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Abstract
The purpose of this casual-comparative study was to explore the effectiveness of the LiftOff
one-on-one cognitive training program on early childhood children ages 5 to 7. The goal was
to determine if there is a significant difference in pre-test and post-test scores of working
memories, visual processing, auditory processing, processing speed, and logic and reasoning
following completion of the LiftOff cognitive training program. The data were collected from
a normed and validated standardized cognitive assessment for the pre-intervention and post-
intervention assessment results, Woodcock-Johnson 111 Tests of Cognitive Abilities, and
subtests from the Woodcock-Johnson 111 Tests of Achievement of the 5 to 7-year old children
who completed a LiftOff cognitive training program through LearningRx between 2010 and
2019 (n =1,067). Results suggest that the LearningRx LiftOff cognitive training produces
significant improvement in cognitive skills, particularly auditory processing, in a relatively
brief time for this sample of children. Statistical analyses show that there are statistically
significant differences between pre-test and post-test on working memory, processing speed,
visual processing, auditory processing, and logic and reasoning with a medium to very large
effect size, and that age is only a significant factor in scores for logic and reasoning. The

largest effects are in auditory processing and processing speed.



Acknowledgements

Thank you Dr. Katherine Green for your dedication as my dissertation chair. Your
continued encouragement, feedback, and support kept me going even when I did not want to.

Thank you Dr. Karen Ellefsen and Dr. Amy Moore for your guidance and feedback as
dissertation committee members. Your knowledge and experience are deep and vast.

Thank you Dr. Brant Deppa for your assistance in running the statistical analysis and
providing support in interpreting that data.

Lastly, | express my deepest gratitude to my family, John, Brodee, Karingtan, and Bo:
You allowed hours of my time to be spent researching and writing when it could have been
spent attending to family needs and time. You were my biggest cheerleaders through this

entire process. All of your sacrifices will not be for naught.



Table of Contents

AADSTIACT ...ttt i
LISE OF TADIES ..ottt Vi
TS 0 T [N =TSSR vii
Chapter 1: INTFOUUCTION .....cveeie ettt et st e te et e s reebeaneesreas 1
Problem Statement and Significance of the Study............cccoovevi i 1
Theoretical and Conceptual FrameWorK...........ccccveeiieiiieiciieseese e 3
PUPOSE OF the STUAY ....ccuviieieiece et be e te e e nre s 4
RESEAICH QUESTIONS ... ..cviiiiiecitie ittt ettt et s b e et e e sbe e et e e sbeeebeesbeesabeesbeesaressbeeanbeesreens 5
Rationale for Methodology .........cceiiiiioiciece e 6
Sampling Strategy aNA SIZE ........ociveiiiieieee ettt 6
DAtA ANAIYSIS ...ttt e e et e et et e e re e reenre e 6
DEfINItION OF TEIMS. ...ttt 7
Summary and Organization of the Remainder of the Study ...........ccccccovvveiiiicc i, 8
Chapter 2: LItErature REVIEW...........cii ettt st sae e sneenne e 10
Introduction to the Chapter and Background to the Problem ............ccccccooveieiiiiiecicen, 10
Theoretical Foundations and/or Conceptual Framework............c.ccceevvvievieveciese e 10
REVIEW OF the LITEIatUre .......c.coiiiieiiiieie e 11
Cognitive Development and SKIllS ...........ccoeiiiiiiiiiecce e 11
WOTKING IMEBIMOIY .....viiiiieiiie ettt et et e s e e st e e e nbeesreeateearee s 16
ProCESSING SPEEA ...ttt 19
Auditory Processing (AP) and Phonological Awareness (PA).......cccccovvviveeiiieiieevneene 23
ViSUAL ProCESSING (VP) .ottt ettt ae e ree s 26
LOQIC ANG REASONING. ... ueiiiiieiieiiie ettt sttt st e e e et e e beessaeanreeanee s 29
COGNITIVE TTAINING ...ttt sttt e et e b e e st e sbeenbeeneesreenee e 32



Cognitive TraiNiNg ProgramS........ccuciiiieiieee e e eite s seeste e ste e ste e sraesre e e eee e 34

Lack of Clarity Regarding the Meaning of Transfer ...........cccccovevivii v, 36

1 10O i PPV 39
SUIMMIAIY .ttt ettt et et e e st e s ab e e shb e e eh b e e e bt e e b b e e e bb e e e bb e e enbe e e enbeeennnes 40
Chapter 3: MethodOIOgy .......ccveiiiieiice et nae e 42
INEFOTUCTION ... bbbt 42
ProbIem STAIEMENT ..ot 43
RESEAICH QUESTIONS ... ..cuviiiiie ittt ettt ettt e s rte e s ar e e be e s be e e be e sbeesnbeesbaeebeesneeenrs 44
Research MethodolOgy ........cuoiieiiic e et 45
RESEAICN DBSIGN. ....uieitieie ettt e e e s r e e be e e e te e be e e e e e e nreeneanes 45
Study Population and Sample SEleCtion ..........c.cooveiiiiiiccece e 46
INSEFUMENTALION ...ttt 47
Validity and Reliability ..........cccooviiiiiic e 48
Data COlECtiON PrOCEAUIES. .......cc.eiveiiitiieieie et 48
Data ANalYSIiS PrOCEUUIES .......ccuveieiieiieeie ettt ettt te et ste e esre e anes 49
Ethical CONSIAEIAtIONS .......ceeiiiiiiieise e 50
LEMIEBEIONS ...ttt bbbt 51
SUIMMIAIY ..ttt ettt e e e e st e e e sttt e e sttt e sab e e ss b e e e en b e e e b b e e e bbe e e nbbeeenseeeanbeeennnes 52
Chapter 4: Data Analysis and RESUILS..........c.coouiiiii i 54
INEFOAUCTION ...ttt b bbb 54
SAMPIE POPUIALION ...t e e sareeaeeanee s 55
RESUIES ...ttt e 58

R1: Is There a Statistically Significant Difference in Cognitive Skills in Children
Ages 5 to 7-years old Who Completed LiftOff, a One-On-One Cognitive Training

PIOQIaM? ...ttt h et b et e bt e e st e e be e et e e s be e e nbeenbeeenne e e 58



R2: Does the Effect of the LiftOff Cognitive Training Program Differ by Age and

X 7 e 59
POSt-HOC ANAIYSIS OF AQE....ciieiicieiiee ettt re e 60
SUIMMIAIY .ttt ettt et et e e st e s ab e e shb e e eh b e e e bt e e b b e e e bb e e e bb e e enbe e e enbeeennnes 64
Chapter 5: Discussion and CONCIUSIONS..........ccviieiieieiieieeie e 65
INEFOTUCTION ... bbbt 65
Discussion and INterpretation ..........c.cccveceeieieeie it e et ens 66
LIMIEBEIONS ... b bbb 70
Recommendations for FULUre RESEAICH ..........ccoeiiiiiiiie e 72
CONCIUSTON ...ttt bbbt bbbttt b e b bt nes 75
RETEIEICES ...t bbbt b b 77
AN o] 01010 OSSPSR 110
F AN o] 0= a 10 1D = TSSOSO 111



List of Tables

Table 1. Sample Size Ethnic COMPOSITION ......cviiieieeiicecee e 55
Table 2. Reported DiSabilitIES.........c.ccveiiiieiieieeie e 56
Table 3. Paired Samples T-TeStS RESUILS.........cccviiiieeiiie e 58

Table 4. Comparison of Measurement Results of ThinkRx and LiftOff Treatment Groups...68

Vi



List of Figures

Figure 1. Experimental Design to Demonstrate Preoperational LOgiC...........cccccvevevivevvenenne. 15
Figure 2. Pre-Training and Post-Training Parent Ratings in Academic Skills ..................... 38
Figure 3. Cognitive Training LiftOff DrillS..........ccooooiiiii e 40
Figure 4. Age Effect on Plotted Logic and REaSONING ........cceceerieeiieiierieeieseesie e 60
Figure 5. POSt-HOC ANAIYSIS BY AQE.....cuieiiiieiieeie et ste sttt saeanee e sna e ans 61
Figure 6. POSt-HOC ANAIYSIS BY SEX.....cciiiiiiieiieeie et ste ettt sre e saa e ans 61
Figure 7. Estimated Marginal Means of Visual Processing..........cccccevvveveevieiieieeieseese e 62
Figure 8. Estimated Marginal Means of Logic and Reasoning ...........ccccceevveveeieeviesieesnennenns 62
Figure 9. Estimated Marginal Means of Working Memory ............ccccccvvviiiiieie v 63
Figure 10. Estimated Marginal Means of Auditory Processing..........ccccocveveiveeieeiesieeseennenn 63
Figure 11. Estimated Marginal Means of Processing Speed ...........ccccoevveiiiiieieevesee e 64

vii



Chapter 1: Introduction

Children’s literacy and reading skills are a top priority for many parents, school
districts, special interest groups, and political agendas across the United States. Its impact can
be seen by the domino effect that early reading ability has on children. Children who struggle
with reading are more likely to be held back a grade in school, become adolescent parents,
become high school dropouts, or enter the juvenile justice system (Connor et al., 2014).
These difficulties tend to skew children to have negative attitudes about reading and learning.

Hulme and Snowling (2013) posited that the ability to read is a foundational skill of
early education and can have serious negative consequences if these students do not master
this skill. When a child struggles to learn, many find it an overwhelming obstacle to
overcome. Academic struggles, like reading, often become a consistent obstacle through
elementary grades (Morgan et al., 2019).

If there is an underlying cognitive issue for a child with learning difficulties, it may be
even more challenging (Barnes et al., 2020). Identifying these challenges and how they
manifest themselves in a child’s learning ability can be a critical piece to addressing their
needs. The literature suggests for many students’ challenges in school are linked to one or
more underlying cognitive deficits.

Problem Statement and Significance of the Study

Many of the efforts that have been made have focused on instructional strategies and
reading skills building. Unfortunately, these have not met their goal of improving national
student performance and narrowing academic achievement gaps (Wigfield et al., 2016). The
ability to identify underlying causes of reading academic difficulties can guide decisions on
the best intervention or instructional methods to assist children at risk for future academic
difficulties. This problem could be solved if targeted cognitive training can increase low

cognitive skills that underlie a child’s ability to read.



Research has connected certain cognitive skills to early reading skills. For example, a
deficit in working memory (WM) may contribute to difficulties in comprehending text and
following multi-step instructions (Viterbori et al., 2015). Reading comprehension requires the
ability to build integrated mental pictures; it relies heavily on both the processing and storage
functions of working memory (Gathercole & Baddeley, 2014). Geary et al. (2012) noted that
research conducted has shown that deficiencies in working memory and processing speed
contributes to problems learning math and significant difficulties in the overall learning
process. Studies also point to relations between impairments on various tests of WM and
distinct types of learning disabilities (Boustanzar & Rezayi, 2017; Zamani & Pouratashi,
2018).

There are several commercial early reading programs available with many falling into
the categories of instructional strategy. The focus of this study was to explore the
effectiveness of the LiftOff program, a one-on-one cognitive training program, on children
ages 5 to 7-years old (Tenpas et al., 2002). LiftOff is a proprietary 12-week cognitive training
program for young children offered by LearningRx, a national network of brain training
centers. It is an early start learning program that targets major cognitive skills including
working memory, long-term memory, visual processing, reasoning, processing speed, and
multiple auditory processing skills including blending, segmenting, rhyming, and deletion of
sounds.

There is accumulating evidence that certain cognitive programs are effective in older
children and adults (Dessey et al., 2020; Jaeggi et al., 2017; Moore & Ledbetter, 2019; Moore
etal., 2019). Jaeggi et al. (2017) noted that for a cognitive intervention to be effective, it
cannot be a “one-size-fits-all” approach and needs to be designed for each individual to
maximize the outcomes. Colzato and Hommel (2021) purported that people are more likely to

succeed in a training program that is designed for their skills, abilities, and needs.



Theoretical and Conceptual Framework

Grant and Osanloo (2014), after reviewing and ruling out other theories, concluded
that cognitive theory is the best theoretical approach when conducting research on the
effectiveness of a child’s learning program. Cognitive theory examines how the brain thinks,
using different processes and the impact of internal and external factors (Schwarzer &
Luszczynska, 2005). Cognitive theory uses developmental psychology and cognitive science
(Xu, 2019). Having research that has a strong basis in cognitive theory, has made it much
easier to review the literature and determine if it will fit within the purpose of this study.

Specifically considering the efficacy of cognitive training on cognitive skills that
support learning, Feuerstein's theory of structural cognitive modifiability is the best
framework (Tzuriel, 2020). Feuerstein’s theory posits that cognition is not static but
malleable as a result of mediated experiences with the world (Haywood, 2020). Feuerstein
focused more on the prerequisites of thinking and ways to help people learn how to learn.
Tan (2003) supported the concept that different learners have different capabilities to benefit
from the mediated experience. Each person displays differences in their cognitive structure,
their knowledge base, and their operational functioning.

Researcher’s Positionality

| have served as an early childhood education faculty at a 2-year community college
for the past 14 years. Due to my experience and education, | have learned that early
intervention is critical in education in an effort to help a child maximize the best of their
abilities to be successful. | want to contribute to the body of research if there is another early
intervention option available.

In addition to my college teaching experience, | own a LearningRx franchise. | have
owned and operated my center since May 2017. Since my center does not use the Woodcock-

Johnson 111 —Tests of Cognitive Abilities and Tests of Achievement (WJ I11) as its assessment



tool, it eliminates the possibility that any of the participants will have received training or
have been assessed at my location.

The data for this t study was obtained from a centralized database of client records for
a national network of cognitive training centers that administered both the WJ 111 and LiftOff
programs between 2011 and 2020. This data was queried by a member of the research
department at the organization. The data was stripped of all identifying information and
emailed to me containing the following variables: random 1D numbers, clientage in years and
months, grade, city, state, zip code, ethnicity, sex, diagnosis, pretest scores, and post-test
scores. At the time of starting this research, | had not personally trained a client using the
LiftOff program and was unfamiliar with the protocols and training methods associated with
it.

For my ethical obligation as a researcher, | reported to the Institutional Review Board
(IRB) that I have financial and/or business interests which may be affected by the results
reported in this study.

Purpose of the Study

The purpose of this causal-comparative study was to explore the effectiveness of the
LiftOff one-on-one cognitive training program on children ages 5 to 7-years old. My goal
was to see if LiftOff is an effective program for increasing cognitive skills that have been
shown to improve a child’s ability to read and learn therefore providing an early mediation
option for children. Tzuriel (2020) concluded that when children are identified early with a
deficit in learning and cognitive skills, it would make it easier to develop mediation strategies
that would aid in overcoming the difficulties and realizing the child’s learning potential.

A generous portion of the research on cognitive training exists around older adults;
specifically, those suffering from mild cognitive impairment and Alzheimer's (Bahar-Fucks

& Woods, 2013; Giovangnoli et al., 2017; Kallio et al., 2017; Sitzer et al., 2006) and older



children with learning difficulties (Buttelman & Karbach 2017; Karbach, 2015; Karch et al.,
2013; Knoll et al., 2016). There is a lack of research on children under the age 8.

My desire is that the results of this study fill a gap in the research and will provide
initial data vital to objectively evaluate the effectiveness of cognitive training in children ages
5 to 7-years old with one or more cognitive deficits.

Research Questions

With significant research connecting cognitive skills to a child’s ability to read and
learn (Barnes et al., 2016; Boets et al., 2011; Bonifacci & Snowling, 2008; Dosi &
Koutsipetsidou, 2019), my aim was to explore the effectiveness of the LiftOff one-on-one
cognitive training program on children ages 5 to 7-years old. The research questions were
addressed through the course of this causal-comparative study and were as follows:

R1: Is there a statistically significant difference in pretest and post-test measures of
cognitive skills for children ages 5 to 7-years old following completion of the LiftOff
cognitive training program?

H1: LiftOff training program shows significant improvements in cognitive skills in
children ages 5 to 7-years old.

Ho: LiftOff training program does not show significant improvements in cognitive
skills in children ages 5 to 7-years old.

R2: Does the effect of the LiftOff cognitive training program differ by age and sex?

Hq: There are significant differences in early reading and cognitive test score changes
following Liftoff cognitive training based on age and sex.

Ho: There are no significant differences in early reading and cognitive test score

changes following Liftoff cognitive training based on age and sex.



Rationale for Methodology

A causal-comparative method was used for this study. A causal-comparative design
makes the connection between the dependent and independent variables following action or
intervention (Creswell & Creswell, 2017). The objective is to see if the independent variable
changes the outcome, or the dependent variable, through a comparison of two or more groups
of individuals. This causal-comparative study measured cognitive task performance in the
areas of working memory, processing speed, auditory processing, visual processing, logic,
and reasoning. The data for this study was gathered from a normed and validated
standardized cognitive assessment for the pre-and post-assessment, WJ I11 Tests of Cognitive
Abilities, and subtests from the WJ 111 Tests of Achievement.

Sampling Strategy and Size

The sample involved archived data gathered from a database of clients ages 5 to 7-
years old who completed a LiftOff cognitive training program through LearningRx with a
mean of 60 hours completed between 2011 and 2020 (n =1067). This was a nonprobability
sample based on Creswell and Creswell’s (2017) description, which asserted that when the
researcher selects participants due to convenience and availability the sample still represent
some characteristic that the researcher wants to study.

Data Analysis

Research question 1, was created to assess the effectiveness of the LiftOff program on
cognitive skills for children ages 5 to 7- years old. To answer the question, | will compare
pre-intervention WJ 111 scores with the post-intervention WJ 111 scores using paired-samples
t-tests for the pretest to post-test change in standard scores for everyone. A Bonferroni-
corrected p-value of p < .01 was used for significance testing, and the effect size was assessed

using Cohen’s d.



To answer research question 2, a factorial MANOVA was used to observe differences
by age, differences by sex, and the interaction of sex and age. This analysis showed if there is
an association between cognitive training and improvement in cognition and if that is
impacted by age, sex, or both. These analyses were then compared the gain scores, post-
minus pre-Standard Score, for children ages 5, 6, and 7 to each other. The Tukey post-hoc
test was performed to control for multiple comparisons and see the exact differences
(Armstrong, 2014). If statistically significant effects are obtained with more than two groups,
a post-hoc test was then performed to determine which groups differ. The use of effect sizes
is important because it allows for the comparison the magnitude of experimental treatments
from one experiment to another. The effect size was assessed using partial eta squared for
RQ#2. (Napierala, 2012). A p-value of 0.05 was used in the analysis to answer research
question 2.

The results were then plotted appropriately, addressing the differences in the groups if
there were any to be found. The data indicated whether the program is effective, and for
which group it works best. My hope was that the data analysis addressed where the program
would be used most effectively. The statistical analysis supported whether cognition was
improved by this program.

Definition of Terms

Key terms that are used in this causal-comparative research study included:

Cognitive development: For this causal-comparative study, cognitive development is
defined as a child's development in information processing, perceptual skill, language
learning, and conceptual resources about brain development (Haywood, 2020).

Cognitive training: For this causal-comparative study, cognitive training refers to the
act of participating in a specific repetitive program or activity over a circumscribed

timeframe to enhance a cognitive skill or general cognitive ability (Rabipour & Raz, 2012).



Cognitive skills: For this causal-comparative study, academic achievement can be
exhibited using markers in cognitive skills such as the ability to process, learn, think, and
reason; and substantive knowledge (Kell, 2018).

Early or emergent reading skills: For this causal-comparative study, early or
emergent reading skills may include letter knowledge, phonological awareness, rapid
automatized naming (RAN), Word Attack, verbal short-term memory, fluency, and
comprehension. (Lohvansuu et al., 2018; NAEP, 2019).

Phonological awareness: For this causal-comparative study, phonological awareness
is developmental and typically follows this progress starting in preschool: segmenting
sentences into words and moving to kindergarten: rhyming; kindergarten: segmenting words
into syllables and deleting syllables, transitioning to first grade: blending, segmenting,
deleting, and adding phonemes, and adding in first and second grade: manipulation (e.g.,
substitution, transposition) of phonemes (Mather & Jeffre, 2016).

Processing speed: For this causal-comparative study, processing speed is defined as
the ability to execute both simple and intricate cognitive tasks quickly. This skill also
measures the brain's capability to work rapidly yet efficiently while ignoring distracting
stimuli (Ebaib et al., 2017).

Working memory: For this causal-comparative study, working memory is defined as
the groups of parts of the mind that temporarily retain data and information in an amplified
state of readiness for use in continuous information processing (Cowan, 2017).

Summary and Organization of the Remainder of the Study

Research has shown that cognitive development and skills affect a child’s ability to
read and learn. Reading comprehension requires the ability to build integrated mental
pictures, it relies heavily on both the processing and storage functions of working memory

(Johann et al., 2020).



One option to improve cognitive skills is through cognitive training. It is important to
review specific commercial cognitive training programs and their effectiveness (Jaeggi et al.,
2017). For this causal-comparative study, | have chosen to explore the effectiveness of the
LiftOff one-on-one cognitive training program on children ages 5 to 7-years old. While
several commercial cognitive training programs are available, LiftOff is specific to children
ages 5 to 7-years old (Tenpas et al., 2002).

Chapter 2 presents a review of research related to cognitive skills and how they relate
to a child’s ability to read and learn. It also provides research related to the practice of
cognitive training as a means to increase cognitive skills.

Chapter 3 addresses the research methodology, which involves the population sample
a description of the assessment tool, and the data collection and procedures used in the study.

Chapter 4 provides the results of the data collection and the data analysis.

Chapter 5 involves a discussion of the results and how they compare/contrast with the
literature, the limitations of this study, the implication of the results for practice,

recommendations for future research, and a conclusion of this study.



Chapter 2: Literature Review
Introduction to the Chapter and Background to the Problem

The purpose of this causal-comparative study was to explore the effectiveness of the
LiftOff one-on-one cognitive training program on children ages 5 to 7-years old. This study
involved examinig the research on cognitive skills related to learning, including those shown
to impact reading skills and academic success. My goal was to see if LiftOff, a program for
increasing cognitive skills in children, is actually providing a successful early mediation
option for children. The results of this study may provide data vital to objectively evaluate the
effectiveness of cognitive training in children ages 5 to 7-years old with one or more
cognitive deficits.

Theoretical Foundations and/or Conceptual Framework

Cognitive theory examines how the brain thinks using different processes and the
impact of internal and external factors (Schwarzer & Luszczynsk, 2005). Since this causal-
comparative study was for the purpose of learning if cognitive training improves cognitive
skills that support learning, reading, and overall academic success, this theory was the best
fit.

In the early 1900s, cognitive theorists such as Piaget (1896-1980), Vygotsky (1896-
1934), and Bruner (1915-2016), provided a solid foundation for learning theory. Piaget,
Vygotsky, and Bruner showed that there is a need to develop ways to get to the root of
deficits creating obstacles to learning and cognitive development. One way to consider
addressing this is through cognitive training and the notion that the brain can change.

Curlik and Shors (2013) noted that it is not only that new pathways are being created
between neurons (neurons that fire together, wire together), it is also that there are new
neurons occurring as a result of cognitive training. Similarly, Feuerstein's theory of structural

cognitive modifiability notes that cognition is not static but malleable as a result of mediated

10



experiences with the world (Haywood, 2020). Bryan (2014) concluded that there is a

biological basis behind quality cognitive training that is supported by the research showing

that those physical changes in the brain can and do occur throughout a person’s lifespan.
Review of the Literature

Cognitive Development and Skills

| examined cognitive development by dividing it out from other developmental
domains (e.g., social-emotional, physical, and language). In reality, development cannot be
easily categorized in isolation. The four areas of development are closely related, often
overlap, and are affected and influenced by development in all other areas (Berk, 2013). For
example, oral language acquisition (language development) is foundational to learning, since
learning begins with listening and speaking, which happens through interactions with others
(social-emotional development). If a child does not have interpersonal interactions with
others, it would have a direct impact on their ability to acquire language (Nor & Rashid,
2018).

Cognitive ability or skills in early childhood are a key factor determining a child’s
future academic success. In early childhood, to learn academic skills children use cognitive
skills; therefore, most academic tasks involve the use of those cognitive abilities (Evans &
Stanovich, 2013; Peng et al., 2018). Several studies on the correlation between cognitive
abilities and academic achievement (Gerst et al., 2017; Sternberg et al., 2008) have concluded
that cognitive abilities are foundational structures, and these cognitive abilities are essential
and impact academic outcomes. Peng and Kievit (2020) noted that in a bidirectional model a
person’s achievement academically and cognitive abilities impact each other through
development in several ways, and those relevant cognitive abilities and academic

achievement should increase proportionately with age. They should parallel each other in
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predicting over a longer period. Cognitive abilities and academic achievement should
improve with targeted cognitive interventions.

Knowledge of brain and cognitive development and how they influence learning is
extensive, deep, and still building (Fischer & Bidell, 1998, 2007; Khan & Panth, 2017; Peng
& Kievit, 2020; Piaget, 1983). What a child already knows, or background knowledge,
affects their ability to make sense of new experiences and insights. This background
knowledge affects a child’s capacity to remember, process information, categorize, solve
problems, read, and understand mathematical concepts and develop language skills
(Bjorklund & Ellis, 2014; McAffe & Leong, 1994).

Many characteristics of the brain such as the number of neurons and synapses, brain
mass, change steadily as children grow and develop (Bjorklune & Ellis, 2014). At the same
time, while they grow, children’s other areas such as actions, language, problem-solving,
social skills, emotions, and motivation develop. Research shows that as individuals, people
grow in complex patterns, evident in not just linear change but cycles of peaks and valleys
(Dawson et al., 2005; Molenaar, 2004). Evidence is building showing peak times of brain
growth, cognitive development, and learning (Lazonder et al., 2020).

Starting around 5-years old, children build an understanding of concepts by
experimenting and interacting in a variety of ways with their environment. Children should
be formulating predictions and solving problems by scrutinizing the people and things around
them. They begin to think in complex ways and connect new encounters and knowledge to
what they already know. At this age, they have an increased ability to present ideas, use
symbols, expand beyond literal meanings, and explore abstract ideas (Fleer et al., 2014).

Piaget's theory of cognitive development describes how a child builds a mental model
of the world (McLeod, 2018). Piaget’s (1936) influences on cognitive development involve a

stage theory, detailed observational studies of cognition in children, and a series of creative,
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simple experiments to expose different cognitive abilities. Piaget described learning as a
dynamic process with several stages. His work consisted of three components: schemas,
adaptations, and stages of development. Piaget theorized that children construct knowledge
through action. He argued that children must engage in tasks actively to develop and learn
(Murray, 2020).

In the first stage, Piaget (1952) defined schemas as being regulated by a central
meaning of tightly interconnected actions that are interrelated and repeatable action
sequences possessing components. In basic terms, schemas are a way of organizing
knowledge.

During the second stage, intellectual growth is a process of adapting to the world.
This happens through assimilation, accommodation, and equilibrium. This process takes our
existing knowledge and changes it when it does not fit with a current situation to restore
balance. Children seek out and process the latest information based on what they already
know. They are also able to modify their thinking to make sense of added information and
experience. Children’s knowledge can grow as they investigate, learn new concepts, and
revise their previous way of thinking to integrate the latest information (Piaget, 1952).

Piaget’s third component, stages of development, encompasses a child’s growing
sophistication in their ability to think. Each child goes through these stages in roughly the
same order and the child’s growth is affected by biological maturation and interaction with
the environment. The rate at which a child progresses through each stage is dependent on
each child (Piaget,1952).

While no stage can be skipped, some people may never attain the later stages.
Because this study only examined children ages 5 to 7-years old, only the second stage of

development was discussed.
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Around age 2, Piaget coined the second period as preoperational and lasts until
approximately age 7. During this stage, children begin to notice the attributes and
characteristics of the objects they engage with. The researcher asserted that children must
actively interact with tasks to develop and learn Piaget, 1952).

Piaget’s theory of cognitive development explains the development of cognition with
ages and stages. A majority of the viewpoints of the researcher’s original theory of cognitive
development have been contested; however, the objective characteristics connected to
cognitive development are still valid. Some of these related factors are the development of
logic and cause-and-effect relationships during childhood (Villasin, 2020).

There are several characteristics of the preoperational stage that might be seen in
children ages 5 to 7-years old. As shown in Figure 1. Experimental design to demonstrate
preoperational logic, if a clinician lined up two rows of pennies so that a row of four pennies
was longer than a row of six pennies and asked a child to point to the row that has the fewest
pennies the child would point to the row of six. This is referred to as centration, which is the
tendency to focus on only one aspect of a situation at a time (Khalil, 2019). In the example,
the child is focusing on one aspect only (length) and cannot manipulate the length and

number.
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Figure 1

Experimental Design to Demonstrate Preoperational Logic

Note: From Feldman et al. (n.d.).

Next, a child moves into conservation which Piaget found that most children could
not move into before age 5. This is understanding that a quantity stays the same even when
you change the shape, size, or container it is in. This is often seen when you have two
containers of varied sizes that hold the same amount of liquid. A child will typically pick the
tallest container when asked which holds more (Khalil, 2020).

Another characteristic Piaget defined is artificialism meaning the assumption that
everything that exists is made by a conscious being, such as God or a human (Gruber &
Voneche, 1977). This being is in charge of physical qualities and movements. For example, a
child sees it as someone making thunder and not an act of nature. Establishing an
understanding of how cognitive development develops and grows in children ages 5 to 7-

years old enables educators to explore ways to maximize thinking and learning. Researchers
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can delve deeper into the cognitive skills that make up cognitive development to see what
role each plays in a child’s ability to think, learn, and perform academically.
Working Memory

Working memory (WM) has a vital role to play in the academic performance of
children, due to multiple academic tasks involving multiple sequences of tasks that should be
remembered in a brief period (Bergman & Soderquist, 2017). This means that WM uses an
integrated system that is enlisted during tasks such as learning, reading and language
comprehension, and reasoning (Baddeley, 1992; Tsianos et al., 2010).

According to Mather and Jaffe (2002), WM is the brain structure that delivers
temporary storage and manipulation of information that is used for difficult cognitive tasks
such as language comprehension, learning, and reasoning. A child who struggles to update
WM, effectively plan, move from one concept to another, and show restraint, is unlikely to be
able to stay on task in the classroom and do well academically (Ahmed et al., 2019). This
might be seen in a classroom as a child who struggles to complete work in class due to a
struggle remembering what was covered in the lesson and the directions of what is to be
done.

Research has shown ties between WM to academic success and intelligence. The
National Science Foundation (2018) study results proposed, regarding student academic
performance in algebra, that that the strongest predictors were cognitive skills specifically
linked to WM, and also showed that cognitive skills can be improved using cognitive training
interventions. Jaeggi et al. (2017) purported that fluid intelligence (the capacity to solve novel
abstract problems) is dependent on a student’s improvement in WM.

Fried et al.’s (2016) study reported that in a non-Attention Deficit/Hyperactivity
Disorder (ADHD) sample, a deficit in WM negatively impacts the academic learning

processes associated with the recognition of priority patterns, focus and attention, ability to
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recognize hierarchies, inhibition of irrelevant stimuli, the meaning of stimuli (analysis and
synthesis), and to recognize and select the goals that work best to solve a problem
establishing an intention. With these cognitive abilities proving to be critical for learning, any
deficits can lead to educational difficulties and low educational achievement.

When adding in the element of an ADHD diagnosis, WM has an even more profound
impact. WM deficits have been shown to have a significant impact on the likelihood of
increased risk for academic deficits and cognitive dysfunction in children with ADHD (Freid
et al., 2016). The researchers also suggested that screening for WM deficits in children
diagnosed with ADHD could aid in identifying them at considerable risk for academic and
cognitive dysfunction.

Research suggests that basic mathematical skills rely heavily on domain-general
cognitive processe such as WM and processing speed (Formosa et al., 2018; Fuchs et al.,
2012; Hornung et al., 2014). The different domains associated with WM have been linked
with parts related to math cognition and with early math overall. WM deficits have been
connected to difficulties in the automatization of the conventional counting sequence,
counting, and the acquisition of Arabic numerals (Bull et al., 2008). Both Alloway and
Passolunghi (2011) and Gullick and Temple (2011) concluded that WM has a direct influence
on mathematical performance in children age 5, and credited this to how it works in
retrieving math facts and manipulating verbal and visual information.

In a regression analysis by Formosa et al. (2018), their study showed that verbal WM,
visuospatial WM, and processing speed have a significant impact on math cognition. In the
study, the researchers found that verbal WM, visuospatial WM, and processing speed directly
influence math cognition. Additionally, some studies have discovered that verbal WM
capacity is related to the amount of mathematical proficiency, such as how it can sustain

active the counting sequence and partial results while counting (Bull & Scerif, 2001; Camos
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et al., 2018) or how it impacts the recovery and procurement of arithmetic facts (DeStefano &
LeFevre, 2004; Geary, 2012; Kaufmann, 2002).

When examining the impact of WM on reading, the research is more direct. The
significant role WM has on reading performance is because tasks entail using both
information processing and storage synchronously (Bergman & Soderquist, 2017). It is as if
someone wanted to understand the text. First, they must visually process the words. Then,
they match the words to the phonological, semantic, and orthographic depictions in long-term
memory (LTM). This then ends with the combination of these depictions within the
framework to develop what is the meaning of the passage.

van den Broek et al. (2016) posited that the aim of WM is to be involved in this
process of understanding by allowing short-term memory (STM) to retain relevant
information, having information from long-term memory (LTM) retrieved, and combining all
the sources of information to form an accurate understanding based off what was described
by the text. Regarding van den Broek’s position on children reading a text, they should be
able to remember information previously taught and then add the information received to
their knowledge bank as they proceed to become an effective reader.

A comprehensive literature review by Savage et al. (2007) offered two conclusions
related to reading and WM. The first examined foundational reading skills such as decoding,
and reading comprehension require WM for advanced reading skills (Peng et al., 2018).
Secondly, it was uncertain if the relation between reading and WM was influenced by other
domains of WM (e.g., verbal verses visuospatial).

In the resource-sharing model, WM shows a strong relationship with reading
comprehension because reading comprehension also requires simultaneous information
processing and storage. Comprehension is the process of making meaning and is a primary

goal of reading instruction (Soto et al., 2019). It entails being able to connect what you read
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and hear with what you have experienced. Even pre-readers need to have the ability to
comprehend things such as stories they are being read, oral instructions and information, and
conversations. Preschool and kindergarten-age children who attempt to comprehend what
they are hearing, use the same cognitive process that older children and adults use to read.
Comprehension allows children to process what they hear and read which is crucial to future
reading success (Razinski et al., 2017). To understand what is being read, processing and
storage have to switch back and forth such that information processing effectiveness
influences the storage capacity of WM that is available for reading comprehension (Peng et
al., 2018).

Additional studies have shown that children with reading difficulties are known to
often exhibit problems retrieving stored vocabulary knowledge from the mental lexicon
(Dickens, 2017; Dosi & Koutsipetsidou, 2019; Rucklidge & Tannock, 2002), which could
mean that WM tests may show a specific problem in word-finding. This is important, because
vocabulary is a strong predictor of later reading and literacy ability (Oakhill et al., 2019). It
can be noticed in the preschool years that children with larger vocabularies have more
developed phonological awareness (Lonigan et al., 2018; McBride-Chang et al., 2005).

Research has shown that vocabulary is also critical in oral reading instruction
(National Institute of Child Health and Human Development, 2006). Furthermore, a meta-
analysis of studies has shown that some phonological awareness abilities like phoneme
deletion are impacted by WM capacity because they require both storage and manipulation of
phonemes (Peng et al., 2018).

Processing Speed

Processing speed (PS) can be defined as the velocity in which a subject executes a

simple and automated cognitive task (Sheppard & Vernon, 2008). As noted in WM and

academic success, a child’s ability to move from one concept to another, sometimes referred
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to as shifting ability, has an impact on their academic achievement. Processing speed has
been shown to account for between 70% and 90% of the age-related variance in fluid
intelligence quotients in children and adults (Hermida et al., 2020). The assumption is that an
individual’s PS places a limit on the amount of information that can be processed in a given
time interval. Studies support the idea that deficiencies in PS may limit a person’s ability to
complete more difficult cognitive tasks, including inhibition, maintenance, and shifting
operations (McAuley & White, 2011, Rose et al., 2011; Span et al., 2004).

Slower PS could result in lower academic performance because a child cannot
complete all the tasks in the time allotted. Parents may see this impact if a child is repeatedly
unable to get work completed in class and has to bring it home to finish. A child may also
struggle with timed tests and completing them in time. This line of thought leads to the
conclusion that as PS increases, on tasks where speed impacts performance, higher PS speed
will result in better performance (McAuley & White, 2011, Rose et al., 2011; Span et al.,
2004).

Developmental cascade models put forward the idea that children's information PS is
an impactful process in cognitive development shown to support gains in inhibitory control,
working memory, and related cognitive skills (Clark et al., 2014). McAuley and White (2011)
found that PS accounts for significant discrepancies in the developmental course of both WM
and inhibition. Their findings suggested that PS might allow quicker evaluation of
environmental cues which help determine the appropriateness of certain purposeful
behaviors.

Tucker-Drob et al.’s (2019) meta-analysis study indicated that age-related gains in PS
are believed to aid in general cognitive efficiency in two ways: more information can be
gained within a certain timeframe; and with less time for information to be lost, a greater

number of neural networks can be co-activated, thereby increasing the capacity to perform
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concurrent tasks and represent information from many views. What this means is that if a
child is given added information quickly and struggles with slower processing, they will miss
the content being taught. Think of a child that repeatedly comments, “You didn’t say that” or
“I didn’t hear you say that” when questioned about missing directions or instructions.

It has also been shown that PS within executive functioning is partially responsible
for developmental improvements in complex span task performance due to preventing
decline and increasing the speed in the repetition of memory items (Gordon et al., 2018).
Magimairaj and Montgomery’s (2013) analysis noted the development of an attentional task-
switching ability as a means to explain increases in WM aptitude around seven years of age.
This ability is seen by a direct relationship between storage capacity (WM) and PS in
complex span tasks.

Espy et al. (2006) found that information processing has been shown to develop
rapidly from three to five years of age pointing to the need for an effective way to address a
deficiency early. Considering that PS is so intricately linked to cognitive task ability, it could
be conceived that a significant reason for the varying ability in young children's early task
performance and how that relates to academic achievement, may be accounted for by
individual differences in PS.

Concerning mathematical performance, some have suggested that PS influences are
explained by the availability of resources in WM and EF (Clark et al., 2014). Still others
(Bull & Johnston, 1997; Fuchs et al., 2012, 2006) have found its effect is independent of WM
capacity. They contend that slow PS may impact the establishment of mathematical
conceptual information in LTM, like the automatization of the counting sequence and
arithmetic facts. Lépine et al. (2005) found that even when examining WM alone, placing
stress on a person’s ability to process information more quickly resulted in more intense

relationships regarding measures of mathematics, reading, and non-verbal reasoning.
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Studies have shown that children's performance on executive tasks, which includes PS
in preschool, has a direct correlation with their mathematics achievement well into
elementary school (Clark et al., 2010; Douglas & LeFevre, 2017). In classroom instruction of
basic math facts, not only is remembering math facts important but the speed at which they
are recalled is also a key factor in measuring whether a child has mastered them. Processing
speed and language proficiency are strong predictors of children's mathematics performance
across the preschool years (Clark et al., 2014).

Rohde and Thompson (2007) showed that PS, a cognitive skill closely related to
attention, is an incremental predictor of general intelligence when forecasting for the
mathematical subtest of the SAT. There is also noteworthy evidence that children who have a
slower ability to process information have poorer mathematics achievement (Bull &
Johnston, 1997; Geary et al., 2012). Studies by Lijffijt et al. (2005) and Karulunas and
Huang-Pollack (2013) allude that slow PS clarifies the reason for much of the deficit in WM
in children with ADHD compared to their typically-developing peers.

A progressive increase in reading speed is the benchmark of common reading
acquisition. As children age, the ability to name familiar objects and how quickly they name
them are related to reading ability (Roembke et al., 2019). Ozernov-Palchik et al. (2017)
conducted a longitudinal study that acknowledged a correlation between how quickly
kindergarten children could name familiar digits and letters and how they would perform on
word recognition tasks.

Wong (2020) incorporated research conducted by Spring and Davis (1988) that found
children who read more digits are able to read more words and more words correctly. Wong’s
findings mirror other research that children with dyslexia may show deficits in eye movement
performance or/and in visual perceptual skills. The results indicated that 56.67% of children

in the study presented visual deficits in eye movement, and 46.67% showed visual deficits in
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visual perception. Processing speed deficits, when present, could function both to impair
reading difficulties and to lessen a child’s ability to make up for them (Bonifacci &
Snowling, 2007).

In a review of the literature around rapid naming, Savage (2004) reported that many
studies have found deficits in the automaticity of rapid serial naming and fluency measures
for children with reading disabilities. Some have argued that single deficits in phonological
processing are unlikely to explain entirely dyslexia, and PS deficiencies are an additional risk
factor (Lovett et al., 2017; Pennington et al., 2012). A growing body of research suggests that
children with dyslexia have PS deficiencies (Arnett et al., 2017; Doyle et al., 2018; Willcutt
et al., 2005).

A study by Shanahan et al. (2006) found that PS is a shared cognitive risk factor in
both children with a reading disability and those diagnosed with ADHD. One large-scale
study that examined reading disorders and ADHD (Willicutt et al., 2005) learned that PS
measures are consistently lower among children with combined ADHD and reading disability
than those children with only one disorder.

Auditory Processing (AP) and Phonological Awareness (PA)

AP is an overarching term that captures a person’s abilities such as auditory
discrimination, temporal ordering, spectral resolution, and discrimination and performance in
degraded listening conditions (American Speech-Language-Hearing Association [ASHA],
1996). There is a large body of research around auditory processing and how it relates to
children’s reading ability. Early theories proposed an association between AP and phonic
decoding skills focusing on the ability to read by mapping letters onto sounds (Tallal, 1980,
1984). van Rijthoven et al. (2018) found that children's semantic knowledge plays a
significant role in both phonological awareness and rapid naming, which fits prior research

specific to children with dyslexia.
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Several studies have stated that children with AP struggles will have simultaneous
deficits in language skills (Gillam et al., 2017; Gokula et al., 2019; Sharma et al., 2009;
Wible et al., 2005). Through speech, children learn to arrange and communicate their
thoughts and ideas. They systematically learn the rules for ordering sounds and using
language in conventional practices. Children eventually transition from oral language to
written language. Children with language delays may have difficulty in isolating,
distinguishing, or processing language sounds (ASHA, 1996).

In addition to AP, PA , or phonological sensitivity, is defined as the ability to
recognize, isolate, and manipulate basic speech units, and begins development early in life,
before reading instruction (Law et al., 2017). At approximately age 3, children begin to
develop PA with gradual improvement as they age (Gillon, 2005). Hearing these differences
in the parts of oral language can be challenging for some children since it is asking them to
focus on the sounds of speech separately from meaning. A strong predictor of later writing,
reading, and spelling is a young child’s PA (U.S. National Early Literacy Panel, 2008).

PA develops as a progression from straightforward skills such as listening and
advancing to much more complex skills such as manipulating individual sounds in words. PA
can be facilitated, and this can lead to reading improvements (Schuele & Boudreau, 2008).
PA starts by simply listening to sounds in the environment. Developing these beginning
listening skills helps children to later focus on the separate sounds in words.

Next, children will start noticing and discriminating rhyme and alliteration. For
preschool and kindergarten children, rhyming involves recognizing the sounds in word
endings. Rhyming is one of the first skills to develop in PA (Grof¢ikova & Macajova, 2020).
Children also develop alliteration which asks children to decipher parts of words that are
smaller than a syllable and at the beginning of words (Symmons, 2020). Research shows that

a child grasps larger units of words that can be segmented, such as syllables, onsets, and
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rimes, develops first, whereas an understanding of smaller units or phonemic awareness, is
believed to develop only after exposure to print (Goswami, 2002).

As PA skills progress, children learn to manipulate phonemes in many different ways.
Children will blend and segment phonemes, or substitute one phoneme for another. Research
has shown that PA skills tend to be the most potent predictor of success in learning to read
(Mott & Rutherford, 2012).

Forty to 60% of the later reading achievement of kindergarten children is attributed to
pre-reading PA (Law et al., 2017). Young children on average can distinguish words that
rhyme, regardless of if other phonological skills have not developed (Lonigan et al., 2018).
Children begin by representing and manipulating more holistic units of speech such as
syllables before they become able to segment phonemes (Gillon, 2017).

There is a growing body of research that has added to the evidence that there is a
relationship between measures of AP, phonology, and literacy achievement in preschoolers
(Boets et al., 2011). These researchers investigated pre-reading in children and showed a
clear relationship between a measure of AP and speech-in-noise perception. Law et al. (2017)
found that their auditory measure uniquely predicts discrepancies in first and second-grade
reading. This suggests that basic AP skills impact on reading development is not limited to
the time point before reading instruction but extends through the preliminary stages of
reading development (Law et al., 2017).

A study by Gokula et al. (2019) found that children who struggle with word reading
do poorer as a group on visual attention, AP, receptive language, phonological processing,
and digit memory when examining children with developmentally appropriate word reading
skills. However, Leppanen et al. (2010) suggested that an early AP deficit may not be solely

sufficient to contribute to reading difficulty.
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After children have a suitable grasp of the sounds used in language, they progress to
being able to relate printed symbols with their corresponding sounds or phonics. PA and AP
lay the groundwork for phonics to happen. Familiarity with the letters of the alphabet and
understanding that the phonemes align are solid predictors of how easy or difficult a child can
learn to read (U.S. National Reading Panel, 2000).

Visual Processing (VP)

VP is the ability to recognize, examine, and think about images (Gibson et al., 2015).
Cavanagh (2012) defined visual cognition to mean being able to create visual images that
represent surfaces and objects retain the base data of the visualization but change which areas
belong together and how they are arranged in depth. Some expand VP to include one’s ability
to attend to and distinguish something’s details and characteristics, such as color, shape, size,
orientation, and color (Yang et al., 2013; Kulp et al., 2004). Visualization is also a term that
has been used to describe the ability to recognize mental patterns and visually manipulate
them to conjure up how they might appear when altered in some way such as rotated,
changed in size, partially obscured (Flanagan et al., 2013).

The literature shows spatial orientation to be one of the most impactful VP abilities
among all visual-spatial abilities (Wang et al., 2014; Yilmaz, 2009; Zhang, 2016). The ability
to visualize is the most commonly studied spatial ability linked with mathematics
achievement (Mix & Cheng, 2012). One such study found that by measuring spatial
visualization and verbal skills of kindergarteners, the two could predict the level of arithmetic
in the first grade as well as arithmetic growth up to the third grade (Zhang et al., 2014)

Visual processing is a necessary process to develop for a child to be able to
discriminate between letters, characters, symbols, and written numbers (Meng et al., 2011;
McBride-Chang et al., 2005). For children to understand written language, they need to

comprehend how words, sounds, and sentences work together in writing. An adequate

26



predictor of future writing, spelling, and reading ability in young children is their view
toward print. The ability of a reader to understand that a letter represents one or more sounds
is inherent in their ability to decipher letter symbols (U.S. National Early Literacy Panel,
2008).

There is increasing agreement among researchers that children with learning
difficulties specific to math have fundamental deficiencies in numerical understanding and
domain-general functioning, such as language and spatial skills, compared to children with no
learning difficulty (Geary, 2004). Several longitudinal studies have explored how developing
math proficiency in childhood is impacted by spatial skills. Zhang et al. (2018) found
deficiencies in the same set of cognitive skills, including spatial, language, and counting
skills were found to underlie math learning difficulties (MLD). van Garderen and Montague
(2003) found that children with MLD had impairments in spatial visualization compared with
children who do not struggle with math. Children with weakness in spatial ability may not be
able to use spatial strategies in mathematical problem solving or get the full benefit from
classroom instruction (Krawec, 2014). Barner et al. (2016) showed that children with lower
visuospatial WM do not experience gains from math instruction using a visuospatial strategy.
Children with higher visuospatial WM did better in math than the control group with typical
math instruction.

Holmes et al. (2008) assessed how a child’s performance in visual and spatial STM
tasks and how it is linked to whether preschooler develops numerical competence and that
visual STM is critical in later years of schooling. Fanari et al. (2019) observed that early
numeracy competency significantly aligned over time with later math skills. Research has
shown that one of the strongest predictors of academic success in mathematics is a child’s
level of early numerical ability (Jordan et al., 2006; Lyons et al., 2014; Passolunghi et al.,

2007, 2008).
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Research results show that active visual-spatial WM has an impact on math
performance from the incredibly preliminary stages of math learning (Fanari, et al., 2019).
Yang and Meng (2020) found that VP in kindergarten explains unique differences in early
mathematics in first grade. Studies indicate that children with high visual-spatial ability are
more likely to interpret an increased amount of math problems into pictures and use spatial
descriptions as well as exhibit stronger flexibility in translating a story/word problem into a
math problem. This means children can identify and extract math equations from the word
problems, and visually process number relationships (Sigmundsson et al., 2010; Zhang &
Lin, 2015).

When researching VP and reading, Yang and Meng (2020) discovered that VP in
kindergarten significantly predicts Chinese character reading in first grade when controlling
for inhibitory control, prior reading proficiency, age, sex, sustained attention, and nonverbal
1Q. Visual processing directs the way visual information is extracted from printmaking it
simpler for young children to distinguish characters from each other (Aghababian & Nazir,
2000).

The ability to name pictures is one of the earliest milestones in language development
and is thought to be a precursor of the child’s developing visual word recognition system
(Araujo et al., 2016). It is common for people with VP deficits to often be diagnosed with
dyslexia (Ramus et al., 2003) and/or dyscalculia (Emmons & Anderson, 2005). Yang and
Meng (2020) pointed out that as children learn to read Chinese the spatial orientation
threshold between two lines is higher in children with dyslexia than in in typically developed
children. Wolf et al. (2000) found that readers with dyslexia have longer naming latencies
and also are more likely to have more errors in response to familiar items, such as objects,
letters, and digits. A large body of neuroscience research shows that many people with

dyslexia also show low-level problems in VP (Farmer & Klein, 1995; Klein, 2002). It is the
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reason that research would show a correlation that interventions targeting VP are successful
in improving learning (Gibson et al., 2015).
Logic and Reasoning

One of the significant attributes that distinguish humans from other species is the
ability to reason. Sometimes referred to as process skills, these are the skills children use to
learn. One of the most noted aspects of human reasoning is deductive reasoning, meaning the
ability to make logically valid inferences (Markovits, 2018). This is the crux of developing
and testing hypotheses as well as key in comprehension.

Cattell’s investment theory suggests that the ability to reason underlies the attainment
of academic achievement since a better ability to reason assists in using analogies and
abstract schema which aid in organizing and solidifying academic knowledge (Peng &
Kievit, 2020). Earlier research proposed that children younger than age 6 cannot identify
logical inconsistency; however, a study by Doebel et al. (2016) signified that even children at
age 4 can if the statement they are assessing are presented in an open-communication setting
that encourages thought of the source's knowledge reliability. Children can remember when
sources were not consistent and avoided learning new information from those inconsistencies,
which suggests that the ability to think logically and reason in early childhood promotes
children's social learning.

Logic and reasoning include skills and abilities like connecting, problem-solving,
observing and exploring, communicating, and representing, and organizing information
(Bertan et al., 2009). Problem-solving involves producing ideas, taking risks to try something
new, and using materials in unusual and distinctive ways (Bjorklund et al., 2020). This affects
our world in ways such as medical and technological advances. Children can decide which

materials to use, guess what they might need, and test their ideas.
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There have been studies which have examined the significance of strengthening a
child’s ability to problem-solve to prevent potent difficulties in the future, develop problem-
solving skills, and conditions of problem-solving skills (Anliak & Dincer, 2005; Dereli-iman,
2014; Kesicioglu, 2015). One of the academic disciplines where problem-solving skills are
critical can be seen in the STEM-related fields (science, technology, engineering, and
mathematics, Sahin, 1999).

Science in early childhood education is to develop the ability to observe, estimate,
recognize, communicate, interpret, discover, think independently, and problem-solving
(Sahin, 1999). Bahar and Aksut’s study (2020) investigated the effects of activity-based
science teaching practices on preschool children ages 5 and 6 years old and their ability to
gain problem-solving skills. The results indicated that the average of children’s post-test total
scores in the experimental group is significantly higher than the average of children’s post-
test total scores in the control group.

Makashevska and Kamchevska (n.d) drew conclusions around cognitive development
related to math and sciences in early childhood by developing logic and reasoning a child can
be more active in the process of creating and learning, encouraging children in the learning
process and using active learning, like discovery and problem solving, impacts cognitive
development. The most important desire in the learning process of young children is the
intrinsic desire to learn about the world. How children develop logic and reasoning is driven
by the ability to blend different topics including math and science. Learning science and math
is dependent on sources and information taken from the daily life of the child. To improve the
impact of education, it is important to consider the rate of how logical-mathematical and
natural-science development in each child.

Math problems use a cognitive process called relational reasoning or the ability to

simultaneously scan several options between multiple components of a problem (Singly &
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Bunge, 2014). Under this framework, understanding mathematics requires the ability to form
abstract depictions of quantitative and qualitative connections between variables (Halford et
al., 1998). This can be observed in a child’s ability to solve story word problems. This
requires children to conclude theoretical connections between real-world situations and
corresponding numerical operations and symbols to solve the problem. Early algebra is
another example of where relational reasoning can be seen. This happens when students are
asked to solve for one or more unknown numbers. To solve for the missing variable, a child
needs to remember the connection between numbers on both sides of the equal sign to decide
which operand is needed (Hawes & Ansari, 2020).

A study by Green et al. (2017) was conducted to assess whether fluid reasoning or the
ability to analyze recent problems, see patterns and relationships, and apply logic lends itself
to future math success throughout primary and secondary schooling by comparing fluid
reasoning to other cognitive skills (verbal and spatial) that earlier had been linked to math
development. The results showed that fluid reasoning may have more impact on math
development than spatial and linguistic skills. Students with strong basic spatial and
numerical skills may not even be proficient in applying logical reasoning abilities to solve
new or novel problems.

Since the ability to logic and reason can affect one’s ability to organize information, it
should be no surprise that it can affect reading comprehension. When examining
comprehension, it has been argued that comprehension forms a contrasting scheme for
reasoning that is parallel rather than analogous to problem-solving. Being able to construct a
mental image of a scene may require more analytical problem solving as the situation or
content becomes more complex such as in science-based content (Fuchs et al., 2018).

Logic and reasoning can also affect comprehension in making inferences, which is a

large part of reading. Texts are rarely ever completely specific; therefore, the reader has to fill

31



in the gaps. Inferencing asks the reader to make logical steps in determining a conclusion
based on premises stated in the text. Graesser and Kruez (1993) noted that skilled readers can
construct causal inferences that make sense of actions otherwise not connected to the story.
The ability to make inferences partly predicts reading comprehension, as one with poor
comprehension is deficient in inferencing skills (Cain & Oakhill, 1999). Young children can
make more complex inferences when prompted or questioned rather than spontaneously like
their older counterparts (Casteel & Simpson, 1991).

Several studies have found that those children who are better at comprehending
incorporate information across stories and can make inferences when a word or phrase, take
their reference from another word (Oakhill & Garnham, 1998; Yuill & Oakhil, 1988, 1986).
Yuill and Oakhill (1991) provided three theories on differences in skill levels regarding
inference-making: a) the amount of overall content and knowledge, b) processing limitations
(PS) impede a person’s ability to make inferences and incorporate text information with
previous knowledge, and c) a lack of skill and ability to know when it is appropriate to draw
inferences, which requires the use of logic and reasoning. Oakhill et al. (2003) concluded that
initial comprehension skills are a strong predictor of later comprehension. Additionally, the
researchers noted that there are three distinct predictors of comprehension skills that tie back
to logic and reasoning skills: answering inferential questions, understanding story structure,
and detecting inconsistencies in the text.

Cognitive Training

Cognitive training or brain training is built on the foundation of neuroplasticity, a
change in neural structure and function in response to experience or environmental
stimulation (Shaw et al., 1994). This notion has become more prominent due to recent

discoveries around neuroplasticity, indicating that cognitive health may be improved and
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have long-term effects by participating in specific exercises that are designed to target basic
cognitive processes (Gibson et al., 2013).

The idea of training or retraining to think faster and perform at higher levels through
brain training is becoming a multi-million-dollar industry (Sparks, 2012). Estimated sales in
this sector are shown to be increasing at a rate of 20% to 25% each year. In 2013, sales
surpassed $1.3B worldwide with expected projections to exceed $6B by 2020 (Cookson,
2014; Katz, 2014). SharpBrains reported that between 2005 and 2009, the cognitive training
industry increased 31% to $295M with more than half of the money spent in the United
States (Sparks, 2012). Because of this surge in popularity, it has become the focus of
intensive academic research. The theory of cognitive training is that it improves cognitive
abilities by using the repetitive practice of standardized cognitive tasks in specific cognitive
skills (e.g., memory, attention, or visual processing, Colzato & Hommel, 2021).

Despite the notoriety, as well as the financial success of brain training, cognitive
training effectiveness is still under debate. Even within the scientific field, there is no
consensus. In 2014, scientists from two separate groups published open letters regarding the
effectiveness of brain-training interventions, or “brain games,” for improving cognition. In
the first written statement, “A Consensus on the Brain Training Industry from the Scientific
Community,” 70 scientists argued that brain games do not provide a researched support
means to improve cognitive skills or to ward off cognitive decline (Max Planck Institute for
Human Development and Stanford Center on Longevity, November 27, 2020).

It was also noted that there is overwhelming evidence of overall and long-lasting
positive effects on the way people’s minds and brains age, which have remained vague and
have rejected the claim that things such as “brain games” give customers an avenue founded
in science to reduce or reverse cognitive declines when there is no current compelling

scientific evidence showing that they do. A few months later, the second group of more than
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100 scientists responded, criticizing the open letter, saying it lacked form and substance, as
well as arguing that there was plenty of evidence for the “brain training effect” and
highlighted that because of this research, therefore the first letter could not make the
statement that it was a consensus view. Group two noted, while acknowledging that separate
research studies are limited, many of the controlled trials show gains that hold stable for a
specific amount of time, present gains included a variety of cognitive and real-life activities,
make use of control strategies specifically designed to offset for the “placebo,” and detail
positive changes in real-life markers of cognitive health and effects (Alescio-Lautier et al.,
2014).

One contributing factor to this ongoing debate is the lack of defining what is meant by
effectiveness. For brain training to be considered effective, it must be able to enhance the
performance of untrained tasks by making improvements in underlying cognitive abilities
(Lindenberger et al., 2017). Evidence has shown that cognitive training can strengthen skills
on a trained task in the short run; however, the current discussion is around whether there is
evidence for long-term benefits of training in one domain, such as VP, yields improvements
in other domains, such as PS and WM, and the transfer effect to real-life daily tasks, such as
driving and remembering to take medications. The effectiveness of many commercial brain
training products is debatable; there is data suggesting that some programs produce clear
improvements in cognitive abilities. Moore et al. (2017) pointed out that with all of the
studies in cognitive training, 8 years old was the youngest age examined for the effectiveness
of a brain training program.

Cognitive Training Programs

Diamond and Lee (2011) concluded that several types of training improve cognitive

abilities and emotional control, in particular, programs that train executive function. When

reviewing computerized brain training, some of the largest academic randomized control
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trials have argued that there is evidence for cognitive improvement and transfer to everyday
cognitive ability (Wolinsky et al., 2016; Zelinski et al., 2011). In 2017, Mewborn et al.
conducted meta-analyses of cognitive training and a pilot study that explained the benefits of
improving cognitive abilities specifically highlighting transfer to untrained measures. One
large-scale trial did report negative results in younger adults (Owen et al., 2010).

A different product showed that it improves WM capacity in both children and adults.
This program involved training on WM tasks 5 days per week over 5 to 6 weeks.
Implementing this particular computerized brain training software showed improvements in
children diagnosed with ADHD and healthy adults in measures of WM as a result of training
(Klingberg, 2010; Klingberg et al., 2005).

Another product that advertises increased brain fitness, increased ability to learn, and
improved test scores for children showed that after training for 19-28 sessions of 20 minutes
over four weeks, children with language-based learning impairments showed considerable
improvement in auditory perception (Semrud-Clikeman & Ellison, 2009). Wolinsky et al.
(2013) found that after cognitive training in middle-aged and older adults, there was
substantial evidence of both maintenance of and even improvement that occurred in the
visual processing speeds of participants.

Jaeggi et al. (2008) learned that cognitive training could improve fluid intelligence
(Gf). Their data provided evidence that there is the potential to improve Gf with appropriate
cognitive training and the degree of gains is dependent on the amount of training time.

As part of the Mackey et al. (2011) study involving students in an afterschool
program, students participated for 75 minutes per day, 2 days per week, for 8 weeks involved
engagement in numerous computer-based games and activities to test reasoning skills and

processing speeds. It showed significant gains in both.
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Miley et al. (2020) conducted a 6-month follow-up study on clients who had received
cognitive training and found that the effects on a variety of cognitive measures were in the
small to moderate range from initial assessment to six-month follow-up, suggesting that the
“dosing” of 70 hours of targeted cognitive training is sufficient to endure lasting
improvement.

Moore et al. (2019) found that a clinician-delivered model combined with a digital-
delivered model compared to a clinician-only delivery model produces comparable results in
gains. This was the only clinician-delivered cognitive training program with research for
children as young as eight years of age that targets multiple cognitive skills involving
processing speed, working memory, long-term memory, auditory processing, attention, visual
processing, and logic and reasoning. There were multiple studies for this program
demonstrating that the effects of training are significant across multiple cognitive constructs
using multiple measures of standard neuropsychological tests, functional magnetic resonance
imaging, and parent rating scales (Carpenter et al., 2016; Gibson et al., 2015; Jedlick 2017;
Ledbetter et al., 2016; Moore et al., 2019; Moore et al., 2018).

Musick’s (2015) research showed that in a clinician-delivered cognitive training
program, compared to the control group in nine of the twelve cognitive areas, produced
results, with some as high as 3 years-worth of growth from the pre-test assessments at the
beginning of the study and the post-test assessments after the training and study.

Lack of Clarity Regarding the Meaning of Transfer

There is a lack of clarity regarding what transfer actually means. Simons et al. (2016)
reported that the confusion regarding transfer seems connected to the vague definitions of far
transfer and real-world benefits. The researchers concluded that far transfer, as defined
originally for studies of education (Barnett & Ceci, 2002) and later broadened to include

studies of cognitive aging (Zelinski, 2009), is typically referring to an improvement in a
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measure that is in different cognitive domains than that targeted by the training program (e.g.,
processing speed, visual processing), a definition that includes real-world measures (e.g.,
driving) as well. Transfer tasks that have many parts that align with the practiced task are
believed to demonstrate near transfer, while tasks that have fewer parts that align are said to
demonstrate far transfer (Simons et al., 2016).

Additionally, Simons et al. (2016) found few studies that examined real-world
applications and objectively measured improvements, rather laboratory tasks or
neuropsychological testing were used as outcome measures. It was uncovered that when
studies have measured real-world tasks, the measures have tended to be self-report and
subject to demand characteristics and expectation effects. These programs may be training to
the test and may or may not have any impact on real-life activities

Moore et al. (2019) noted that their research showed that transfer to untrained tasks is
not due to training for the test but rather is multifaceted and qualitatively varies from the
assessment tasks. Corbett et al.’s (2015) study found that there are positive results reported
for older adults who trained over a longer period, which included generalization to real-world
measures.

In a program evaluation of two clinician-delivered cognitive training programs, one
focusing on math and the other er on reading, results showed significant improvement on
achievement tests in the content area related to their program. More importantly is that those
who completed the cognitive training reading or math intervention programs took
achievement tests unrelated to their program (Moore, 2015). Jedlicka (2017), in a study of
178 children with learning disabilities, concluded that there are transfer effects in both
clinician-delivered treatment groups using a parent-reported rating of academic skills,

cognition and oppositional behavior in addition to significant gains in cognitive measures,
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using the WJ 111 of visual and auditory processing, long-term and working memory, fluid
reasoning, processing speed, and attention (see Figure 3).
Figure 2

Pre-Training and Post-Training Parent Ratings in Academic Skills
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Note: From Jedlicka (2017).

Musick (2015) learned that students who completed a computer-based or one-on-one
clinician-delivered cognitive training showed significantly greater improvement on the Texas
Assessment of Knowledge and Skills in Mathematics in their raw scores and in the
percentage correct out of questions answered, getting the expected transfer of cognitive skill
training to math performance that they initially thought would be the result. In another study,
Hill et al. (2015) found that using a computerized cognitive training program in a laboratory
setting with 322 middle school students there were significant gains in all cognitive measures
and math performance after 3 weeks of training. In the second study of three groups,

clinician-delivered, computer-based, and controlled study hall in a school, over 15 weeks of
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training, showed significantly higher scores for the two groups compared with controls on
working memory, logic, and reasoning, and three of four math attitude measures.
LiftOff

There are numerous commercial early reading programs available with several falling
into the category of instructional strategy. There is accumulating evidence that certain
cognitive programs are effective in older children and adults (Dessey et al., 2020; Jaeggi et
al., 2017; Moore & Ledbetter, 2020; Moore et al., 2019). Jaeggi et al (2017) suggested that
optimal cognitive training outcomes can only be achieved through individualized
interventions.

LiftOff is a proprietary 12-week cognitive training program for young children
offered by LearningRx, a national network of brain training centers. It is an early start
learning program that is individualized for each client, which targets major cognitive skills
involving working memory, long-term memory, visual processing, reasoning, processing
speed, and multiple auditory processing skills—including blending, segmenting, rhyming,
and deletion of sounds. The strong focus on auditory processing skills is the cornerstone of
the program, defining it as an early reading development program delivered through a
cognitive training approach. The 166-page curriculum includes 456 variations of 20
foundational tasks sequenced by difficulty, speed, and complexity (Tenpas et al., 2002).

The LiftOff program is delivered one-on-one by a cognitive trainer in 90-minute
sessions 3 days per week over 12 weeks. It is a hands-on intervention that incorporates a
variety of manipulatives like blocks and letters, shape and number cards, speeded drill sheets,
handwriting sheets, and a hacky sack that are used in training procedures all paced by a

metronome beat. An example of three procedures is shown in Figure 3.
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Figure 3

Cognitive Training LiftOff Drills

Visual Memory Sounds Comprehension Blocks

Note: LearningRx (2020). For photo release, see Appendix A.

The metronome is used to increase the intensity of the training tasks and to help
improve attention and processing speed. During each training session, trainers give
immediate feedback to provide correction and encouragement as students master each task.
Trainers track progression through the curriculum using a web-based application that ensures
the intervention is followed with fidelity.

The curriculum was created by Dr. Ken Gibson, a behavioral optometrist specializing
in pediatric vision therapy as a precursor to ThinkRx and ReadRx, the cognitive training, and
reading remediation programs offered at LearningRx centers. Although there is a robust body
of research supporting LearningRx programs (Gibson et al., 2015; Jedlicka 2017; Ledbetter et
al., 2016; Moore et al., 2019; Moore et al., 2018), no study to date has specifically examined
the LiftOff curriculum.

Summary

Cognitive skills are complex and difficult to isolate in lieu of other developmental
areas. Many studies have attempted to examine specific cognitive skills and how they impact
reading, learning, and academic success. Of these, WM, PS, VP, AP, and logic and reasoning
were the focus of this review of literature. All have been connected to some level of impact

on reading, learning, and/or academic success. Having so many cognitive skills connected to
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a child’s ability to learn in various academic areas leads to the question of whether there is a
way or ways to strengthen and improve those cognitive areas.

An additional examination has been given to the controversy surrounding the
effectiveness of cognitive training or brain training. Much of the research seems to agree on
the ability to improve cognitive skills at least to a specific task; however, there is much
disagreement on improved ability in other tasks and if there is transfer to real-life tasks.
Between defining what effectiveness and transfer present as with brain training, more
research is needed. Moreover, there is a lack of research on the effectiveness of brain training
targeting children ages 5 to 7-years old.

The purpose of this causal-comparative study was to explore the effectiveness of the
LiftOff one-on-one cognitive training program on children ages 5 to 7-years old. If shown to
be effective, this could provide a viable alternative RTI for young children struggling to read

and learn.
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Chapter 3: Methodology
Introduction

A child’s reading and math ability upon entering elementary school are both strongly
predictive of academic achievement in later grades (Duncan et al., 2007; Pace et al., 2019).
Research and randomized controlled trials examining multiple instructional strategies and
interventions over the past few decades have led to a significant portfolio of evidence-based
best practices to provide a framework for reading instruction, intervention, and the early
identification of at-risk readers (Petscher et al., 2020). Hulme and Snowling (2013) proposed
that learning to read is a key objective of early education, and any difficulties in learning to
read may result in serious adverse consequences.

In reviewing academic trends from 2010-to to 2017, Kuhfeld et al. (2020) concluded
that there are three key findings:

e There were stable trends between 2010 to 2014 followed by small declines in

entry-to-school reading and math skills.
e There was modest narrowing of the racial/ethnic achievement gaps.
e There is no evidence that state-funded pre-K enrollment is associated with
districts’ trends in academic skills between 2010 and 2017.

One of their most significant findings was that academic skills at school entry were mostly
flat between 2010 and 2014 followed by small declines between 2014 and 2017, particularly
in math.

In 2019, the National Education Assessment Program (NAEP) in comparison to 2017,
indicted that in 2019 reading scores were lower for fourth-grade students at the 10th, 25th,
50th, and 75th percentiles. The average reading score for fourth-grade students in 2019 was

approximately one point lower compared to 2017, the previous assessment year. Muhlend et
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al.’s (2020) report also noted that it has been close to 10 years since research has seen sturdy
growth in either reading or math, other than a slight exception of eighth-grade reading.

How a child performs in the early elementary year’s areas such as language,
mathematics, literacy, self-regulation, cognition, approaches to learning, and social-emotional
adjustment has typically maintained the remainder of the primary and secondary years (Pace
et al., 2019). When a child struggles to learn, many find it an overwhelming obstacle to
overcome. Academic struggles, including reading, often become more consistent in the
elementary grades (Morgan et.al, 2019).

If there is an underlying cognitive issue for a child with learning difficulties, it may be
even more challenging. Identifying these challenges and how they manifest themselves in a
child’s ability to learn and read can be a critical piece to addressing their needs. There may be
a reason for many students’ challenges in school that is tied to one or more underlying
cognitive deficits.

Research suggests that early identification of reading struggles is important for
diminishing the negative outcomes, which include reduced educational achievement
(Ozernov-Palchik et al., 2017). If there is a deficit in reading, it poses significant difficulties
for the students regarding being successful at grade level. These statistics are important
because it has been shown that not being able to read at grade level in third grade is among
the biggest predictors of later school dropout (Lesnik et al., 2010).

Problem Statement

Research suggests that early identification of reading struggles is important for
diminishing negative outcomes, which include reduced educational achievement (Ozernov-
Palchik et al., 2017). If there is a deficit in reading, it presents a sizable problem for the

student with being successful at grade level. This means early detection of reading
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deficiencies and early academic intervention, or instruction can be crucial to reducing the
number of children below grade level by third grade.

Many of the efforts that have been made focus on instructional strategies and reading
skills building with little improvements in national student performance and the academic
achievement gaps (Wigfield et al., 2016). Identifying underlying causes of reading academic
difficulties can guide decisions on intervention or instructional methods to assist children at
risk for future academic difficulties. The problem to solve is if targeted cognitive training can
increase low cognitive skills that underlie the ability to read.

Research has connected certain cognitive skills to early reading skills. For example, a
deficit in WM may contribute to difficulties in comprehending text and following multi-step
instructions (Viterbori et al., 2015). Reading comprehension requires the ability to build
integrated mental pictures; therefore, it relies heavily on both the storage functions and
processing of working memory (Gathercole & Baddeley, 2014).

Geary et al. (2012) noted that research shows deficits in WM and PS contribute to
problems learning math and significant difficulties in the overall learning process. Studies
also point to relations between impairments on various tests of WM and distinct types of
learning disabilities (Boustanzar & Rezayi, 2017; Zamani & Pouratashi, 2018).

Research Questions

With significant research connecting cognitive skills to a child’s ability to read and
learn, this research aims to examine the effectiveness of a program that focuses on
strengthening cognitive skills in children ages five to seven years old. The following research
questions were addressed throughout this casual-comparative study:

R1: Is there a statistically significant difference in pretest and post-test measures of
cognitive skills for children ages 5 to 7-years old following completion of the LiftOff

cognitive training program?
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H1: LiftOff training program shows significant improvements in cognitive skills in
children ages 5 to 7-years old.

Ho: LiftOff training program does not show significant improvements in cognitive
skills in children ages 5 to 7-years old.

R2: Does the effect of the LiftOff cognitive training program differ by age and sex?

H1: There are significant differences in early reading and cognitive test score changes
following Liftoff cognitive training based on age and sex.

Ho: There are no significant differences in early reading and cognitive test score
changes following Liftoff cognitive training based on age and sex.

Research Methodology

A casual-comparative quantitative design was used for this study due to the emphasis
on numbers and figures in the collection and analysis of data. This methodology allows the
researcher to use the data collection and analysis to make general conclusions (Eyisi, 2016).
A quantitative research design provides the opportunity to use control groups, which enables
a comparison of the data from the two groups (e.g., pre-intervention and post-intervention).
Using a quantitative research design helped to reduce researcher bias because data were
collected from a secondary archived source.

Research Design

The purpose of a causal-comparative design is for the researcher to find links
connecting dependent and independent variables following action or intervention (Salkind,
2010). The objective is decided if the independent variable changes the outcome, or the
dependent variable, through a comparison of two or more groups of individuals. It was
determined that the quantitative, causal-comparison design was best suited for this study
because the data were analyzed through statistics. The data were obtained from participants

who were enrolled in a specific brain training program, and archival data were used.

45



Through this causal-comparative study | measured cognitive task performance in the
areas of working memory, processing speed, auditory processing, visual processing, and logic
and reasoning in children ages 5 to 7. This assessed the difference between pre- and post-
intervention assessment measures with the same group. In these situations, it can infer causal
relationships (Salkind, 2010). I also compared the change scores for these children to each
other as well as the effects of sex.

The data collected was taken from a normed and validated standardized cognitive
assessment for the pre-and post-assessment, the WJ 111 Tests of Cognitive Abilities and
subtests from the WJ 111 Tests of Achievement of students age 5 to 7 who had completed a
LiftOff cognitive training program through LearningRx completed between 2010 and 2019 (n
=1,067). Since the data were collected from archived records, it was impossible to know if
reporting errors were made in the original records. However, the large sample size mitigates
the impact a few errors may have on the overall results (Anderson et al., 2017).

Study Population and Sample Selection

The sample selection was a nonprobability sample based on Creswell and Creswell’s
(2017) description of when the researcher selects the individuals due to their availability,
convenience, and having a specific characteristic that the researcher is studying. It consisted
of 1,067 children between the ages of 5 and 7-years old who completed the LiftOff cognitive
training program at one of seventy learning centers in the United States between 2011 and
2020. LearningRx is a national network of clinics that offer a comprehensive clinician-
delivered cognitive training curriculum for children and adults as well as intensive reading
and math interventions for children and adolescents. The primary clientele of LearningRx
centers are children with learning disabilities or academic struggles, including dyslexia,

attention deficit hyperactivity disorder, and speech and language delays (Moore et al., 2019).
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Instrumentation

It is important to use an assessment tool that has been proven reliable and valid
(Sullivan, 2011). The WJ 111 Cognitive Abilities and Tests of Achievement is a normed,
validated, and reliable assessment tool of both cognitive abilities and achievement among
children and is significantly used across the globe because of its distinguished features (Abu-
Hamour et al., 2012). The worldwide use of the WJ 111 upholds its value.

When using a true growth score, which explains the time gap between testing
sessions, developmental growth that would typically take place over time is accounted for
giving a clear understanding of actual growth attained through LiftOff procedures (Jaffe,
2009). Data was gathered for all of the following subtests, use of standard scores:

a. Working Memory Test. The Numbers Reversed subtest of the WJ 111 Tests of

Cognitive Abilities measures working memory by asking the student to remember
a span of numbers and repeat them in reverse order from how they were presented
(Mather & Woodcock, 2001).

b. Processing Speed Test. The Visual Matching subtest of the WJ 111 Tests of
Cognitive Abilities measures perceptual processing speed by asking the student to
discriminate visual symbols. In three minutes, the student identifies and circles
pairs of matching numbers in each row of six number combinations ranging from
single-digit to three-digit numbers (Mather & Woodcock, 2001).

c. Auditory Processing Test. The Sound Awareness subtest of the WJ 111 Tests of
Achievement measures four phonological awareness skills: sound rhyming, sound
deletion, sound substitution, and sound reversal. The test administrator presents a
series of language sounds, and the participant must manipulate the sounds and

produce a response. (Mather & Woodcock, 2001).
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d. Visual Processing Test. The Spatial Relations subtest of the WJ 111 Tests of
Cognitive Abilities measures visual processing skills by asking the student to
match individual puzzle pieces to a completed shape (Mather & Woodcock,
2001).

e. Logic and Reasoning Test. The Concept Formation subtest of the WJ 111 Tests of
Cognitive Abilities measures fluid reasoning by requiring the student to use
inductive logic and apply rules to sets of shapes that share similarities and
differences. The student must indicate the rule that differentiates one set of shapes
from the other (Mather & Woodcock, 2001).

Validity and Reliability

The WJ 111 Tests of Cognitive Abilities and Tests of Achievement are a normed,
validated, and reliable assessment tool of both cognitive abilities and achievement among
children and are significantly used across the globe because of its distinguished features
(Abu-Hamour et al., 2012). The reliability metrics for WJ 111 Numbers Reversed subtest has
median reliability for 5-years old’s of 0.92; 6-year-old’s is 0.89, and 7-year-old’s is 0.84; the
Visual Matching subtest has median reliability for 5-year-old’s of 0.91; 6-year-old’s is 0.91,
and 7-year-old’s is 0.89; the Sound Awareness subtest has median reliability for 5-year-old’s
of 0.85; 6-year-olds is 0.93, and 7-year-olds is 0.93; the Spatial Relations subtest has median
reliability for 5-year-old’s of 0.90; 6-year-olds is 0.83, and 7-year-olds is 0.78; and the
Concept Formation subtest has median reliability for 5-year-old’s of 0.94; 6-year-old’s is
0.94; and 7-year-old’s is 0.96 (Woodcock et al., 2001a).

Data Collection Procedures

The data for this casual-comparative study was obtained from a centralized database

of client records for a national network of cognitive training centers. The dataset was

compiled through a standard query of records performed by a member of the research
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department at the organization. The data was stripped of all identifying information and saved
in an EXCEL spreadsheet. No identifying codes were used, and no information was traceable
back to the identity of the clients.

The dataset emailed contained the following variables: random ID numbers, client age
in years and months, grade, city, state, zip code, ethnicity, sex, diagnosis, pre-intervention
standard scores, and post-intervention standard scores. Before and after LiftOff training, each
client was assessed using the WJ I11 Cognitive Abilities and Tests of Achievement. This test
is a nationally standardized norm-referenced test that is often used by educators and
psychologists to measure cognitive skills and academic abilities (Abu-Harmou et al., 2012).

Data Analysis Procedures

The current causal-comparative study set out to understand how the LiftOff program
affects students by age, as well as sex. Addressing the various and already known
developmental differences between ages and sexes without the program, | made a comparison
regarding the effectiveness of the program on cognitive skills. Comparisons between the
groups demonstrate whether it aids one sex or age more effectively than the others. For
example, the program may show promise in 5-year-old boys and 6-year-old girls. Similarly,
cognition may improve in 7-year-old boys only. The data indicates who the program helps
and how it helps.

Research question 1 assessed the effectiveness of the LiftOff program on cognitive
skills for children ages 5 to 7-years old. For this question, the casual-comparative study
compared pre-intervention WJ 111 Scores with the post-intervention WJ 111 scores using a
paired-samples t-test for the pretest to post-test change in standard scores for everyone. A
Bonferroni-corrected p-value of p < .01 was used for significance testing, and the effect size

was assessed using Cohen’s d.
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For research question 2, a factorial MANOVA was used to examine differences by
age, differences by sex, and the interaction of sex and age. This analysis shows if there is an
association between cognitive training and improvement in cognition and if that is impacted
by age, sex, or both. These analyses compared the gain scores, post minus pre-Standard
Score, for children age 5, 6, and 7 to each other. The Tukey post-hoc test was also performed
to answer research question 2 to control for multiple comparisons and see the exact
differences (Armstrong, 2014). If statistically significant effects are obtained with more than
two groups, a post-hoc test needs to be performed to determine which groups differ. The use
of effect sizes is important because it allows for comparing the magnitude of experimental
treatments from one experiment to another. The effect size was assessed using partial eta
squared (Napierala, 2012). Additionally, a p-value of 0.05 was used in the analysis.

The results were then plotted appropriately, addressing the differences in the groups if
there were any to be found. The data indicated whether the program is effective, and for
which group it works best. The data analysis addressed where the program would be used
most effectively. The results of these analyses determined if this program was effective for
this group of children and which children benefited the most from the intervention.

Ethical Considerations

Approval from both Concordia University and Gibson Research Institute’s IRB
process were sought out and obtained. The sample for this study involved archived data
gathered from a database of clients from LearningRx and not collected directly me. Archived
data should conform to ethical and legal guidelines with the safeguarding of anonymity when
this has been requested by participants or guaranteed to them (Corti & Thompson, 2012). All
participants, as part of the orientation process of LearningRx, signed a study statement

containing the following:
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Student test scores are used in scientific research studies to evaluate our cognitive
training programs. To ensure confidentiality, only the principal researchers will have
access to data associated with student identities. When publishing research results, no
personally identifying information will ever be disclosed as well as provided in a
Privacy Policy Statement. (See Appendix B)
| have owned and operated my center since May 2017. Since my center does not use the WJ
I11 Cognitive Abilities and Tests of Achievement as an assessment tool, it eliminated the
possibility that any of the participants received training or were assessed at my location. This
casual-comparative study used pre-existing archival data from an instrument that | did not
have a role in the creation, validation, or distribution of.

The data for this current casual-comparative study was obtained from a centralized
database of client records for a national network of cognitive training centers that
administered both the WJ 111 and LiftOff training between 2011 and 2020. The data were
queried by a member of the research department at the organization. The data was stripped of
all identifying information and emailed to me containing the following variables: random 1D
numbers, client age in years and months, grade, city, state, zip code, ethnicity, sex, diagnosis,
pretest intervention measures, and post-tests intervention measures. At the time of starting
this research, | had not personally trained a client using the LiftOff program and was
unfamiliar with the protocols and training methods associated with it.

Limitations

The lack of a control group is the most obvious limitation and one that prevents a
causal connection between the intervention and the outcome measures. By using control
groups, researchers can confirm that study results are due to the manipulation of independent
variables rather than extraneous variables (Allen, 2017). This means that control groups are

made up of participants who are not exposed to the manipulated independent variable but are
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measured on the study’s dependent variables. Including a control group, it can strengthen if a
researcher can conclude the study.

Another limitation of the casual-comparative study is that the data were taken from
archived records and not collected directly by the researcher. Data may be considered
archived as any sort of information, previously collected by others, amenable to systematic
study (Jones, 2010). In the social sciences, there is a well-established tradition of reanalyzing
quantitative data (Corti & Thompson, 2012). The use of existing data sets presents the
opportunity to provide some methodological benefits. To reduce or overcome issues to
internal validity such as experiment bias an effective technique is to use multiple existing
data sets. By using of multiple data sets, or purely external data sets can strengthen arguments
for being able to take a broad view of the results of a study (Shultz et al., 2005)

In some cases, the use of a pretest-posttest model could be a limitation in that the
pretest may sensitize participants to the focus of the experiment which may potentially
influence the results such as participants would be able to study the test (Rogers & Revesz,
2020). However, considering the age of the participants, 5 to 7-years old and the length of
time between pre- and post-intervention measures (average 60 hours), it is unlikely that
would be a factor. It is impossible to know if reporting errors were made in the original
records. However, the large sample size mitigates the impact a few errors might have on the
overall results (Anderson et al., 2017).

Summary

This causal-comparative study used secondary archival data analysis of intervention
measures standard scores collected from students between the ages of 5 and 7-years old who
completed the LiftOff cognitive training program between 2011 and 2020 at one of 70
LearningRx centers in the United States. The use of a causal-comparative design enables the

researcher to decide if the independent variable is associated with a change in the outcomes,
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or the dependent variable, through a comparison of two or more groups of individuals. When
using a paired sample t-test, the pretest functions as a default control group since no
participants have yet to be subjected to the program; therefore, the post-test is the caused
result of the program on the same group (Xu et al., 2017).

The effect size in this study was assessed using Cohen’s d to answer research question
1. The use of Cohen’s d is appropriate use for effect size when comparing any two
assessment results to see how substantially different they are (Nissan et al., 2018). Effect
sizes are reported in Cohen’s d values defined by .20 as a small effect, .50 as a medium
effect, and .80 as a large effect (Cohen, 1988).

Partial eta squared was used to answer research question 2. The Tukey post-hoc test
was also performed for to control for multiple comparisons and see the exact differences
(Armstrong, 2014). Eta-squared is a measure of effect size used in t-tests and MANOVA and
showed the associated strength with the interaction effect (Bakeman, 2005). The effect size
for eta squared are .01 for small effect size; .06 for medium effect size; .14 or higher for large
effect size. A p-value of 0.05 was used. Because the standard deviation includes how many
clients participated, using the effect size allowed me to compare the effectiveness of training

more objectively (Napierala, 2012).
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Chapter 4: Data Analysis and Results

The purpose of this causal-comparative study was to explore the effectiveness of the
LiftOff one-on-one cognitive training program on children ages 5 to 7-years old. LiftOff is a
proprietary 12-week cognitive training program for young children offered by LearningRx, a
national network of brain training centers. It is an early start learning program that targets
major cognitive skills including working memory, long-term memory, visual processing,
reasoning, processing speed, and multiple auditory processing skills including blending,
segmenting, rhyming, and deletion of sounds.

Introduction

This casual-comparative study examined the research on cognitive skills related to
learning, including those shown to impact reading skills and academic success. There is still
controversy in the research on whether or not cognitive training works (Jaeggi et al., 2017).
Cognitive ability or skills in early childhood are a key factor determining a child’s future
academic success such as working memory linked to algebra performance (U.S. National
Science Foundation, 2018).

In early childhood, to learn academic skills, children use cognitive skills therefore
most academic tasks involve the use of those cognitive abilities (Evans & Stanovich, 2013;
Peng et al., 2018). Being able to identify underlying causes of reading and academic
difficulties can guide decisions on intervention or instructional methods to assist children at
risk for future academic difficulties. Many of the efforts that have been made have focused on
instructional strategies and reading skills building. Unfortunately, these have not met their
goal of improving national student performance and narrowing academic achievement gaps

(Wigfield et al., 2016).
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Sample Population

The sample population for this study involved archived data gathered from a database
of clients from LearningRx. This sample was a nonprobability sample (n =1,067) based on
Creswell and Creswell’s (2017) description of when the researcher selects the individuals due
to their availability, convenience, and having specific characteristics that the researcher is
studying. LearningRx is a national network of clinics that offer a comprehensive clinician-
delivered cognitive training curriculum for children and adults involving intensive reading
and math interventions for children and adolescents. The primary clientele of LearningRx
centers are children with learning disabilities or academic struggles, including dyslexia,
attention deficit hyperactivity disorder, and speech and language delays (Moore et al., 2019).

The 1,067 children were between the ages of 5 and 7-years old who completed the
LiftOff cognitive training program at one of 70 learning centers in the United States between
2011 and 2020. The composition of the sample involved 678 (63%) males and 398 (37%)
females with a mean age of 5.9 years (months = 70.8, SD = 8.2). Table 1 indicates the ethnic
composition of the sample population.
Table 1

Sample Size Ethnic Composition

Race/Ethnicity N %
Caucasian 596 55%
Black 71 7%
Asian 42 4%
Hispanic 53 5%
Mixed Race 39 4%
Native American 1 <1%
Not Reported 293 27%
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Within this sample population Table 2 shows the number of participants in the sample
data who reported a disability and a description of the disability.
Table 2

Reported Disabilities

Disability N %
Speech and Language disorder 199 18.3%
ADHD 196 18%
Reading Disability 82 7.7%
Autism Spectrum Disorder (ASD) 74 7%

Data were analyzed using IBM SPSS Version 26. Threats to internal validity can
often include maturation, history, selection, testing, instrumentation, design contamination,
experimental mortality, design contamination, and the John Henry Effect, which occurs when
the control group knows its role in an experiment (Saretsky, 1972).

Due to the fact that | reviewed archived data over previous years and all participants,
as part of the orientation process of LearningRx, signed a study statement reading, “Student
test scores are used in scientific research studies to evaluate our cognitive training programs”
(see Appendix B), there was no threat of design contamination, instrumentation, or the John
Henry Effect. The use of archived data from a second party, reduced the threat of internal
validity since there were no new events that impacted participants’ progress. There was also
no threat to experimental mortality because there was no potential for participants to drop out
of the study since | used archived data. The secondary archived data for each participant
came from an average of 3 to 4 months’ time span between pre- and post-assessment, so there
was no threat of maturation.

To answer Research Question 1, paired-samples t-tests were conducted to determine if

there was a statistically significant difference between pretest and post-test standard scores on
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each variable of interest. The paired t-test was used because data were matched pairs, and |
wanted to show that the difference of each pair was normally distributed as suggested by Xu
et al. (2017). A Bonferroni correction was applied to account for multiple comparisons using
a new alpha of p < .01 for the significance threshold. The Bonferroni correction was used to
be sure that was not a single false positive in the set of tests since that would be an issue.
Bonferroni correction is effective if there is a small number of multiple comparisons and
what is being evaluated is that one or two might be significant (Armstrong, 2014). Effect
sizes are reported in Cohen’s d values defined by .20 as a small effect, .50 as a medium
effect, and .80 as a large effect (Cohen, 1988).

To answer Research Question 2, a factorial multivariate analysis of variance
(MANOVA) was conducted. A MANOVA was used since there was a correlation between
the dependent variables. This allowed for more statistical power as the MANOVA identified
effects that are smaller more so than what an ANOVA can find. A MANOVA also allowed
for multiple dependent variables to be examined for patterns (Smith et al., 2020).

The Tukey post-hoc test was also performed for research question 2 to control for
multiple comparisons and see the exact differences (Armstrong, 2014). A post hoc test was
used after a statistically significant result was found and wanted to determine where those
differences came from (Allen, 2017). The effect size was assessed using eta squared. Eta-
squared is a measure of effect size used in t-tests and MANOVA and showed the associated
strength with the interaction effect (Bakeman, 2005). The effect size for eta squared are .01

for small effect size; .06 for medium effect size; .14 or higher for large effect size
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Results

R1: Is There a Statistically Significant Difference in Cognitive Skills in Children Ages 5
to 7-years old Who Completed LiftOff, a One-On-One Cognitive Training Program?

Pretest and post-test scores on each of the five variables were collected from archived
student records. The mean standard scores and standard deviations are presented in Table 3
along with the results of the paired-samples t-tests, which revealed a statistically significant
difference between pretest and post-test on all variables measured (p < .001) with medium to
very large effect sizes represented by Cohen’s d in the final column.
Table 3

Paired Samples T-Tests Results

Pretest  Post-test Mean

Variable Score Score change 95% ClI t df p d
(SD) (SD) (SD)
Visual 102.2 108.5 6.3 5670 187 1067 000 -
processing  (14.0)  (10.9)  (11.0) o ' ' '
Logic gnd 98.2 107.8 9.6 80-104 250 1067 000 44
reasoning (14.9) (15.0) (12.6) ' ' ' ' '
Working 925 100.6 8.1 1289 187 1067 000 -
memory (15.7)  (14.4)  (14.2) o ' ' '
Processing 100.5 105.9 5.4 4858 223 1067 000 69
speed (9.3) (9.9) (7.8) o ' ' '
Auditory 98.6 112.6 14.0

: 135-142 712 1066 .000 2.2
processing (19.3) (18.5) (6.4)

Note. SD, standard deviation; ClI, confidence interval; t, t-score; df, degrees of freedom; p,

probability; d, Cohen’s d.

First, consider t-tests and confidence intervals for the mean change in the five sub-
scale scores. The mean change in score indicated a statistically significant improvement on
each sub-scale (p < .0001). The confidence interval for the mean improvement for each is

also reported. The visual processing score improved by 6.3 points on average (95% CI: 5.6,
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7.0), logic and reasoning score improved by 9.6 points on average (95% CI: 8.9, 10.4),
working memory score improved by 8.1 points on average (95% CI: 7.2, 8.9), processing
speed score improved 5.4 points on average (95% CI: 4.8, 5.8) and auditory processing score
improved 14.0 points on average (95% CI: 13.5, 14.2). The largest effects were seen in
auditory processing and processing speed. The smallest effect was seen in logic and
reasoning.

Mean changes in standard scores ranged from 5.4 points (SD = 7.8) to 14.0 points (SD
= 6.4) with the greatest changes found in auditory processing and working memory. The
smallest change was found in processing speed. Because all comparisons indicated a
statistically significant difference between pretest and post-test scores, the null hypothesis
was rejected in favor of the research hypothesis and thus there is a significant difference
between pre-test and post-test scores for children who completed the LiftOff cognitive
training program.

R2: Does the Effect of the LiftOff Cognitive Training Program Differ by Age and Sex?

Using age and sex as the independent variables and change scores for each test as the
dependent variable, MANOVA with Tukey post-hoc tests were conducted to see the impact
of age and sex alone as well as the interaction of age and sex. The overall MANOVA was
significant for the effect of age (A = .98, F = 1.84, p = .049, partial n?> = .009) but not
significant for the effect of sex (A = .99, F(5,1057 = 1.09, p = .364, partial n? = .005) or the
interaction of age and sex (A = .99, F = .97, p = .46, partial n? = .005). Results further
indicated the overall effect of age was only significant for logic and reasoning (F =4.23, p =
.015, partial 12 = .008) and processing speed (F = 3.42, p = .033, partial n? = .006) with very

small effects.
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Post-Hoc Analysis of Age

To determine the specific effect of age on change in logic and reasoning and
processing speed scores, a Tukey post-hoc test was performed. The post-hoc analysis
indicated a significant difference between 5 and 6-year-olds on change in logic and reasoning
scores (M =2.39, SD = .88, p =.018) but no significant difference between five and seven-
year-olds (M =-2.39, SD =.879, p =.18) or between six and seven-year-olds (M = -204, SD =
1.018, p =.112). Figure 4 shows the age effect on logic and reasoning.
Figure 4

Age Effect on Plotted Logic and Reasoning
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As shown in Figures 5 and 6, neither sex nor age is significantly related to the mean
VP, WM, PS, or AP improvement. Therefore, the null hypothesis cannot be rejected. A
confidence interval for the difference in the improvement does not appear that large;
however, with a mean difference of 2.38 points (95% CI: .32, 4.44). The post-hoc analysis
also revealed that the effect of age on change in processing speed scores did not survive the

correction for multiple comparisons (p > .05).
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Figure 5

Post-Hoc Analysis By Age
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Figure 6

Post-Hoc Analysis By Sex
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Figures 7 through 11 show the estimated marginal means for each cognitive skill by

age and sex.
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Figure 7

Estimated Marginal Means of Visual Processing
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Figure 8

Estimated Marginal Means of Logic and Reasoning
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Figure 9

Estimated Marginal Means of Working Memory
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Figure 10

Estimated Marginal Means of Auditory Processing

17 Age

—5

—6

—7

16 = m Observed Grand Mean

Estimated Marginal Means

Female Male
Sex

Error bars: 95% CI

63



Figure 11

Estimated Marginal Means of Processing Speed
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Summary

The data was collected from archived data from LearningRx of pre-test and post-test
scores on the WJ 111 Tests of Cognitive Abilities and Tests of Achievement regarding a
sample population of 1,067 children ages 5 to 7-years old who completed the LiftOff
cognitive training program. The results indicated significant improvement in all cognitive
skills measured. Statistical analyses revealed significant changes from pre-test to post-test on
all five measures: visual processing, auditory processing, processing speed, working memory,
and logic and reasoning. The largest effects were seen in auditory processing and processing
speed. The smallest effect was seen in logic and reasoning.

Additional analysis showed that sex is not significantly related to any of the measures.
Age is significantly related to only logic and reasoning, whereas the post-hoc analysis
indicated a significant difference between 5 and 6-year-olds on change in logic and reasoning
scores. These results show that the LiftOff cognitive training program is significantly
associated with improvements in cognitive skills for this sample of children ages 5 to 7-years

old.
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Chapter 5: Discussion and Conclusions

The purpose of this causal-comparative study was to explore the effectiveness of the
LiftOff one-on-one cognitive training program on children ages 5 to 7-years old. A causal-
comparative design makes the connection between the dependent and independent variables
following action or intervention (Creswell & Creswell, 2017). The objective is decided if the
independent variable changed the outcome, or the dependent variable, through a comparison
of two or more groups of individuals.

Introduction

Being shown as effective, the results of this study could provide a viable alternative
response to intervention for young children struggling to read and learn. The ability to
identify underlying causes of reading academic difficulties can guide decisions on
intervention or instructional methods to assist children at risk for future academic difficulties.

If there is an underlying cognitive issue for a child with learning difficulties, it may be
even more challenging (Barnes et al., 2020). Identifying these challenges and how they
manifest themselves in a child’s learning ability can be a critical piece to addressing their
needs. There may be a reason for many students’ challenges in school that is linked to one or
more underlying cognitive deficits. Research has shown that when children are identified
early with a deficit in learning and cognitive skills would make it easier to develop mediation
strategies that would aid in overcoming the difficulties and realizing their learning potential
(Tzuriel, 2020).

The goal of this study was to determine the answers to the following research
guestions any hypotheses:

R1: Is there a statistically significant difference in pretest and post-test measures of
cognitive skills for children ages 5 to 7-years old following completion of the LiftOff

cognitive training program?
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H1: LiftOff training program shows significant improvements in cognitive skills in
children ages 5 to 7-years old.

Ho: LiftOff training program does not show significant improvements in cognitive
skills in children ages 5 to 7-years old.

R2: Does the effect of the LiftOff cognitive training program differ by age and sex?

H1: There are significant differences in early reading and cognitive test score changes
following Liftoff cognitive training based on age and sex.

Ho: There are no significant differences in early reading and cognitive test score
changes following Liftoff cognitive training based on age and sex.

Discussion and Interpretation

Cognitive theory was found to be the best theoretical perspective to conduct this
research. Cognitive theory examines how the brain thinks using different processes and the
impact of internal and external factors (Schwarzer & Luszczynska, 2005). Cognitive theory
uses developmental psychology and cognitive science (Xu, 2019). Having research that has a
strong basis in cognitive theory, made it easier to review the literature and determine how
they fit within the purpose of this study.

Specifically, considering the efficacy of cognitive training on cognitive skills that
support learning, Feuerstein's theory of structural cognitive modifiability was the best
framework (Tzuriel, 2020). Feuerstein’s theory asserts that cognition is not static but
malleable as a result of mediated experiences with the world (Haywood, 2020). Feuerstein
focused more on the prerequisites of thinking and ways to help people learn how to learn.
Tan (2003) argued that each learner has different capabilities to benefit from a mediated
experience. Each person displays differences concerning their cognitive structure, their

knowledge base, and their operational functioning.
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The LiftOff cognitive training program aligns with the theories that cognition is
malleable, and cognitive training is a means to target and strengthen major cognitive skills
including working memory, long-term memory, visual processing, reasoning, processing
speed, and multiple auditory processing skills including blending, segmenting rhyming, and
deletion of sounds. The results produced in this causal-comparative study, align with previous
research conducted with similar cognitive training programs in showing improvement in
measures of cognitive skills.

Carpenter et al. (2016) conducted a study using a randomized control trial that
examined the effects of a one-on-one cognitive training program (ThinkRx), which targeted
memory, visual processing, auditory processing, processing speed, logic and reasoning,
attention, and General Intellectual Ability (GIA) score for students age 8 to 14-years old.
Results showed statistically significant differences between the experimental group and the
control group on all outcome measures except for attention.

The largest difference in results between Carpenter et al.’s (2016) study and this study
was in logic and reasoning (M = 21.1; M = 9.6). The difference in results for logic and
reasoning could be explained by the ages of the participants and where their maturation falls
in cognitive development theory. The Carpenter et al. (2016) study included participants in
two distinct stages of cognitive development. Children ages 7 to 11-years old are in the
concrete operational stage where they begin to think more logically about concrete events as
well as having their thoughts become more organized. The formal operational stage for
adolescence is where they begin to think more abstractly, develop additional deductive logic,
and increase the use theoretical and abstract reasoning skills (Piaget, 1983). Table 4 shows
the comparison of the results from the two studies on the measures of visual processing,

auditory processing, processing speed, working memory, and logic and reasoning.
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Table 4

Comparison of Measurement Results of ThinkRx and LiftOff Treatment Groups

Variable ThinkRx Results LiftOff Results
Mean SD Mean SD
Visual processing 10.9 9.8 6.3 11.0
Auditory processing 13.3 12.3 14.0 6.4
Logic and reasoning 21.1 18.5 9.6 12.6
Processing speed 13.0 9.5 5.4 7.8
Working memory 13.0 151 8.1 141

The results suggest that the LearningRx LiftOff cognitive training produced
significant improvement in cognitive skills, particularly auditory processing, in a relatively
brief time for this sample of children. Statistical analyses indicates that there are statistically
significant differences between pre-test and post-test on working memory, processing speed,
visual processing, auditory processing, and logic and reasoning with a medium to very large
effect size, and that age is only a significant factor in scores for logic and reasoning.

The mean standard scores and standard deviations along with the results of the paired-
samples t-tests reveal a statistically significant difference between pre-test and post-test on all
variables measured (p <.001) with medium to very large effect sizes represented by Cohen’s
d. The post-hoc analysis indicates a significant difference between 5 and 6-year-olds on
change in logic and reasoning scores but no significant difference between 5 and 7-year-olds
or between 6 and 7-year-olds.

These findings of significant pre-test to post-test change on all measures are
consistent with prior research on the one-on-one cognitive training programs delivered at the
learning centers. However, this study not only adds to the body of evidence for these
programs but also the cognitive training literature as a whole because it is the first analysis of

the LiftOff program for children ages 5 to 7-years old.
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There are several strengths to this casual-comparative study worth noting. The first is
the use of a larger sample size. Research sample size influences two statistical properties: the
precision of the estimates, and the power of the study to make conclusions (Marshall et al.,
2013). The size of the sample is vital for getting statistically significant, accurate results, and
conducting a successful study. A small sample could contain a disproportionate number of
individuals that are outliers and/or anomalies. These can distort the results and not provide an
objective view of the population as a whole. Small sample size can also challenge the internal
and external validity of the study. Jenkins and Quintana-Ascencio (2020) found that low
sample size is a contributing factor to challenges related to being able to reproduce or
duplicate the results, including false positives and false negatives.

Too large of sample size and the study becomes laborious, expensive, and
complicated to conduct. The results are likely more accurate with a large sample size;
however, too large of a sample and the costs can outweigh the benefits. Exceptionally large
samples can also convert minor differences into statistically significant differences when they
are clinically insignificant (Faber & Fonsecca, 2014). Since it is impossible to know if
reporting errors were made in the original records, a large sample size mitigates the impact a
few errors might have on the overall results (Anderson et al., 2017).

Another strength is collecting data using a norm-referenced assessment instrument.
The WJ 111 Tests of Cognitive Abilities and Tests of Achievement) is a nationally
standardized norm-referenced test that is often used by educators and psychologists to
measure cognitive skills and academic abilities (Abu-Harmou et al., 2012). The use of a
norm-referenced test is important so that the exact value of data is told when it correlates the
scores of the study’s participants and/or the entire group to applicable comparison groups

(Ornstein, 1993).
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The comparison of the results of this study’s individual and/or group scores to a
similar national sample gives a manner to evaluate the comparative strength of the study
participants’ scores. It is common for educational researchers to use norm-based references to
evaluate the effectiveness of educational programs or interventions.

It is also important that the WJ 111 is revered as a reliable and valid assessment
instrument. Reliability and validity are both needed for an assessment instrument so that the
study results produced are credible. Providing consistent and dependable results is the core of
reliability. The validity, on the other hand, refers to the accuracy of measurement. The
validity of assessment instruments needs multiple sources of data to compile evidence that
supports the argument that the instrument measures what it is supposed to measure (Sullivan,
2011).

Limitations

With the strengths of the results, there are also some important limitations to note that
should be kept in mind when interpreting the data and planning further analyses of the
program. The lack of a control group is the most obvious limitation and the one that
prevented a causal connection between the intervention and the outcome measures. By using
control groups, researchers could confirm that study results are due to the manipulation of
independent variables rather than extraneous variables as noted by Allen (2017). This means
that control groups are made up of participants who are not exposed to the manipulated
independent variable but are measured on the study’s dependent variables. Including a
control group strengthens a researcher’s conclusions regarding the results of the study.

Another limitation is that the data were taken from archived records and not collected
directly by the researcher. Archived data should conform to ethical and legal guidelines with
the safeguarding of anonymity when this has been requested by participants or guaranteed to

them (Corti & Thompson, 2012). Data may be considered archived as any sort of
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information, previously collected by others and amenable to systematic study (Jones, 2010).
In the social sciences, there is a well-established tradition of reanalyzing quantitative data
(Corti & Thompson, 2012). The use of existing data sets presented the opportunity to provide
some methodological benefits. To reduce or overcome issues to internal validity, such as
experiment bias, an effective technique is to use multiple existing data sets. By use of
multiple data sets, or purely external data sets, strengthens arguments for being able to take a
broad view of the results of a study (Shultz et al., 2005).

In some cases, the use of a pre-test/post-test model could be a limitation in that the
pre-test may sensitize participants to the focus of the experiment, which may potentially
influence the results such as participants would be able to study before the test (Rogers &
Révész, 2020). However, considering the age of the participants, 5 to 7-years-olds and the
length of time between pre- and post-intervention measures (average 60 hours), it was
unlikely that would be a factor in this study. It is impossible to know if reporting errors were
made in the original records. However, the large sample size mitigated the impact a few
errors might have on the overall results.

With many components involved in LiftOff training, this casual-comparative study
did not isolate which particular drill tasks or program design elements are the ones that could
be attributed to the increase in scores and why some skills, like auditory processing, saw
more growth than others, like logic and reasoning. Due to that, it was difficult to discern
whether the program as a whole package provided the best training or if there are separate
procedures or elements within the program that was most effective. For example, a unique
and critical component of the training is the one-on-one delivery model of the training
sessions and the immediate feedback provided by the trainer. The use of immediate feedback
for both correct and incorrect responses to drills was designed to increase the client’s

progress. Due to the sequential design of the cognitive procedures, having this reinforcement
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is important. For clients to achieve proficiency in the tasks as the procedures move from
simple to more complex, providing consistent feedback and reinforcement becomes
increasingly important for clients to move forward to more challenging tasks. With the
intentional design element of one-on-one delivery, additional research could explore whether
the same results are achieved in a small group format.

Another key question to ask is, “What role has a positive, caring, and trusting
relationship between the client and trainer have in helping a client to be successful?” Beyond
elements of program delivery and additional research on the individual procedures would
allow a more detailed interpretation of the effectiveness of the program.

Recommendations for Future Research

The findings presented in this casual-comparative study show compelling evidence
for the increased cognitive skill of children ages 5 to 7-years old who completed the LiftOff
cognitive training program. Considering the fairly large sample size of children in the
analysis, the use of normative measures that have been nationally standardized (WCJ I11) to
gather pre- and post-test data, and the solid results indicating cognitive gains following the
LiftOff cognitive training, results provide strong evidence to support further research be
conducted that would include additional measures to assess the transfer of skills to academic
achievement in the educational system such as reading or comprehension. Teacher and/or
academic data reflecting actual school performance before and after participation in the
LiftOff cognitive training would add depth to this casual-comparative study.

Cognitive training does not replace subject-area content knowledge but may give
children the skills to be better learners. Knowing that subject-area content knowledge is
important in academic performance, some specific content knowledge instruction may be
needed in conjunction with cognitive training. Considering the young ages of the children in

this study, one could infer the deficits in subject-area content knowledge would be minimal
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so additional instructional remediation may not be needed. Since grade point average and
state and national standardized tests are rarely available for this age group, finding academic
measures to use to determine change before and after cognitive training may prove to be
more challenging than for older children.

Post-hoc analyses of sex and age as a predictor revealed no additional insight into the
explanation of variance in the scores other than age for logic and reasoning. This variance
could be explained by reviewing the maturation of the participants according to cognitive
development theory. Children 2 to 7-years of age would be in Piaget’s preoperational stage of
cognitive development. In this stage, children think in more concrete terms and struggle with
logic (Piaget, 1983). No additional research was found to further explain the variances in that
score.

Future research should examine additional predictors of change including
socioeconomic status, race, pre-test 1Q level, or the presence of pre-existing learning
disabilities. This type of research would align with similar research done related to how these
factors relate to academic achievement and school performance. For example, some research
suggests that the socio-economic status (SES) of parents impacts how they interact with
cognitive stimulation with their children at a noticeably early age. Gratz and Torche (2016)
found that parental responses to early ability differences between their children are impacted
by family SES, meaning that higher SES parents provide more resources, such as time, to
higher-ability children, whereas, lower SES parents do not respond to ability differences.
Important to note, however, is that the parental responses had an insignificant effect on the
children’s cognitive performance at four to five years of age.

Because LiftOff is an outside intervention that is typically privately paid for by

families themselves, exploring more closely the SES of families who chose to enroll their
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child in the program could provide additional information as to who is most willing to invest
in their child’s academic performance.

Research has also been conducted examining sex and the achievement gap. In a
national study, in almost every school district in the United States, female students
outperformed male students on English language arts tests in Grades 3 through 8 during the
2008-2009 to 2015-2016 school years (Reardon et al., 2019). However, what was found,
with math tests, the gap was much smaller in favor of male students. Some research has even
explored multiple dimensions and how they impact academic achievement. Skopek and

Passaretta (2018) found in the United Kingdom:

girls outperform boys for SES

e children with higher SES families outperform children from lower SES families

e considering ethnicity, children without migration background outperform children

with migration background

e children of families with home language English outperform children from homes

that speak other languages

e with race, white children outperformed children from other races
Since the sample population included children with reported disabilities, additional research
could examine more specifically the effects of cognitive training for specific disabilities or
examine and see if there is a correlation between deficits in certain cognitive skills related to
a specific diagnosis.

Moore and Ledbetter (2019) conducted a large-scale study creating cognitive profiles
on over 5,000 participants, ages 4 to 40-years old, diagnosed with ADHD. What they found
was that attention is not the primary cognitive deficit as many might assume. This allowed
the researchers to take a closer inspection of the individual approaches. They then revealed

that targeting multiple cognitive skills rather than just attention or working memory, through
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one-on-one cognitive training, has a significant impact not only on the trained skills, but also
has transfer effects such as reduced oppositional behavior, fewer academic problems,
increased confidence and self-esteem, and more cooperative behavior

Similar research could be beneficial for diagnoses such as ASD and reading
disabilities like dyslexia. It could provide an avenue of getting to the root cause of the
struggles rather than merely treating the symptoms or providing accommodations. Providing
further research on the additional variables about cognitive training would allow a more
detailed interpretation of the effectiveness of the programs for targeted populations.

Conducting longitudinal research could be beneficial in providing data on the lasting
impacts of early childhood cognitive training as an intervention. Similar studies have been
done specifically on Head Start programs. As study in Tulsa, Oklahoma examined the long-
term impacts of a cohort of children (n = 424) who participated in Head Start and were now
in eighth grade. What was discovered is that those who attended Head Start produce
significant positive effects on achievement test scores in math and on both grade retention
and chronic absenteeism for middle-school students as a whole. The researcher found
positive effects for girls on grade retention and chronic absenteeism; for white students on
math test scores; for Hispanic students on math test scores and chronic absenteeism; and
students eligible for free lunches on math test scores, grade retention, and chronic
absenteeism (Phillips et al., 2016). This type of research can be critical in establishing
legitimacy to work done in the respective field and propelling it to the forefront as an
effective and long-impacting intervention method.

Conclusion

In conclusion, the purpose of this casual-comparative study was to explore the

effectiveness of the LiftOff one-on-one cognitive training program on children ages 5 to 7-

years old. The benefit of participating in the LiftOff one-on-one cognitive training program
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was examined by analyzing the pre-and post-cognitive skills assessment results of 1,067
participants ages 5 to 7-years old. The focus of this casual-comparative study included the
cognitive skills areas of working memory, processing speed, visual processing, auditory
processing, and logic, and reasoning. All have been connected to some level of impact on
reading, learning, and/or academic success.

The results of this study provide the support that LiftOff’s cognitive training is
effective in increasing cognitive skills for children ages 5 to 7-years old. Cognitive skills are
complex and difficult to isolate in lieu of other developmental areas. Many studies have
attempted to examine specific cognitive skills and how they impacted reading, learning, and
academic success. Having so many cognitive skills connected to a child’s ability to learn in
various academic areas leads to the question of whether there is a way or ways to strengthen
and improve those cognitive areas.

An additional examination has been given to the controversy surrounding the
effectiveness of cognitive training or brain training. Much of the research appears to agree on
the ability to improve cognitive skills at least to a specific task; however, there is much
disagreement on improved ability in other tasks and if there is transfer to real-life tasks.
Between defining what effectiveness and transfer present as with brain training, more
research is needed.

The review of the literature and casual-comparative study results provide the starting
point for further discussion and research. Overall, with the unique focus of the LiftOff
cognitive training directed to children ages 5 to 7-years old, the significance of results
obtained from this casual-comparative study, and the current lack of literature that exists for
cognitive training specific to early childhood, publishing studies such as this is valuable in
increasing the knowledge of professionals in early childhood education and psychology-

related fields.

76



References

Abu-Hamour, B., Al Hmouz, H., Mattar, J., & Muhaidat, M. (2012). The use of Woodcock-
Johnson tests for identifying students with special needs-a comprehensive literature
review. Procedia-Social and Behavioral Sciences, 47, 665-673.

Adams, K. A., & Lawrence, E. K. (2015). Research methods, statistics, and applications.
SAGE.

Aghababian, V., & Nazir, T. A. (2000). Developing normal reading skills: aspects of the
visual processes underlying word recognition. Journal of experimental child
psychology, 76(2), 123-150.

Ahmed, S. F.,, Tang, S., Waters, N. E., & Davis-Kean, P. (2019). Executive function and
academic achievement: Longitudinal relations from early childhood to adolescence.
Journal of Educational Psychology, 111(3), 446.

https://doi.apa.org/doiLanding?doi=10.1037%2Fedu0000296

Alescio-Lautier B., Allen, M., Andersen, R. A., Ball, K. K., Banai K., Baniel A., et al.
(2014). Cognitive Training Data Response Letter.

https://www.cognitivetrainingdata.org/the-controversy-does-brain-training-

work/response-letter/

Allen, M. (Ed.). (2017). The SAGE encyclopedia of communication research methods.
SAGE.

Alloway, T. P., & Passolunghi. The relationship between working memory, 1Q, and
mathematical skills in children. Learning and Individual Differences, 21(1), 133-137.

http://dx.doi.org/10.1016/j.lindif.2010.09.013

American Speech-Language-Hearing Association. (1996). Inclusive practices for children

and youths with communication disorders. https://www.asha.org/policy/ps1996-

00223/

77


https://doi.apa.org/doiLanding?doi=10.1037%2Fedu0000296
https://www.cognitivetrainingdata.org/the-controversy-does-brain-training-work/response-letter/
https://www.cognitivetrainingdata.org/the-controversy-does-brain-training-work/response-letter/
http://dx.doi.org/10.1016/j.lindif.2010.09.013

Anderson, S. F., Kelley, K., & Maxwell, S. E. (2017). Sample-size planning for more
accurate statistical power: A method adjusting sample effect sizes for publication bias

and uncertainty. https://doi.org/10.1177/0956797617723724

Anliak, S., & Dincer, C. (2005). The evaluation of the interpersonal problem-solving skills of
the children attending to the preschools applying different educational approaches.

Egitim Arastirmalar, 20, 122-134. https://doi.org/10.1501/Egifak_0000000111

Aradjo, S., Faisca, L., Reis, A., Marques, J. F., & Petersson, K. M. (2016). Visual naming
deficits in dyslexia: An ERP investigation of different processing domains.
Neuropsychologia, 91, 61-76.

Armstrong, R. A. (2014). When to use the Bonferroni correction. Ophthalmic and

Physiological Optics, 34(5), 502-508. https://doi.org/10.1111/0p0.12131

Arnett, A. B., Pennington, B. F., Peterson, R. L., Willcutt, E. G., DeFries, J. C., & Olson,
R.K. (2017). Explaining the sex difference in dyslexia. Journal of Child Psychology
and Psychiatry, 58(6), 719-727.

Baddeley, A. (1986). Working memory. Oxford University Press.

Baddeley, A. (1992). Working memory. Science, 255(5044), 556-559.

https://doi.org/10.1098/rsth.1983.0057

Bahar, M., & Aksut, P. (2020). Investigation on the effects of activity-based science teaching
practices in the acquisition of problem-solving skills for 5-6-year-old pre-school
children. Journal of Turkish Science Education, 17(1), 22-39.

Bahar-Fuchs, A., Clare, L., & Woods, B. (2013, June 5). Cognitive training and cognitive
rehabilitation for mild to moderate Alzheimer's disease and vascular dementia.
Cochrane Database of Systematic Reviews, (6). doi:

10.1002/14651858.CD003260.pub2

78


https://doi.org/10.1501/Egifak_0000000111
https://doi.org/10.1098/rstb.1983.0057
doi:%2010.1002/14651858.CD003260.pub2
doi:%2010.1002/14651858.CD003260.pub2

Bakeman, R. (2005). Recommended effect size statistics for repeated measures: Wanted
designs. Behavior Research Methods, 37(3), 379-384.

Barner, D., Alvarez, G., Sullivan, J., Brooks, N., Srinivasan, M., & Frank, M. C. (2016).
Learning mathematics in a visuospatial format: A randomized, controlled trial of
mental abacus instruction. Child Development, 87(4), 1146-1158.

https://doi.org/10.1111/cdev.12515

Barnes, M., Clemens, N., Fall, A., Roberts, G., Klein, A., Starkey, P., McCandliss, B.,
Zucker, T., & Flynn, K. (2020). Cognitive predictors of difficulties in math and
reading in pre-kindergarten children at high risk for learning disabilities. Journal of

Educational Psychology, 112(4), 685-700. https://doi.org/10.1037/edu0000404

Bergman Nutley, S., & Soderquist, S. (2017). How is working memory training likely to
influence academic performance? Current evidence and methodological
considerations. Frontiers in Psychology, 8, 69.

https://doi.org/10.3389/fpsyq.2017.00069

Berk, L. (2013). Child Development (9th ed.). Pearson.
Bertan, M., Haznedaroglu, D., Yurdakok, K., & Guciz, B. D. (2009). Studies on early
childhood development in Turkey (2000-2007). Cocuk Saglig: ve Hastaliklar

Dergisi, 52(1), 1-8. https://doi.org/10.19128/turje.489226

Bjorklund, C., van den Heuvel-Panhuizen, M., & Kullberg, A. (2020). Research on early
childhood mathematics teaching and learning. ZDM, 52, 607-619.

https://doi.org/10.1007/s11858-020-01177-3

Bjorklund, D. F., & Ellis, B. J. (2014). Children, childhood, and development in evolutionary
perspective. Developmental Review, 34(3), 225-264.

http://dx.doi.org/10.1016/j.dr.2014.05.005

79


https://psycnet.apa.org/doi/10.1111/cdev.12515
https://doi.org/10.19128/turje.489226
https://doi.org/10.1007/s11858-020-01177-3

Boets, B., Vandermosten, M., Poelmans, H., Luts, H., Wouters, J., & Ghesquiere, P. (2011).
Preschool impairments in auditory processing and speech perception uniquely predict
future reading problems. Research in Developmental Disabilities, 32(2), 560-570.

Bonifacci, P., & Snowling, M. J. (2008). Speed of processing and reading disability: Across-
linguistic investigation of dyslexia and borderline intellectual functioning. Cognition,
107(3), 999-1017.

Boustanzar, R., & Rezayi, S. (2017). Developing an intervention program focused and
divided attention and investigating its effects on working memory IQ in children with
specific learning disorders. Journal of Learning Disabilities, 7(1), 7-25.

Bryan, L. (2014). Brain plasticity and cognition: A review of the literature.

http://download.learningrx.com/brain-plasticity-and-cognition.pdf

Bull, R., & Johnston, R. S. (1997). Children's arithmetical difficulties: Contributions from
processing speed, item identification, and short-term memory. Journal of

Experimental Child Psychology, 65(1), 1-24. https://doi.org/10.1006/jecp.1996.2358

Bull, R., & Scerif, G. (2001). Executive functioning as a predictor of children's mathematics
ability: Inhibition, switching, and working memory. Developmental neuropsychology,
19(3), 273-293.

Bull, R., Espy, K. A., & Wiebe, S. A. (2008). Short-term memory, working memory, and
executive functioning in preschoolers: Longitudinal predictors of mathematical
achievement at age 7 years. Developmental Neuropsychology, 33(3), 205-228.

Buttelman, F., & Karbach, J. (2017). Development and plasticity of cognitive flexibility in
early and middle childhood. Frontiers in Psychology, 8, 1040.

https://doi.org/10.3389/fpsyq.2017.01040

80


http://download.learningrx.com/brain-plasticity-and-cognition.pdf
https://psycnet.apa.org/doi/10.1006/jecp.1996.2358
https://doi.org/10.3389/fpsyg.2017.01040

Cain, K., & Oakhill, J. V. (1999). Inference-making ability and its relation to comprehension
failure in young children. Reading and Writing, 11(5), 489-503.

https://doi.org/10.1023/A:1008084120205

Camos, V., Johnson, M., Loaiza, V., Portrat, S., Souza, A., & Vergauwe, E. (2018). What is
attentional refreshing in working memory? What is attentional refreshing? Annals of

the New York Academy of Sciences, 1424(1). https://doi.org/10.1111/nyas.13616

Carpenter, D. M., Ledbetter, C., & Moore, A. L. (2016). LearningRx cognitive training
effects in children ages 8-14: A randomized controlled trial. Applied Cognitive

Psychology, 30(5), 815-826. https://doi.org/10.1002/acp.3257

Clark, C. A. C., Nelson, J. M., Garza, J., Sheffield, T. D., Wiebe, S. A., & Espy, K. A.
(2014). Gaining control: changing relations between executive control and processing
speed and their relevance for mathematics achievement throughout the preschool

period. Frontiers in Psychology, 5, 107. https://doi.org/10.3389/fpsyq.2014.00107

Clark, C. A., Pritchard, V. E., & Woodward, L. J. (2010). Preschool executive functioning
abilities predict early mathematics achievement. Developmental psychology, 46(5),

1176. https://doi.apa.org/doiLanding?d0i=10.1037%2Fa0019672

Cohen, J. (1992). Statistical power analysis. Current directions in psychological science,

1(3), 98-101. https://doi.org/10.1111/1467-8721.ep10768783

Colzato L.S., Hommel B. (2016) The future of cognitive training. In: Strobach T., Karbach J.

(eds) Cognitive Training. Springer, Cham. https://doi.org/10.1007/978-3-319-42662-

419

81


https://doi.org/10.1111/nyas.13616
https://psycnet.apa.org/doi/10.3389/fpsyg.2014.00107
https://doi.apa.org/doiLanding?doi=10.1037%2Fa0019672
https://doi.org/10.1111%2F1467-8721.ep10768783

Connor, C., Alberto, P., Compton, D.., & O'Connor, R. (2014). Improving reading outcomes
for students with or at risk for reading disabilities: A synthesis of the contributions
from the Institute of Education Sciences Research Centers. NCSER 2014-3000.
National Center for Special Education Research.

https://www.researchgate.net/publication/292937712 Improving reading outcomes f

or students with or at risk for reading disabilities A synthesis of the contributi

ons from the institute of education sciences research centers

Cookson, C. (2014). The silver economy: Brain training fired up by hard evidence. Financial

Times. https://www. ft. com/content/c6028b80-3385-11e4-ba62-00144feabdcO.

Corbett, A., Owen, A., Hampshire, A., Grahn, J., Stenton, R., Dajani, S., Burns, A., Howard,
R., Williams, N., Williams, G., & Ballard, C. (2015). The effect of an online cognitive
training package in healthy older adults: an online randomized controlled trial.
Journal of the American Medical Directors Association, 16(11), 990-997.

https://doi.org/10.1016/j.jamda.2015.06.014

Corti, L., Thompson, P., & Seale, C. (2006). Secondary analysis of archived data. SAGE.

http://repository.essex.ac.uk/6195/1/CortiandThompson SAQD 2004 preprint.pdf

Cowan, N. (2017). The many faces of working memory and short-term storage. Psychonomic
Bulletin & Review, 24(4), 1158-1170.

Creswell, J. W., & Creswell, J. D. (2017). Research design: Qualitative, quantitative, and
mixed methods approach. Sage publications.

Curlik, 2nd., D., & Shors, T. (2013). Training your brain: do mental and physical (MAP)
training enhance cognition through the process of neurogenesis in the hippocampus?
Neuropharmacology, 64, 506-514.

https://dx.doi.orq/10.1016%2Fj.neuropharm.2012.07.027

82


https://www.researchgate.net/publication/292937712_Improving_reading_outcomes_for_students_with_or_at_risk_for_reading_disabilities_A_synthesis_of_the_contributions_from_the_institute_of_education_sciences_research_centers
https://www.researchgate.net/publication/292937712_Improving_reading_outcomes_for_students_with_or_at_risk_for_reading_disabilities_A_synthesis_of_the_contributions_from_the_institute_of_education_sciences_research_centers
https://www.researchgate.net/publication/292937712_Improving_reading_outcomes_for_students_with_or_at_risk_for_reading_disabilities_A_synthesis_of_the_contributions_from_the_institute_of_education_sciences_research_centers
https://doi.org/10.1016/j.jamda.2015.06.014

Cuttler, C., Jhangiani, R. S., & Leighton, D. C. (2020). Research methods in psychology.

Open Textbook Library. https://opentext.wsu.edu/carriecuttler/chapter/overview-of-

non-experimental-research/

Dereli-Iman, E. (2014). The effect of the values education program on 5.5-6-year-old
children's social development: Social skills, psycho-social development and social
problem-solving skills. Educational Sciences: Theory and Practice, 14(1), 262-268.

DeStefano, D., & LeFevre, J. A. (2004). The role of working memory in mental arithmetic.
European Journal of Cognitive Psychology, 16(3), 353-386.

https://doi.org/10.1080/09541440244000328

Diamond, A., & Lee, K. (2011). Interventions shown to aid executive function development
in children 4 to 12 years old. Science, 333(6045), 959-964.

Dickins, J. (2017). Phonological processing during silent reading in children with and
without dyslexia [Doctoral dissertation, University of Southampton].

https://eprints.soton.ac.uk/415941/1/PhD Thesis Dickins.pdf

Doebel, S., Rowell, S. F., & Koenig, M. A. (2016). Young children detect and avoid logically
inconsistent sources: The importance of communicative context and executive
function. Child Development, 87(6), 1956-1970.

Dosi, I., & Koutsipetsidou, E. C. (2019). Measuring linguistic and cognitive abilities by
means of a sentence repetition task in children with developmental dyslexia and
developmental language disorder. European Journal of Research in Social Sciences,

7(4). http://www.idpublications.org/wp-content/uploads/2019/05/Full-Paper-

MEASURING-LINGUISTIC-AND-COGNITIVE-ABILITIES-BY-MEANS-OF-A-

SENTENCE-REPETITION-TASK-IN-CHILDREN.pdf

83


https://doi.org/10.1080/09541440244000328

Douglas, H. P., & LeFevre, J. A. (2017). Exploring the influence of basic cognitive skills on
the relation between math performance and math anxiety. Journal of Numerical

Cognition, 3(3), 642-666. https://doi.org/10.1037/a0025510

Doyle, C., Smeaton, A. F., Roche, R. A., & Boran, L. (2018). Inhibition and updating, but not
switching: Predict developmental dyslexia and individual variation in reading ability.

Frontiers in Psychology, 9, 795. https://doi.org/10.3389/fpsyg.2018.00795

Duncan, G. J., Dowsett, C. J., Claessens, A., Magnuson, K., Huston, A. C., Klebanov, P.,
Pagainin, L., Feinstein, L., Engel, L., Sexton, H., Duckworth, K., Japel, C., &
Brooks-Gunn, J. (2007). School readiness and later achievement. Developmental

Psychology, 43, 1428-1446. https://doi.org/10.1037/0012-1649.43.6.1428

Emmons, P., & Anderson, L. (2005). Understanding sensory dysfunction: learning,
development and sensory dysfunction in autism spectrum disorders, ADHD, learning
disabilities and bipolar disorder. Jessica Kingsley Publishers.

Espy, K. A., Bull, R., Martin, J., & Stroup, W. (2006). Measuring the development of
executive control with the shape school. Psychological Assessment, 18(4), 373.

https://files.eric.ed.gov/fulltext/EJ1103224.pdf

Evans, J. S. B., & Stanovich, K. E. (2013). Dual-process theories of higher cognition:
Advancing the debate. Perspectives on Psychological Science, 8(3), 223-241.

Eyisi, D. (2016). The usefulness of qualitative and quantitative approaches and methods in
researching problem-solving ability in science education curriculum. Journal of
Education and Practice, 7(15), 91-100.

Faber, J., & Fonseca L. M. (2014). How sample size influences research outcomes. Dental

Press J Orthod, 19(4). http://dx.doi.org/10.1590/2176-9451.19.4.027-029.ebo

84


https://doi.org/10.3389/fpsyg.2018.00795
https://psycnet.apa.org/doi/10.1037/0012-1649.43.6.1428
https://files.eric.ed.gov/fulltext/EJ1103224.pdf
http://dx.doi.org/10.1590/2176-9451.19.4.027-029.ebo

Fanari, R., Meloni, C., & Massidda, D. (2019). Visual and spatial working memory abilities
predict early math skills: A longitudinal study. Frontiers in Psychology, 10, 2460.

https://www.frontiersin.org/articles/10.3389/fpsyq.2019.02460/full

Farmer, M. E., & Klein, R. M. (1995). The evidence for a temporal processing deficit linked
to dyslexia: A review. Psychonomic Bulletin & Review, 2(4), 460-493.

https://doi.org/10.3758/BF03210983

Feldman, H., Chaves-Gnecco, D., & Hofkosh, D. (n.d.). Developmental behavioral

pediatrics. OBGYN Key. https://obgynkey.com/developmental-behavioral-pediatrics/

Fischer, K. W., & Bidell, T. R. (2007). Dynamic development of action and thought.
Handbook of child psychology, 1.

https://www.gse.harvard.edu/~ddl/articlesCopy/FischerBidellProofsCorrected.0706.p

df

Fischer, K. W., & Bidell, T. R. (1998). Dynamic development of psychological structures in
action and thought. In W. Damon & R. M. Lerner (Eds.), Handbook of child
psychology: Theoretical models of human development (pp. 467-561). John Wiley &
Sons Inc.

Fischer, K. W., & Bidell, T. R. (2006). Dynamic Development of Action and Thought. In R.
M. Lerner & W. Damon (Eds.), Handbook of child psychology: Theoretical models of
human development (pp. 313-399). John Wiley & Sons Inc.

https://www.gse.harvard.edu/~ddl/articlesCopy/FischerBidellProofsCorrected.0706.p

df

85


https://www.frontiersin.org/articles/10.3389/fpsyg.2019.02460/full
https://psycnet.apa.org/doi/10.3758/BF03210983
https://obgynkey.com/developmental-behavioral-pediatrics/
https://www.gse.harvard.edu/~ddl/articlesCopy/FischerBidellProofsCorrected.0706.pdf
https://www.gse.harvard.edu/~ddl/articlesCopy/FischerBidellProofsCorrected.0706.pdf
https://www.gse.harvard.edu/~ddl/articlesCopy/FischerBidellProofsCorrected.0706.pdf
https://www.gse.harvard.edu/~ddl/articlesCopy/FischerBidellProofsCorrected.0706.pdf

Flanagan, D. P., Alfonso, V. C., Ortiz, S. O., & Dynda, A. M. (2013). Cognitive assessment:
Progress in psychometric theories of intelligence, the structure of cognitive ability
tests, and interpretive approaches to cognitive test performance. In D. H. Saklofske,
C. R. Reynolds, & V. L. Schwean (Eds.), Oxford library of psychology. The Oxford
handbook of child psychological assessment (pp. 239-285). Oxford University Press.

Fleer, M., Gomes, J., & March, S. (2014). Science learning affordances in pre-school
environments. Australasian Journal of Early Childhood, 39(1), 38-48.

https://doi.org/10.1177/183693911403900106

Fried, R., Chan, J., Feinberg, L., Pope, A., Woodworth, K. Y., Faraone, S. V., & Biederman,
J. (2016). Clinical correlates of working memory deficits in youth with and without
ADHD: a controlled study. Journal of Clinical and Experimental Neuropsychology,
38(5), 487-496.

Fuchs, L. S., Fuchs, D., & Compton, D. L. (2012). The early prevention of mathematics
difficulty: Its power and limitations. Journal of Learning Disabilities, 45(3), 257-2609.

Fuchs, L. S., Gilbert, J. K., Fuchs, D., Seethaler, P. M., & N. Martin, B. (2018). Text
comprehension and oral language as predictors of word-problem solving: Insights into
word-problem solving as a form of text comprehension. Scientific Studies of Reading,
22(2), 152-166.

Garnham, A., Oakhill, J. V., & Cain, K. (1998). Selective retention of information about the
superficial form of text: Ellipses with antecedents in main and subordinate clauses.
The Quarterly Journal of Experimental Psychology, 51A, 19-39.

https://doi.org/10.1080/713755747

Gathercole, S. E., & Baddeley, A. D. (2014). Working memory and language. Psychology

Press.

86


https://doi.org/10.1177%2F183693911403900106
https://doi.org/10.1177%2F183693911403900106
https://doi.org/10.1080/713755747
https://doi.org/10.1080/713755747

Geary, D. C. (2004). Mathematics and learning disabilities. Journal of learning disabilities,

37(1), 4-15. http://web.missouri.edu/~gearyd/JLD04.pdf

Geary, D. C., Hoard, M. K., Nugent, L., & Bailey, D. H. (2012). Mathematical cognition
deficits in children with learning disabilities and persistent low achievement: A five-
year prospective study. Journal of Educational Psychology, 104(1), 206

223.https://doi.org/10.1037/a0025398

Gerst, E. H., Cirino, P. T., Fletcher, J. M., & Yoshida, H. (2017). Cognitive and behavioral
rating measures of executive function as predictors of academic outcomes in children.
Child Neuropsychology, 23(4), 381-407.

Gibson, K., Carpenter, D., Moore, A. L., & Mitchell, T. (2015). Training the brain to learn:
Beyond vision therapy. Vis Dev Rehab, 1(2), 119-128.

Gillam, R. B., Gillam, S. L., Holbrook, S., & Orellana, C. (2017). Language disorder in
children. In Handbook of DSM-5 Disorders in Children and Adolescents (pp. 57-76).
Springer.

Gillon, G. T. (2017). Phonological awareness: From research to practice. Guilford
Publications.

Gillon, G. T. (2005). Facilitating phoneme awareness development in 3-and 4-year-
oldchildren with speech impairment. Semantic Scholar.

https://pdfs.semanticscholar.org/1d79/83af9c1da749ab3a96984ad48e1166cfdd89.pdf

Gokula, R., Sharma, M., Cupples, L., & Valderrama Valenzuela, J. T. (2019). Comorbidity of
auditory processing, attention, and memory in children with word reading difficulties.

Frontiers in Psychology, 10, 2383. https://doi.org/10.3389/fpsyq.2019.02383.

Gordon, R., Smith-Spark, J. H., Newton, E. J., & Henry, L. A. (2018). Executive function and
academic achievement in primary school children: The use of task-related processing

speed. Frontiers in Psychology, 9, 582. https://doi.org/10.1007/s10072-017-3003-9

87


http://web.missouri.edu/~gearyd/JLD04.pdf
http://web.missouri.edu/~gearyd/JLD04.pdf
https://doi.org/10.1037/a0025398
https://pdfs.semanticscholar.org/1d79/83af9c1da749ab3a96984ad48e1166cfdd89.pdf
https://doi.org/10.3389/fpsyg.2019.02383
https://doi.org/10.3389/fpsyg.2019.02383
https://doi.org/10.1007/s10072-017-3003-9

Goswami, U. (2002). Phonology, reading development, and dyslexia: A cross-linguistic

perspective. Annals of dyslexia, 52(1), 139-163. //doi.org/10.1007/s11881-002-0010-0

Graesser, A. C., & Kruez, R. J. (1993). A theory of inference generation during text
comprehension. Taylor & Francis Online.

Grant, C., & Osanloo, A. (2014). Understanding, selecting and integrating a theoretical
framework in dissertation research: Creating the blueprint for your “house.”
Administrative Issues Journal Education Practice and Research.

https://nepc.colorado.edu/sites/default/files/Eisenhart ConceptualFrameworksforRese

arch.pdf

Gratz, M., & Torche, F. (2016). Compensation or reinforcement? The stratification of
parental responses to children’s early ability. Demography 1, 53(6), 1883-1904.

https://doi.org/10.1007/s13524-016-0527-1

Green, C. T., Bunge, S. A., Chiongbian, V. B., Barrow, M., & Ferrer, E. (2017). Fluid
reasoning predicts future mathematical performance among children and adolescents.
Journal of Experimental Child Psychology, 157, 125-143.

Grofcikova, S., & Macajova, M. (2020). Rhyming in the context of the phonological
awareness of pre-school children. Center for Educational Policy Studies Journal.

Gruber, H. E., & Voneche, J. J. (Eds.). (1977). The essential Piaget (pp. 435-436). Routledge

and Kegan Paul. https://www.researchgate.net/profile/Frank-

Murray/publication/250182168 The Essential Piaget/links/5475f99c0cf245eb43715

12e/The-Essential-Piaget.pdf

Gullick, M. M., Sprute, L. A., & Temple, E. (2011). Individual differences in working
memory, nonverbal 1Q, and mathematics achievement and brain mechanisms
associated with symbolic and non-symbolic number processing. Learning and

Individual Differences, 21(6), 644-654.

88


https://doi.org/10.1007/s11881-002-0010-0
https://doi.org/10.1007/s11881-002-0010-0
https://nepc.colorado.edu/sites/default/files/Eisenhart_ConceptualFrameworksforResearch.pdf
https://nepc.colorado.edu/sites/default/files/Eisenhart_ConceptualFrameworksforResearch.pdf
https://doi.org/10.1007/s13524-016-0527-1
https://doi.org/10.1007/s13524-016-0527-1
https://www.researchgate.net/profile/Frank-
https://www.researchgate.net/profile/Frank-
https://www.researchgate.net/profile/Frank-
https://www.researchgate.net/profile/Frank-

Halford, G. S., Wilson, W. H., & Phillips, S. (1998). Processing capacity defined by
relational complexity: Implications for comparative, developmental, and cognitive
psychology. Behavioral and Brain Sciences, 21(6), 803-831.

http://www.cse.unsw.edu.au/~billw/reprints/HalfordWilsonPhillips1998.pdf

Hawes, Z., & Ansari, D. (2020). What explains the relationship between spatial and
mathematical skills? A review of evidence from brain and behavior. Psychonomic

Bulletin & Review, 27, 1-18. https://doi.org/10.3758/513423-019-01694-7

Haywood, H. C. (2020). Cognitive early education. Oxford Research Encyclopedia of

Education. https://doi.org/10.1093/acrefore/9780190264093.013.971

Holmes, J., & Adams, J. W. (2006). Working memory and children’s mathematical skills:
Implications for mathematical development and mathematics curricula. Educational
Psychology, 26(3), 339-366.

Hornung, C., Schiltz, C., Brunner, M., & Martin, R. (2014). Predicting first-grade
mathematics achievement: The contributions of domain-general cognitive abilities,
nonverbal number sense, and early number competence. Frontiers in Psychology, 5,

272. https://doi.org/10.3389/fpsyq.2014.00272

Hulme, C. & Snowling, M. J. (2013). Learning to read: What we know and what we need to
understand better. Child Development Perspectives, 7, 1-5.

Hermida, M. J., Segretin, M. S., Shalom, D. E., Lopez-Rosenfeld, M., Abril, M. C., Lipina, S.
(2019). Temperament predicts processing speed in low socioeconomic status rural
preschoolers. Mind, Brain, and Education, 14(1), 61-70.

Hill, O. (2012). The efficacy of cognitive training interventions for improving mathematics

performance. Virginia State University.

89


http://www.cse.unsw.edu.au/~billw/reprints/HalfordWilsonPhillips1998.pdf
https://doi.org/10.3758/s13423-019-01694-7
https://doi.org/10.1093/acrefore/9780190264093.013.971
https://doi.org/10.3389/fpsyg.2014.00272

Jaeggi, S. M., Buschkuehl, M., Jonides, J., & Perrig, W. J. (2008). Improving fluid
intelligence with training on working memory. Proceedings of the National Academy

of Sciences, 105(19), 6829-6833. https://doi.org/10.1073/pnas.0801268105

Jaeggi, S. M., Karbach, J., & Strobach, T. (2017). Editorial special topic: Enhancing brain
and cognition through cognitive training. Journal of Cognitive Enhancement 1, 353—
357.

Jaffe, L. E. (2009). Development, interpretation, and application of the W score and the
relative proficiency index (Woodcock-Johnson 111 Assessment Service Bulletin No.
11). Riverside Publishing.

Jedlicka, E. J. (2017, November). LearningRx cognitive training for children and adolescents
ages 5-18: Effects on academic skills, behavior, and cognition. Frontiers in

Education 2. https://doi.org/10.3389/feduc.2017.00062

Ji,C.S., Yee, D. S. W., & Rahman, T. (2021). Mapping state proficiency standards onto the
NAEP scales: Results from the 2019 NAEP reading and mathematics assessments.
NCES 2021-036. National Center for Education Statistics.

Johann, V., Kénen, T., & Karbach, J. (2020). The unigue contribution of working memory,
inhibition, cognitive flexibility, and intelligence to reading comprehension and
reading speed. Child Neuropsychology, 26(3), 324-344.

https://doi.org/10.1080/09297049.2019.1649381

Jones, C. (2010). Archival data: Advantages and disadvantages for research in psychology.
Social and Personality Psychology Compass, 4(11), 1008-1017.

https://doi.org/10.1111/j.1751-9004.2010.00317

Jordan, N. C., Kaplan, D., Nabors Olah, L., & Locuniak, M. N. (2006). Number sense growth
in kindergarten: A longitudinal investigation of children at risk for mathematics

difficulties. Child Development, 77(1), 153-175.

90


https://doi.org/10.1073/pnas.0801268105
https://doi.org/10.3389/feduc.2017.00062
https://doi.org/10.3389/feduc.2017.00062
https://doi.org/10.1080/09297049.2019.1649381
https://doi.org/10.1080/09297049.2019.1649381
https://doi.org/10.1111/j.1751-9004.2010.00317.x
https://doi.org/10.1111/j.1751-9004.2010.00317.x

Kallio, E. L., Ohman, H., Kautiainen, H., Hietanen, M., & Pitkala, K. (2017). Cognitive
training interventions for patients with Alzheimer’s disease: a systematic review.
Journal of Alzheimer's Disease, 56(4), 1349-1372.

https://helda.helsinki.fi/bitstream/handle/10138/225852/Kallio SR MS 121216.pdf?s

equence=1

Karbach, J. (2015). Plasticity of executive functions in childhood and adolescence: Effects of
cognitive training interventions. Revista Argentina de Ciencias del Comportamiento

(RACC), 7(1), 7. http://www.scielo.org.ar/pdf/radcc/v7nl/v7nla08.pdf

Karch, D., Albers, L., Renner, G., Lichtenauer, N., & von Kries, R. (2013). The efficacy of
cognitive training programs in children and adolescents: A meta-analysis. Deutsches
Arzteblatt International, 110(39), 643-652.

https://pubmed.ncbi.nlm.nih.gov/24163706/

Katz, B. (2014). Brain-training isn’t just a modern phenomenon, the Edwardians were also

fans. The Conversation. https://theconversation.com/brain-training-isnt-just-a-

modern-phenomenon-the-edwardians-were-also-fans-29515

Kaufmann, L. (2002). More evidence for the role of the central executive in retrieving
arithmetic facts—a case study of severe developmental dyscalculia. Journal of Clinical
and Experimental Neuropsychology, 24, 302-310.

https://doi.org/10.1076/jcen.24.3.302.976

Kell, H. J. (2018). Noncognitive proponents' conflation of “cognitive skills” and “cognition”
and its implications. Personality and Individual Differences, 134, 25-32.

https://doi.org/10.1016/j.paid.2018.05.025

Kesicioglu, O. (2015). The effects of an undergraduate programme of preschool teaching on
preservice teachers' attitudes towards early mathematics education in Turkey: A

longitudinal study. Early Child Development and Care, 185(1), 84-99.

91


https://helda.helsinki.fi/bitstream/handle/10138/225852/Kallio_SR_MS_121216.pdf?sequence=1
https://helda.helsinki.fi/bitstream/handle/10138/225852/Kallio_SR_MS_121216.pdf?sequence=1
http://www.scielo.org.ar/pdf/radcc/v7n1/v7n1a08.pdf
https://pubmed.ncbi.nlm.nih.gov/24163706/
https://theconversation.com/brain-training-isnt-just-a-modern-phenomenon-the-edwardians-were-also-fans-29515
https://theconversation.com/brain-training-isnt-just-a-modern-phenomenon-the-edwardians-were-also-fans-29515
https://doi.org/10.1076/jcen.24.3.302.976
https://doi.org/10.1016/j.paid.2018.05.025
https://doi.org/10.1016/j.paid.2018.05.025

Khalil, M. (2020). Concept process with mathematical thinking tools under the domain of
Piaget’s theory of cognitive development. Journal of Contemporary Teacher

Education, 3, 1-12. https://www.researchgate.net/profile/Muhammad-Khalil-

36/publication/339768488 Concept Process with Mathematical Thinking Tools u

nder the Domain of Piaget%27s Theory of Cognitive Development/links/5e6cc2c

1299bf12e23c3f8f0/Concept-Process-with-Mathematical-Thinking-Tools-under-the-

Domain-of-Piagets-Theory-of-Cognitive-Development.pdf

Khan, R. & Panth, M. K. (2017). Significance of meta-cognition in academic achievement.
IMPACT: International Journal of Research in Humanities, Arts and Literature 5(7),

1-6. http://www.impactjournals.us/download/archives/2-11-1499411207-1.hum%?20-

SIGNIFICANCE%200F%20METACOGNITION%20IN%20ACADEMIC%20ACH

IEVEMENT%20(1).pdf

Klein, R. M. (2002). Observations on the temporal correlates of reading failure. Reading and
Writing, 15(1), 207-231.

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.517.2465&rep=repl&type=

pdf

Klingberg, T. (2010). Training and plasticity of working memory. Trends in cognitive

sciences, 14(7), 317-324. https://www.cse.iitk.ac.in/users/se367/10/klingberg2010.pdf

Klingberg, T., Fernell, E., Olesen, P. J., Johnson, M., Gustafsson, P., Dahlstrom, K., Gillberg,
C., Forssberg, H., &Westerberg, H. (2005). Computerized training of working
memory in children with ADHD-a a randomized, controlled trial. Journal of the
American Academy of Child & Adolescent Psychiatry, 44(2), 177-186.

http://www.klingberglab.se/pub/CompTrainWM.pdf

92


https://www.researchgate.net/profile/Muhammad-Khalil-36/publication/339768488_Concept_Process_with_Mathematical_Thinking_Tools_under_the_Domain_of_Piaget%27s_Theory_of_Cognitive_Development/links/5e6cc2c1299bf12e23c3f8f0/Concept-Process-with-Mathematical-Thinking-Tools-under-the-Domain-of-Piagets-Theory-of-Cognitive-Development.pdf
https://www.researchgate.net/profile/Muhammad-Khalil-36/publication/339768488_Concept_Process_with_Mathematical_Thinking_Tools_under_the_Domain_of_Piaget%27s_Theory_of_Cognitive_Development/links/5e6cc2c1299bf12e23c3f8f0/Concept-Process-with-Mathematical-Thinking-Tools-under-the-Domain-of-Piagets-Theory-of-Cognitive-Development.pdf
https://www.researchgate.net/profile/Muhammad-Khalil-36/publication/339768488_Concept_Process_with_Mathematical_Thinking_Tools_under_the_Domain_of_Piaget%27s_Theory_of_Cognitive_Development/links/5e6cc2c1299bf12e23c3f8f0/Concept-Process-with-Mathematical-Thinking-Tools-under-the-Domain-of-Piagets-Theory-of-Cognitive-Development.pdf
https://www.researchgate.net/profile/Muhammad-Khalil-36/publication/339768488_Concept_Process_with_Mathematical_Thinking_Tools_under_the_Domain_of_Piaget%27s_Theory_of_Cognitive_Development/links/5e6cc2c1299bf12e23c3f8f0/Concept-Process-with-Mathematical-Thinking-Tools-under-the-Domain-of-Piagets-Theory-of-Cognitive-Development.pdf
https://www.researchgate.net/profile/Muhammad-Khalil-36/publication/339768488_Concept_Process_with_Mathematical_Thinking_Tools_under_the_Domain_of_Piaget%27s_Theory_of_Cognitive_Development/links/5e6cc2c1299bf12e23c3f8f0/Concept-Process-with-Mathematical-Thinking-Tools-under-the-Domain-of-Piagets-Theory-of-Cognitive-Development.pdf
http://www.impactjournals.us/download/archives/2-11-1499411207-1.hum%20-SIGNIFICANCE%20OF%20METACOGNITION%20IN%20ACADEMIC%20ACHIEVEMENT%20(1).pdf
http://www.impactjournals.us/download/archives/2-11-1499411207-1.hum%20-SIGNIFICANCE%20OF%20METACOGNITION%20IN%20ACADEMIC%20ACHIEVEMENT%20(1).pdf
http://www.impactjournals.us/download/archives/2-11-1499411207-1.hum%20-SIGNIFICANCE%20OF%20METACOGNITION%20IN%20ACADEMIC%20ACHIEVEMENT%20(1).pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.517.2465&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.517.2465&rep=rep1&type=pdf
https://www.cse.iitk.ac.in/users/se367/10/klingberg2010.pdf
http://www.klingberglab.se/pub/CompTrainWM.pdf

Kuhfeld, M., Soland, J., Pitts, C., and Burchinal, M. (2019). Trends in children’s academic
skills at school entry: 2010 to 2017. Education Working Paper: 19-137.

http://www.edworkingpapers.com/ai19-137

Kulp, M. T., Earley, M. J., Mitchell, G. L., Timmerman, L. M., Frasco, C. S., & Geiger, M.E.
(2004). Are visual perceptual skills related to mathematics ability in second through
sixth-grade children?. Focus on Learning Problems in Mathematics, 26(4), 44.

Krawec, J. L. (2014). Problem representation and mathematical problem solving of students
of varying math ability. Journal of Learning Disabilities, 47(2), 103-115.

https://doi.org/10.1177/0022219412436976

Law, J. M., Wouters, J., & Ghesquiére, P. (2017). The influences and outcomes of
phonological awareness: A study of MA, PA, and auditory processing in pre-readers
with a family risk of dyslexia. Developmental Science, 20(5), e12453.

https://onlinelibrary.wiley.com/doi/abs/10.1111/desc.12453

Lazonder, A. W., Janssen, N., Gijlers, H., & Walraven, A. (2020). Patterns of development in
children’s scientific reasoning: Results from a 3-year longitudinal study. Journal of
Cognition and Development, 22(1), 1-17.

https://doi.org/10.1080/15248372.2020.1814293

LearningRx. (n.d.). LiftOff Program. https://www.learningrx.com/our-programs/liftoff

Lonigan, C. J., Burgess, S. R., & Schatschneider, C. (2018). Examining the simple view of
reading with elementary school children: Still simple after all these years. Remedial
and Special Education, 39(5), 260-273.

Lovett, M. W., Frijters, J. C., Wolf, M., Steinbach, K. A., Sevcik, R. A., & Morris, R. D.
(2017). Early intervention for children at risk for reading disabilities: The impact of
grade at intervention and individual differences on intervention outcomes. Journal of

Educational Psychology, 109(7), 889-914.

93


http://www.edworkingpapers.com/ai19-137
https://doi.org/10.1177%2F0022219412436976
https://doi.org/10.1177%2F0022219412436976
https://onlinelibrary.wiley.com/doi/abs/10.1111/desc.12453
https://doi.org/10.1080/15248372.2020.1814293
https://www.learningrx.com/our-programs/liftoff

Luszczynska, A., & Schwarzer, R. (2005). Social cognitive theory. Predicting health

Behaviour, 2, 127-169. https://new.iums.ac.ir/files/hshe-

soh/files/predicting Health beh avior(1).pdf#page=144

Lyons, I. M., Price, G. R., Vaessen, A., Blomert, L., & Ansari, D. (2014). Numerical
predictors of arithmetic success in grades 1-6. Developmental Science, 17(5), 714-
726.

Mackey, A. P., Hill, S. S., Stone, S. ., & Bunge, S. A. (2011). Differential effects of
reasoning and speed training in children. Developmental Science, 14(3), 582-590.

Magimairaj, B. M., & Montgomery, J. W. (2013). Examining the relative contribution of
memory updating, attention focus switching, and sustained attention to children’s
verbal working memory span. Child Development Research, 2.

http://dx.doi.org/10.1155/2013/763808

Markovits, H. (2018). The development of logical reasoning. PsycNet.

https://psycnet.apa.org/record/2017-56397-021

Marshall, B., Cardon, P., Poddar, A., & Fontenot, R. (2013). Does sample size matter in
qualitative research? A review of qualitative interviews in IS research. Journal of
Computer Information Systems, 54(1), 11-22.

http://dx.doi.org/10.1080/08874417.2013.11645667

Makashevska, V., & Kamchevska, B (n.d.). Logic and reasoning in mathematics and science

in the preschool education. http://uni-sz.bg/truni4/wp-content/uploads/pf/file/2017-

2018/lzdaniya PF/12 Congress 2017/2-

4 Vesna%20Makashevska,%20Biljana%20Kamchevska.pdf.

Mather, N., & Jaffe, L. E. (2016). Woodcock-Johnson 1V: Reports, recommendations, and
strategies. John Wiley & Sons.

https://www.advocacyinstitute.org/academy/Sep06WJl/WJII1-Reports.pdf

94


https://new.iums.ac.ir/files/hshe-
https://new.iums.ac.ir/files/hshe-
http://dx.doi.org/10.1155/2013/763808
https://psycnet.apa.org/record/2017-56397-021
http://dx.doi.org/10.1080/08874417.2013.11645667
http://uni-sz.bg/truni4/wp-content/uploads/pf/file/2017-2018/Izdaniya_PF/12_Congress_2017/2-4_Vesna%20Makashevska,%20Biljana%20Kamchevska.pdf.
http://uni-sz.bg/truni4/wp-content/uploads/pf/file/2017-2018/Izdaniya_PF/12_Congress_2017/2-4_Vesna%20Makashevska,%20Biljana%20Kamchevska.pdf.
http://uni-sz.bg/truni4/wp-content/uploads/pf/file/2017-2018/Izdaniya_PF/12_Congress_2017/2-4_Vesna%20Makashevska,%20Biljana%20Kamchevska.pdf.
https://www.advocacyinstitute.org/academy/Sep06WJIII/WJIII-Reports.pdf

Mather, N., & Woodcock, R. W. (2001). Examiner’s manual. Woodcock-Johnson I11 tests of
cognitive abilities. Riverside.

McAfee, O., & Leong, D. (1994). Assessing and directing young children's development and
learning. Allyn & Bacon.

McCloskey, CM (1996). Taking positive steps toward classroom management-in preschool:
Loosening up without letting it all fall apart. Young Children, 51(3), 14-16.

McAuley, T., & White, D. A. (2011). A latent variables examination of processing speed,
response inhibition, and working memory during typical development. Journal of
Experimental Child Psychology, 108(3), 453-468.

McBride-Chang, C., Cho, J. R., Liu, H., Wagner, R. K., Shu, H., Zhou, A., Cheuk, C. &
Muse, A. (2005). Changing models across cultures: Associations of phonological
awareness and morphological structure awareness with vocabulary and word
recognition in second graders from Beijing, Hong Kong, Korea, and the United States.
Journal of Experimental Child Psychology, 92(2), 140-160.

http://citeseerx.ist.psu.edu/viewdoc/download?d0i=10.1.1.714.3017 &rep=repl&type=

pdf

McLeod, S. (2018). Jean Piaget’s theory of cognitive development. Simply Psychology, 1-9.

https://www.simplypsychology.org/piaget.html

Meng, X., Cheng-Lai, A., Zeng, B., Stein, J. F., & Zhou, X. (2011). Dynamic visual
perception and reading development in Chinese school children. Annals of Dyslexia,
61(2), 161-176.

Mewborn, C. M., Lindbergh, C. A., & Miller, L. S. (2017). Cognitive interventions for
cognitively healthy, mildly impaired, and mixed samples of older adults: a systematic
review and meta-analysis of randomized controlled trials. Neuropsychology Review,

27(4), 403-439.

95


https://dx.doi.org/10.1016%2Fj.jecp.2010.08.009
https://dx.doi.org/10.1016%2Fj.jecp.2010.08.009
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.714.3017&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.714.3017&rep=rep1&type=pdf
https://www.simplypsychology.org/piaget.html

Meyers, G. (2019). Texas school accountability: A blueprint for literacy? [Doctoral
dissertation, University of Houston]. https://uh-

ir.tdl.org/bitstream/handle/10657/4474/MEYERS-DOCTORALTHESISEDD-

2019.pdf?sequence=1

Miley, K., Fisher, M., Nahum, M., Howard, E., Rowlands, A., Brandrett, B., Woodley, J.,
Hooker, C. 1., Biagiananti, B., Ramsay, Il., & Vinogradov, S. (2020). Six-month
durability of targeted cognitive training supplemented with social cognition exercises
in schizophrenia. Schizophrenia Research: Cognition, 20, 100171.

https://www.sciencedirect.com/science/article/pii/S2215001319300204

Mix, K. S., & Cheng, Y. L. (2012). The relation between space and math: Developmental and
educational implications. Advances in Child Development and Behavior, 42, 197-243.

Molenaar, P. C. (2004). A manifesto on psychology as idiographic science: Bringing the
person back into scientific psychology, this time forever. Measurement, 2(4), 201-
218.

Moore, A. (2015). Achievement outcomes for LearningRx students. Gibson Institute of

Cognitive Research. www.gibsonresearchinstitute.org.

Moore, A. L., Carpenter, D. M., Miller, T. M., & Ledbetter, C. (2019). Comparing two
methods of delivering ThinkRx cognitive training to children ages 8-14: A
randomized controlled trial of equivalency. Journal of Cognitive Enhancement, 3(3),

261-270. https://doi.org/10.1007/s41465-018-0094-z

96


https://uh-ir.tdl.org/bitstream/handle/10657/4474/MEYERS-DOCTORALTHESISEDD-2019.pdf?sequence=1
https://uh-ir.tdl.org/bitstream/handle/10657/4474/MEYERS-DOCTORALTHESISEDD-2019.pdf?sequence=1
https://uh-ir.tdl.org/bitstream/handle/10657/4474/MEYERS-DOCTORALTHESISEDD-2019.pdf?sequence=1
https://www.sciencedirect.com/science/article/pii/S2215001319300204
http://www.gibsonresearchinstitute.org./
https://doi.org/10.1007/s41465-018-0094-z

Moore, A. L., Carpenter, D. M., Miller, T. M., & Ledbetter, C. (2018). Clinician-delivered
cognitive training for children with attention problems: effects on cognition and
behavior from the ThinkRx randomized controlled trial. Neuropsychiatric Disease

and Treatment, 14, 1671. https://pubmed.ncbi.nim.nih.gov/29983567/

Moore, A. L., & Ledbetter, C. (2019). The promise of clinician-delivered cognitive training
for children diagnosed with ADHD. Journal of Mental Health & Clinical Psychology,

3(3). https://www.mentalhealthjournal.org/articles/the-promise-of-cliniciandelivered-

cognitive-training-for-children-diagnosed-with-adhd.html

Morgan, P. L., Farkas, G., Wang, Y., Hillemeier, M. M., Oh, Y., & Maczuga, S. (2019).
Executive function deficits in kindergarten predict repeated academic difficulties
across elementary school. Early Childhood Research Quarterly, 46, 20-32.

https://doi.org/10.1016/j.ecresq.2018.06.009

Mott, M. S., & Rutherford, A. S. (2012). Technical examination of a measure of phonological
sensitivity. SAGE Open, 2(2),

Murray, J. (2020). How do children build knowledge in early childhood education? Susan
Isaacs, Young children are researchers and what happens next. Early Child
Development and Care, 191(7-8),1-17.

https://www.tandfonline.com/doi/full/10.1080/03004430.2020.1854242

Musick, S. A. (2015). Cognitive training in a school curriculum: A qualitative single
Instrument case study [Doctoral dissertation, Lamar University-Beaumont].

https://www.gibsonresearchinstitute.org/wp-

content/uploads/2018/04/Dissertation Qualitative-School-

Interviews Musick 2015.pdf

Napierala, M. A. (2012). What is the Bonferroni correction? AAOS Now, 6(4), 40.

https://docs.ufpr.br/~giolo/LivioADC/Material/S3 Bonferroni%20Correction.pdf

97


https://pubmed.ncbi.nlm.nih.gov/29983567/
https://mnscu-my.sharepoint.com/personal/qa5924pa_minnstate_edu/Documents/Dissertation/).%20https:/www.mentalhealthjournal.org/articles/the-promise-of-cliniciandelivered-cognitive-training-for-children-diagnosed-with-adhd.html
https://mnscu-my.sharepoint.com/personal/qa5924pa_minnstate_edu/Documents/Dissertation/).%20https:/www.mentalhealthjournal.org/articles/the-promise-of-cliniciandelivered-cognitive-training-for-children-diagnosed-with-adhd.html
https://doi.org/10.1016/j.ecresq.2018.06.009
https://www.tandfonline.com/doi/full/10.1080/03004430.2020.1854242
https://www.gibsonresearchinstitute.org/wp-content/uploads/2018/04/Dissertation_Qualitative-School-Interviews_Musick_2015.pdf
https://www.gibsonresearchinstitute.org/wp-content/uploads/2018/04/Dissertation_Qualitative-School-Interviews_Musick_2015.pdf
https://www.gibsonresearchinstitute.org/wp-content/uploads/2018/04/Dissertation_Qualitative-School-Interviews_Musick_2015.pdf
https://docs.ufpr.br/~giolo/LivroADC/Material/S3_Bonferroni%20Correction.pdf

Nissen, J. M., Talbot, R. M., Thompson, A. N., & Van Dusen, B. (2018). Comparison of
normalized gain and Cohen’s d for analyzing gains on concept inventories. Physical
Review Physics Education Research, 14(1).

https://doi.org/10.1103/PhysRevPhysEducRes.14.010115

Nor, N. M., & Ab Rashid, R. (2018). A review of theoretical perspectives on language
learning and acquisition. Kasetsart Journal of Social Sciences, 39(1), 161-167.

https://doi.org/10.1016/j.kjss.2017.12.012

Oakhill, J., Cain, K., & Elbro, C. (2019). Reading comprehension and reading comprehension
difficulties. In Reading Development and Difficulties (pp. 83-115). Springer.

Oakhill, J., & Yuill, N. (1986). Pronoun resolution in skilled and less-skilled comprehenders:
Effects of memory load and inferential complexity. Language and Speech, 29(1), 25-

37. https://doi.org/10.1177/002383098602900104

Oakhill, J. V., Cain, K., & Bryant, P. E. (2003). The dissociation of word reading and text
comprehension: Evidence from component skills. Language and Cognitive Processes,
18(4), 443-468.

Ornstein, A. C. (1993). Norm-referenced and criterion-referenced tests: An overview. NASSP
Bulletin, 77(555), 28-39. https://doi.org/10.1177/019263659307755505

Owen, A. M., Hampshire, A., Grahn, J. A,, Stenton, R., Dajani, S., Burns, A. S.,
Howard,R.J., & Ballard, C. G. (2010). Putting brain training to the test. Nature,
465(7299), 775-778.

Ozernov-Palchik, O., Norton, E. S., Sideridis, G., Beach, S. D., Wolf, M., Gabrieli, J. D., &
Gaab, N. (2017). Longitudinal stability of pre-reading skill profiles of kindergarten
children: implications for early screening and theories of reading. Developmental

Science, 20(5), e12471.

98


https://doi.org/10.1103/PhysRevPhysEducRes.14.010115
https://doi.org/10.1016/j.kjss.2017.12.012
https://doi.org/10.1016/j.kjss.2017.12.012
https://doi.org/10.1177%2F002383098602900104
https://doi.org/10.1177%2F002383098602900104

Pace, A., Alper, R., Burchinal, M. R., Golinkoff, R. M., & Hirsh-Pasek, K. (2019).
Measuring success: Within and cross-domain predictors of academic and social
trajectories in elementary school. Early Childhood Research Quarterly, 46, 112-125.

https://doi.org/10.1016/j.ecresq.2018.04.001

Passolunghi, M. C., Vercelloni, B., & Schadee, H. (2007). The precursors of mathematics
learning: Working memory, phonological ability, and numerical competence.
Cognitive development, 22(2), 165-184.

Passolunghi, M. C., Mammarella, I. C., & Altoe, G. (2008). Cognitive abilities as precursors
of the early acquisition of mathematical skills during first through second grades.
Developmental neuropsychology, 33(3), 229-250.

Peng, P., Barnes, M., Wang, C., Swanson, H., Dardick, W., Li, S. & Tao, S. (2018). A Meta-
analysis on the relation between reading and working memory. Psychological

Bulletin, 144(1), 48-76. https://pubmed.ncbi.nlm.nih.gov/29083201/

Peng, P., & Kievit, R. A. (2020). The development of academic achievement and cognitive
abilities: A bidirectional perspective. Child Development Perspectives, 14(1), 15-20.

Pennington, B. F., Santerre-Lemmon, L., Rosenberg, J., MacDonald, B., Boada, R., Friend,
A. & Olson, R. K. (2012). Individual prediction of dyslexia by single versus multiple
deficit models. Journal of abnormal psychology, 121(1).

https://doi.org/10.1037/a0025823

Petscher, Y., Cabell, S. Q., Catts, H. W., Compton, D. L., Foorman, B. R., Hart, S. A.,
Lonigan, C. J., Phillips, B. M., Schatschneider, C., Steacy, L. M., Terry, N. P., &
Wagner, R. K.(2020). How the science of reading informs 2 Ist-century education.

Reading Research Quarterly, 55, S267-S282. https://classroom.sareads.org/wp-

content/uploads/2020/07/Petscher-eta-l 2020 How-the-Science-of-Reading-Informs-

21st-Century-Education..pdf

99


https://doi.org/10.1016/j.ecresq.2018.04.001
https://doi.org/10.1080/87565640801982320
https://doi.org/10.1080/87565640801982320
https://pubmed.ncbi.nlm.nih.gov/29083201/
https://psycnet.apa.org/doi/10.1037/a0025823
https://psycnet.apa.org/doi/10.1037/a0025823
https://classroom.sareads.org/wp-content/uploads/2020/07/Petscher-eta-l_2020_How-the-Science-of-Reading-Informs-21st-Century-Education..pdf
https://classroom.sareads.org/wp-content/uploads/2020/07/Petscher-eta-l_2020_How-the-Science-of-Reading-Informs-21st-Century-Education..pdf
https://classroom.sareads.org/wp-content/uploads/2020/07/Petscher-eta-l_2020_How-the-Science-of-Reading-Informs-21st-Century-Education..pdf

Phillips, D., Gormley, W., & Anderson, S. (2016). The effects of Tulsa’s CAP Head Start
program on middle-school academic outcomes and progress. Developmental

Psychology, 52(8), 1247-1261. https://doi.org/10.1037/dev0000151

Piaget, J. (1936). Origins of intelligence in the child. Routledge & Kegan Paul.

https://www.pitt.edu/~strauss/origins r.pdf

Piaget, J. (1952). Jean Piaget. In E. G. Boring, H. Werner, H. S. Langfeld, & R. M. Yerkes
(Eds.), A History of Psychology in Autobiography, Vol. 4 (pp. 237-256). Clark

University Press. https://doi.org/10.1037/11154-011

Piaget, J. (1983). Piaget’s theory. In P. H. Mussen, & W. Kessen (Eds.), Handbook of child
psychology: Vol. | History, Theory, and Methods (pp. 41-102). John Wiley.

https://www.scirp.org/%28S%28czeh2tfgyw20rz553k1w0r45%29%29/reference/refer

encespapers.aspx?referenceid=2632793

Rabipour, S., & Raz, A. (2012). Training the brain: Fact and fad in cognitive and behavioral
remediation. Brain and Cognition, 79(2), 159-179.

Ramus, F., Rosen, S., Dakin, S. C., Day, B. L., Castellote, J. M., White, S., & Frith, U.
(2003). Theories of developmental dyslexia: insights from a multiple case study of
dyslexic adults. Brain, 126(4), 841-865.

Razinski, T., Padak, N., & Newton, J. (2017). The roots of comprehension. Literacy, 74(5).

https://www.wagnerhigh.net/ourpages/auto/2015/2/2/52792377/THE%20RO0OTS%20

OF%20COMPREHENSION.pdf

Reardon, S. F., Fahle, E. M., Kalogrides, D., Podolsky, A., & Zarate, R. C. (2019). Gender
achievement gaps in US school districts. American Educational Research Journal,

56(6), 2474-2508.

100


https://doi.org/10.1037/dev0000151
https://www.pitt.edu/~strauss/origins_r.pdf
https://doi.org/10.1037/11154-011
https://www.scirp.org/%28S%28czeh2tfqyw2orz553k1w0r45%29%29/reference/referencespapers.aspx?referenceid=2632793
https://www.scirp.org/%28S%28czeh2tfqyw2orz553k1w0r45%29%29/reference/referencespapers.aspx?referenceid=2632793
https://www.wagnerhigh.net/ourpages/auto/2015/2/2/52792377/THE%20ROOTS%20OF%20COMPREHENSION.pdf
https://www.wagnerhigh.net/ourpages/auto/2015/2/2/52792377/THE%20ROOTS%20OF%20COMPREHENSION.pdf

Roembke, T. C., Hazeltine, E., Reed, D. K., & McMurray, B. (2019). Automaticity of word
recognition is a unique predictor of reading fluency in middle-school students.
Journal of Educational Psychology, 111(2), 314-330.

https://doi.org/10.1037/edu0000279

Rogers, J., & Révész, A. (2020). Experimental and quasi-experimental designs. The
Routledge handbook of research methods in applied linguistics. Routledge.
Rohde, T. E., & Thompson, L. A. (2007). Predicting academic achievement with cognitive

ability. Intelligence, 35(1), 83-92. https://doi.org/10.1016/j.intell.2006.05.004

Rose, S. A., Feldman, J. F., Jankowski, J. J., & Van Rossem, R. (2011). Basic information
processing abilities at 11 years account for deficits in 1Q associated with preterm

birth. Intelligence, 39(4), 198-209. https://doi.org/10.1016/j.intell.2011.03.003

Rucklidge, J. J., & Tannock, R. (2002). Neuropsychological profiles of adolescents with
ADHD: Effects of reading difficulties and gender. Journal of Child Psychology and
Psychiatry, 43(8), 988-1003.

Sahin, F. (1999). Preschool scientific thinking and activity examples. In R. Zembat (Ed.),
Marmara University Kindergarten / Kindergarten Teacher's Handbook, Istanbul: Ya-
Pa Publications.

Salkind, N. J. (Ed.). (2010). Encyclopedia of research design (Vol. 1). SAGE.

http://dx.doi.org/10.4135/9781412961288.n42

Saretsky, G. (1972). The OEO PC experiment and the John Henry effect. The Phi Delta

Kappan, 53(9), 579-581. https://www.jstor.org/stable/20373317

Savage, R. (2004). Motor skills, automaticity, and developmental dyslexia: A review of the

research literature. Reading and Writing, 17(3), 301-324.

101


https://doi.org/10.1037/edu0000279
https://doi.org/10.1016/j.intell.2006.05.004
https://doi.org/10.1016/j.intell.2006.05.004
https://psycnet.apa.org/doi/10.1016/j.intell.2011.03.003
https://psycnet.apa.org/doi/10.1016/j.intell.2011.03.003
http://dx.doi.org/10.4135/9781412961288.n42
https://www.jstor.org/stable/20373317
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1023%2FB%3AREAD.0000017688.67137.80

Savage, R., Lavers, N., & Pillay, V. (2007). Working memory and reading difficulties: What
we know and what we don’t know about the relationship. Educational Psychology
Review, 19(2), 185-220.

Schuele, C. M., & Boudreau, D. (2008). Phonological awareness intervention: Beyond the
basics. Language, Speech, and Hearing Service in Schools, 39(1), 3-20.

https://pubmed.ncbi.nlm.nih.gov/18162644/

Schwarzer, R.., & Luszczynska, A. (2005). Social cognitive theory. Predicting Health

Behaviour, 2, 127-169. https://new.iums.ac.ir/files/hshe-

soh/files/predicting Health beh avior(1).pdf#page=144

Shanahan, M. A., Pennington, B. F., Yerys, B. E., Scott, A., Boada, R., Willcutt, E. G. &
DeFries, J. C. (2006). Processing speed deficits in attention-deficit/hyperactivity
disorder and reading disability. Journal of Abnormal Child Psychology, 34(5), 584-
601.

Sharma, M., Purdy, S. C., & Kelly, A. S. (2009). Comorbidity of auditory processing,
language, and reading disorders. Semantic Scholar.

https://pdfs.semanticscholar.org/f2b8/3b8addb2a70b63918e2ch67b233139977b3c.pdf

Shaw, C. A,, Lanius, R. A., & van den Doel, K. (1994). The origin of synaptic
neuroplasticity: crucial molecules or a dynamical cascade? Brain Research Reviews,
19(3), 241-263.

Sheppard, L. D., & Vernon, P. A. (2008). Intelligence and speed of information-processing:
A review of 50 years of research. Personality and Individual Differences, 44(3), 535-

551. https://doi.org/10.1016/j.paid.2007.09.015

102


https://pubmed.ncbi.nlm.nih.gov/18162644/
https://new.iums.ac.ir/files/hshe-soh/files/predicting_Health_beh_avior(1).pdf%23page=144
https://new.iums.ac.ir/files/hshe-soh/files/predicting_Health_beh_avior(1).pdf%23page=144
https://doi.org/10.1007/s10802-006-9037-8
https://doi.org/10.1007/s10802-006-9037-8
https://pdfs.semanticscholar.org/f2b8/3b8addb2a70b63918e2cb67b233139977b3c.pdf
https://psycnet.apa.org/doi/10.1016/j.paid.2007.09.015

Skopek, J., & Passaretta, G. (2018). The evolution of social and ethnic inequalities in
cognitive achievement from preschool to secondary schooling in the UK. Roots and

Development of Achievement Gaps, 108. http://archive.isotis.org/wp-

content/uploads/2019/01/ISOTIS D1.3-Roots-and-Development-of-Achievement-

Gaps.pdf#page=111

Shultz, K. S., Hoffman, C. C., & Reiter-Palmon, R. (2005). Using archival data for 10
research: Advantages, pitfalls, sources, and examples. The Industrial-Organizational
Psychologist, 42(3), 31.

https://www.researchgate.net/publication/228503124 Using archival data for 10 re

search Advantages pitfalls sources and examples

Sigmundsson, H., Anholt, S. K., & Talcott, J. B. (2010). Are poor mathematics skills
associated with visual deficits in temporal processing? Neuroscience Letters, 469(2),
248-250.

Simons, D. J., Boot, W. R., Charness, N., Gathercole, S. E., Chabris, C. F., Hambrick, D. Z.,
& Stine-Morrow, E. A. (2016). Do brain-training programs work? Psychological
Science in the Public Interest, 17(3), 103-186.

Sitzer, D. I., Twamley, E. W., & Jeste, D. V. (2006). Cognitive training in Alzheimer's
disease: A meta-analysis of the literature. Acta Psychiatrica Scandinavica, 114(2), 75-

90. https://www.ncbi.nlm.nih.gov/books/NBK73309/

Smith, K. N., Lamb, K. N., & Henson, R. K. (2020). Making meaning out of MANOVA: the
need for multivariate post hoc testing in gifted education research. Gifted Child

Quarterly, 64(1), 41-55. https://doi.org/10.1177/0016986219890352

103


http://archive.isotis.org/wp-content/uploads/2019/01/ISOTIS_D1.3-Roots-and-Development-of-Achievement-Gaps.pdf%23page=111
http://archive.isotis.org/wp-content/uploads/2019/01/ISOTIS_D1.3-Roots-and-Development-of-Achievement-Gaps.pdf%23page=111
http://archive.isotis.org/wp-content/uploads/2019/01/ISOTIS_D1.3-Roots-and-Development-of-Achievement-Gaps.pdf%23page=111
https://www.researchgate.net/publication/228503124_Using_archival_data_for_IO_research_Advantages_pitfalls_sources_and_examples
https://www.researchgate.net/publication/228503124_Using_archival_data_for_IO_research_Advantages_pitfalls_sources_and_examples
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.neulet.2009.12.005
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.neulet.2009.12.005
https://www.ncbi.nlm.nih.gov/books/NBK73309/
https://doi.org/10.1177/0016986219890352

Soto, C., de Blume, A. P. G., Jacovina, M., McNamara, D., Benson, N., Riffo, B., & Kruk, R.
(2019). Reading comprehension and metacognition: The importance of inferential
skills. Cogent Education, 6(1), 1565067.

https://doi.org/10.1080/2331186X.2019.1565067

Span, M. M., Ridderinkhof, K. R., & van der Molen, M. W. (2004). Age-related changes in
the efficiency of cognitive processing across the life span. Acta Psychologica, 117(2),
155-183.

Sparks, S. (2012). Studies dispute benefits of cognitive training. Education Week, 31(35),1-

15. https://www.gibsonresearchinstitute.org/wp

Spring, C., & Davis, J. M. (1988). Relations of digit naming speed with three components of
reading. Applied Psycholinguistics, 9(4), 315-334.

doi.org/10.1017/S0142716400008031

Stahl, K. A. D., Flanigan, K., & McKenna, M. C. (2020). Assessment for reading instruction.
Guilford Publications.

Sternberg, R. J., Grigorenko, E. L., & Zhang, L. F. (2008). Styles of learning and thinking
matter in instruction and assessment. Perspectives on Psychological Science, 3(6),

486-506. https://doi.org/10.1111/].1745-6924.2008.00095.x

Sullivan, G. M. (2011). A primer on the validity of assessment instruments. Journal of
Graduate Medical Education, 3(2), 119-120.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3184912/

Symmons, J. M. (2020). Impact of quality shared reading experiences on the phonological
awareness skills of preschoolers [Doctoral dissertation, The William Paterson
University of New Jersey].

https://www.proguest.com/openview/a2ea4bfeb9120dal3b1f2234c4dc29e0/1?pq-

origsite=gscholar&chl=18750&diss=y

104


https://doi.org/10.1080/2331186X.2019.1565067
https://www.gibsonresearchinstitute.org/wp
https://www.gibsonresearchinstitute.org/wp
https://doi.org/10.1017/S0142716400008031
https://doi.org/10.1111%2Fj.1745-6924.2008.00095.x
https://doi.org/10.1111%2Fj.1745-6924.2008.00095.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3184912/

Tallal, P. (1980). Auditory temporal perception, phonics, and reading disabilities in children.
Brain and language, 9(2), 182-198.

Tallal, P. (1984). Temporal or phonetic processing deficit in dyslexia? That is the question.
Applied Psycholinguistics, 5(2), 167-169.

https://doi.org/10.1017/S0142716400004963

Tan, O. S. (2003). Mediated learning and pedagogy: Applications of Feuerstein's theory in
twenty-first-century education.

https://repository.nie.edu.sg/bitstream/10497/3866/1/REACT-2003-1-53.pdf

Tenpas, D., Gibson, K., Mitchell, T., & Hanson, K. (2002). LiftOff! Brain training program
manual. LearningRXx.

Tsianos, N., Germanakos, P., Lekkas, Z., Mourlas, C., & Samaras, G. (2010, June). Working
memory span and e-learning: The effect of personalization techniques on learners’
performance. In International Conference on User Modeling, Adaptation, and
Personalization (pp. 64-74). Springer.

Tucker-Drob, E. M., Brandmaier, A. M., & Lindenberger, U. (2019). Coupled cognitive
changes in adulthood: A meta-analysis. Psychological Bulletin, 145(3), 273.

Tzuriel, D. (2020). Dynamic cognitive assessment for preschool-age children. In Oxford
Research Encyclopedia of Education.

https://doi.org/10.1093/acrefore/9780190264093.013.942

U.S. National Early Literacy Panel. (2008). Developing early literacy. U.S. The National
Institute for Literacy, The National Center for Family Literacy.

https://lincs.ed.gov/publications/pdf/NELPReport09.pdf

105


https://doi.org/10.1016/0093-934x(80)90139-x
https://doi.org/10.1016/0093-934x(80)90139-x
https://psycnet.apa.org/doi/10.1017/S0142716400004963
https://psycnet.apa.org/doi/10.1017/S0142716400004963
https://repository.nie.edu.sg/bitstream/10497/3866/1/REACT-2003-1-53.pdf
https://doi.org/10.1093/acrefore/9780190264093.013.942
https://lincs.ed.gov/publications/pdf/NELPReport09.pdf

U. S. National Reading Panel. (2000). Teaching children to read: An evidence-based
assessment of the scientific research literature on reading and its implications for
reading instruction: Reports of the subgroups. National Institute of Child Health and
Human Development, National Institutes of Health.

https://www.nichd.nih.gov/sites/default/files/publications/pubs/nrp/Documents/report.

pdf

U.S. National Science Foundation. (2018). Science and engineering indicators. National
Science Board.

https://www.nsf.gov/statistics/2018/nsh20181/report/sections/elementary-and-

secondary-mathematics-and-science-education/introduction

van den Broek, P., Mouw, J. M., & Kraal, A. (2016). Individual differences in reading
comprehension. Handbook of individual differences in reading: Reader, text, and
context, (pp. 138-150). Routledge.

Van Garderen, D., & Montague, M. (2003). Visual-spatial representation, mathematical
problem solving, and students of varying abilities. Learning Disabilities Research &

Practice, 18(4), 246-254. https://doi.org/10.1111/1540-5826.00079

van Rijthoven, R., Kleemans, T., Segers, E., & Verhoeven, L. (2018). Beyond the
phonological deficit: Semantics contributes indirectly to decoding efficiency in

children with dyslexia. Dyslexia, 24(4), 309-321. https://doi.org/10.1002/dys.1597

Villasin, K. (2020). Play: A qualitative case study exploring play in the kindergarten
classroom: A teacher’s perspective, a teacher’s practice [Doctoral dissertation,
Aurora University].

https://search.proguest.com/openview/7ae8e0a92781d7a23dd2a7415b02b406/1?pa-

origsite=gscholar&cbl=18750&diss=y

106


https://www.nichd.nih.gov/sites/default/files/publications/pubs/nrp/Documents/report.pdf
https://www.nichd.nih.gov/sites/default/files/publications/pubs/nrp/Documents/report.pdf
https://www.nsf.gov/statistics/2018/nsb20181/report/sections/elementary-and-secondary-mathematics-and-science-education/introduction
https://www.nsf.gov/statistics/2018/nsb20181/report/sections/elementary-and-secondary-mathematics-and-science-education/introduction
https://psycnet.apa.org/doi/10.1111/1540-5826.00079
https://psycnet.apa.org/doi/10.1111/1540-5826.00079
https://doi.org/10.1002/dys.1597
https://doi.org/10.1002/dys.1597
https://search.proquest.com/openview/7ae8e0a92781d7a23dd2a7415b02b406/1?pq-origsite=gscholar&cbl=18750&diss=y
https://search.proquest.com/openview/7ae8e0a92781d7a23dd2a7415b02b406/1?pq-origsite=gscholar&cbl=18750&diss=y

Viterbori, P., Usai, M. C., Traverso, L., & De Franchis, V. (2015). How preschool executive
functioning predicts several aspects of math achievement in Grades 1 and 3: A
longitudinal study. Journal of Experimental Child Psychology, 140, 38-55.

http://dx.doi.org/10.1016/j.jecp.2015.06.014

Wang, C., Tian, Y., Chen, S., Tian, Z., Jiang, T., & Du, F. (2014). Predicting performance in
manually controlled rendezvous and docking through spatial abilities. Advances in
Space Research, 53(2), 362-369.

Wible, B., Nicol, T., & Kraus, N. (2005). Correlation between brainstem and cortical auditory
processes in normal and language-impaired children. Brain, 128(2), 417-423.

Wigfield, A., Gladstone, J. R., & Turci, L. (2016). Beyond cognition: Reading motivation
and reading comprehension. Child Development Perspectives, 10(3), 190-195.

Willcutt, E. G., Pennington, B. F., Olson, R. K., Chhabildas, N., & Hulslander, J. (2005).
Neuropsychological analyses of comorbidity between reading disability and attention
deficit hyperactivity disorder: In search of the common deficit. Developmental
neuropsychology, 27(1), 35-78.

Wolf, M., Bowers, P. G., & Biddle, K. (2000). Naming-speed processes, timing, and reading:
A conceptual review. Journal of learning disabilities, 33(4), 387-407.

Wolinsky, F. D., Vander Weg, M. W., Howren, M. B., Jones, M. P., & Dotson, M. M.
(2016). Effects of cognitive speed of processing training on a composite
neuropsychological outcome: results at one year from the IHAMS randomized
controlled trial. Int Psychogeriatr, 28(2), 317-30.

https://doi.org/10.1093/geront/gnv645.01

Wong, I. (2020). An exploratory study to investigate eye movement performance and visual
perceptual skills in children with dyslexia. Asia Pacific Journal of Developmental

Differences, 7(1), 27-60.

107


http://dx.doi.org/10.1016/j.jecp.2015.06.014
http://dx.doi.org/10.1016/j.jecp.2015.06.014
https://doi.org/10.1093/brain/awh367
https://doi.org/10.1093/brain/awh367
https://dx.doi.org/10.1111%2Fcdep.12184
https://dx.doi.org/10.1111%2Fcdep.12184
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1177%2F002221940003300409
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1177%2F002221940003300409
https://doi.org/10.1093/geront/gnv645.01

Woodcock, R. W., McGrew, K. S., & Mather, N. (2001a). Woodcock-Johnson 111 tests of

Achievement. https://doi.org/10.1177/003435520104400407

Xu, F. (2019). Towards a rational constructivist theory of cognitive development.

Psychological Review, 126(6), 841. https://doi.org/10.1037/rev0000153

Xu, M., Fralick, D., Zheng, J. Z., Wang, B., Tu, X. M., & Feng, C. (2017). The differences
and similarities between two-sample t-test and paired t-test. Shanghai archives of
psychiatry, 29(3), 184.

Yang, X., & Meng, X. (2020). Visual processing matters in Chinese reading acquisition and
early mathematics. Frontiers in Psychology.

https://doi.org/10.3389/fpsyg.2020.00462

Yang, E., Tadin, D., Glasser, D. M., Hong, S. W., Blake, R., & Park, S. (2013). Visual
context processing in schizophrenia. Clinical Psychological Science, 1(1), 5-15.

https://doi.org/10.3389/fpsyg.2013.00569

Yang, X., & Meng, X. (2020). Visual processing matters in Chinese reading acquisition and
early mathematics. Frontiers in Psychology, 11, 462.

https://doi.org/10.3389/fpsyg.2020.00462

Yilmaz, H. B. (2009). On the development and measurement of spatial ability. International
Electronic Journal of Elementary Education, 1(2), 83-96.

Yuill, N., & Oakhill, J. (1988). Effects of inference awareness training on poor reading
comprehension. Applied Cognitive Psychology, 2(1), 33-45.

https://doi.org/10.1002/acp.2350020105

Zamani, A., & Pouratashi, M. (2018). The relationship between academic performance and
working memory, self-efficacy belief, and test anxiety. Journal of School Psychology,

6(4), 25-44.

108


https://doi.org/10.1177%2F003435520104400407
https://doi.org/10.1177%2F003435520104400407
https://doi.apa.org/doi/10.1037/rev0000153
https://doi.apa.org/doi/10.1037/rev0000153
https://doi.org/10.3389/fpsyg.2020.00462
https://dx.doi.org/10.3389%2Ffpsyg.2020.00462
https://dx.doi.org/10.3389%2Ffpsyg.2020.00462
https://doi.org/10.3389/fpsyg.2013.00569
https://doi.org/10.3389/fpsyg.2013.00569
https://doi.org/10.3389/fpsyg.2020.00462
https://doi.org/10.3389/fpsyg.2020.00462
https://doi.org/10.1002/acp.2350020105

Zelinski, E. M. (2009). Far transfer in cognitive training of older adults. Restorative
Neurology and Neuroscience, 27(5), 455-471.

Zelinski, E. M., Spina, L. M., Yaffe, K., Ruff, R., Kennison, R. F., Mahncke, H. W., &
Smith, G. E. (2011). Improvement in memory with plasticity-based adaptive cognitive
training: Results of the 3-month follow-up. Journal of the American Geriatrics
Society, 59(2), 258-265. https://doi.org/10.1111/j.1532-5415.2010.03277.X

Zhang, X. (2016). Linking language, visual-spatial, and executive function skills to number

competence in very young Chinese children. Early Childhood Research Quarterly, 36, 178-
189.

Zhang, X., & Lin, D. (2015). Pathways to arithmetic: The role of visual-spatial and language
skills in written arithmetic, arithmetic word problems, and non-symbolic arithmetic.
Contemporary Educational Psychology, 41, 188-197.

https://doi.org/10.1016/j.cedpsych.2015.01.005

109


https://psycnet.apa.org/doi/10.1016/j.cedpsych.2015.01.005

Appendix A

) -
geLearnmS Rx3
mOne—on-One IgrainTraining Centers

Permission to Conduct Research at LearningRx

November 18, 2021

This letter grants permission for Darci Stanford to conduct her doctoral research at LearningRx
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Permission is granted for examining the effects of the LiftOff cognitive training program using
de-identified student records from our national database.
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46.114 of 45 CFR 46 Code of Federal Regulations, the Gibson Institute of Cognitive
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However, we do require a copy of the university’s IRB decision prior to allowing students to
begin research at LearningRx.
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5085 List Drive, Suite 200 Colorado Springs, CO 80919 (719) 264-8808
www.LearningRx.com

110



Appendix B

PRIVACY POLICIES

Protection of Information

LearningRx values the trust its customers place in the company. Accordingly,
LearningRx adheres to the highest ethical standards in gathering, using, and safeguarding
customer information that is entrusted to the company.

Use and Collection of Customer Information

LearningRx does not rent, sell, or exchange information about its customers. Access
to information about LearningRx customers is restricted to the LearningRx family of
business. Third parties that need access to LearningRx customer information in order to
provide operational or other support services to LearningRx must agree to safeguard
customer information in strict compliance with the LearningRx policy.

LearningRx gathers only the customer information that is needed to administer its
business, provide superior service, and communicate offers on merchandise and services that
LearningRx believes will be of interest to its customers. Personal information means
identifying information about an individual relating to their physical or mental health
(including medical history), the providing of care to the individual.

You have the right to determine how your personal information is used and disclosed.
For most care purposes, your consent is implied as a result of your consent to treatment.
Access and Correction

LearningRx limits access to customer information to those employees who need it to
carry out their business functions. LearningRx educates its employees about LearningRx
policies and Centers in regard to safeguarding customer information; preventing its

unauthorized access, use or disclosure; and, ensuring its proper handling.
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We provide information to health care providers acting on your behalf, on the
understanding that they are also bound by law and ethics to safeguard your privacy. Other
organizations and agents must agree to abide by our Privacy Policy and may be asked to sign
contracts to that effect. We will give them only the information necessary to perform the
services for which they are engaged, and will require that they not store, use, or disclose the
information for purposes other than to carry out those services.

With limited exceptions, we will give you access to the information we retain about
you within a reasonable time, upon presentation of a written request and satisfactory
identification. We may charge you a fee for this service and if so, we will give you notice in
advance of processing your request. If you find errors of fact in your personal information,
please notify us as soon as possible and we will make the appropriate corrections. We are not
required to correct information relating to clinical observations or opinions made in good
faith.

Accuracy and Security of Customer Information

LearningRx makes all reasonable efforts to ensure that the customer information it
maintains is accurate, timely and secure. LearningRx will monitor and adopt, as appropriate,
new technological developments that are designed to aid in ensuring the accuracy and
security of customer information. LearningRx enforces its policies in regard to gathering,
access and use of personal customer information by its employees and authorized third
parties.

Opt-Out Policy

LearningRx respects the privacy of individuals and tries to make it easy for users to

stop receiving communication from us. To opt-out of marketing or promotional emails from

LearningRX, please click 'unsubscribe’ in the body of any email communication you may
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receive from us. You can also contact your local center to opt-out from communications, or
contact the LearningRx Home Office at 719-264-8808.
Personally Identifiable Information

LearningRx collects personally identifiable information (such as name, address,
telephone number, or e-mail) only when customers voluntarily provide such information to

LearningRx.
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