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Background: The state of reading proficiency among children in the United States continues to be a subject of concern among 
psychologists, teachers, parents, policy makers, and the education community at large. Despite the widespread use of curricular 
methods that teach basic reading skills, there remains a large percentage of children that struggle to read. Therefore, novel approaches 
to reading remediation should be explored.
Purpose: The aims of this study were to examine 1) the effect of a multicomponent cognitive and reading intervention on cognitive 
and reading skills; 2) the role of ADHD, age, sex, IQ score, and individual cognitive skills on the effectiveness of the ReadRx 
intervention; and 3) parent-reported behavioral outcomes following the ReadRx intervention.
Methods: The current study analyzed a large real-world dataset to examine cognitive, reading, and behavioral outcomes for struggling 
readers (n = 3527) who had completed 24 weeks (120 hours) of intense cognitive training integrated with a structured literacy 
intervention using ReadRx in a one-on-one clinic setting.
Results: Analyses of pretest and post-test scores showed statistically significant changes on all cognitive and reading measures 
including attention, visual processing, processing speed, long-term memory, working memory, reasoning, phonological awareness, 
Work Attack, phonetic coding, spelling, comprehension, and overall IQ score with medium to very large effect sizes. The results 
included an average 4.1-year gain in reading skills including a 6-year gain in phonological awareness. No differences were found 
based on age, sex, or ADHD status, and minimal differences were found based on pre-intervention IQ score and cognitive test scores. 
The study also included a qualitative thematic analysis of parent-reported behavioral outcomes revealing themes of improved 
cognition, academic performance, and psychosocial skills including confidence and perseverance.
Conclusion: Our findings were consistent with previous controlled studies on this intervention and offer an encouraging alternative 
instructional approach to reading remediation that aligns with the Science of Reading and includes intensive remediation of underlying 
cognitive skills.
Keywords: cognitive training, brain training, LearningRx, reading, dyslexia, phonemic awareness, literacy, reading disorder

Introduction
According to the Report on the Condition of Education 2021 by the National Center for Education Statistics, only 35% of 
4th grade children and 34% of 8th grade children can read proficiently.1 The ability to read and understand text is highly 
correlated with phonological awareness, or the ability to analyze and manipulate spoken parts of syllables, words, and 
sentences.2–4 That also includes the most advanced phonological awareness skill of phonemic awareness, or the ability to 
understand the individual sounds, called phonemes, that make up words. Children with reading struggles may have 
difficulty discriminating, evaluating, and separating individual phonemes within words. Further, children do not 
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necessarily acquire the ability to segment words into sounds through simple exposure to instruction in reading.2 In fact, 
reading is not inherently natural. It must be systematically taught for children to correlate spoken sounds with the written 
codes representing each sound.5,6 This ability is dependent upon an understanding of the alphabetic principle, or the 
concept that letter and letter clusters represent the sounds in spoken language. When a child learns the predictable and 
reversible relationships between sounds and letters, they can begin to apply these correspondences to both familiar and 
unfamiliar words. Learning the alphabetic principle is critical for acquisition of reading and writing because it is 
necessary for phonological decoding—or the process of converting the written word to the spoken word.7 Once children 
have received systematic and explicit instruction in phonological awareness and decoding, they can begin to develop 
fluency and reading comprehension skills.6

Science of Reading
A comprehensive body of reading research across multiple fields of study—collectively known as the Science of Reading 
—has led to a consensus that skilled reading is the coordination of word recognition skills including decoding, 
phonological awareness, and sight recognition along with language comprehension skills including verbal reasoning 
along with knowledge of the structures of language, facts, vocabulary, and print concepts.6 This consensus is grounded in 
the Simple View of Reading proposed in 1986 by Gough and Tumner7 which states that reading comprehension is the 
product of word recognition and language comprehension. It was later expounded upon by Scarborough8 in his seminal 
“Reading Rope” which illustrates how the word recognition skills intertwine with the language comprehension skills to 
create skilled reading ability. The Science of Reading points to an instructional approach that includes systematic, 
sequential, and cumulative instruction in phonological awareness, phonics, spelling, fluency, comprehension, and 
vocabulary delivered with multisensory methods. The importance of beginning with systematic phonics instruction 
was highlighted by Ehri’s review9 of both research and theory which emphasizes sequential instruction in grapheme– 
phoneme knowledge, phoneme segmenting and blending, decoding, spelling, contextual word-reading practice, and 
morpheme-syllable knowledge. Indeed, the Science of Reading serves as the theoretical lens through which reading 
intervention is now discussed.

Further, as the most widely accepted model of cognition, we should also discuss reading acquisition through the lens 
of the Cattell–Horn–Carroll theory of cognition10 which identifies reading skills (decoding, fluency, and reading 
comprehension) as acquired cognitive abilities intricately—and statistically—related to the primary cognitive skills of 
attention, visual processing, auditory processing, processing speed, long-term memory, working memory, and reasoning. 
Although there is widespread instruction in basic reading skills, there continues to be a significant problem with reading 
proficiency as evidenced by the ongoing national assessments of children in the United States. This problem may be 
because reading struggles are complex and multifaceted rather than simply a deficit in phonological awareness and 
decoding skills.11,12 In fact, a growing body of research recognizes the complexity of reading skill development and the 
contribution of multiple cognitive skills to reading ability, particularly working memory13,14 and processing speed,15 but 
also visuo-spatial ability,16,17 verbal working memory and response inhibition,18 perceptual processing,19,20 sustained 
attention,21 and executive function.22,23 Not only do cognitive skills influence reading skills acquisition, they also predict 
response to reading interventions. For example, executive function skills significantly predicted response to the 
computer-assisted reading intervention, GraphoGame Rime,24 and attention skills differentiated inadequate responders 
from adequate responders to small group reading intervention.25 Yet, the role of cognitive skills development in school- 
based reading curricula remains elusive. Considering that CHC theory in relation to reading also aligns with the 
increasingly popular multiple deficits model in reading—the theory that suggests reading disabilities and their comorbid
ities result from various deficits in cognitive and linguistic skills,26 it is intriguing that we are not seeing a proliferation of 
research on multi-construct and individualized reading remediation interventions.

Existing Research on Non-School Reading Interventions
A body of research describing targeted non-school remedial interventions for some of these cognitive skills has emerged 
but with varying results. For example, Christodoulou27 observed improvements for 6- o 9-year-old children in oral 
reading fluency and symbol imagery following summer instruction with the Lindamood Bell Seeing Stars program that 
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focuses on visual processing skills like visual symbol recognition. However, the significant interactions between the 
treatment and control groups on untimed and timed pseudoword reading were due primarily to a decline from pretest to 
post-test in the control group rather than from improvements in the treatment group. In another study of a non-school- 
based intervention, Maehler14 examined the effects of the AGENT 8-1-0 working memory training program on three 
aspects of working memory, finding no significant improvements in working memory among children with dyslexia nor 
any transfer to academic performance. A recent meta-analysis of programs based on the Orton–Gillingham approach28 

revealed a lack of significant improvement in foundational reading skills. However, Lipowska29 studied the Warnke 
Method of improving reading by training central auditory and visual processing skills in children with dyslexia, finding 
improvements in short-term phonological memory and phonological awareness. So, some interventions with cognitive 
components are moving the needle on at least a couple of reading skills.

Existing Research on Predictors of Reading Intervention Outcomes
Unfortunately, there is little published science on multi-component cognitive training interventions delivered one-on-one 
to remediate struggles with reading and the associated cognitive deficits or research on the characteristics of children that 
may influence response to such interventions. According to the Cumulative Risk and Resilience Model of dyslexia,30 

there is a complex interplay between multiple risk factors (genetics, early language difficulties, environment, low-quality 
literacy instruction) and multiple protective factors (high-quality literacy instruction, growth mindset, supportive relation
ships) that determine the likelihood of developing dyslexia. Given that many variables may be associated with reading 
intervention outcomes, it is important to examine these relationships.

One key area of reading disability research has focused on comorbid attention deficits. Children with attention deficits 
frequently struggle with reading, as evidenced by studies including one with a sample size of more than 4000 children 
with ADHD who were found to be at significantly greater risk of difficulty spelling and reading compared to children 
without ADHD.31 The multiple deficits model has been used as a framework for research examining this comorbidity 
which has shown that deficits in processing speed32 and executive functions33 partially explain this association between 
dyslexia and ADHD.34 A large meta-analysis revealed processing speed, verbal working memory, and response 
variability as the shared cognitive connection between ADHD and reading disabilities.35 This line of research reveals 
considerable overlap in deficits among children with dyslexia and ADHD. However, to our knowledge, the only meta- 
analysis to date of reading interventions for children with ADHD in special education settings revealed positive effects 
but found no use of evidence-based practices and was limited to a total of 65 participants across 16 studies.36 Considering 
the comorbidity of word reading disabilities and attention deficits is estimated to be between 25% and 50% of children 
with reading difficulties,37,38 it is important to look at attention struggles as a predictor of response to reading 
intervention.

There is also evidence that executive function39 and IQ score40 are associated with reading ability, but research on 
how response to intervention is influenced by IQ score is mixed.41,42 For example, despite research that refutes the idea 
that low IQ score contributes to reduced response to reading intervention,43 other researchers have found that IQ does 
have at least a minimal influence on intervention response,42,44 especially with more complex tasks.45 Therefore, it is 
important to look at IQ score as a predictor of reading intervention response in a large sample.

Sex differences in reading are also important to evaluate. In an analysis of three decades of reading achievement data 
taken from the National Assessment of Educational Progress,46 researchers found small differences in reading achieve
ment by sex in Grade 4 but increased by Grade 8 and even further by Grade 12 with girls achieving higher scores on 
reading measures than boys at all three time points. Therefore, it is also essential to assess differences in response to 
a reading intervention based on sex. Finally, there is intriguing research that indicates reading struggles persist with age. 
For example, in a study of children with dyslexia, phonological awareness deficits were greater at age 17 than at age 8.47 

As the latest report from the National Center for Education Statistics indicated, a smaller percentage of 8th grade children 
were proficient in reading than 4th grade children.1 Although the Matthew Effect—a phenomenon where there is 
a tendency for strong readers to become even stronger while weak readers fall further behind over time—may account 
for much of this trend,48 it is still important to examine the influence of age on response to a reading intervention.
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Current Study
The current study addresses this gap by examining a large dataset from children who have completed ReadRx,49 

a structured reading intervention integrated with a multicomponent, one-on-one cognitive training intervention called 
ThinkRx.50 The effectiveness of ThinkRx and ReadRx has been examined in prior research. For example, in four 
controlled studies, children who completed ThinkRx had statistically significant changes across multiple cognitive skills 
including visual processing, auditory processing, processing speed, long-term memory, working memory, reasoning, and 
IQ score.51–55 In one study of ReadRx52 with children ages 5–18, researchers found statistically significant differences 
between treatment and controls in Word Attack and phonetic coding skills. Jedlicka53 examined parent-reported 
improvements in academic skills and oppositional behavior following ReadRx training for children and discovered 
statistically significant differences compared to controls. The current study of ReadRx will be the first to measure seven 
cognitive skills plus five reading skills and to analyze qualitative outcomes which are critical for identifying the transfer 
effects of the intervention.

The aims of the current study were to examine 1) the effect of a multicomponent cognitive and reading intervention 
on cognitive and reading skills; 2) the role of ADHD, age, sex, IQ score, and individual cognitive skills on the 
effectiveness of the ReadRx intervention; and 3) parent-reported behavioral outcomes following the ReadRx intervention. 
For Aim 1, our goal was to examine outcome variables that had not yet been explored in research on ReadRx. Because 
prior research on the intervention documented significant improvements in Word Attack and phonetic coding (sound 
blending) skills,52 we expected to find similar improvements in phonological awareness, spelling, and comprehension 
skills. For Aim 2, we were interested in examining predictors of ReadRx outcomes. Because the existing research is 
equivocal on variables that predict response to reading interventions, we were intrigued by the possibility of finding 
significant predictors such as age, sex, IQ score, and ADHD status. Further, the role of individual cognitive skills such as 
attention and processing speed have previously influenced response to reading intervention while memory56 has not. 
Therefore, we expected to find an influence of some of these variables but potentially not others on the current study’s 
outcomes. Our dataset is large and lent itself to identifying these trends well. Finally, for Aim 3, we wanted to identify 
trends in parent-reported behavioral outcomes following ReadRx and were interested to see if there were differences 
based on age (younger versus older children) or by the presence of an ADHD diagnosis. Although previous research on 
ReadRx documented quantitative survey-based behavioral changes,53 no ReadRx study had examined open-ended 
responses from parents on exit surveys. Because prior research on the ThinkRx cognitive training part of the ReadRx 
intervention had documented parent-reported improvements in self-confidence, self-esteem, cognition, behavior, and 
academic performance,55 we expected to find similar themes in the qualitative analysis of the parent-reported outcomes 
in the current study. We did not expect to find large differences based on age group but did expect to see some differences 
based on ADHD status.

Materials and Methods
Procedures
After obtaining approval from the Institutional Review Board (IRB) at Gibson Institute of Cognitive Research to conduct 
the study, anonymized data were collected from a centralized database used by LearningRx centers around the United 
States. Similar to an electronic medical records system, the database houses demographics and assessment results for all 
children who participate in an intervention at any LearningRx center. The dataset was transferred to the research team on 
an EXCEL spreadsheet with the following information: age, birthdate, sex, ethnicity, diagnosis, pre-test and post-test 
dates, pre-test and post-test standard scores, percentiles, W scores, and age-equivalent scores from the Woodcock 
Johnson III Tests of Cognitive Abilities57 and Tests of Achievement58 and exit survey parent comments. All information 
on the EXCEL spreadsheet except for the parent comments was uploaded into SPSS for statistical analysis by the 
quantitative members of the research team. The parent comments were given to the qualitative members of the research 
team for thematic coding and analysis. No identifying information was included in the datasets used for analysis, and the 
intake forms completed by parents at LearningRx centers include permission to use de-identified child data for research 
purposes.
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Sample
The sample for the current study includes 3527 children from 93 learning centers around the United States called 
LearningRx. LearningRx is a worldwide network of learning centers that specializes in cognitive training along with 
reading and math remediation programs. The dataset is comprised of records from children ages 6–18 (M = 11.4, SD = 
2.8) identified as struggling readers who completed the ReadRx structured literacy intervention integrated with ThinkRx 
cognitive training through LearningRx. Struggling readers were defined as those with low pre-intervention achievement 
scores in reading <25th percentile on at least one of the following tests from the Woodcock Johnson III Tests of 
Cognitive Abilities or Tests of Achievement: Word Attack, Sound Blending, Sound Awareness, or Spelling Sounds. 
Forty percent reported a prior formal diagnosis of specific learning disability in reading (n = 437) or dyslexia (n = 973). 
In addition, 33% (n = 1174) had comorbid attention problems, identified by prior diagnosis of attention deficit 
hyperactivity disorder (ADHD) as reported by parents on the intake survey. The sample included 60.4% male (n = 
2130) and 39.6% female (n = 1397). The racial makeup of the group was 61.7% Caucasian, 5.5% Black, 4.9% Hispanic, 
3.0% Asian, 3.0% mixed race, 0.4% Native American, and 21.6% unreported.

Intervention
ReadRx49 is a multi-sensory, sound-to-code structured literacy intervention for ages six and above available at 
LearningRx centers. ReadRx is a 360-page curriculum delivered one-on-one by a certified cognitive trainer who has 
a minimum of a bachelor’s degree and 40 hours of training in the delivery of the program. ReadRx includes 120 hours of 
instruction in 90-minute sessions 3 or 4 days per week for approximately 24 weeks. It is delivered through a cognitive 
training approach that is integrated with 60 hours of the foundational cognitive training program at LearningRx, called 
ThinkRx, and 60 hours of ReadRx reading instruction. The ThinkRx portion of the training focuses on remediation of 
attention, visual processing, processing speed, long-term memory, working memory, and reasoning while the ReadRx 
portion focuses on building word recognition skills like phonemic and phonological awareness, decoding, and spelling as 
well as language and reading comprehension skills like vocabulary, structure, syntax, semantics, and reasoning. The 
ThinkRx portion of the training can be administered as a standalone program, but the ReadRx program is never 
administered without ThinkRx. The remediation of cognitive skills through the delivery of the ThinkRx part of the 
program is a key component of the ReadRx intervention and is, therefore, fully integrated into the curriculum.

In addition to providing children with explicit instruction and systematic introduction of skills that follow a planned 
scope and sequence, trainers provide responsive and immediate feedback throughout a cumulative cycle of repetition and 
practice. The lessons and drills are multi-sensory by combining speaking, listening, writing, reading, gesturing, and 
manipulating objects. All children experience the same intervention but at an individualized pace through the training 
tasks. Children starting with higher skill levels will master the early tasks rapidly, while children with lower skill levels 
spend more time on the early tasks to achieve mastery before moving on through the curriculum. Children will also vary 
in the time spent mastering the individual skills with some children needing more practice time than others on each skill. 
Therefore, the program focuses on where each child is currently performing on each cognitive and reading skill and 
builds from that point.

Cognitive Skills Training
The first half of the intervention focuses 50% of the time remediating the multiple cognitive skills that underlie reading 
skill development using the training tasks from the ThinkRx curriculum which has been fully described in our prior 
research.51,52,54 In brief, the ThinkRx portion of the training includes 23 basic cognitive training tasks each with 10 to 12 
variations, providing more than 1000 training activities. A cognitive trainer utilizes a variety of hands-on materials to 
deliver the intervention face to face across a table. Examples of materials include a metronome, stopwatch, cards with 
shapes and numbers, Tangram pieces, timed worksheets, and a foot bag. A metronome is a critical aspect of the 
methodology and paces almost all of the training tasks. This pacing increases intensity, helps to develop sustained 
attention, incrementally increases processing speed, and serves to minimize mental breaks. A brief description of the 
basic cognitive training tasks, the skills they target, and how many variations of each task is presented in Figure 1.
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Figure 1 Brief descriptions of cognitive training tasks. 
Notes: Adapted from Carpenter D, Ledbetter C and Moore AL. LearningRx cognitive training effects in children ages 8–14: a randomized controlled study. Applied Cognitive 
Psychology, 2016:30 (5);815–826. Copyright © 2016 The Authors Applied Cognitive Psychology Published by John Wiley & Sons Ltd. This is an open access article under the 
terms of the Creative Commons Attribution License.51 

Abbreviations: AA, auditory analysis; AB, auditory blending; AD, auditory discrimination; AP, auditory processing; AS, auditory segmenting; AM, associative memory; C, 
comprehension; DA, divided attention; EP, executive processing; LR, logic and reasoning; MC, math computation; PS, processing speed; SF, saccadic fixation; SA, selective attention; 
SM, sensory-motor integration; SP, sequential processing; STM, short-term memory; SSP, simultaneous processing; STA, sustained attention; VP, visual processing; VD, visual 
discrimination; VF, visual fixation; VM, visual manipulation; VN, visualization; VS, visual span; WM, working memory.
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An example of one memory task is illustrated in Figure 2. In this task, the trainer arranges colorful cards in a pattern 
on a grid. The child is given just a few seconds to study the arrangement before the trainer covers their grid. Then, the 
child must create an identical pattern on their own grid from memory while concurrently counting on every other 
metronome beat. This is 1 of 34 variations on this task which all include the metronome and cards placed on up to nine 
spaces on each grid. This task also illustrates the multi-sensory nature of the training program. The manipulation of cards 
engages both visual and motor skills, the metronome requires listening, and verbal responses are also required.

The importance of training cognitive skills along with basic reading skills is based on the Cattell–Horn–Carroll theory 
of intelligence10 that recognizes the complex, multicomponent view of cognition. Further, multiple cognitive skills are 
employed while reading and writing, so deficits in individual cognitive skills such as memory,59 processing speed,60 

attention,61 and visual processing62 can impact reading skill development and efficiency. For example, despite systematic 
and sequential reading instruction, a child with deficits in auditory processing or one who struggles with focus and 
concentration, performs lessons slowly, has trouble remembering, or fails to form mental images may complete school
work and tasks inefficiently or exhibit poor retention of information. Therefore, this element of the program–which aligns 
with the multiple deficit model of dyslexia previously mentioned—is essential for remediating potential cognitive deficits 
to optimize acquisition of reading skills.

Reading Skills Training
The second 60 hours of the ReadRx portion of the intervention spends 75% of the time on teaching and remediation of 
reading and spelling skills while reducing the ThinkRx portion to 25%. However, the spelling and reading tasks are 
delivered using the same cognitive training approach including metronome pacing. ReadRx includes 25 lessons with 
guided practice beginning with phonemic awareness tasks including sound segmenting, sound blending, and sound 

Figure 2 Example of a memory training task. 
Notes: Reproduced with permission from Gibson K, Carpenter DM, Moore AL, Mitchell T. Training the brain to learn: beyond vision therapy. Vision Dev Rehabil. 2015;1 
(2):120–129. Copyright 2015 College of Optometrists in Vision Development.52
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deletion using nonsense words, so children do not simply recall memorized words. Trainers also provide direct 
instruction on how each sound is formed by the lips, teeth, jaw, tongue, and vocal chords.

First, trainers teach 12 consonant sounds with just one primary spelling such as /d/ as in “dig” or “bid”. Next, the 
trainers teach the other 12 consonant sounds with the most probable spelling such as /ch/ as in “chant” or “such”. Then, 
trainers teach 18 vowel sounds in order from simple leading to complex. Sounds represented by the letters “a”, “e”, “i”, 
“o”, and “u” are taught first. Next, the sounds controlled by final “e” and the various sounds represented by the letter “o” 
are taught. Then, the vowel sounds controlled by the letter “r” are taught.

Once the child has mastered the most likely spelling for every sound, the trainer introduces the less likely alternative 
spellings. As an example, the /n/ sound might be represented by the letter “n” as in “not”, by “kn” as in “knob”, or by 
“gn” as in “gnaw”. Repeated drilling of these patterns of letters increases encoding and storage in long-term memory 
which should reduce guessing in spelling and reading. In addition, visual pictures are added to aid visual memory of 
these sounds in patterns of commonality tying the visual/auditory connections together aiding effectiveness of memory 
recall on demand.

Trainers also teach how codes overlap when a letter or a combination of letters represent more than just one sound. As 
an example, the letter “u” can represent four sounds in different ways such as in “but”, “flute”, “ruin”, or “full”. Instead 
of memorizing rules and sight words, the child is drilled with multiple exercises to learn how these codes overlap. The 
drills include decoding, encoding, and writing exercises to teach how the codes are reversible. The active and repeated 
nature of the drills are designed to increase the automatic recall of codes and code overlaps. This is in contrast to teaching 
passive lessons which may fall short in generating the automaticity needed for fluent reading and spelling.

Finally, trainers deliver tasks that promote development of vocabulary and language comprehension, including 
multisyllabic word patterns and multiple meaning words as a critical piece of overall reading skill. In addition, trainers 
using the ReadRx curriculum implement the following training techniques:

Explicit instruction in each skill is provided clearly and directly by the trainer. Each reading task begins with a one-on- 
one lesson where the trainer describes what the child will learn, followed by a lesson, and ending with child practice. 
For example, the lesson on the vowels /e/ and /o/ begins with the trainer saying, “Now we are going to work on two 
vowels” followed by a description of vowels and a demonstration of how vowels are created in the mouth. Then the 
trainer tells the child to try the sound /e/ and the sound /o/ followed by a discussion of the differences in the mouth. 
Finally, the child is instructed to practice writing the letter (code) corresponding to the sounds /e/ and /o/ followed by 
oral drills paced with a metronome.
Systematic introduction of tasks and skills follows a simple to complex scope and sequence in small steps to 
encourage mastery at one difficulty level before moving to the next. Each training task begins with a brief lesson 
followed by practice at the easiest level. As a child masters each level, the tasks become more difficult or complex. 
For example, the phoneme drills begin with the introduction of phonemes in isolation followed by the manipulation of 
phonemes through blending, segmenting, and deletion of sounds starting with 2-sound combinations, then 3-sound 
combinations, then 4-sound combinations, and then 5-sound combinations.
Responsiveness and immediate feedback from the trainer allow for dynamic correction of errors and encouragement 
of correct response while adjusting pacing and intensity of the training task. For example, perhaps a child reading 
4-sound combinations of nonsense words on beat to a metronome setting of 120 beats per minute is not able to read 
accurately at that pace. The trainer could adjust the pace to 90 beats per minute, re-assess the child’s skill, and provide 
additional practice to mastery at that pace before increasing the pace back to 120 beats per minute. Or, if a child 
misreads a combination, the trainer will provide the correct response and restart the drill at the previous item. High- 
fives and verbal praise are given as children complete each drill.
Concentrated drilling enables supervised and guided practice, facilitates full attention to each task, and reduces time 
off tasks which increases intensity of the training session. For example, the trainer may lead a child through an 
auditory processing drill of manipulating the phonemes in 20 nonsense words in multiple ways beginning by reading 
the words on beat to the metronome, then by reading them with the vowel substituted in each one, then by dropping 
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the final sound in each one, followed by alternating dropping the first and last sounds in each word all on beat to the 
metronome.
Pacing of each training task on a metronome increases the intensity of the training session, develops attention skills, 
and targets progressively more rapid processing speed. Training procedures are paced at 60 beats per minute in 
beginning levels and are gradually increased to 120 beats per minute as the procedures become more complex. 
Children respond verbally on beat or on every other beat. In the prior example of auditory drills, the early drills are 
paced at 60 beats per minute while the more advanced drills follow faster pacing of 120 beats per minute.
Use of hands-on materials and tasks increases engagement and fosters multimodal learning of language through 
various combinations of speaking, listening, writing, reading, gesturing, and manipulating concrete objects. This 
multisensory approach to training is an important component of a structured literacy intervention. An example of one 
multisensory training procedure follows. The trainer sets a metronome between 60 and 120 beats per minute and then 
says a word. The child waits one beat, repeats the word, then says and writes each sound in the word with 
a metronome beat in between each sound. This task engages listening, speaking, seeing, and writing. Because the 
task is set to a metronome, it also requires sensory-motor coordination to stay on beat while completing the task.
Stretching pushes exercises to levels that challenge, demand, and stretch the child’s skills. For example, the trainer 
will increase the metronome speed as soon as a child masters the prior level to keep progression through the levels of 
complexity moving at a rapid pace.
Loading one task upon another task concurrently trains rapid task switching ability and encourages cognitive 
flexibility. Examples of those loaded tasks include counting aloud on beat to a metronome, adding or subtracting 
numbers, or answering unrelated questions.
Deliberate distractions train sustained and divided attention. The trainer might clap to a different metronome beat, ask 
a silly question, sing, or verbalize incorrect responses while the child is performing the primary task.
Looping and Scaffolding which allow the trainer to continually pull through the weak skills into the stronger skills and 
build memory points to scaffold into the use of larger words with unknown placement in a sentence. As an example, 
the trainer may ask a struggling child to recall a similar but simpler word they have already read and then challenge 
the child to apply their understanding of the known word to the new word.

An example of a ReadRx task is illustrated in Figure 3. This is a “Reading Pictures” task that teaches complex code. An 
early or struggling reader is trained to use pictures or illustrations to help remember alternative spellings for the same 
sounds. In this example, the sound /o/ uses the code “o” as in the word “octopus” and “a” as in the word “watch”. 
Whichever picture is larger—in this case the octopus—represents the more common spelling of the sound.

Figure 3 Example of a complex code training task. 
Notes: Reproduced with permission from Gibson K, Carpenter DM, Moore AL, Mitchell T. Training the brain to learn: beyond vision therapy. Vision Dev Rehabil. 2015;1 
(2):120–129. Copyright 2015 College of Optometrists in Vision Development. 52
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A key component of the ReadRx program is one-on-one delivery. Each child is paired with a trainer individually for 
their session. The one-on-one delivery enables individualized goal setting, customized instruction, undivided attention, 
consistent building of schema and development of a strong therapeutic alliance. This practice is based on the theory of 
structural cognitive modifiability proposed by Feuerstein63 and on Bandura’s social cognitive theory.64 Feuerstein 
suggests that providing a mediator between learner and stimulus—called a mediated learning experience—focuses the 
learner’s attention, helps the learner understand and create meaning for the experience, and assists the learner with 
applying the new skill outside of immediate experience. The practice is also grounded in Bandura’s work on self-efficacy, 
or the belief in one’s ability to accomplish a task. Because the program is delivered by a human, the development of self- 
efficacy can be harnessed. First, a human trainer models the training tasks. The participant can vicariously experience 
tasks prior to attempt. Second, the human trainer gives the participant verbal persuasion and encouragement in attempting 
and completing each task. This dynamic feedback is a key element of self-efficacy development. Third, the human trainer 
assists the participant in responding to the stress of a challenging exercise. The trainer can scaffold or adapt tasks if the 
participant becomes frustrated or increase difficulty of tasks if the participant appears unchallenged. Finally, the human 
trainer provides frequent opportunities for mastery of training tasks.

Outcome Measures
Quantitative Assessments
Baseline and post-intervention assessments were conducted using subtests from the Woodcock Johnson III (WJ III) Tests 
of Cognitive Abilities57 and Tests of Achievement.58 The Woodcock Johnson batteries are widely used in both practice 
and research and are valid and reliable instruments for use with this population. Tests were administered or supervised by 
master’s-level clinicians with training in test administration and interpretation and are not administered by the same 
person who delivers the training to the child. The Woodcock Johnson test battery is a nationally normed test. To calculate 
the standard scores and age-equivalent scores, the raw scores from each subtest were entered by the test administrator or 
supervisor into software provided by the test publisher called Compuscore. The age-based standardized scores were then 
automatically calculated by the software, and a file was generated for download. Then, each score file was uploaded into 
the LearningRx centralized database following each administration. Below are descriptions of each subtest administered.

Cognitive Assessments
Long-Term Memory 
Long-term and associative memory were evaluated with the Visual-Auditory Learning test from the WJ III Tests of 
Cognitive Abilities. The test requires the child to learn and recall pictographic representations of words presented in 
sentences. For example, the word “big” is represented by a large diamond shape. Every time the child sees the large 
diamond shape, they say the word “big”. There are 7 total stories with picture-word associations that children must retell. 
The median reliability is 0.86 for the ages of children in the current study.

Working Memory 
Working memory and attentional capacity were evaluated with the Numbers Reversed test from the WJ III Tests of 
Cognitive Abilities. The child is presented with multiple series of numbers which increase in complexity and then is 
prompted to repeat them in reverse order. For example, the examiner will say the numbers “7, 5, 8, 2” and the child will 
need to repeat them in reverse order as “2, 8, 5, 7”. There are 30 series of numbers on this test. The median reliability is 
0.86 for the ages of children in the current study.

Visual Processing 
Visual-spatial thinking was measured by the Spatial Relations test from the WJ III Tests of Cognitive Abilities. This test 
requires the child to identify pieces of a puzzle that form a complete shape. For example, the target stimulus might be 
a rectangle adjacent to two squares that all combine to form a larger square. The child must identify from an array of 
choices, which three shapes are exact matches to the three shapes in the target. There are 33 target stimuli to which 
children must match the individual shapes. The median reliability is 0.81 for the ages of children in the current study.
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Fluid Reasoning 
Fluid reasoning and inductive logic were measured by the Concept Formation test from the WJ III Tests of Cognitive 
Abilities. For each item on the test, the child is asked to determine a rule governing a set of shapes and designs. For 
example, the target stimulus is two large yellow squares and two small yellow squares inside a larger shape. The child 
needs to determine the rule that governs the two sets of shapes. In this example, the rule would be “two and yellow”. 
There are 40 stimulus sets for which the child must identify the rule. The median reliability is 0.94 for the ages of 
children in the current study.

Processing Speed 
Processing and perceptual speed were measured by the Visual Matching test from the WJ III Tests of Cognitive Abilities. 
The child must locate and identify two matching numbers or sets of numbers in each row of 6. For example, the target 
stimulus is a row of numbers including 27, 12, 49, 27 and 63. The child must identify the two numbers in that row that 
are the same. In this example, it would be 27. So, the child would mark a line through 27 and 27 to indicate a match. The 
child has 3 minutes to identify as many matches as possible from a total of 60 stimulus sets. The median reliability is 
0.89 for the ages of children in the current study.

Attention 
Sustained attention and executive processing were measured using the Pair Cancellation test from the WJ III Tests of 
Cognitive Abilities. In a 3-minute limit, the child must find and place a mark through a repeated pattern in each row. For 
example, the target stimulus is a page of dogs, soccer balls, and coffee cups in various combinations of pairs. The child 
must find all the pairs on the page that match the target stimulus pair. There are 69 possible pairs to identify correctly. 
The median reliability is 0.86 for the ages of children in the current study.

IQ Score 
IQ score, or general intellectual ability, is a weighted composite of Tests 1 through 7 of the WJ III Tests of Cognitive 
Abilities Standard Battery including Comprehension Knowledge, Visual-Auditory Learning, Spatial Relations, Sound 
Blending, Concept Formation Visual Matching, and Numbers Reversed. The median reliability is 0.98 for the ages of 
children in the current study.

Reading Assessments
Phonological Awareness 
Phonological awareness was assessed using the Sound Awareness test from the WJ III Tests of Achievement. This 4-part 
test includes rhyming, deletion, substitution, and reversal tasks. The rhyming task requires the child to identify the word 
that rhymes with the stimulus word and in later items produce a word that rhymes with the stimulus words. For example, 
the examiner would ask for a word that rhymes with “goat”. The deletion task requires the child to remove part of the 
stimulus word to make a new word. For example, the examiner prompts the examinee to say the word “cat” without the / 
k/ sound. The substitution task requires the child to substitute part of the stimulus word to make a new word. For 
example, the examiner prompts the examinee to change the /s/ in “sack” to /b/. The reversal task requires the child to 
swap parts of the stimulus word to make a new word. For example, the examiner prompts the examinee to say the sounds 
in the word “tire” backward. The median reliability is 0.81 for the ages of children in the current study.

Word Attack 
The Word Attack test from the WJ III Tests of Achievement measures ability to read words or letter combinations by 
applying knowledge of decoding and word structure. The test requires the child to read nonsense or low-frequency 
words presented in a list on a flip chart. For example, the child must read words like “flib” and “bungic” to 
demonstrate knowledge of English language patterns. The median reliability is 0.87 for the ages of children in the 
current study.
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Spelling 
Spelling, phonological coding, and orthographic coding were measured using the Spelling Sounds subtest from the WJ 
III Tests of Achievement. This written test requires the child to listen to sound combinations and nonsense words and 
then spell them correctly. Examples include nonsense words like “smuff” and “barches”. The median reliability is 0.74 
for the ages of children in the current study.

Phonetic Coding 
The auditory processing skill of phonetic coding was measured using the Sound Blending test in the WJ III Tests of 
Cognitive Abilities Standard Battery. The task requires children to listen to a sequence of phonemes and then orally blend 
those sounds to make a word. For example, the child hears the sounds /c/-/a/-/t/ and must say the word “cat”. The median 
reliability is 0.86 for the ages of children in the current study.

Comprehension 
Reading comprehension was assessed with the Passage Comprehension test from the WJII Tests of Achievement. The 
test requires to first match pictures with corresponding words, then to identify a picture as described by a phrase, and 
finally to silently read increasingly more complex passages and identify the missing word in each one. For example, an 
early passage is, “Martha had her wet swimsuit in the closet. She was hoping that her parents would not find out that she 
had gone _________”. From a list of words, the child choose the word that best fits in the blank. There are 47 passages 
and the median reliability is 0.83 for the ages of children in the current study.

Qualitative Exit Surveys
After each child completed the ReadRx® program at a LearningRx center, parents were asked to complete an exit survey. 
The survey link was emailed to the parent of each child upon completion of the program. When the parent visits the link, 
they are asked a set of questions about their experience at the learning center. For example, they are asked to rate their 
experience with their child’s cognitive trainer and the director. They are also asked how likely they would be to 
recommend the program to a friend. At the end of the survey, there is an open-ended question requesting them to 
answer the following: “Please share with us the changes you have seen in your child as a result of the LearningRx 
training”. These open-ended responses were collected by researchers for thematic analysis.

Data Analyses
Quantitative Data Analyses
All quantitative data analyses were conducted using IBM SPSS Statistics 28. To test for significant differences between 
pretest and post-test scores within each group of struggling readers, we performed paired samples t-tests on the standard 
scores. Effect sizes indicate the practical significance of score gains and are reported in Cohen’s d which can be 
interpreted as small = 0.2, medium = 0.5, and large = 0.8. Effect sizes over 0.9 are considered “very large”.65 

A Bonferroni-corrected alpha of p < 0.004 was used to control for 12 comparisons. In addition to significance testing 
on standard scores, we also performed paired samples t-tests on age-equivalent scores for each reading measure as 
a simpler metric by which the current reading intervention might be compared to other structured reading program gains.

To assess predictors of reading outcomes, we conducted multiple regression analyses using post-intervention scores in 
phonological awareness, Word Attack, spelling, phonetic coding, and comprehension scores as our outcome variables and 
pretest reading scores, presence or absence of ADHD, age, sex, pre-intervention IQ score, and pre-intervention scores on 
the individual cognitive skills of attention, working memory, long-term memory, visual processing, processing speed, and 
fluid reasoning as our predictor variables.

Analyses of outcomes on all cognitive measures and four of the reading measures (phonological awareness, Word 
Attack, spelling, and phonetic coding) were performed on the entire sample of n = 3527. The sample size for the 
comprehension measure is smaller (n = 296) because the subtest is not required to be administered to ReadRx clients at 
the learning centers in our study. The comprehension measure is typically only administered to clients participating in 
a separate advanced reading comprehension intervention at LearningRx (called ComprehendRx). However, several test 
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administrators within the system prefer to administer the complete battery of Woodcock Johnson subtests to all clients 
regardless of the program in which they are enrolled. Therefore, we included the comprehension measure as exploratory 
since it was interesting to examine the available data.

Qualitative Data Analyses
The dataset for our qualitative analysis was composed of parent-reported outcomes following the ReadRx intervention. 
The use of parent-reported outcomes in real-world data studies and qualitative or mixed-methods research on perceived 
child outcomes is common66–68 because knowledge of parent reported outcomes can help improve program delivery, help 
researchers understand the participant experience, and communicate the day-to-day impact of interventions beyond what 
can be seen on standardized tests. The qualitative data were collected from a web-based exit survey using responses to 
the following question: “Please share with us the changes you have seen in your child as a result of LearningRx training”. 
The qualitative researchers were blind to the characteristics of the participants. Responses were analyzed using inductive 
thematic analysis. Two researchers independently coded data at the phrase level and met to discuss and determine themes 
which were then analyzed by age group (older and younger) and by ADHD status.

Results
Effects on Cognitive and Reading Skills
Our first objective was to examine if struggling readers improved significantly on tests of basic reading skills and 
cognitive skills after 24 weeks of ReadRx, an intensive structured literacy intervention with integrated cognitive training. 
Using paired samples t-tests on pretest and post-test scores, analysis indicated statistically significant changes from 
pretest to post-test on all five reading measures and all seven cognitive measures. Table 1 illustrates the pretest scores, 
post-test scores, standard deviations, significance testing results, and effect sizes for each variable. Effect sizes range 
from medium to very large with smallest effects found for spelling (0.56) and processing speed (0.68). The largest effects 
can be seen in overall IQ score (1.68) and phonological awareness (1.37) followed closely by long-term memory (1.10), 

Table 1 Paired Samples t-tests for Cognitive and Reading Outcome Measures in Standard 
Scores

Variable n Pre (SD) Post (SD) p d

Cognitive Measures

Long-term Memory 3527 82.1 (16.3) 96.7 (16.1) 0.000* 1.10

Working Memory 3527 86.2 (14.3) 95.5 (13.7) <0.001* 0.69

Visual Processing 3527 96.5 (10.6) 104.2 (10.5) 0.000* 0.87

Fluid Reasoning 3527 92.1 (14.8) 104.1 (15.0) 0.000* 1.08

Processing Speed 3527 84.4 (17.7) 92.8 (16.6) <0.001* 0.68

Broad Attention 3527 94.6 (10.7) 105.5 (12.2) <0.001* 1.08

IQ Score 3527 86.6 (12.3) 100.4 (13.6) 0.000* 1.68

Reading Measures

Phonological Awareness 3527 84.6 (13.5) 102.6 (16.8) 0.000* 1.37

Word Attack 3527 86.9 (9.9) 95.9 (8.7) 0.000* 1.05

Spelling 3527 88.9 (12.3) 95.7 (10.7) <0.001* 0.56

Phonetic Coding 3527 101.8 (13.9) 113.6 (13.0) 0.000* 0.99

Comprehension 296 81.9 (11.9) 89.6 (11.9) <0.001* 0.79

Note: *Significant at Bonferroni adjusted alpha p < 0.004. Effect sizes are shown as Cohen’s d.
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fluid reasoning (1.08), broad attention (1.08), Word Attack (1.05), and phonetic coding (0.99)—all of which show very 
large effect sizes.

To report a metric that will make comparisons with other reading programs easier, we also examined changes in age- 
equivalent scores for the reading measures. Paired samples t-tests revealed statistically significant changes in age- 
equivalent scores on all five reading measures with medium to very large effect sizes (0.59 to 1.0). Table 2 illustrates 
the mean change in age-equivalent scores on the five reading measures. The average change was 4.07 years. The largest 
age-equivalent gain was in phonological awareness (5.8 years) and the smallest gain was in spelling (2.2 years).

Predictors of Change in Reading Scores
Our second objective was to examine if the presence or absence of ADHD, age, sex, or pre-intervention IQ score 
predicted basic reading skill response to the ReadRx intervention for struggling readers. We also examined if pre- 
intervention scores of the individual cognitive skills of attention, working memory, long-term memory, processing speed, 
visual processing, or fluid reasoning predicted response to the intervention as well. We ran multiple regression analyses 
using post-intervention scores on phonological awareness, Word Attack, spelling, phonetic coding, and comprehension 

Table 2 Age-Equivalent Change in Reading Skills

Reading Measure n Pre (SD) Post (SD) Change in Years p d

Phonological Awareness 3527 9.0 (3.0) 14.8 (7.2) 5.8 (5.9) 0.000* 0.97

Word Attack 3527 8.6 (2.2) 11.5 (5.1) 2.9 (3.9) 0.000* 0.73

Spelling 3527 9.4 (3.2) 11.6 (4.9) 2.2 (3.7) <0.001* 0.60

Phonetic Coding 3527 13.2 (6.0) 18.7 (6.2) 5.5 (5.2) 0.000* 1.05

Comprehension 296 9.3 (2.8) 11.8 (5.2) 2.4 (3.5) <0.001* 0.69

Note: *Significant at Bonferroni adjusted alpha p < 0.01. Effect sizes are shown as Cohen’s d.

Table 3 Predictors of Change in Phonological Awareness Scores

Unstandardized  
Coefficients

Standardized  
Coefficients

p sr2 Goodness of Fit

B SE β Model F p R2

(Constant) 9.392 3.359 0.005 252.17 0.000 0.474

Pretest Score 0.593 0.021 0.475 <0.001* 0.204

ADHD Status 0.119 0.485 0.003 0.806 0.000

Age 0.160 0.084 0.027 0.057 0.001

Sex 0.503 0.461 0.014 0.275 0.000

Pretest IQ 0.361 0.061 0.258 <0.001* 0.011

Pretest LTM −0.005 0.019 −0.005 0.800 0.000

Pretest VP 0.032 0.026 0.020 0.224 0.000

Pretest LR −0.007 0.030 −0.006 0.812 0.000

Pretest PS 0.013 0.018 0.013 0.466 0.000

Pretest WM −0.001 0.023 −0.001 0.974 0.000

Pretest Attn 0.068 0.028 0.041 0.015 0.002

Note: *Significant at Bonferroni corrected alpha p<0.004.
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scores as our outcome variables and presence or absence of ADHD, age, sex, pre-intervention IQ score, and pre- 
intervention scores on tests of attention, working memory, long-term memory, processing speed, visual processing, or 
fluid reasoning as our predictor variables. In each regression model, we also included the associated pretest score for each 
reading outcome to control for any differences at pretest. The significance threshold was set at p<0.004 after Bonferroni 
correction for the 11 comparisons in each model. The results are shown in Tables 3 through 7.

Predictors of Phonological Awareness Outcomes
For predictors of phonological awareness outcomes, the overall regression model was significant. A look at the contribution of 
the individual predictors (Table 3) revealed that IQ Score was a significant predictor of change in phonological awareness 
scores but only about 1% of the variance in the post-intervention phonological awareness scores can be explained by IQ score, 
and none of the variance was explained by ADHD, age, sex, or the individual cognitive skill levels at pretest after controlling 
for pretest phonological awareness scores which accounted for about 20% of the variance.

Predictors of Word Attack Outcomes
For predictors of Word Attack outcomes, the overall regression model was significant. A look at the contribution of the 
individual predictors (Table 4) revealed that pre-intervention scores on tests of processing speed and working memory 
were significant predictors of change in Word Attack scores. However, each skill explained less than 1% of the variance 
in the post-intervention Word Attack scores, and none of the variance was explained by IQ, ADHD, age, sex, or the 
individual pretest scores on tests of attention, visual processing, long-term memory, or fluid reasoning after controlling 
for pretest Word Attack scores which accounted for 31% of the variance.

Predictors of Spelling Outcomes
For predictors of spelling outcomes, the overall regression model was significant. A look at the contribution of the 
individual predictors (Table 5) revealed that only IQ score was a significant predictor of change in spelling scores. 
However, just 0.6% of the variance in post-intervention spelling scores can be explained by IQ score, and none of the 

Table 4 Predictors of Change in Word Attack Scores

Unstandardized  
Coefficients

Standardized 
Coefficients

p sr2 Goodness of Fit

B SE β Model F p R2

(Constant) 40.169 2.015 <0.001 184.12 0.000 0.397

Pretest Score 0.478 0.013 0.544 <0.001* 0.311

ADHD Status 0.121 0.261 0.007 0.642 0.000

Age −0.023 0.045 −0.007 0.620 0.000

Sex −0.056 0.248 −0.003 0.822 0.000

Pretest IQ 0.016 0.032 0.023 0.611 0.000

Pretest LTM 0.015 0.010 0.029 0.138 0.000

Pretest VP 0.038 0.014 0.047 0.006 0.002

Pretest LR 0.007 0.016 0.013 0.651 0.000

Pretest PS 0.047 0.009 0.096 <0.001* 0.008

Pretest WM 0.054 0.013 0.089 <0.001* 0.006

Pretest Attn −0.012 0.015 −0.014 0.421 0.000

Note: *Significant at Bonferroni corrected alpha p<0.004.
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Table 5 Predictors of Change in Spelling Scores

Unstandardized  
Coefficients

Standardized  
Coefficients

p sr2 Goodness of Fit

B SE β Model F p R2

(Constant) 53.309 2.674 <0.001 102.97 <0.001 0.269

Pretest Score 0.367 0.014 0.422 <0.001* 0.182

ADHD Status −0.167 0.359 −0.007 0.642 0.000

Age −0.191 0.063 −0.050 0.002 0.003

Sex −0.612 0.342 −0.028 0.074 0.001

Pretest IQ 0.184 0.044 0.209 <0.001* 0.006

Pretest LTM −0.039 0.014 −0.059 0.006 0.002

Pretest VP −0.024 0.019 −0.023 0.223 0.000

Pretest LR −0.015 0.022 −0.021 0.493 0.000

Pretest PS 0.029 0.013 0.048 0.024 0.002

Pretest WM 0.022 0.017 0.029 0.207 0.000

Pretest Attn −0.007 0.021 −0.006 0.742 0.000

Note: *Significant at Bonferroni corrected alpha p<0.004.

Table 6 Predictors of Change in Phonetic Coding Scores

Unstandardized  
Coefficients

Standardized  
Coefficients

p sr2 Goodness of Fit

B SE β Model F p R2

(Constant) 45.424 3.142 <0.001 193.00 0.000 0.408

Pretest Score 0.483 0.018 0.524 <0.001* 0.193

ADHD Status 0.439 0.387 0.016 0.257 0.000

Age 0.068 0.067 0.015 0.316 0.000

Sex −0.713 0.368 −0.027 0.053 0.001

Pretest IQ 0.230 0.062 0.217 <0.001* 0.004

Pretest LTM −0.023 0.017 −0.029 0.173 0.000

Pretest VP 0.006 0.021 0.005 0.780 0.000

Pretest LR −0.007 0.028 −0.008 0.811 0.000

Pretest PS −0.027 0.015 −0.036 0.075 0.001

Pretest WM 0.019 0.021 0.021 0.371 0.000

Pretest Attn 0.018 0.022 0.014 0.420 0.000

Note: *Significant at Bonferroni corrected alpha p<0.004.
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variance was explained by ADHD, age, sex, or the individual cognitive skill levels at pretest after controlling for pretest 
spelling scores which accounted for about 18% of the variance.

Predictors of Phonetic Coding Outcomes
For predictors of phonetic coding outcomes, the overall regression model was significant. A look at the contribution of 
the individual predictors (Table 6) revealed that only IQ score was a significant predictor of change in phonetic coding 
scores. Just 0.4% of the variance in the post-intervention phonetic coding scores can be explained by IQ score, and none 
of the variance was explained by ADHD, age, sex, or the individual cognitive skill levels at pretest after controlling for 
pretest phonetic coding scores which accounted for about 19% of the variance.

Predictors of Comprehension Outcomes
For predictors of comprehension outcomes, the overall regression model was significant. A look at the contribution of the 
individual predictors (Table 7), however, revealed no significant predictors in post-intervention comprehension scores 
after controlling for pretest comprehension scores which accounted for 30% of the variance.

Qualitative Analysis of Parent-Reported Outcomes
Themes and Subthemes of Parent-Reported Outcomes
Our third goal of the current study was to examine parent-reported outcomes, or changes parents saw in their children at 
the end of the intervention period. Of 3527 records comprising this sample, 85% (n = 3009) completed an exit survey 
following completion of the intervention. Of the surveys completed, 57% (n = 1723) of them included comments. Those 
comments were used for our thematic analysis of qualitative outcomes. The analysis revealed 75% (n = 1299) of parents 
reported psychosocial changes, 66% (n = 1140) of parents reported improved school performance, and 36% (n = 612) of 
parents reported improvements in cognition. Table 8 breaks down the percentage of comments coded in each theme and 
subtheme, and we share representative comments in the section below.

Table 7 Predictors of Change in Comprehension Scores

Unstandardized  
Coefficients

Standardized  
Coefficients

p sr2 Goodness of Fit

B SE β Model F p R2

(Constant) 20.623 7.974 0.010 28.03 <0.001 0.531

Pretest Score 0.544 0.051 0.542 <0.001* 0.295

ADHD Status 3.131 1.102 0.122 0.005 0.029

Age 0.414 0.194 0.097 0.034 0.016

Sex −0.588 1.026 −0.024 0.567 0.001

Pretest IQ 0.258 0.146 0.236 0.080 0.011

Pretest LTM 0.097 0.043 0.127 0.023 0.019

Pretest VP −0.048 0.072 −0.037 0.503 0.002

Pretest LR 0.033 0.072 0.040 0.644 0.000

Pretest PS −0.022 0.038 −0.033 0.563 0.001

Pretest WM −0.092 0.057 −0.091 0.107 0.009

Pretest Attn 0.009 0.052 0.008 0.870 0.000

Note: *Significant at Bonferroni corrected alpha p<0.004.
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Psychosocial Changes 
Thematic analysis revealed the greatest number of exit survey comments regarding psychosocial changes. Examples 
included behavioral improvements at home and increased persistence and effort, such as “she has become more 
determined and persistent”. Comments from parents reporting improved social skills mentioned “new friends”, 
“improved socialization”, “less shy”, “more talkative”, and “engages more with classmates”. Other psychosocial 
comments referred to greater responsibility, independence, and/or self-discipline. Some of the parents stated, “she does 
her homework without prompting from me”, “more organized and responsible at school and home”, and “now has the 
self-discipline to complete his work on time”. There were additional psychosocial remarks about children having a better 
mood or attitude, such as, “not as frustrated”, “hopeful now and looking forward to college”, and “finally, happy child”!

By far the most prevalent response was regarding confidence. Forty-nine percent (n = 932) of the psychosocial 
comments were about increased self-esteem and confidence, such as “so much more confident”, “her self-esteem has sky- 
rocketed”, “increased confidence in school, sports, friendships, and at home”, and “he now has the fortitude and 
confidence to tackle obstacles and succeed in life”!

School Performance 
Parents reported improved reading skills and comprehension, including remarks about a better attitude toward reading 
stating, “our child reads with ease now”, “finally reading confidently at grade level”, and “he is reading chapter books, 
and wants to check out books from the library!” Parents also reported spelling and/or writing improvements citing “better 
spelling grades”, and “her writing has improved so much”. School performance comments included general improve
ments in grades or academic achievement, with responses like “ACT scores improved…accepted into college”, and “she 
went up two grade levels, now on track!”

Cognition 
In addition to specific grade-related comments, parents reported general changes in cognition. Parents who commented 
about improved cognition said things like, “she is remembering things better at home and at school”, “better reasoning 
and thinking through problems”, “my son has found new techniques for learning – the visualization processing technique 
has been priceless”, “he displays a longer attention span”, and “concentrates better in school”.

Table 8 Qualitative Themes and Subthemes

Themes Subthemes Comments n Comments %

Psychosocial Changes 1913 42.4
More confidence 932 48.7
Better mood or attitude 415 21.7
Improved independence, responsibility, or self-discipline 237 12.4
Better social skills 148 7.7
More persistence or effort 99 5.2
Improved behavior 82 4.3

Academic Performance 1713 37.9
Improved reading skills 784 45.8
Improved grades 475 27.7
Improved math skills 180 10.5
Better attitude about reading 143 8.3
Improved spelling or writing 131 7.6

Cognition 705 15.6
Better attention, focus, or concentration 286 40.5
Improved memory 261 37.0
Better visual and auditory processing and/or processing speed 97 13.8
Increased logic and understanding 61 8.7
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Additional Comments 
Several comments did not fit into the themes identified. For example, 2.6% of the comments were negative. Parents wrote 
things such as, “the cost is more than most people can afford” or “the time commitment was hard”. Another suggested 
“better communication from the trainer” and one indicated “we had hoped for better results”. About 1% of the comments 
referenced improvements in sports, music, or other extracurricular activities, such as “doing better in piano”, “soccer 
coach noticed more focus on the plays”, and “increased attention in choir”.

Figure 5 Percentage of each age group reporting improvements in each qualitative theme.

Figure 4 Percentage of students with and without ADHD reporting improvements in each qualitative theme.
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Comparison of Parent-Reported Outcomes by ADHD Status
We also analyzed differences in the percentage of parent-reported outcomes in each theme based on ADHD status of the 
student and noted minimal variation between struggling readers with attention problems and struggling readers without 
attention problems as shown in Figure 4.

Comparison of Parent-Reported Outcomes by Age
Next, we explored the difference in parent-reported outcomes by age. A comparison of qualitative themes between 
younger and older children in the sample indicated a difference between age groups in the percentage of reporting 
changes in school performance but showed little variation between age groups on reporting psychosocial changes and 
improvements in cognition (Figure 5).

Discussion
The objectives of the current study were to examine 1) the effect of a multicomponent cognitive and reading intervention on 
cognitive and reading skills; 2) the role of age, sex, ADHD, IQ score, and individual cognitive skills (attention, working memory, 
long-term memory, visual processing, processing speed, fluid reasoning) on the effectiveness of the ReadRx intervention; and 3) 
parent-reported outcomes following the ReadRx intervention. The sample for the current study included 3527 children including 
1174 with a prior diagnosis of ADHD. Baseline and post-intervention assessments were conducted using subtests from the 
Woodcock Johnson III (WJ III) Tests of Cognitive Abilities and Tests of Achievement, including the cognitive measures of 
working memory, long-term memory, processing speed, visual processing, fluid reasoning, and attention; and the reading 
measures of phonological processing, Word Attack, phonetic coding, and spelling. A subset of the sample (n = 296) was also 
administered a WJ III reading comprehension measure.

Effects of ReadRx on Cognitive and Reading Scores
Our analysis of this large real-world dataset revealed statistically significant changes in all reading and cognitive skills 
measured with medium to very large effect sizes indicating practical significance of these findings. The cognitive results 
are consistent with prior research on the ThinkRx cognitive training portion of this intervention.51–55 For example, in 
a randomized controlled trial, Carpenter et al examined the impact of 60 hours of ThinkRx cognitive training on 
cognitive skills for children ages 8–14 and found significant differences between treatment and controls in fluid 
reasoning, processing speed, working and long-term memory, visual processing, phonetic coding (sound blending), 
and overall IQ score with large effect sizes (d = 0.89 to 2.9).51 In a randomized controlled trial, Moore et al compared 
two methods of delivering the ThinkRx program to children ages 8–14 and found significant changes across all cognitive 
skills measured for both treatment groups with no significant differences between them except on long-term memory.54 In 
another study, Moore et al examined the effects of 112 hours of ThinkRx cognitive training for children and adults during 
the pandemic and found significant changes on attention, fluid reasoning, processing speed, working and long-term 
memory, visual processing, auditory processing, and overall IQ score with large effect sizes (d = 0.60 to 1.2) for both in- 
person and remote treatment groups.55

An interesting finding in the current study is the magnitude of age-equivalent change in reading skills. Averaging 4.1 
years of growth following a 24-week intervention is unique in the field of reading remediation. Further, noting a gain of 6 
years in phonological awareness after just 24 weeks (120 hours) is indeed noteworthy. Perhaps, the mechanism that drove 
this additional growth beyond developmental expectations (ie a year’s growth in a year’s time) is the integration of the 
cognitive skills training aspect of the ReadRx program. Because reading development requires the engagement of core 
cognitive skills including memory, processing speed, attention, reasoning, and visual processing, we hypothesize that 
strengthening those skills is critical to optimizing reading outcomes. We support this hypothesis with results from prior 
controlled studies on ReadRx.52,53 For example, in a propensity-matched controlled study, Gibson et al examined the 
effects of 120 hours of ReadRx combined with ThinkRx for children ages 6–18 and found statistically significant gains 
on tests of working memory, long-term memory, processing speed, fluid reasoning, Word Attack, and phonological 
awareness with medium-to-large effect sizes (R2 = 0.21 to 0.45).52 Jedlicka compared outcomes from 60 hours of 
ThinkRx alone and 120 hours of ReadRx integrated with ThinkRx compared to a control group and found significantly 
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reduced difficulty ratings on academic tasks, cognitive tasks, and oppositional behaviors as reported by parents of 
children ages 6–18 in both treatment groups.53

We also consider the results of prior ThinkRx cognitive training studies that included measures of reading in 
considering this hypothesis that strengthening cognitive skills is a critical component to enhancing reading outcomes. 
For example, in a randomized controlled trial on ThinkRx alone, Carpenter et al demonstrated statistically significant 
gains in phonetic coding (sound blending) following 60 hours of LearningRx cognitive training.51 Moore et al encoun
tered similar significant results in the second phase of that RCT studying ThinkRx.54 Jedlicka compared outcomes for 
ThinkRx alone and ReadRx integrated with ThinkRx and found statistically significant gains in phonetic coding (sound 
blending) for both ThinkRx and ReadRx® groups.53 Although other reading skills were not measured in those three 
studies, the impact of cognitive skills training on one reading measure along with existing research on the neuroscience 
of reading and the research grounded in the multiple deficit model of reading does give us a reason to dig more deeply 
into this hypothesis that strengthening cognitive skills along with reading skills may lead to greater reading outcomes. We 
also suspect that the elements of the intervention unique to the ThinkRx/ReadRx methodology also contribute to these 
findings. For example, the one-on-one delivery method with coaching and dynamic feedback provides all four sources of 
self-efficacy development identified by Bandura: modeling, mastery experiences, verbal persuasion, and management of 
physiological responses to stress. The literature connecting self-efficacy to learning is robust and would indeed help 
explain the positive results. However, the research identifying deficits in processing speed, attention, and executive 
function skills as contributors to reading disabilities also supports the hypothesis that strengthening those skills would 
provide a more solid foundation for the acquisition of stronger reading skills. Finally, the Science of Reading points to 
the importance of structured literacy instruction using a multi-sensory approach which are both key components of the 
ReadRx methodology. Combined, these factors certainly help explain the positive findings in the current study. 
Importantly, the current study extended the prior research on both ReadRx and ThinkRx by examining additional reading 
variables and parent-reported outcomes with a very large sample and documenting results that were consistent with prior 
research on these programs.

Predictors of Change in Reading Scores
Our analysis to examine predictors of change in reading skills following ReadRx training indicated that age, sex, 
ADHD, IQ score, and pretest scores on tests of individual cognitive skills did not account for much of the variance 
in post-intervention outcomes. Sex and age were not significant predictors of any of the reading outcome 
measures, indicating no difference between outcomes based on sex or age. The presence of an ADHD diagnoses 
at pretest was not a significant predictor of reading outcomes, indicating no differences in outcomes between 
children with and without ADHD. Although there were several regression models (phonological awareness, 
spelling, phonetic coding) that achieved significance for IQ score, less than 1% of the variance in post-test scores 
could be explained by either pretest IQ score. Therefore, we conclude IQ score had no practical significance in 
predicting outcomes on any of the variables of interest. Our findings were consistent with prior research on the 
influence of IQ score on reading intervention response which had also revealed minimal effect42,44,45 to no effect43 

of IQ score on reading outcomes.
We also examined individual cognitive predictors of reading outcomes and found similar results. None of the 

individual cognitive skills were significant predictors of reading outcomes except for Word Attack skills. Pretest 
working memory and processing speed scores were significant predictors of post-test Word Attack scores. However, 
less than 1% of the variance was explained by working memory or processing speed. Given the very small effect, we 
conclude there was no practical significance to this finding. We did expect to see processing speed, attention, and 
working memory factor more significantly in our models given the deficits we see in these skills among children with 
reading disabilities and comorbid ADHD. What our finding does suggest, then, is that the intervention is not as 
sensitive to those pretest deficits in overall IQ score or individual cognitive skills as we expected, and was effective for 
children in the current study regardless of pretest cognitive functioning. Further, we surmise that because a key 
component of the intervention targets cognitive skill deficits, there was little to no predictive association between 
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pretest cognitive functioning and post-test reading outcomes since the cognitive deficits were remediated along with 
the reading skills.

Parent-Reported Outcomes of ReadRx Effects
The qualitative thematic analysis of parent comments on the exit survey revealed that increased confidence and self- 
esteem were overwhelmingly the most reported change after children completed ReadRx. This finding, along with 
reported improvements in school performance and overall cognition, is consistent with our prior research on qualitative 
outcomes following completion of a LearningRx program.54,55,69 For example, Moore et al documented three similar 
themes of parent-reported outcomes including behavioral changes, academic changes, and cognitive changes following 
training with learning programs.55 In a study of LearningRx outcomes for children with ADHD,69 the themes of parent- 
reported outcomes were confidence, self-discipline and cooperative behaviors with 83% of parents of participants in the 
treatment group reporting changes in their child’s confidence and self-esteem. In another study, all participants who 
completed a LearningRx training program reported improvements in academic skills and nearly all participants reported 
improvements in self-esteem.54

While parent outcomes were not measured through standardized tools in the current study, the large number of 
records did enable us to identify robust trends in the improvements parents noted. Indeed, these trends and themes 
aligned strongly with our prior controlled studies on smaller samples of children. Due to the nature of the therapeutic 
alliance created by the one-on-one training model and targeted goal-setting engaged in by children and their trainers, the 
impact of the training on the themes identified by analysis of the parent reported outcomes is plausible. In addition, there 
is a strong motivational aspect to the trainer–child interactions and intentional conversations about how to apply new 
skills to other environments. The existing research that supports a relationship between reading achievement and self- 
esteem70,71 is certainly consistent with the improvements in self-esteem and confidence that parents reported in the 
current study. Further, we speculate that one-on-one delivery of ReadRx contributes greatly to these training effects of 
psychosocial changes, academic improvements, and everyday cognition.

Strengths, Limitations, and Future Directions
There are some strengths and limitations to the current research study that should be noted. One strength of this study is 
the large sample size. With data from more than 3500 children, it is easy to examine patterns that support the statistical 
results. Another strength is the inherent generalizability of findings from studying real-world data. The ecological validity 
of the results is strong and demonstrated effectiveness for this very large sample in a non-school learning center 
environment in which the intervention is actually being delivered day to day. That is, real-world data from clinics 
represent routine practices in a more realistic way than data collected from a controlled research environment. Further, 
the data are consistent with prior controlled studies on the ReadRx and ThinkRx programs.51–54,69

A limitation to using real-world data in research is the inability to control for confounding factors which can threaten 
the internal validity of the study. Randomization of participants in controlled trials accounts for these factors making it 
the gold-standard for intervention research. Future research on ReadRx should include randomization or propensity 
matching of participants in order to draw causal comparisons between ReadRx and another intervention on a greater 
number of reading outcomes. However, the magnitude of age-equivalent change on the reading measures mitigates the 
threat of time for normal development as a counterfactual in the current study. That is, we would not expect to see 
a 6-year gain in phonological awareness skills in 24 weeks through natural aging and in the absence of an intervention.

Finally, future research should include evaluation of reading comprehension outcomes in a larger sample. In future 
research, it would also be important to examine the role of socioeconomic status as a predictor of outcomes. Given that 
families with greater financial resources may expose their children to multiple interventions, it would be good to tease 
apart any potential priming effects.

Conclusion
The current study documented statistically significant changes in cognitive skills (attention, visual processing, processing 
speed, long-term memory, working memory, reasoning) and basic reading skills (phonological awareness, Word Attack, 
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spelling, and phonetic coding) with robust effect sizes following completion of ReadRx for struggling readers (n = 3527). 
We also found significant gains in reading comprehension for a subset of the sample to which a comprehension test was 
administered (n = 296). Further, the current study reported three major themes of parent-reported behavioral outcomes 
including psychosocial changes, improved academic skills, and improved cognition. There were no differences by sex or 
age, and only minimal differences based on pre-intervention IQ and cognitive test scores. These results were consistent 
with prior research on smaller samples who completed the ReadRx intervention. The current study adds to the literature 
in several ways. First, given recent meta-analytical research results revealing a lack of significant improvement in 
foundational reading skills for the branded programs aligned with the widely used Orton–Gillingham reading approach 
(ie, Wilson Reading, Spalding Method, Barton Reading),28 it was important to bring awareness to the results of a large 
set of real-world data from a novel structured reading program. In order to positively impact the current state of poor 
reading proficiency for children in the United States or around the world, alternative methods like ReadRx needed to be 
examined and considered. The current study also fills a gap in the literature by examining a multicomponent structured 
reading intervention delivered through a cognitive training approach which addresses remediation of cognitive skills in 
addition to deficits in phonological and decoding skills. It also adds to the literature by examining characteristics of 
children which may impact response to a structured literacy intervention delivered through a cognitive training approach 
and finding that participant variables did not meaningfully influence the outcomes. This suggests that the intervention 
could have applicability across age groups for children with and without ADHD, for boys and girls equally, and without 
regard to IQ score or pre-intervention cognitive functioning.

Although future research should include a large randomized controlled trial of ReadRx in order to strengthen causal 
conclusions about the efficacy of the intervention, the current study offers robust real-world evidence of the impact of 
ReadRx on reading skills and cognition in addition to parent-reported improvements in confidence, self-esteem, school 
performance, and cognition for a large sample of struggling readers with and without attention problems.
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