment success in adults with dyslexia. Understanding their underlying deficits will 

directly impact the targeted goals and techniques used in therapy.  
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