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ABSTRACT OF DISSERTATION 

 

THE EFFECTIVENESS OF HANDWRITING INTERVENTIONS ON 

HANDWRITING AND SPELLING OUTCOMES DELIVERED VIA TELEHEALTH. 

 

Across the United States, there has been a push to improve the literacy of our 

population, especially in the school systems.  This has resulted in emphasizing reading 

skill development; however, literacy encompasses more than just reading. Literacy is the 

internal processes needed to create and understand contextualized visual, written, and 

verbal information. According to the Common Core State Standards, foundational 

literacy skills include reading, but also writing, listening, and speaking abilities.  

Handwriting is an area of literacy that is often forgotten, but has significant positive 

correlations to writing composition, spelling, and early reading skills. In fact, the Simple 

View of Writing developed by Berninger et al. affirm handwriting as a low level writing 

skill needed to be mastered in order to excel in the higher compositional writing skills. 

In recent years as the dependency on technology increases, explicit instruction of 

handwriting is frequently overlooked in curricula. Accordingly, the percentage of 

children struggling with handwriting is on the rise.  Associations with handwriting 

difficulties can include pain with writing; decreased written content; anxiety; low self-

efficacy; and avoidance of handwriting. The most common referral for a school-based 

occupational therapist remains handwriting issues. Currently, there is no standard of care 

for addressing handwriting goals, but evidence suggests that practice and instruction of 

handwriting is imperative.   

Concurrently, the use of telehealth service delivery in pediatric occupational 

therapy has significantly increased in utilization since the COVID-19 pandemic.  The 

research into the effectiveness of pediatric occupational therapy interventions delivered 

via telehealth is still emerging.  Thus, the overarching purpose of this dissertation is to 

determine the effectiveness of handwriting interventions on handwriting and spelling 

outcomes delivered via telehealth. Through this investigation, further insight will be 

provided into the feasibility of handwriting interventions via telehealth as well as the 

relationship between handwriting and spelling.  

This two-part dissertation began with a pilot case study to gain insight into the 

feasibility and effectiveness of delivering the Handwriting Without Tears® curriculum, a 

frequently used multi-sensory handwriting program, via telehealth. The case study was 

conducted with a first grader who was typically developing to gain understanding into the 

relationship between handwriting and spelling.  The results of this pilot study informed 

and streamlined the subsequent case series study.  This investigation was conducted with 

children with literacy issues of handwriting and/or spelling delays, who would be more 

representative of a pediatric occupational therapy caseload.   This dissertation project 

aims to build on the handwriting-focused literacy research as well as grow the evidence 

for pediatric occupational therapy telehealth interventions. 
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1 

 INTRODUCTION 

 Introduction 

 The purposes of this introduction were to: 1) provide a brief overview of literacy; 

2) discuss the relationship of handwriting with literacy; 3) review occupational therapy 

practices with handwriting; 4) delve into the use of telehealth as a service delivery option 

for pediatric occupational therapy; 5) establish the purpose and aims of this project; and 

6) provide a theoretical approach for the project.  

 Background 

 The United States has ascribed immense value to literacy and literacy education. 

However, literacy continues to be an area in which we struggle to educate our citizens. 

The average reading score for a fourth grader declined from 2017 to 2019.3   The average 

evidenced-based writing and reading SAT scores for college-bound seniors steadily 

decreased from 2018 to 2020.3 Only 12.8% of adults in the United States are classified as 

proficient in literacy as of 2017.4 The increase in online learning during COVID-19 has 

negatively impacted literacy, as research found that first graders’ writing abilities have 

significantly declined since the start of the pandemic.5  

The United Nations Educational, Scientific, and Cultural Organization defines 

literacy as “the ability to identify, understand, interpret, create, communicate and 

compute, using printed and written materials associated with varying contexts.”6  

Literacy is a vastly broad concept that allows a person to engage with the written and 

pictorial world. The immense nature of literacy thus translates in being interwoven into 

all domains of occupation.7  Literacy is highly influenced by the context in which it is 

practiced, such as social patterns, cultural practices, and historical events, especially 
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apparent in written language.8,9 The importance of literacy is emphasized at a national 

level, but as this translates down to the personal and community level, the worth 

attributed to literacy is highly influenced by institutional, community, familial, and 

individual values and beliefs.9 This variance can further be seen in the national, 

statewide, and local levels of educational delivery.  

 In response to slow national literacy progress, the Common Core State 

Standards10 were developed in 2009 to account for the lack of consistency of educational 

expectations.  The Common Core Standards10 promote an average level of achievement 

for students across the country, creating evidenced-based national learning goals, and 

have been adopted by 41 states.  The Standards11 view literacy as emergent from the 

foundational skills of reading, writing, utilization of language, speaking, and listening, 

which has shaped how literacy is approached in the academic context.  

 Reading has received the majority of the attention in the literacy arena.12,13  

However, writing is an equally important foundational literacy skill, but lagging in 

evidence-based interventions as compared to reading.13,14 The Common Core State 

Standards10 describe writing as a multi-faceted process, including the functional use of 

grammar, spelling, writing conventions, vocabulary, organization, and handwriting.  In 

Berninger et al.’s15 Simple View of Writing, the writing process begins with the 

acquisition of low level processes, such as transcription skill (e.g., handwriting, 

keyboarding, and spelling), in order to develop mastery of the higher level processes of 

conceptualization, organization, grammar, and editing. Thus, the attainment of the lower 

level transcription processes is imperative in progressing the literacy skills associated 

with writing.  



 

 

3 

1.2.1 Handwriting as a Foundational Literacy Skill 

As the Simple View of Writing suggests, handwriting has a central role in 

literacy.15   Once handwriting becomes automatic, working memory resources can be 

diverted from the act of handwriting to the act of writing (e.g. planning, organizing, 

editing).15  This concept is confirmed by the positive correlation between handwriting 

legibility and fluency and mastery of writing composition.16  Handwriting proficiency 

allows for less “disruption” in the writing process; thus, compositional quality was 

improved when the handwriting processes increased.16  For example, children who were 

more fluent with legible handwriting were able to produce longer and better quality 

compositions.17,18  Connelly et al.19 compared handwriting fluency to keyboarding 

fluency and found keyboarding did not have the same relationship with composition; 

classifying typed compositions as compared to handwritten as two years developmentally 

behind. Handwriting fluency is a significant predictor of progression of composition 

skills. 

The contribution of handwriting to composition development has been found to 

be unique in comparison to other foundational writing abilities.  Alves et al.17 found a 

stronger relationship between handwriting fluency and composition quality as compared 

to spelling and composition.  Participants who received a spelling intervention did not 

improve their compositional abilities whereas the handwriting intervention cohort 

exhibited increased compositional length and quality.  These results concurred with a 

meta-analysis where length of writing was found to be more strongly correlated to 

handwriting fluency (r=.48) rather than spelling (r=.25).20   Puranik and Al Otaiba21 also 

determined handwriting was the variable that accounted for the most unique variance 
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with compositional abilities at 4.1% as compared to spelling at 2.3% and socioeconomic 

status at 2%. A child’s ability to complete handwriting automatically had a positive 

correlation with the quality of their writing, including planning and organizing ideas, 

vocabulary, and fluidity of the text.14 Handwriting fluency was found to have a slight, but 

statistically significant correlation with compositional ability, such as ideas, words, and 

sentence production, in kindergarten as compared to other transcription and oral language 

abilities.22 Development of handwriting is a key writing foundational ability. 

Handwriting not only has an impact on the higher level of writing processes, but 

on other lower level processes as well, such as spelling.  Handwriting quality is positively 

correlated with spelling skills.23 This was found to be true especially for children in 

elementary school.24  Pritchard et al.23 hypothesized that handwriting reinforced 

orthographic representations of words and improved spelling memory.  Conversely, eight 

to nine year old students who tested with poor to very poor handwriting performed 

significantly lower on spelling tasks.25  Thus, when handwriting is not mastered, it can 

negatively impact other literacy skills. 

Handwriting proficiency also influences early reading skills. Research suggests a 

neurological overlap between reading, writing, and spelling contributes to the positive 

correlation between handwriting and the other aspects of literacy.26-28 Suggate et al.29 

postulated that due to these shared neural pathways, by enhancing handwriting, one could 

actually strengthen the pathways involved in other literacy areas, such as reading.  The 

positive relationship between handwriting and early reading skills has been confirmed in 

research. Children with very good to good handwriting scored significantly higher on 

word reading and pseudo-word reading.25  Kindergarteners who exhibited improved letter 
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writing fluency also showed increased letter naming fluency, which may be attributed to 

the shared perception, cognition, and application of critical features of letters.27  James 

and Engelhardt26 performed a functional magnetic resonance imaging (fMRI) on fifteen 

pre-literate four- to five-year-old children. They asked participants to write letters, trace 

letters, and type letters prior to the fMRI. Once in the fMRI, the participants were shown 

these letters and shapes. It was found that there was a significant difference in the neural 

pathways after the printed stimulus was shown as compared the tracing and typed stimuli. 

Viewing the handwritten material, children recruited neural pathways involved in the 

reading system, which were not fired when shown the other stimuli. Research has shown 

greater employment of visual and motor neural networks while completing handwriting30 

or even just reading a handwritten versus a typed letter31; thus, solidifying the shared 

pathways between these two literacy skills.   

 The influence of handwriting and early reading skills can also be seen in the adult 

research.  In a case study of a man with acquired dyslexia, the participant was able to 

achieve greater success with naming handwritten letters as compared to typed letters, 

which is a key foundational skill in reading.28 Adults who learned Arabic exhibited 

greater ability to comprehend the written language when they practiced handwriting in 

Arabic as compared to typing.32 By writing the characters, it was postulated the 

participants solidified their connection with the orthographic and phonetic languages.  

The sensorimotor act of completing handwriting helps to strengthen development of not 

only handwriting itself, but composition, spelling, and early reading skills as well. 

1.2.1.1 Handwriting Instruction 



 

 

6 

Handwriting instruction, as a foundational skill in literacy, has been included in 

the Common Core State Standards10 for kindergarten and first grade.  However, as a child 

progresses through school, the demands for handwriting become greater.33  Handwriting 

has receded in curricular importance in recent times34; even though the literature supports 

handwriting instruction to improve legibility and fluency.35 Instruction of handwriting is 

inconsistent among teachers and schools.36,37 A survey study found the duration and 

modality of handwriting instruction for kindergarteners to second graders wide-ranging, 

with the direct teaching of handwriting averaging between 30 to 45 minutes per week.37  

These findings replicate the results of a survey study conducted by Asher36 with 

kindergarten to fifth grade teachers.  Respondents in this study also demonstrated high 

variability among explicit instruction methods and frequency.  

As the presence of handwriting has diminished in the curriculum,34 84.9% of 

teachers felt their students’ handwriting, as well as prerequisite fine and gross motor 

skills, had also declined recently.38 In a survey study, teachers felt confined in their 

abilities to explicitly teach handwriting due to other academic requirements, but 99.3% of 

the teachers deemed learning handwriting as “very important” to “important.”  

Accordingly, Roessingh et al.18 determined that 56% of fourth grade students were 

experiencing difficulty with handwriting, which has increased from previous research, 

which found 10 to 34% of typically developing fourth and fifth students struggling with 

handwriting.39   These studies were conducted pre-pandemic, and online instruction 

during the pandemic was found to further negatively impact the amount of explicit 

handwriting instruction that was able to be incorporated into the curricula.40   

1.2.1.2 Occupational Therapy and Handwriting 
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Difficulty with handwriting is the most frequent reason for referral for school-

based occupational therapists.41  Children who struggle with handwriting may experience 

concurrent issues.  Children who exhibit poor handwriting frequently were awarded 

lower grades than students with superior handwriting, even in the face of comparable 

content.42 Also, children who have handwriting delays often have decreased speed and 

are not able to generate as much content43; have pain and difficulty with handwriting; 

avoid handwriting; and can have associated anxiety and low self-efficacy.44  Although 

explicit teaching of handwriting has declined,45 it continues to impact a child’s academic 

success and confidence.46,47  

School-based occupational therapists report addressing handwriting outcomes in 

up to 75% of their caseload.48 Although occupational therapists are frequently consulted 

for handwriting delays, there is no gold standard in how improve the handwriting 

performance.  Occupational therapists utilize a variety of approaches when addressing 

handwriting with clients.  A survey with 198 school-based therapists found over 130 

different modalities were identified as used in handwriting treatment.49   A multisensory 

approach was the most common with 92% of the occupational therapists indicating they 

used this modality with clients.  Multisensory interventions included adaptation of 

writing tools and surface; commercially available handwriting programs, such as 

Handwriting Without Tears®, Callirobics; or use of a play-based approach to target 

foundational skills, such as visual-motor integration, visual perception, fine motor 

development.49 Federer et al.50 also found a varied approach used for handwriting by 

pediatric occupational therapists, with 90% using a sensorimotor approach. However, in a 

systematic review of the handwriting research, treatment approaches that focus on 
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improvement of isolated component-level sensorimotor skills (e.g., visual motor 

integration, visual perception, kinesthesis, fine motor manipulation) were not effective in 

improving legibility.51 The systematic review also found the handwriting research to 

encapsulate a range of different handwriting modalities, including therapeutic practice, 

self-evaluation, and remediation of skills with therapeutic practice and self-evaluation to 

be the most effective.51 It has been found that use of handwriting as the treatment 

intervention to be the most successful approach,51,52 which is considered an occupation-

as-means approach as the intervention itself is practicing the targeted goal of therapy.53   

1.2.1.3 Telehealth in Occupation Therapy 

Handwriting goals are not only targeted in the school-based setting, but in 

outpatient pediatric settings as well.  Accordingly, the majority of the research on 

handwriting has been conducted face-to-face in the school or outpatient settings. 

However, telehealth in pediatric occupational therapy is increasing in use. The American 

Occupational Therapy Association54 (AOTA) defines telehealth as the delivery of 

occupational therapy services, including evaluations, consultations, preventative sessions, 

and/or therapeutic visits, delivered virtually through information and communication 

technology.  The COVID-19 pandemic served as a catalyst to promote the use of 

telehealth in the occupational therapy.  In a global survey by Ganesan et al.,55 60.7% of 

responding occupational therapists used telehealth during the pandemic versus 36.1% 

before the pandemic. Of the respondents, only 2% were from the United States. In a 

subsequent survey, an even more dramatic increase in adoption of telehealth was noted 

with 92% of occupational therapists had not used telehealth pre-pandemic whereas 99% 

reported having used it during the pandemic.56 The differences in adoption of telehealth 
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could be due to variability in respondents between the two studies, as 97% of the 

respondents were American in the second study56; which aligns with previous findings of 

practitioners in the United States reporting higher use of telehealth services.57 Seventy 

eight percent of occupational therapists relayed they will continue to use telehealth as the 

pandemic contact restrictions lessen58; thus, telehealth is a service delivery method that is 

poised to sustain. 

 Research into the effectiveness of telehealth as a service delivery method is 

continuing to grow.  Associated advantages with telehealth have been reported with 

pediatric occupational therapy from both the client and clinician perspectives. Caregivers 

relayed many perceived benefits associated with telehealth, such as it is family-centered 

and increased caregiver involvement in the session; more accessible and flexible to the 

family needs; easier to fit with the child’s routines and natural setting59; and children felt 

more relaxed being able to complete therapy in their own homes.60  Occupational 

therapists reported both advantages and disadvantages with telehealth as a service 

delivery method.  Telehealth benefits included increased access to clients in rural or low-

income areas; decreased time between referral for services and evaluation61; and 

improved attendance and adherence to home exercise programs.62 Barriers associated 

with telehealth included lack of technology support57; difficulty evaluating and 

monitoring client progress63; and the need for physical facilitation of occupations.60 The 

AOTA64 has called for further research on telehealth effectiveness for occupational 

therapists. Since the pandemic sparked a sharp increase in telehealth utilization in 

pediatric occupational therapy, the research is lagging behind on the effectiveness of 

telehealth interventions. 
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 Stating the Problem 

 Handwriting is a foundational skill in writing literacy. Research has found 

handwriting to have positive correlations with spelling,23,25 compositional abilities,16,18 

and early reading skills.26,65-67  However, handwriting has progressively declined in its 

incorporation into elementary school curricula.45  Accordingly, referrals for occupational 

therapists to address handwriting delays remain consistent.41  Sensorimotor and 

multisensory activities have been found to be the most common intervention techniques 

employed by occupational therapists49,50; however, focus on improvement of isolated 

sensorimotor component skills does not translate into improvements in handwriting 

legibility.51,52 The most effective intervention approaches are where handwriting itself is 

the targeted activity,51,52 thus occupation-as-means.53  There has been evidence that 

multisensory, manualized curricula where handwriting is explicitly instructed and 

practiced, such as Handwriting Without Tears® (HWT), are effective interventions to 

improve handwriting outcomes.68-70  HWT and other manualized curricula have yet to be 

researched via a telehealth delivery format, which is increasingly being used by 

occupational therapists.55,63 Additionally, literacy benefits associated with the manualized 

handwriting curricula, such as HWT, have yet to be researched. Thus, there is a critical 

need to understand if manualized handwriting curricula, specifically HWT, has positive 

correlations with other areas of literacy and determine the effectiveness and feasibility of 

delivering a handwriting curriculum via telehealth. 

 Research Purpose & Approach 

 The overall goal of this research is to further understand the role of handwriting as 

a foundational literacy skill.  We plan to determine the effectiveness of the Handwriting 
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Without Tears® (HWT) curriculum via telehealth delivery on the literacy outcomes of 

handwriting speed, handwriting legibility, and spelling. Additionally, this research will 

contribute to the understanding of the effectiveness and feasibility of handwriting 

interventions via telehealth delivery.  The Specific Aims for this research are as follows.  

Specific Aim 1: Investigate the feasibility and effectiveness of the HWT curriculum via 

telehealth for lower elementary aged children who are typically developing. 

 A pilot study (Chapter 3) was conducted with a first grade female with no 

identified difficulties with literacy.  The participant attended 18 total synchronous 

telehealth visits with the primary investigator, an occupational therapist, including 

evaluation and posttest.  The primary investigator delivered 16 HWT lessons via 

synchronous telehealth using HWT associated physical manipulatives, three times weekly 

for five weeks.  We hypothesized the participant would exhibit improvements in 

handwriting speed, legibility, and spelling. Additionally, we postulated a telehealth 

delivery would be a feasible and effective service delivery method to ascertain these 

results.  

Specific Aim 2: Determine the effectiveness of the HWT via telehealth on handwriting 

and spelling outcomes for lower elementary children with handwriting and/or spelling 

difficulties.  

 Twelve second and third grade participants with handwriting and/or spelling 

difficulties were recruited for this repeated baseline case series design (Chapter 4).  As 

children are highly variable in their development, each participant served as their own 

control to account for this variability. It was hypothesized that children with handwriting 
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and/or spelling difficulties would improve in handwriting speed, handwriting legibility, 

and spelling abilities after attending seven synchronous HWT lessons via telehealth and 

14 asynchronous virtual HWT lessons.  

 Theoretical Approach 

 The Occupational Therapy Practice Framework 4th edition, neuroplasticity 

principles, and the Self-Determined Occupational Performance Model will serve as the 

theoretical perspectives used to address handwriting in occupational therapy. They will 

be briefly introduced below and discussed in detail in Chapter 2. 

1.5.1 Occupational Therapy Practice Framework and Neuroplasticity 

The Occupational Therapy Practice Framework1 (OTPF) guides occupational 

therapists to approach therapy in a holistic manner in order to capture the complexity of 

occupational performance. This is especially important with handwriting as it is a highly 

variable occupation dependent on the child, their abilities, and the context in which it is 

being performed. The OTPF guides the clinician to consider the domains of performance 
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skills, client factors, performance patterns, contexts, and occupations as to how clients’ 

participation and engagement is supported.1 See Figure 1.1. 

1.5.1.1 Performance Skills 

Occupational therapists work with clients to improve their performance skills, 

which are the abilities required to participate and engage in occupation, including motor, 

process, and social interaction skills.1  At a neurological level, these performance skills 

can be enhanced using principles of neuroplasticity. Neuroplasticity is the “brain’s ability 

to encode experience and learn new behaviors.”71  Research has shown children exhibited 

neuroplastic changes in response to sensorimotor and/or cognitive-based interventions.72   

Thus, children are able to learn new occupations with sustained neurological change in 

response to occupational therapy treatment. 

Figure 1.1: Overview of the OTPF1 
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Neuroplasticity principles should be incorporated into interventions to strengthen 

outcomes.72 There are ten neuroplasticity principles listed in Table 1.1.71 As determined 

in the handwriting research, specificity and repetition are intervention factors that predict 

improved results. In multiple systematic reviews, specificity, or focus on handwriting 

itself during the intervention, using occupation-as-means,53 generates progress in 

handwriting outcomes.51,52 When therapy is focused on increasing component level skills 

(e.g., fine motor manipulation, visual motor integration, visual perception) without 

incorporating handwriting into treatment, legibility was not improved. This corresponds 

to the research in neuroplasticity as neural changes were  

Table 1.1.  Neuroplasticity Principles71 

associated with practice of the actual skill, or occupation, the person is learning.71 

Additionally, Hoy et al.52 found repetition to be the key predictor in handwriting 

advances; which again correlates to the neuroplasticity principle of repetition and 

intensity are required for sustained results.71 An additional neuroplasticity principle is 

“use it and improve it,” where skill have to be  used in order to improve.71  This aligns 

with the use of repetition and specificity in treatment; however, handwriting is often 

Neuroplasticity Principles 

Use it or lose it 

Use it and improve it 

Specificity 

Repetition 

Intensity 

Timing 

Salience 

Age 

Transference 

Interference 
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overlooked in explicit curricular instruction diminishing opportunities for repetition and 

solidification of skills.45  

Neuroplasticity principles indicate when neurons are activated together, the 

synapses are strengthened and preserved,73 supporting the use of handwriting as a piece 

in the larger puzzle of literacy. There is a neurological overlap of handwriting with 

reading, writing, and spelling pathways, supporting the direct relationship between 

handwriting and other areas of literacy.26-28  Suggate et al.29 postulated by enhancing 

handwriting, one could actually strengthen the pathways involved in other literacy areas 

and promote neurological change.   

1.5.1.2 Client Factors 

The OTPF directs occupational therapists to also consider client factors. When 

occupational therapists successfully incorporate subjective client factors, such as 

interests, values, and motivation, into literacy occupations, engagement has been shown 

to improve.74  The neuroplasticity principle of salience supports the integration of client 

factors in treatment as well.  An experience needs to be meaningful to a client to gain 

their motivation and attention. The client factor of autonomy, or the need for 

occupational choice and independence, is also found to be highly important to literacy 

engagement.75 When a child is asserting occupational choice, they perceive the selected 

occupations as meaningful, gratifying, and achievable.76  As a child’s autonomy is 

supported, motivation and subsequent progress towards outcomes are improved.74,77  

1.5.1.3 Performance Patterns 
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 Performance patterns, including habits, routines, rituals, and roles, need to be 

considered by the occupational therapist when addressing handwriting and literacy 

according to the OTPF.  Occupational therapists found telehealth to be more adaptable to 

families’ routines and thus, clients were more comfortable.58,60,78  Additionally, 

caregivers reported due to the decrease in travel time, therapy via telehealth was more 

accessible and less of a disruption to their schedules than in-person therapy.59  

1.5.1.4 Context 

Context is another key domain to be contemplated when working towards literacy 

engagement.1 Utilizing a sensory-rich environment has been found to improve 

neuroplastic changes in treatment.72,79 Additionally, therapy in a home setting can 

promote practice of occupation in a natural environment. In a survey by Wallisch et al.,59 

caregivers preferred that telehealth was delivered in their typical environment, as it was 

within the rhythms of the client’s day as well as in their chosen context.   Occupational 

therapists echoed the same sentiment.58  Occupational therapists found by delivering 

services at home via telehealth, there was increased recruitment for members of the 

client’s social context, such as caregivers and other family members, to participants.  The 

client and family members also exhibited more security and relaxation by engaging in 

therapy in their preferred environment.58  By reducing stress, a client is more open to 

neuroplastic changes.79  

Kleim and Jones71 include timing, or the temporal context, as a principle in 

neuroplasticity.  They explain that learning and subsequent plasticity appears to precede 

and can be dependent on one another.   As handwriting is a foundational skill, it needs to 
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be taught and solidified prior to other higher-level skills as supported in the Simple View 

of Writing.15   

1.5.2 The Self-Determined Occupational Performance Model 

 The Self-Determined Occupational Performance Model (SDOP) blends principles 

of Self-Determination theory74 and the Person-Environment-Occupation Performance 

Model80 to target handwriting outcomes when working with children.2  This model 

reinforces the transactional relationship described above in the OTPF between the person, 

context, and occupation in achieving occupational performance. In the person domain, 

autonomy, is emphasized where the child should have occupational choice in order to 

improve motivation and engagement in handwriting.76  The environment domain not only 

encompasses the social, cultural, temporal, and physical concepts of concepts from the 

OTPF, but stresses the importance of relatedness for children.  When a person feels a 

sense of belonging, or relatedness, their intrinsic motivation to participate in occupational 

pursuits, such as handwriting and writing, will be improved.76,81  Lastly, the occupation 

domain highlights the Self-Determination concept of the feeling of competency.2  

Competency can occur when a child feels knowledgeable about occupational 

expectations as well as confident in their ability to meet these expectations.82  Please see 

Figure 1.2. The SDOP model was used for this project as it complements the OTPF and 
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neuroplasticity principles as well as provides a direct application for handwriting 

interventions.  

 

 Operational Definitions 

Context: the physical, temporal, technological, social, attitudinal, institutional 

environments.1 

Literacy: the internal processes needed to create and understand contextualized visual, 

written, and verbal information, including “reading, writing, listening, and speaking” 

foundational abilities.83  

Neuroplasticity: the ability of the nervous system to undergo change and learning in 

response to experience.72 
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Occupation: activities that a person needs to do, wants to do, has to do that provoke 

meaning and purpose within the person.1   

Occupation-as-Means: when occupation is used at the treatment intervention itself.1 

Salience: the meaning a person ascribes to an experience.71   

Telehealth: the delivery of health services, including assessment, monitoring, 

consultation, prevention, and treatment via through information and communication 

technology.54  

 Assumptions 

It was assumed that:  

1. All participants provided an honest and accurate representation of their 

demographic information.  

 Limitations 

1.  A convenience sample was chosen for the studies for both Aim 1 and Aim 2; 

thus, the participants were not representative of the larger population of children 

experiencing difficulty with handwriting and/or spelling. 

2. All participants maintained their typical instruction in spelling and handwriting 

during and outside school to minimize disruption to their normal performance 

patterns.  However, the effects of the intervention cannot be fully isolated from 

the alternate instructional benefits. 

 Delimitations 

1.  Participants were varied in their difficulty with spelling and/or handwriting and 

their current instruction during the study. However, it was felt this variability 
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would be representative of a typical pediatric caseload held by an occupational 

therapist. 
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 LITERATURE REVIEW 

 Introduction 

 The purposes of this review were to: 1) discuss the literature of handwriting 

and/or spelling interventions currently used with children with literacy difficulties; 2) 

discuss the literature on current pediatric telehealth practices; 3) introduce the blending of 

the Occupational Therapy Practice Framework 4th edition, the Self-Determined 

Occupational Performance Model and neuroplasticity principles to literacy as the 

theoretical perspective used to address handwriting in occupational therapy.   

 Handwriting and/or Spelling Interventions for Children with Literacy Difficulties 

 The following was a systematic review conducted by Bray, Skubik-Peplaski, and 

Ackerman84 that discussed the effectiveness of handwriting and/or spelling interventions 

for children with literacy difficulties.84  This is an ‘Accepted/Original Manuscript’ of an 

article published by Taylor & Francis Group in the Journal of Occupational Therapy, 

Schools, & Early Intervention on June 4, 2021, available online: 

https://www.tandfonline.com/doi/abs/10.1080/19411243.2021.1934227?journalCode=wj

ot20 

2.2.1 Introduction 

Literacy is deeply embedded across occupations throughout the lifespan.7  It is a 

difficult concept to define because it is dependent on an individual’s context and 

occupation,85 but hinges on a person’s receptive and expressive language abilities, 

including reading, oral and written expression, listening, and viewing.86  Literacy 

mastery is entrenched throughout the occupational roles of peoples’ lives, contributing 

https://www.tandfonline.com/doi/abs/10.1080/19411243.2021.1934227?journalCode=wjot20
https://www.tandfonline.com/doi/abs/10.1080/19411243.2021.1934227?journalCode=wjot20
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significantly to their overall occupational success.  This is never more evident than in a 

child’s occupational role as a student. 

Historically, occupational therapists have been known for their niche in addressing 

handwriting, especially in school systems.87  In recent years, occupational therapists have 

begun to expand their role past handwriting into other aspects of literacy, especially 

engagement in literacy activities.51,87-89  This is a natural progression as educational 

participation has been an identified occupational category in the Occupational Therapy 

Practice Framework1 (OTPF), which includes engagement in reading, math, and 

academic coursework.  Furthermore, as literacy endeavors are highly contextualized and 

individualized,85 the contribution of occupational therapists is complementary to the 

educational team due to the unique emphasis our education and training has on client-

centeredness and context.  The OTPF specifies that occupations are personally 

meaningful activities that are used as both the intervention in therapy, the ‘means’, and 

also the outcome of therapy or ‘end’.1  

Occupational therapists address the individual’s performance patterns and skills 

to enhance educational occupational performance.  Thus, occupational therapists need to 

recognize their role in literacy and how it impacts the occupational performance of 

students in order to better assist educators and others on the academic team.90  Children 

with specific learning disabilities (SLD) have many occupational performance issues in 

school, especially in literacy-related activities.91  SLD are classified as language 

disorders,34 which include dyslexia, dysgraphia, developmental aphasia, brain injury, or 

perceptual disabilities92 (IDEA).  As defined by IDEA, a SLD is when “one or more of 

the basic psychological processes involved in understanding or in using language, spoken 
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or written, that may manifest itself in the imperfect ability to listen, think, speak, read, 

write, spell, or to do mathematical calculations.”92  Berninger et al.34 define the SLD of 

dyslexia as a developmental condition that affects reading and spelling skills; yet is not 

related to a child’s intellect or educational resources.  Dysgraphia is a developmental 

disorder that affects a child’s ability to produce legible writing.34 

Twenty percent of the worldwide population present with dyslexia.93  The 

prevalence of concurrent writing and spelling disorders is high with those who have been 

diagnosed with dyslexia: 94 to 96% of children with dyslexia also present with 

dysgraphia12;  and 95% of students with reading delays have diminished spelling.94 

Transcription skills, or handwriting and spelling abilities, are key components in 

literacy as they are positively correlated with compositional aptitude.34  Berninger et al.95 

described handwriting and spelling as low-level processes that contribute significantly to 

the higher-level processes of planning, composing, and revising.  With the rise in 

technology, the importance of transcription, especially handwriting, is frequently 

overlooked.34  Yet, McMaster and Roberts33 found that children are involved in pencil-

to-paper tasks (i.e., mostly handwriting) 20 to 50% of their school day.  Handwriting is 

currently only included in the Common Core Standards for kindergarten and first 

grades10; yet, handwriting is used most frequently in third through fifth grades.33  

Additionally, Collette, Anson, Halabi, Schlierman, and Suriner37 found minimal 

consistency in the manner and amount of which handwriting was addressed among 

kindergartners to second graders, with direct instruction time averaging around 30 to 45 

minutes per week through a survey study.  Handwriting plays a major role in a child’s 

self-efficacy, outlook, and academic success throughout school.47,96  It promotes 
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development of writing skills, such as spelling and composition, both at a sentence and 

essay level.97,98  Additionally, it also has been found to improve reading development.67  

Children who were more proficient with writing demonstrated improved early reading 

abilities, such as with naming letters, phonetics, and reading at a word level.67,99   Along 

with handwriting, spelling is a critical piece of composition, hence written expression.  

Accordingly, the ability to spell is related to the quality of written work.100  Children who 

struggle with spelling often are at risk for decreased compositional aptitude and 

academic success.34  Improving one’s spelling skills is positively correlated with writing 

and reading abilities.99-101 

Difficulty with handwriting and spelling can disrupt the compositional skills of 

children with SLD.97  It has been estimated that 90 to 98% of children with SLD have 

fine motor issues and/or struggle with handwriting.102  In fact, deficits in handwriting can 

be an indicator of a SLD.103  Additionally, spelling is one of the most frequent challenges 

for children with SLD.104   Often the difficulties that children face with spelling (e.g., 

frequent in-word pauses) negatively impact handwriting by disrupting the fluency of 

transcription.105  Even in copying tasks, 58% of children with dyslexia make spelling 

mistakes.105  It has been found that handwriting and spelling deficits can persist unless 

treated.102,103,106   

Most existing literature focuses on reading interventions for children with SLD12; 

however, deficits in handwriting and spelling are prevalent.  Reading, writing, 

handwriting, and spelling are interrelated skills with neurological overlap that cannot be 

fully teased apart.26-28,107  Suggate et al.29 found evidence of shared neural pathways 

between handwriting and reading abilities, and consequently proposed that due to this 
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neurological overlap, reading abilities could potentially be strengthened with 

improvements in handwriting.  Research has also found that as transcription abilities 

become automatic, more cognitive resources become available for higher-level writing, 

such as planning, composing, and revising text.34,105  As occupational therapists begin to 

venture into a greater understanding of literacy, it is imperative to recognize the 

importance of transcriptional abilities and their impact on academic literacy.  However, 

there is currently a lack of a systematic review critically evaluating the research available 

for handwriting and spelling interventions for children with SLD.  With the importance 

of evidence-based practice, this systematic review investigated the effectiveness of 

interventions in promoting handwriting and spelling in children with SLD to further 

inform occupational therapy practice.  

2.2.2 Methods 

2.2.2.1 Inclusion/Exclusion Criteria 

A systematic search of the literature was conducted to determine the effectiveness 

of handwriting and/or spelling interventions with children with SLD on handwriting 

and/or spelling outcomes.  Prior to the initiation of the systematic review, an informal 

agreement occurred between the first two authors, indicating scope and focus of review, 

including search terms, inclusion and exclusion criteria.  Both authors were experienced 

with handwriting; the first author additionally has extensive knowledge of spelling and 

the second author has 10 years of quantitative and qualitative research experience. 

Articles were included if they researched children with an SLD; investigated the 

effect of an intervention on handwriting and/or spelling outcomes; were written in 

English; were published in a peer-reviewed academic journal; and published in 2008 or 
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later.  Articles were excluded if handwriting and/or spelling were not the primary 

outcomes, such as articles about writing composition or reading only interventions; 

investigated children where SLD was not the primary diagnosis, such as children with 

developmental disabilities; and articles that only had an abstract.  Articles were also 

excluded if spelling interventions were not conducted in English because of the unique 

nature of spelling in the English language (i.e., specific rules, phonetic components).  For 

this systematic review, the definition by the IDEA92 described above was used to define 

SLD. 

2.2.2.2 Literature Search 

The literature search was completed using EBSCOhost with the search databases 

of Academic Search Complete, CINAHL with full text, ERIC, MEDLINE, Psychology 

and Behavioral Sciences Collection, APA PsychINFO, and the Teacher Reference 

Center.  This systematic review began in 2018, thus literature was searched from January 

1, 2008 with March 30, 2020 as the day of the last search.  Two separate searches were 

conducted to locate interventions targeting handwriting and those targeting spelling.  The 

search terms indicated the person or a child with a learning disability, intervention, and 

outcome of handwriting or spelling with synonyms to maximize results.  The search 

terms and Boolean operators are displayed in Table 2.1 below. 

Table 2.1. Search Terms and Boolean Operators 

Population Intervention 
Handwriting 

Outcome 

Spelling 

Outcome 

Child  OR; 

Children  

OR; 
Pediatric 

A

N

D 

Dysgraphia OR; 

Dyslexia OR; 

Learning 
Disability 

A

N

D 

Treatment OR; 

Intervention 

A

N

D 

Handwriting OR; 

Writing 

Spelling 
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2.2.2.3 Study Selection 

The titles and abstracts were screened to determine if the article warranted 

independent further review by the first author.  If the title and abstract indicated that the 

research investigated the use of a therapeutic intervention to improve the handwriting 

and/or spelling outcomes for children with SLD, it underwent a full read.  Once an article 

was read and determined that it met the inclusion and exclusion criteria, further synthesis 

of the results was completed as described below.  A hand search of the reference lists 

from the included articles was conducted as well as a review of the research on 

handwriting websites, such as Learning Without Tears, Zaner-Bloser, and D’Nealean, 

and Loops and Other Groups.  Systematic reviews and meta-analyses for literacy 

interventions were also hand searched for potential relevant studies to be included. 

2.2.2.4 Data Collection 

After the literature search was complete, the first author independently extracted 

relevant data.  This data, which included authors’ name; publication year; research 

design; participant characteristics, such as sample size, age, diagnosis, and gender; 

intervention information for all participant groups, such as type, frequency, who 

performed intervention, and format (i.e., individual, group); handwriting and/or spelling 

outcome measurement used; language of outcome measure; when outcomes were 

measured; and the results were entered into a table.  Additional comments and relevant 

information were placed in a separate document. 

2.2.2.5 Study Quality 
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The methodological quality and risk of bias were assessed using the questions 

from the Downs and Black108 checklist.  The checklist is a 26-item tool that examines the 

internal validity (bias and confounding), external validity, and quality of reporting for 

randomized and non-randomized studies.  Each metric was scored as to whether it was 

present, not present, unable to be determined, or not applicable for the individual study, 

with the highest score allowed at 27 points.  For the purposes of this systematic review, 

articles were found to be of high quality if scored at 60% or above, moderate quality if 

40–59%, and limited quality if below 40%.  High quality indicated the study was well 

designed, minimizing bias and confounding, while maintaining a high degree of external 

validity and reporting. 

2.2.2.6 Analysis of Results 

Due to the variability in assessment tools used, effect sizes were determined to 

provide an unitless measure to directly compare outcomes between studies.  The effect 

sizes were calculated using Hedge’s g and 95% confidence intervals.  Hedge’s g effect 

sizes use the difference between the pre/posttest means, which are then divided by 

pooled standard deviations for all intervention groups who had a SLD.  Control groups 

were excluded if the participants did not have a SLD and/or did not participate in a 

specified intervention.  The effect size was found to be small if between 0.2 and 0.49, 

medium if between 0.5 and 0.79, large if between 0.8 and 1.29, and very large if over 

1.3. 

The Strength of Recommendation Taxonomy109 was also used to categorize the 

evidence supporting the handwriting and/or spelling interventions for children with 

learning disability.  Research is found to be of grade A quality if there is consistent, high 
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quality, patient-centered evidence; grade B if there is varying, limited quality, patient-

centered evidence; and grade C if there is consensus, disease-centered evidence. 

2.2.3 Results 

2.2.3.1 Study Selection 

The literature search for handwriting produced 599 articles, which narrowed to 

365 after duplicates were removed.  After screening abstracts against the inclusion 

criteria, 10 articles were read in full and four were eliminated as they did not meet the 

inclusion criteria upon further reading.  A hand search of the reference lists from the 

included articles was conducted, but no novel research was found.  Finally, research on 

handwriting websites was reviewed, but did not yield studies that met the inclusion 

criteria.  One of the studies found was a pilot study conducted by Baldi and Nunzi103 with 

three participants, one of which did not have a SLD.  The first and second authors 

decided to include the study and to analyze the results of the remaining two participants 

with diagnosed SLDs. 

The literature search for spelling produced 549 articles, which narrowed to 251 

after duplicates were removed.  After screening the abstracts against the inclusion 

criteria, eleven articles were found.  From this process, two articles were read further and 

found to be conducted in non-English formats.110,111  Nine articles were read in full and 

four were eliminated as they did not meet the inclusion criteria.  A hand search was done 

on systematic reviews for spelling interventions with children with SLD and one study 

warranted further review which was subsequently not included as it was not an 

intervention study Please refer to Figure 2.1 for further information on the literature 

search process. 
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2.2.3.2 Study Characteristics 

Of the eleven studies included in the final review, two were randomized control 

trials, three were quasi-experimental, and six were single-case design.  Eight of the 

studies were a level 2b of evidence according to the Centre for Evidence-Based 

Medicine112 and three were a level 4, all of which had extremely small sample sizes and 

used non-standardized outcome measures.103,113,114  

In both the handwriting and spelling literature, there was overlap between 

research teams and interventions used.  For the handwriting results, Chang and Yu46,115 

conducted two studies with similar aims.  The spelling results included two studies with 

overlapping research teams investigating the use of hope stories coupled with different 

interventions.116,117  Additionally, two studies evaluated the efficiency of the Cover, 

Contrast, and Compare intervention113,114 (CCC).  Finally, two studies researched both 

handwriting and spelling outcomes, conducted by substantially similar research teams, 

using related interventions centered around the Human Assisted Writing Knowledge 

program34,117 (HAWK). 

The interventions across studies generally fell into the overarching categories of 

tablet- based, visual perceptual and/or sensorimotor, and self-management.  A theme of  
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Figure 2.1: Flow Chart of Literature Search 

 

occupation-as means versus occupation-as-ends arose as well, which will be further 

detailed below.  Table 2.2 summarizes the studies, including participant characteristics, 

interventions investigated, and intervention group results. 

2.2.3.3 Study Quality 

The first two authors separately completed the Downs & Black checklist108 and 

after discussion, reached a strong agreement (0.82 Cohen’s kappa) for risk of bias and 
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critical appraisal.  Many possible threats to the validity of the studies were found by both 

authors. 

Only one of the studies utilized blinded assessors118 and no blinding for 

participants was found in applicable designs.  Compliance of treatment was reported 

27% of the time, so it was unclear if participants attended all visits and if they completed 

home programs if applicable.  Attrition rates were also inconsistently reported across 

studies.  It was unable to be determined if participants, both in the intervention and 

control groups, were recruited simultaneously or staggered across studies.  Confounding 

was not addressed in all the studies, except one where it was only partially alluded,118 

and concealed allocation was not completed throughout the research.  The majority of the 

studies (73%) were found to be of moderate strength using the Downs and Black108 

checklist with two of high quality and one of limited quality. Table 2.3 summarizes the 

results for risk of bias across studies and critical appraisal scores.  The. results from only 

12 of the metrics were displayed, including those that investigated specifically 

performance, reporting, detection, selection, and attrition biases. 

2.2.3.4 Effect Sizes 

Hedge’s g effect sizes and 95% confidence intervals were calculated for nine of 

eleven of the studies.  Effect sizes were not calculated for two studies: Verma, Begum, 

and Kapoor119 results were differences in  pre/posttest means and standard deviations and 

it was unclear the standard deviations were pooled; and the Zielinski et al.114 study 

because a standardized assessment was not used and the accuracy of spelling was 

determined based on the performance on the participants’ spelling for their individual 
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classroom weekly assigned vocabulary words, which varied across participants, meaning 

the effect sizes would not serve as a true comparison to the other studies. 

Other considerations about effect sizes were made due to study-specific 

conditions.  The Baldi and Nunzi103 study had a sample size of three and used descriptive 

statistics for each of the three participants.  Therefore, the mean of each specific outcome 

for the two participants with a SLD (the third was only found to have poor handwriting) 

and pooled standard deviation were calculated.  Additionally, means and standard 

deviations were calculated for the results of the Schlesinger and Gray118 and Zannikos et 

al.113 studies to determine the effect size.   Finally, the results of the word choice subtest 

of the Process Assessment of the Learner (see Berninger et al., 2013) were not included 

in effect sizes as they were not presented as means and standard deviations. 

The handwriting outcome measures, because heterogeneous across studies, were 

separated as those that measured quality and those that measured speed.  Spelling was 

measured in accuracy calculations across studies with certain studies examining total 

words correct versus phonetic spelling.  Not all studies had a control group and if they 

did, the control group did not always have a comparable baseline, thus the within group 

effect sizes were calculated only.  See Figures 2.2-2.4 for effect size plots. 

 

 



Table 2.2. Description of Studies
Article Client Group Intervention Comparison Outcome Measure  Intervention Results 

Intervention 

Group 

Control Group Treatment Frequency Control Group Assessment(s) 

Used 

Follow-

up 

Baldi & 

Nunzi103         

Single case 

design

4 

Handwriting 

N=3; Mean age: 

112 months; 

Grade: 4; Gender: 

male; Diagnoses: 

one participant 

with dyslexia; 

one with dyslexia 

and 

developmental 

coordination 

disorder 

No control Handwriting Task 

Program (performance-

oriented program that is 

a graded, child-specific 

training activities) 

45 min, 

2x/week for 

13 weeks. 

Homework 

for 15-20 min 

5-6 

days/week. 

(Individual

vs. Group is 

not indicated)

N/A Writing analysis of 

four dysgraphic 

characteristics; 

Battery for the 

assessment of 

writing skills of 

children from 7 to 

13 years old, which 

measures speed and 

accuracy  

(Italian) 

Post-

test, 1 

month 

follow-

up, 3 

month 

follow-

up  

All participants had significant 

reduction in visual-spatial, 

inadequate motor learning, and 

motor efficiency errors  in 

handwriting; Improvements in 

handwriting speed were made  

from pre- to post-test for all.  

Berninger et 

al.116.   

Quasi-

experimental 

design

2b 

Spelling 

N=12; Age: 9-14; 

Grade: 4-9; 

Gender: 2 

females, 10 

males; Diagnosis: 

dyslexia 

N=12; Age: 9-14; 

Grade: 4-9; Gender: 

3 females, 9 males;      

Diagnosis: dyslexia 

Teacher-led Hope 

Stories, discussion, 

journal. Four step 

treatment program. Step 

1: Phonological reading; 

Step 2: Phonological 

reading and spelling; 

Step 3:Phonological 

reading/spelling, 

orthographic training; 

and computerized 

reading program; Step 4:  

morphological training 

and computerized 

reading program 

1 hour, 

2x/week for 

30 lessons 

over 5 

months. 

(Group) 

Teacher-led 

Hope Stories, 

discussion, 

journal. Four 

step treatment 

program. Step 

1: Phonological 

reading; Step 2: 

phonological 

reading and  

awareness; Step 

3: Same as step 

2; Step 4: 

orthographic   

training 

Spelling subtest of 

the WJ III; Spelling 

subtest of the 

WIAT 2; Word 

Choice subtest of 

the Process 

Assessment of the 

Learner  

(English) 

Post-

test 

Significant gains achieved in 

spelling by both groups. For 

intervention group, significant 

improvement after step 3 as 

compared to control. Gains 

levelled out during Step 4 as 

intervention group plateaued and 

control group continued to 

progress. 

Berninger et 

al.34     

Single case 

design

2b 

Handwriting 

and Spelling 

N=35; Age: 10 

years, 4 months 

to 14 years; 

Grade: 4-9; 

Gender: 80% 

male; Diagnoses: 

dysgraphia 

(n=13), dyslexia 

(n=17), OWL LD 

(n=5) 

No control HAWK program on 

iPad for handwriting, 

spelling, and 

composition; stylus and 

finger used 

2 hours, 18 

lessons; span 

of time over 

which the 

lessons were 

provided is 

not indicated 

(Individual) 

N/A DASH Best and 

Fast; Alphabet 15s; 

Test of 

Orthographic 

Competence (TOC) 

(English) 

Post-

test 

Participants had significant gains 

in both DASH scores and in the 

Alphabet 15s score for cursive 

letters. DASH Copy Best was 

most significant gain. Twelve of 

13 of the students with 

dysgraphia improved in their 

handwriting scores. Medium 

effect size for spelling 

improvements in all participants. 

3
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Table 2.2. Description of Studies (Continued)
Article Client Group Intervention Comparison Outcome Measure  Intervention Results 

Intervention 

Group 

Control Group Treatment Frequency Control 

Group 

Assessment(s) 

Used 

Follow-

up 

Chang & Yu115    

Randomized control 

trial      
2b 

Handwriting 

N=14; Age 

for total 

sample: 6 
years 8 

months to 8 

years 7 

months; 

Grade: 2-1; 
Gender for 

total sample: 

33 males, 9 

females; 

Diagnosis: 
dysgraphia 

N=14 for 

control group 

and N=14 for 
sensorimotor 

group. The 

groups were 

matched by 

age, gender, 
and preferred 

hand to the 

intervention 

group. 

Computer-assisted 

handwriting 

remediation program 

45 minutes, 

2x/week, 6 

weeks; 
(Individual)  

Comparison 

of 

sensorimotor 
intervention 

(group) and 

control 

received 

handwriting 
instruction 

in the 

classroom 

Elementary 

reading and 

writing test; 
Pen movement 

measurements 

including, 

mean pause 

time, mean 
peak velocity, 

and mean 

exerted force 

(Chinese) 

Post-

test 

Computer group had significant 

improvement in speed of near 

point copy test, handwriting 
fluency, and exerted force. The 

sensorimotor group had 

significant improvement in near 

point copy test. 

Chang & Yu46

Randomized control 

trial                  2b 

Handwriting 

N=14; Mean 

Age: 82.14 

months 

(6.84); 
Grade: 1-2; 

Gender for 

total sample: 

24 males, 4 

females; 3 
left-handed; 

Diagnosis: 

dysgraphia 

N=14; Mean 

Age: 82.36 

months (6.90); 

Grade: 1-2; 2 
left-handed; 

Diagnosis: 

dysgraphia; 

Sensorimotor with 

emphasis on visual 

and haptic perception. 

Intervention delivered 
by occupational 

therapists  

45 min 

2x/week for 

6 weeks 

(Group) 

Handwriting 

instruction 

in 

classroom. 

Battery of 

Chinese Basic 

Literacy     

(Chinese) 

Post-

test 

 Significant improvement in 

handwriting speed of far-point 

copying and handwriting 

accuracy while copying, with 
greatest gains in accuracy of 

far-point copying. 

Fusco et al.120

Quasi-experimental 
design

2b 

Handwriting 

N=10; Age: 

8-11; Grade:
3-5; Gender:

not specified;

Diagnosis:

dyslexia 

N=10; Age: 8-

10, paired 
gender and age 

with control; In 

good academic 

standing 

Visual motor and 

visual perceptual 
exercises 

50 min 

2x/week for 
6 weeks 

(Individual) 

Visual motor 

and visual 
perceptual 

exercises 

Dysgraphia 

Scale      
(Portuguese) 

Post-

test 

 Significant gains in 4 of 10 

items on Dysgraphia Scale.  
Participants improved from 

80% of children presenting with 

dysgraphia to 40% post-

intervention.  
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Table 2.2. Description of Studies (Continued)
Article Client Group Intervention Comparison Outcome Measure Intervention Results 

Intervention 
Group 

Control 
Group 

Treatment Frequency Control 
Group 

Assessment(s)  Used Follow-
up 

Schlesinger & 
Gray118 

Quasi-

experimental 

design 
2b 

Spelling 

N=5; Grade: 2; 
Gender: 2 

females, 3 males; 

Diagnosis: 

dyslexia 

N=6; 
Grade; 2; 

Gender: 4 

females, 2 

males; 
Typical 

developme
nt 

Multisensory structured 
language and structured 

language instruction in 

same session using two 

non-English created 
alphabet grapheme names 

with associated English 
phonemes 

6 one hour sessions, 1-
3x/week, over the course 

of 6-7 weeks 

(Individual) 

Same as 
intervention 

group 

Participants were asked to 
spell words, which were 

recorded and scored by an 

interventionist and a 

trained observer 
(English) 

Post-
test (1 

and 2 

weeks 

post) 

Treatment effect gains in spelling 
for both multistructured and 

structured language format for two 

of three participants with dyslexia, 

with greater improvements in 
structured language. 

Thompson et 
al.117 

Single case 
design 

2b 
Handwriting 

and Spelling 

N=14; Age: 9-12; 
Grade: 4-6; 

Gender: 8 males, 
6 females; 

Diagnosis: 
dyslexia 

No control HAWK program on iPad 
targeting handwriting, 

spelling, and composition; 
stylus and finger used; 

Combined with Hope 
Stories with subsequent 

group instruction and 
computer coding lessons 

2 hours weekly for 12 
weeks (Individual and 

group) 

N/A DASH Best and Fast; 
Alphabet 15; Spelling 

subtest of the WIAT 3  
(English) 

Post-
test 

Significant gains in both DASH 
scores, Alphabet 15, and in the 

spelling subtest of the WIAT 3.  
Teachers noted improvements in 

participants motivation and 
engagement. 

Verma et al.119 
Single case 

design 
2b 

Handwriting 

N=40; Age: 6-11, 
Grade: 1-4; 

Gender: 31 males, 
9 females; 

Diagnosis: 
dysgraphia  

No control Occupational Therapy Kit 
which included HWT 

materials and workbooks, 
fine motor activities, and 

multisensory activities 

45 min    3x/week for 
12 weeks (Group vs. 

Individual is not 
indicated) 

N/A  The Print Tool; HWT 
Screener; (Language not 

indicated. English 
assumed with HWT, but 

location is India.) 

Post-
test 

Significant gains in letter memory, 
placement, and sentences for 

participants in grades 1-3 and word 
and capital cursive for grade 4 

using HWT Screener. Significant 
gains in capitals lowercase, letter 

and word spacing for all 
participants using the Print Tool.  

Zannikos et 
al.113 

Single case 
adapted 

alternating 
treatment design  

4 

Spelling 

N=4; Age 10-11; 
Grade: 5; Gender: 

male; Diagnosis: 
specific learning 

disability 

No control Alternating Cover, 
Contrast, Compare 

(CCC), Taped Spelling 
Intervention (TSI), and 

control (no lesson, only 
spelling list probe) 

interventions 

Daily sessions for three 
weeks with 2 

participants receiving 7 
intervention sessions and 

2 receiving 9  
(Group) 

Same as 
intervention 

group  

Correct letter sequence, 
total words correct, and 

rate of learning were 
measured (English) 

2+ 
weeks 

post-
test 

Gains in correct letter sequence and 
total words correct occurred in all 

participants in both the CCC and 
TSI interventions with the CCC 

demonstrating more efficient and 
greater gains. All participants 

surveyed relayed a preference for 
CCC intervention. 

Zielinski et 
al.114 

Multiprobe 
single case 

design  
 4 

Spelling 

N=3; Age: 14-17; 
Grade: 9-12; 

Gender: 1 female, 
2 males; 

Diagnosis: 
specific learning 

disability 

No control CCC with spelling words 
from their weekly 

vocabulary  

2-4x/week over 2 
months with 20-22 

sessions for each 
participant; Sessions ~10 

minutes (Individual) 

N/A  Number of correct 
spelling and spelling 

errors recorded by 
observer and reliability 

checked by teacher  
(English) 

Post-
test 

Increased spelling words correct 
and decreased spelling errors when 

CCC intervention used. When CCC 
not employed, accuracy not 

maintained in participants. 
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Table 2.3. Results from the Downs and Black Appraisal Checklist108

Article 

Baldi & 

Nunzi103 

Berninger 

et al.116 

Berninger et 

al.34 

Chang & 

Yu115 

Chang & 

Yu46 

Fusco et al.120 Schlesinger 

& Gray118 

Thompson 

et al.117 

Verma et al. 
119

Zannikos 

et al.113 

Zielinski et 

al.114 

Intervention Type H S HS H H H S HS H S S 

Performance 

Bias 

Participants 
blinded 

N/A N N/A N N N/A N/A N/A N/A N/A N/A 

Assessors 
blinded 

U N U N N N Y U U N N 

Reporting Bias 

Free of 
selective 

reporting 

Y Y Y Y Y Y Y Y Y Y Y 

Detection Bias 

Compliance 

with treatment 
U U U U Y U Y Y U U N 

Appropriate 

statistics 
Y Y Y Y Y Y Y Y Y N N 

Accurate 

outcome 
measures 

Y Y Y Y Y Y N Y N N N 

Selection Bias 

Participants 
recruited from 

the same 
population 

Y Y Y Y Y Y Y Y Y Y Y 

Recruited over 
the same 

timeframe 

U U U U U U Y U U Y U 

Group 

selection 

randomized 

N/A N N/A Y Y N/A N/A N/A N/A N/A N/A 

Concealed 
allocation 

N/A N N/A N U N/A N/A N/A N/A N/A N/A 

Adjustment for 
confounding 

N N N N N N N N N N N 

Attrition Bias 

Participant 
loss taken into 

account 

Y Y Y U U Y Y Y U Y Y 

Risk of Bias score 5/9 5/12 5/9 5/12 6/12 5/9 7/9 6/9 3/9 4/9 3/9 

Overall Downs and Black score 

Interpretation 

14/24 

(58%)* 

14/27 

(52%) 

13/24 

(54%)* 

15/27 

(56%)** 

14/27 

(52%) 

14/24  

(58%)* 

15/24  

(63%)* 

15/24 

(63%)* 

12/24  

(50%)* 

9/24 

(38%)* 

10/24 

(42%)* 

Moderate Moderate Moderate Moderate Moderate Moderate High High Moderate Limited Moderate 

* This is scored out of 24 because 3 items were found to be N/A since all cohorts received the same intervention or there was not a control group 

** Second author scored this article 13/24 (48%).
Key: H=Handwriting intervention, HS=Combined Handwriting and Spelling intervention, S=Spelling intervention, Y=Yes, N=No, U=Unable to determine, N/A=Not Applicable
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Figure 2.2: Forest Plot of Handwriting Speeds 

 

Figure 2.3: Forest Plot of Handwriting Quality 
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Key: TWC=Total Words Correct; CLS=Correct Letter Sequence  

Figure 2.4: Forest Plot of Spelling Accuracy 

 

2.2.3.5 Individual Studies Results 

Themes among the interventions investigated were noted.  Three studies utilized 

tablet- based platforms34,115,117 with two using the HAWK program specifically to address 

handwriting and spelling outcomes; four employed sensorimotor and/or visual perceptual 

techniques46,115,118,120; and six emphasized self-management treatments.34,103,113,114,116,117  

Studies were determined to be self-management if the participants were instructed on 

how to self-evaluate their performance and/or could complete the majority of the 

intervention independently.  These interventions included the HAWK program, the CCC 

-4.00 -2.00 0.00 2.00 4.00 6.00 8.00

Intervention Effect on Spelling Accuracy

Berninger et al. (2013): Group A WJIII

Berninger et al. (2013): Group A WIAT3

Berninger et al. (2013): Group B WJIII

Berninger et al. (2013): Group B WIAT3

Berninger et al. (2015): TOC letter choice

Berninger et al. (2015): TOC sight spell

Berninger et al. (2015): TOC word choice

Berninger et al. (2015): TOC word scramble

Schlesinger & Gray (2017): Structured accuracy

Schlesinger & Gray (2017): Multisensory accuracy

Thompson et al. (2019): WIAT3

Zannikos et al. (2018): TWC Control

Zannikos et al. (2018): TWC CCC

Zannikos et al. (2018): TWC TSI

Zannikos et al. (2018): CLS Control

Zannikos et al. (2018): CLS CCC

Zannikos et al. (2018): CLS TSI
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method for spelling, the Taped Spelling Intervention (TSI) for spelling, and hope stories 

to improve motivation. 

The literature was also examined through a lens of occupation-as-means and 

occupation-as-ends.  Trombly53 described occupation-as-end as a bottom-up approach to 

treatment, where client factors are purposefully targeted with occupation as the final goal.  

Occupation-as-means is a top-down approach with the occupation as the “therapeutic 

change agent”53 in which the goal is achieved.  Trombly’s definitions of these concepts 

have evolved as occupational therapy addresses both occupation-as-ends as the 

overarching occupation-based goal and occupation-as-means as the therapeutic approach 

for treatment1,121; thus, using both concepts simultaneously.  However, for the purpose of 

this review, we will define studies that focused on component-level skills (i.e., phonetics 

activities, visual perceptual exercises) with occupation as the goal (i.e., improvement of 

spelling or handwriting) as occupation-as-end treatments.  Those studies that used 

occupation as the therapeutic medium will be referred to as occupation-as-means studies. 

2.2.3.6 Tablet-based Interventions 

Tablet-based interventions were found in the literature for both handwriting and 

spelling interventions as technology has become more prevalent in our culture.  

Berninger et al.34 and Thompson et al.117 investigated the use of the HAWK program, 

which is an iPad response-to-instruction program that teaches handwriting, spelling, and 

composition.  It incorporates multisensory components, as it uses verbal instructions, 

provides written text, requires participants to write using a stylus and their finger, and 

encourages the students to imitate sounds.  Additionally, each student is then responsible 

for recording their performance to raise self-awareness of areas where improvement is 
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needed.  The Berninger et al.34 study, which focused on the effectiveness of the HAWK 

program without a control, found that students with dyslexia, dysgraphia, and/or oral 

written language learning disability had significant improvements in the targeted 

outcomes.  In this study handwriting speed was measured by the Alphabet 15, Detailed 

Assessment of Speed of Handwriting (DASH) Fast, and DASH Best and spelling was 

measured by the Test of Orthographic Competence (TOC).  All outcomes had small 

effect sizes with wide confidence intervals (Alphabet 15s: 0.32 ± 0.47; DASH Fast: 0.38 

± 0.48; DASH Best 0.42 ± 0.48, TOC letter choice: 0.25 ± 0.47; TOC sight spell: 0.36 ± 

0.47; TOC word choice: 0.37 ± 0.47; TOC word scramble: 0.29 ± 0.47).  Twelve of the 

13 participants with dysgraphia demonstrated improvements in their handwriting speed; 

while 13 of 17 participants with dyslexia improved in one or more areas of spelling. 

Thompson et al.117 also investigated the use of the HAWK program with 

participants with dyslexia, but in combination with hope stories and computer 

programming instruction.  They found significant gains in handwriting speed as measured 

by the Alphabet 15, DASH Best and Fast, and spelling as measured by the spelling 

subtest in the Wechsler Individual Achievement Test, Third Edition (WIAT 3).  The 

results were more convincing than the previous study as the effect sizes were larger with 

narrower confidence intervals, specifically for the handwriting outcomes where all effect 

sizes were classified as very large (Alphabet 15s: 1.15 ± 0.8; DASH Fast: 1.67 ± 0.86; 

DASH Best 1.86 ± 0.89; WIAT 3: 0.59 ± 0.76). 

Chang and Yu115 also studied the use of a tablet-based program in improving 

handwriting outcomes with children with dysgraphia.  They integrated multisensory 

components into their platform through the addition of visual and verbal input as well as 
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provided immediate feedback of the user’s performance in an effort for the student to 

self- correct in future attempts.  The intervention tablet-based group was found to have 

significant improvements in fluency of writing as well as speed, specifically with the 

speed of writing from dictation (0.68 ± 0.76), copying near point (0.51 ± 0.76), copying 

paragraph (0.67 ± 0.76), and total handwriting (0.66 ± 0.76) as measured by the 

Elementary Reading and Writing Test, a standardized test used in China.  There were 

medium effect sizes for all of these measures with wide confidence intervals. 

The tablet-based interventions were all considered occupation-as-means 

approaches as these interventions used the occupational goal as the medium through the 

use of a tablet.  For example, Chang and Yu115 targeted handwriting goals through 

practicing hand- writing on the tablet.  The HAWK program34,117 incorporated both 

handwriting and spelling in isolation and then applied these skills to larger compositional 

practice.  Thompson et al.117 supplemented the HAWK program with instruction on the 

occupation of computer coding as well as opportunities for social occupations through 

hope stories. 

Overall, the evidence for the use of computer-based interventions for handwriting 

and spelling outcomes were varied with effect sizes ranging from small to very large.  

Thompson et al.117 demonstrated the strongest outcomes, especially with regard to 

handwriting.  As their participants had similar demographics to interventions to the 

Berninger et al.34 study, this may suggest opportunities for further occupational 

exploration through hope stories for motivation and computer coding is a stronger 

treatment option. 

2.2.3.7 Sensorimotor Interventions 
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Five studies investigated the use of sensorimotor/visual perceptual interventions 

to target handwriting or spelling outcomes.  Chang and Yu46,96,115 researched the use of a 

sensorimotor intervention that emphasized visual perception, visual motor integration, 

and haptic perception with children with dysgraphia.  This intervention was considered 

occupation-as-ends as the sensorimotor component level skills were targeted while 

handwriting was not addressed; however, there were minimal details provided in how the 

intervention was executed.  In 2014, Chang and Yu115 compared the sensorimotor 

intervention as a control to another control group of traditional classroom instruction and 

the tablet- based intervention previously outlined in the above section.  In 2017, the 

authors researched the effectiveness of this intervention exclusively.46  In 2014, Chang 

and Yu115 found that there were no significant improvements in the sensorimotor group, 

as compared to a control of in-class instruction, except in the speed of writing from 

dictation (0.77 ± 0.77).  The remaining results had small to no effect size associated with 

it (total handwriting: 0.10 ± 0.74; near point copy: 0.14 ± 0.74; paragraph copy: −0.03 ± 

0.74).  In Chang and Yu,46 the intervention group had significant improvements in 

handwriting speed with the far point copy test as well as an overall reduction in incorrect 

characters.  There were large effect sizes associated with the reduction of errors in the far 

point (−0.92 ± 0.78) and paragraph copy subtests (−1.14 ± 0.8), medium effect size with 

near point copy (−0.51 ± 0.75), and small effect size with dictation (−0.42 ± 0.75).  Small 

effect sizes were associated with all speed improvements (dictation copy: 0.09 ± 0.74; 

near point copy: 0.03 ± 0.74; far point copy: 0.33 ± 0.75; paragraph copy: 0.16 ± 0.74). 

Fusco et al.120 also studied the effectiveness of targeting visual perception and 

visual motor integration in order to improve handwriting quality through the use of visual 
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perception exercises with children with dyslexia as compared to children without 

dyslexia.  This intervention was also considered occupation-as-ends as the intervention 

targeted the component skill of visual perception and visual motor integration to address 

occupation of handwriting.  Using the Dysgraphia Scale, it was found that the children 

with dyslexia improved significantly in handwriting quality, including a reduction in 

errors of floating lines (−0.86 ± 0.91), retouched letter (−1.28 ± 0.96), collusions (−1.41 ± 

0.98), irregular spacing (−1.14 ± 0.95), and sudden movement (−1.15 ± 0.94).  All had 

large to very large associated effect sizes with only one metric with a confidence interval 

that crossed zero.  Medium effect sizes were found for the reduction of ascending and 

descending lines (−0.73 ± 0.90) as well as dimension irregularity (−0.57 ± 0.90), while 

the remaining three had very small to no effect size (curvature: 0 ± 0; junction points: 0 ± 

0.88; poor form: 0.06 ± 0.8). 

Verma et al.119 studied the effectiveness of multisensory techniques to improve 

handwriting outcomes.  They investigated the use of Occupational Therapy Kits for 

therapists with children with dysgraphia.  The Occupational Therapy Kits were based on 

the Handwriting Without Tears® (HWT) program, which incorporates multisensory 

techniques to reinforce letter recall and formation through the use of song, gross motor 

activities, and fine motor tactile tools.122  The Occupational Therapy Kits Verma et al.119 

utilized for the study included HWT workbooks and HWT manipulatives, in addition to 

other multisensory fine motor activities.  This intervention was categorized as 

occupation-as-means because it used game, play, and handwriting to reach the overall 

goal of handwriting improvement.  The Print Tool® and the HWT screener were used as 

measurement tools to determine handwriting outcomes.  Significant to highly significant 
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improvements in all areas of handwriting as measured by both The Print Tool® and the 

HWT screener were found.  As mentioned previously, the effect sizes were unable to be 

calculated due to the manner in which the statistical results were presented; thus, direct 

comparisons to the results from the other studies should be made with caution. 

Schlesinger and Gray118 compared the effectiveness of a multisensory structured 

language program to a sequential structured language program for participants with 

dyslexia and a control group of typically developing children.  The different intervention 

strategies were introduced to each child separately within each intervention session, 

using a created alphabet to instruct on phonemes and graphemes.  The interventions were 

adapted from the Orton Gillingham approach with multisensory techniques incorporated 

for half the structured language instruction and omitted for the second half.  Orton 

Gillingham instruction incorporates the use of multisensory strategies, language-based 

direction, structured instruction, and flexibility to the individual to target reading 

outcomes.123  The study intervention was classified as occupation-as- ends with the final 

target to improve spelling abilities through addressing component-level skills of 

phonemes and graphemes.  Outcome measurements were determined by spelling 

accuracy on dictated words; however, the word list or how the words used were 

determined was not provided.  The researchers found large effect size changes with wide 

confidence intervals for spelling accuracy for both interventions for the participants with 

dyslexia (structured group: 1.29 ± 1.36; multisensory group: 0.82 ± 1.36). 

Overall, the effect sizes for multisensory literacy interventions were varied, but 

found to be most effective in the results for handwriting quality as half the effect sizes 

were large to very large with six of seven of those having confidence intervals that did 
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not cross zero,120 indicating a higher level of accuracy with the results.  The Verma et 

al.119 study also contributed preliminary evidence to support the use of multisensory, 

occupation-based, techniques to promote handwriting outcomes. 

2.2.3.8 Self-management Interventions 

Promotion of autonomy was a theme that was seen in the tablet-based 

interventions as well as in the following four studies where having an active role of self-

revision and/or self- management were emphasized.  These interventions were self-led by 

participants, and in some instances, were tools that could be utilized independently after 

the study.  Two studies investigated the use of the CCC method, where the participants 

were initially taught this strategy to assist in learning spelling words.  Both of these 

studies were thought of as occupation-as-means as they adapted spelling education to 

improve spelling outcomes.  The CCC method has the student cover the word, write the 

word, reveal the word, contrast with the spelling word stimulus, and revise as 

needed.113,114  Zielinski et al.114 investigated the effectiveness of CCC with three 

individuals with SLD.  The spelling words used for both assessment and intervention 

were taken from the individual students’ weekly vocabulary lists.  Spelling accuracy was 

assessed at each intervention; however, no standardized test was utilized.  During the 

CCC condition, participants demonstrated improvements in spelling accuracy; 

contrastingly, when the CCC program was suspended, the students did not continue to 

have spelling gains. 

Zannikos et al.113 compared the effectiveness of CCC versus another self-managed 

technique of the TSI program.  The TSI is an audio program where the student is given 

the word, writes the word, and then is provided the correct spelling of the word, revising 
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spelling as needed.  Four participants used both programs during each intervention 

session and demonstrated greater improvements in spelling, as well as more satisfaction, 

with the CCC program as compared to the TSI; however, improvements were associated 

with both techniques.  Again, informal measurements were used to assess total words 

correct (TWC) and correct letter sequence (CLS) on intervention-specific assigned 

spelling lists with a control probe.  The spelling words associated with CCC and TSI 

were administered daily whereas the control probe was administered every three days.  

The effect sizes were very large for both the CCC and TSI interventions with stronger 

results for the CCC strategy (TWC CCC: 3.61 ± 2.25; CLS CCC: 2.24 ± 1.17; TWC TSI: 

2.85 ± 1.97; CLS TSI: 1.85 ± 1.66).  Even though the results for this study are strong, 

they should be interpreted with caution due to the small sample size.  Additionally, the 

participants were introduced daily with the associated spelling words with the CCC and 

TSI interventions, and every few days with the control probe spelling list.  Thus, 

familiarity with the words may contribute to the participants’ progress as well. 

A pilot study performed by Baldi and Nunzi103 investigated the effectiveness of the 

use of an intervention that promoted both individual and familial self-management of 

treatment.  The research team introduced the Handwriting Task Program to their 

participants, a task-based program that relied on scaffolded feedback of performance 

through the use of prompts, both verbal, visual, and if necessary, physical.  It reinforced 

the behavior of revision and repair and incorporated the role of family with frequent 

homework.  Although this method was less independent than the two introduced 

previously, it encouraged the participants’ active role in checking their work.  The 

Handwriting Task Program also targeted client factors of visual perceptual, visual motor, 
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and eye-hand coordination through activities and exercises.  The Handwriting Task 

Program was considered an occupation-as-ends approach because it focused on exercises 

for eye-hand, copying, pre-writing, and movement-based rather than addressing 

handwriting as a whole occupation.  The study had three participants, one with dyslexia; 

one with dyslexia and developmental coordination disorder; and one with poor 

handwriting.  The two participants with diagnosed SLDs improved in the quality of their 

writing as they had a reduction of errors in three of four areas of handwriting assessed.  

There were large effect sizes for a reduction in motor efficiency (−1.14 ± 2.11) and 

motor learning errors (−0.90 ± 2.06), a medium effect size associated with the decrease 

in visual spatial errors (−0.63 ± 2.01), and a small effect size for motor planning errors 

(−0.06 ± 1.96).  All effect sizes had significantly wide confidence intervals.  The clinical 

significance of these results is minimal as there were only two sets of heterogeneous 

results, thus reducing the validity and generalizability. 

Berninger et al.116 investigated the effectiveness of a reading and writing 

workshop.  The interventions were mostly therapist-led, however, the study also 

incorporated self- management through the participant-led use of the Rapid Accelerated 

Reading Program116 (RAP).  The workshops compared two groups who underwent a 

four- step instruction to reading and writing techniques, which included the RAP for one 

group.  Group A received increased instruction in grapheme-phoneme correspondence in 

reading and spelling, as well as exposure to the RAP program, orthographic spelling, and 

morphological awareness training.  Group B received instruction with emphasis on 

grapheme-phoneme correspondence for reading and a later introduction to spelling 

strategies.  Both groups also participated in hope stories to improve motivation.  Both 
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groups demonstrated improvements in spelling with Group B minimizing the gap 

between groups in the final step, which was after Group A had suspended grapheme-

phoneme correspondence instruction.  These interventions were also categorized as 

occupation-as-end because the intervention primarily targeted component-level skills, 

such as grapheme-phoneme correspondence, with spelling as the overarching goal.  

Spelling outcomes were measured on the spelling subtest of the WIAT 3 and the 

Woodcock Johnson III (WJ III) with small effect sizes for Group A and small to medium 

effect sizes for Group B, all with large confidence intervals (Group A WIAT 3: 0.34 ± 

0.81; Group A WJ III: 0.13 ± 0.8; Group B WIAT 3: 0.17 ± 0.8; Group B WJ III: 0.55 ± 

0.81). 

Overall, the trend for the self-managed interventions was the more independent the 

use of the technique, the stronger the results, with larger effect sizes and narrower 

confidence intervals.  These intervention strategies lend themselves to occupational 

therapy with the focus on engagement, ownership, and independence.  As occupational 

therapists, promotion of autonomous strategies to improve engagement in literacy 

occupations should be targeted.  Additionally, the use of meaningful interventions, such 

as explicit instruction of strategic tools a child can use to self-correct, increases the 

student engagement in educational performance while improving performance skills and 

performance patterns.  However, these results should be regarded cautiously as many of 

these studies had smaller sample sizes103,113 and other methodology considerations, such 

as unstandardized assessments, may have inflated the effect size results. 

2.2.3.9 Strength of Recommendation Taxonomy 
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This systematic review investigated the effectiveness of interventions to support 

hand- writing and/or spelling outcomes in children with SLD.  The literature search found 

eleven studies ranging from a level 2b of evidence to a level 4 according to the Centre for 

Evidence- Based Medicine.112  The three level 4 studies all had small sample sizes (3–4 

participants) and two did not use standardized outcome measures.  They were included in 

this systematic review for their preliminary contribution to the usefulness of these 

specific techniques.  Additionally, these studies provided a more robust sampling as 

Chang and Yu46,115 authored two of the eleven articles with similar investigative aims, 

Berninger et al.34,116 authored two articles and was on the research team for Thompson et 

al.117  Eight of the studies were found to be of moderate quality using the Downs and 

Black108 checklist, two of high quality, and one of limited quality.  Many potential threats 

of bias were found throughout the research as there was inconsistent reporting of 

blinding, compliance, and confounding.  The majority of the studies had significant gains 

in quality and/or speed of handwriting and spelling accuracy for the investigated 

interventions with effect sizes and confidence intervals that ranged in clinical 

significance.  Accordingly, using the Strength of Recommendation Taxonomy,109 it was 

found that there is grade B evidence to support the effectiveness of interventions in 

improving handwriting and/or spelling outcomes for children with SLD.  Grade B 

evidence is described as the use of patient-oriented evidence that is of limited quality and 

inconsistent findings.109 

2.2.4 Discussion 

2.2.4.1 Handwriting versus Spelling 
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The research was varied when comparing the two lines of research investigating 

handwriting versus spelling intervention effectiveness.  There were larger effect sizes 

associated with the handwriting intervention studies as compared to the spelling studies, 

indicating more clinically significant results.  This trend could have been due to the 

greater amount of metrics used to measure handwriting as 17 effect sizes were calculated 

for spelling as compared to 36 for handwriting.  The handwriting literature tended to use 

more standardized assessment measures as well when compared with spelling.  

Additionally, the handwriting studies had larger sample populations with 122 total 

participants as compared to 36 for spelling research and 49 for combined spelling and 

handwriting. 

It was found that children with dysgraphia were underrepresented in the spelling 

literature as only 15% of participants had a diagnosis of dysgraphia, although 

handwriting difficulty is commonly associated with spelling deficits.12  Contrastingly, 

participants with dyslexia were not prevalent in the handwriting research, even though 

children with dyslexia commonly struggle with handwriting.12  This may indicate that 

dysgraphia is not diagnosed formally as frequently as it is being observed with children 

with dyslexia. 

2.2.4.2 Frequency 

Hoy, Egan, and Feder52 conducted a systematic review that analyzed handwriting 

interventions for children with difficulty with handwriting and found frequency to be a 

key determinant of success.  This systematic review found the frequency of handwriting 

intervention delivered to the participants varied across studies both in duration of total 

treatment and frequency of weekly meetings.  A positive relationship was found with 
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frequency as all of the 12 to 13-week studies had significant gains in handwriting 

outcomes as compared to those studies conducted over a shorter duration with the 

exception of the Fusco et al.120 study.  The Fusco et al.120 research had large associated 

effect sizes in just six weeks. The frequency of spelling interventions did not have as 

conclusive a relationship between duration and effect sizes.  Two to three months was 

approximately the average treatment time across studies.  Zannikos et al.113 had 

significant results in just three weeks and Schlesinger and Gray118 had large effect sizes 

in six to seven weeks.  Contrastingly, Berninger et al.116 met twice a week for five 

months with less convincing small-to- medium effect sizes. 

2.2.4.3 Assessment Tools 

The quality of assessment tools was wide-ranging, which should be 

acknowledged when determining the clinical significance of the outcomes.  The results 

for handwriting quality were more clinically significant than those for speed, but the 

measurement tools for speed were more accurate and reliable.  Speed was measured using 

the DASH Best and Fast, Alphabet15s34,117 and the Elementary Reading and Writing 

Test,115 later referenced to as the Battery of Chinese Basic Literacy46 (BCBL).  All of 

these assessments were reported to be standardized. 

None of the assessments used for quality were standardized.  Three studies 

adapted classifications systems and measurement tools for their specific studies.46,103,120  

Verma et al.119 utilized the HWT screener and the Print Tool® to assess quality.  The 

screener is not intended to be a formal assessment tool, but a quick reference to determine 

if and in what areas a child requires further instruction.124  The Print Tool® is also not a 

standardized or norm-referenced evaluation, however it is utilized in research often, 
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especially when the intervention is HWT specific.  It has undergone pilot studies that 

have found it has moderate to good reliability, sensitivity, and specificity.125  A limitation 

of the overall handwriting literature is much of the research is conducted in various 

languages, such as Italian, Portuguese, and Chinese, where standardized testing of quality 

may not be available.  This is significant because it does not allow for an accurate 

examination of where the breakdown is occurring.126  

Three of the six spelling studies used spelling measurements unique to their 

studies113,114,118 and only Zannikos et al.113 provided enough information for the testing 

procedures to be replicated.  The largest effect sizes with spelling were associated with 

non-standardized measurements of spelling.113,118  Thus, the clinical significance of these 

results is in question because there is the lack of reliability of the assessment tools.  Three 

studies34,116,117 used standardized measures with high test–retest reliability with the TOC, 

WIAT 3, and WJ III, but the majority of these outcome measures had small effect sizes 

with only two of nine metrics scoring in the medium effect size range.  The spelling 

intervention research needs to be continued as the evidence is not persuasive without 

replicability of the use of standardized measures. 

2.2.4.4 Occupation-as-Means versus Occupation-as-End 

In a systematic review of occupational therapy interventions to improve academic 

participation, Grajo et al.51 found interventions that target component skills, such as 

sensorimotor, visual motor, in-hand manipulation abilities, did not improve handwriting 

quality.  Thus, this systematic review compared the effectiveness of using a component-

level, occupation-as-ends approach versus an occupation-as-means approach at targeting 

spelling and/or handwriting outcomes.  The interventions found in this systematic review 
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that were categorized as occupation-as-end focused on improving visual perception, 

visual motor, and sensorimotor skills46,103,115,116,118,120 when addressing handwriting 

and/or spelling goals.  The studies with an occupation-as-means approach used 

handwriting- specific or spelling-specific interventions.34,113-115,117,119  After appraising 

and synthesizing the research, it is indicated that an occupation-as-means approach leads 

to more significant outcomes as compared to an occupation-as-ends.  The occupation-as-

end interventions had 45% of its results associated with medium to very large effect 

sizes, with 91% of confidence intervals crossing zero, signifying more variability in the 

results.  The occupation-as-means group used handwriting and spelling adaptations itself 

as the intervention tools.  The interventions for handwriting were often broken down to 

specific letter instruction, but handwriting was interwoven throughout the treatment.  

This cohort exhibited 72% of results associated with medium to very large effect sizes 

with 61% of confidence intervals crossing zero.  Four of the six occupation-as-means 

studies34,113,114,117 employed a form of participant ownership over their performance or 

intervention and encouraged self-evaluation as well as self-revision.  Of these four 

studies, 64% had medium to very large effect sizes with 50% of confidence intervals 

crossing zero associated with the results. 

2.2.5 Limitations 

There are limitations associated with this systematic review.  The lack of 

consistency with assessment measures used as well as the varied standardizations of 

assessments reduces the ability for direct comparison.  Effect sizes and confidence 

intervals were calculated to provide an unitless measure in which to compare the results, 

but the majority were found to have wide confidence intervals with 74% of confidence 
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intervals crossing zero.  Additionally, there were two studies where effect sizes were 

unable to be calculated.114,119  

The participants’ age differences also added an element of variability that 

decreased generalizability.  In the handwriting literature, for example, Chang and Yu46,115 

had participants that were in first and second grades, while Berninger et al.34 used 

students from fourth through ninth grades.  These participants were developmentally in 

different stages of acquisition of written handwriting, both cognitively as well as 

motorically.  The expectations of writing and spelling are higher in both quality, speed, 

and quantity for a ninth grader than a first-grader.  For the spelling interventions, the age 

ranged from second-graders used in the Schlesinger and Gray118 study to high school 

students, including seniors, in the Zielinski et al.114 study.  The expectations for spelling 

are developmentally quite different at these ages as the compositional challenges are 

greater with increased time restrictions as the student progresses through school. 

Another confounder for generalizability in the handwriting interventions is the 

differences in language.  Two articles used Chinese,46,115 one Portuguese,120 one 

Italian,103 two English,34,117 and one undetermined, but presumed English given it used 

the HWT curriculum although completed in India.119  The occupational demands for 

Chinese as an orthographic language are different than that of English126,127 and again 

may undermine the translatability of these results. 

The spelling literature search was restricted to English only studies due to the 

unique qualities of the English language and subsequent demands on spelling; however, 

the author may have excluded studies that would have been beneficial and generalizable 

to English interventions.  For example, two studies found neurofeedback to be an 
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effective intervention to remediate spelling difficulties in children with dyslexia, but they 

were conducted in Dutch110 and Persian.111 

The follow-up testing for the found investigations was limited to immediate 

posttesting in the majority of the literature.  Of the seven handwriting studies, only the 

Baldi and Nunzi103 study examined at results three months post-intervention.  Of the six 

spelling studies, all measured at posttest with one study conducting final assessments two 

to three weeks post.118  Since most of these studies were completed in six- to twelve-

week intervals, none of the articles address the familiarity the participants have with the 

assessment as a potential to have false-positive results.  Additionally, by not having 

follow-up testing it is undetermined if the improvements were sustained and generalized 

into the participants’ handwriting and spelling skills. 

The literature search, although exhaustive, only found eleven studies with six of 

those investigating similar or same interventions.34,46,113-115,117  Additionally, there were 

two sets of research teams represented two to three times in the literature with the Chang 

and Yu46,115 studies and Berninger et al.34,116 and Thompson et al.,117 which accounted for 

the majority of the replication in intervention use.  This repetition overrepresented these 

interventions in the results for this systematic review. 

2.2.6 Conclusion 

In a survey conducted by Polinchino,87 it was found that 79% of school-based 

occupational therapists are already supporting a child’s literacy participation in treatment.  

As occupational therapy continues to expand their role in literacy support, it was 

necessary to examine the research for the effectiveness of handwriting and spelling 
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interventions for children with literacy difficulties, such as those diagnosed with SLD.  

The evidence found in this systematic review has moderate overall support of the 

effectiveness of current hand- writing and/or spelling interventions with children with 

SLD.  The most clinically significant results are for the occupation-as-means approach, 

and specifically the self-reflection and self-correction as described in the Zannikos et 

al.113 and Thompson et al.117 research.  Although these studies had relatively small 

sample sizes with the Thompson et al.117 having the largest cohort of 14 participants, it 

provides preliminary research that this is an effective technique for occupational 

therapists to use.  Traditionally occupational therapists have not directly addressed 

spelling with clients, but they are able to address participation in spelling endeavors, 

using occupation-as-means with a focus on client-centered independent management.  

Further research should target cognitive-based approaches, which center on client 

involvement and ownership, with more standardized outcome measures as well as a 

longer length of follow-up.  It may also be beneficial to have more studies conducted in 

English as this is generalizable to larger parts of the population and has more 

standardized assessment measures in which to test quality of handwriting. 

Additionally, it is felt that further handwriting studies with participants who have 

been diagnosed with dyslexia would be of value.  For the handwriting literature, only 

25% of participants were diagnosed with dyslexia, yet this group yielded the strongest 

results.  Children with dyslexia account for 80 to 90% of those diagnosed with a SLD.93  

This population of those who have dyslexia is under- represented in the handwriting 

literature as much of the research in this field is focused on writing composition.  

Handwriting, however, is the underlying basis for writing composition.  If the mechanics 
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and procedure for handwriting are delayed, there will not be a legible end product.  

Additionally, if handwriting becomes automatic a larger portion of the working brain can 

be allotted for composition.34 

In contrast, children with dysgraphia are underrepresented in the spelling 

literature as only 15% of participants were diagnosed with dysgraphia.  It is frequently 

seen that dysgraphia is a comorbidity with dyslexia as well as difficulty spelling.12  If a 

child has to concentrate on the physical mechanics of handwriting, it will negatively 

impact spelling.34  Overall, further research needs to be conducted for all students with 

SLD to help support the occupation of handwriting and to provide therapists and teachers 

evidence-based tools to utilize in this arena. 

2.2.7 Supplemental Search 

 The literature search for the above systematic review was last conducted in March 

2020.84  Utilizing the same search criteria, Boolean operators, and databases as listed in 

the systematic review, two literature searches were conducted to locate research on 

handwriting interventions and spelling interventions on April 6, 2022.  The results 

yielded 59 articles using the handwriting Boolean operators after duplicates were 

removed.  Upon an abstract and title search, two articles were further reviewed, but did 

not meet the inclusion criteria.  Using the spelling Boolean operators, 29 articles were 

found once duplicates were removed.  Four studies warranted further review, but were 

not included as they did not meet inclusion criteria.  Please refer to Figure 2.5 for a 

summary flow diagram of the results from this literature search.  Thus, no further articles 

were added to the systematic review of the literature.  
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Figure 2.5: Flow Diagram of Second Literature Search Results 
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Pediatric Telehealth Literature Review 

As this project proposes to examine the feasibility and effectiveness of the HWT 

program via telehealth, a literature review of telehealth was completed as well. Research 

on telehealth as a service delivery method for pediatric occupational therapists has 

received increased attention since the COVID-19 pandemic.  A systematic search of the 

literature was conducted to examine the literature on pediatric occupational therapy 

telehealth.  Articles were included if they were written about telehealth used by allied 

health professionals and/or occupational therapy; researched telehealth in outpatient and 

home settings; were written in English; and published in an academic journal.  Articles 

were excluded if they were written in other languages; written about adult therapy; and/or 

only had an abstract.   

The literature search was completed using EBSCOhost with the search databases 

of Academic Search Complete, CINAHL with full text, ERIC, MEDLINE, Psychology 

and Behavioral Sciences Collection, APA PsychINFO, and the Teacher Reference 

Center.  The search was conducted in Spring of 2022 with a final search date of April 7, 

2022.  The search terms included pediatric, occupational therapy, and telehealth with 

synonyms to maximize results.  The search terms and Boolean operators are displayed in 

Table 2.4 below.   

Table 2.4. Search Terms and Boolean Operators 

Child OR; 

Children OR; 

Pediatric 

A

N

D 

Telehealth; OR 

Telerehab; OR 

Telerehabilitation 

A

N

D 
Occupational Therapy 

Using the above criteria, 48 articles were located.  The titles and abstracts were 

screened to determine if the article warranted further review.  Nine articles were read in 
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full and incorporated in the literature review.  Using a supplemental search through a 

hand search and Google Scholar, an additional 19 articles were found.  Not all of the 

articles in the second search focused on pediatric occupational therapy, but provided 

useful information on occupational therapy usage of telehealth services across the 

lifespan.  Thus, a total of 28 articles were read and considered. 

 The literature on pediatric occupational therapy telehealth covers a broad range of 

research topics.  The literature can be categorized as follows examining: the family 

perspective (n=11); occupational therapist perspective (n=9); telehealth utilization (n=4); 

and telehealth intervention effectiveness (n=11). 

2.3.1 Family Perspective on Telehealth 

 The research eliciting clients’ (caregivers and children) perspectives on telehealth 

delivery was predominantly collected by survey and interview research methods.   Eleven 

articles included information about the familial experience of receiving telehealth 

pediatric therapy.  Therapy administered via telehealth was overwhelmingly perceived as 

positive by families.  The benefits associated with telehealth included the following: 

adaptable to family routine and work schedules60,128-130; continuity of care59,129; cost-

efficient58,59,128; improved family communication with clinician128,131; increased access 

for rural and/or homebound children58,129-131; enhanced perception of self-efficacy by 

caregiver132; and families were more comfortable in their setting of choice.58,60,78,129  

There were associated telehealth challenges experienced by families as well, such as 

technological issues and barriers.60,128  In a systematic review conducted by Grant et al.,60 

in four studies, participants reported a negative impact on the relationship between the 

child and the therapist; however, to counter, Grant et al.60 found an additional seven 
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studies that reported telehealth had a positive impact on the therapeutic relationship.  

Thus, the person, environment, and associated occupational performance issue may 

influence the client-therapist relationship via telehealth. 

 Even with this abundance of literature of positive caregiver perception of 

telehealth, the adoption of telehealth was reported to be slow.  At the start of the 

pandemic, Aranki et al.133 found 40% of families declined the use of telehealth to receive 

allied health services.  In another survey, a tenfold rise in children receiving services via 

telehealth was reported during the beginning of the pandemic, but this only accounted for 

a third of their respondents.78   

Nine of the articles seeking caregivers’ perspectives were conducted pre-

pandemic58-60,128-132,134 and two were conducted during the pandemic78,133; thus, no 

research has been collected since the duration of the pandemic where clients and 

caregivers are more familiar with communication via an online platform, which may 

impact their perspectives positively or negatively.   

2.3.2 Occupational Therapist Perspective on Telehealth 

 The perspective of the pediatric occupational therapist has been sought in the 

telehealth research as well.  Nine articles discussed the advantages and challenges of 

telehealth experienced by the occupational therapist delivering services.  Benefits 

associated with telehealth identified by occupational therapists included diminished 

delays from referral to service delivery61; expanded access to clients56,61,130; caregiver and 

families were more actively involved in treatment58,128,129; enhanced communication with 

the interdisciplinary team when delivered in the school56,128; decreased travel time56; 
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flexibility with scheduling56,128; increased client attendance; better adherence to 

recommended home programs; lower associated costs62; and families appeared more 

comfortable in their homes.128 

 Occupational therapists also reported a number of challenges experienced when 

using telehealth, including technological issues56,60,62,63,128,129; difficulty monitoring client 

progress63; necessity of having a caregiver or e-assistant to deliver services56,63; families 

did not have appropriate intervention materials63; inability to provide physical cues56,60; 

scheduling issues62; and additional work outside billable hours.129  While decreased 

confidence with using technology was relayed as another challenge,60 Abbott-Gaffney et 

al.63 found 69% of occupational therapists felt confident in their abilities to deliver 

telehealth services.  Seventy eight percent of the respondents in an additional survey 

reported they felt telehealth should remain a permanent service delivery option in their 

practice once the pandemic subsided.58   

2.3.3 Telehealth Utilization 

 Four articles reported on utilization of telehealth with occupational therapy.  In a 

pre-pandemic systematic review, increased client attendance and adherence with home 

program recommendations were associated with telehealth utilization.62  Three surveys of 

occupational therapists were conducted during the pandemic to inform telehealth usage.  

Ganesan et al.55 used a cross-sectional survey with occupational therapists globally and 

determined a 68% increase of telehealth usage by occupational therapists during the 

pandemic.  Abbott-Gaffney et al.63 had an even higher reported increase in usage with 

92% of respondents not using telehealth prior to the pandemic and 99% using telehealth 

during the pandemic.  The World Federation of Occupational Therapy conducted a 
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survey during the pandemic as well with global occupational therapists.135  This survey 

provided information on how occupational therapists were using telehealth, including 

consultations, interventions, monitoring services, supervision, and evaluations.  Further 

research in this area needs to be conducted to observe usage trends as contact restrictions 

have lessened. 

2.3.4 Telehealth Intervention Effectiveness 

Eleven articles discussed the effectiveness of pediatric occupational therapy 

interventions delivered via telehealth, but there was a wide range in targeted outcomes; 

interventions used; demographic characteristics of the participants; and client setting 

where services were received.   

2.3.4.1 School-Based Occupational Therapy 

Three studies provided school-based occupational therapy via telehealth delivery 

with promising outcomes.134,136,137  One telehealth study provided typical occupational 

therapy and speech therapy services with 98 participants in kindergarten to sixth grade, 

attending rural schools.137 The targeted outcomes included classroom participation, which 

were reported as improved by teachers of the participants.  It was noted children in 

second grade to be most responsive to the telehealth format.137  An additional case study 

was conducted to determine the effectiveness of a video-based game to two participants 

in the school setting.136  The results indicated a positive correlation between treatment 

and outcomes, but therapists delivering the therapy noted a difficulty in maintaining 

participant attention at times.  Lastly, Criss et al.134 researched the effectiveness of 

targeting fine motor and handwriting goals using telehealth delivery, with the majority of 
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participants improving in handwriting legibility.  Seventy one percent of the participants 

relayed they preferred the online format as compared to in person.  It should be noted 

these students attended an online charter school and were familiar with the virtual format.   

Of the six pediatric occupational therapy telehealth studies conducted in the 

natural environment, the studied interventions included upper and lower extremity 

training (n=3); family education and/or coaching (n=3); and typical therapeutic services 

(n=1).   

2.3.4.2 Upper and Lower Extremity Training  

Three studies investigated the effectiveness of pediatric upper and lower 

extremity training delivered via telehealth.  A case study was conducted examining the 

impact of a personalized video game in increasing upper extremity use in an adolescent 

with cerebral palsy.138  The study had promising results as the participant used his 

affected limb more frequently as well as exhibited improved bone density in that limb.  

Two related research projects with participants with cerebral palsy compared the results 

of a parent-delivered hand-arm bimanual intensive therapy (HABIT) program with 

weekly monitoring via telehealth provided by occupational and physical therapists.139,140  

Both studies compared the effectiveness of HABIT program with the lower-limb 

intensive functional training (LIFT) via telehealth.  One study targeted upper extremity 

outcomes139; while the other study focused on lower body measures.140  In the study 

targeting upper extremity goals, the HABIT program demonstrated progress in dexterity 

and functional goals139, while both interventions improved parent satisfaction.139,140  In 

second study, the LIFT intervention had superior results as compared to the HABIT 

program for lower extremity outcome measures, such as the one-minute walk test.140  All 
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three of these studies delivered improvements in the targeted outcomes, providing 

support to the effectiveness of upper and lower extremity training delivered via 

telehealth. 

2.3.4.3 Family Education and Coaching 

Family education was noted as improved throughout much of the telehealth 

literature, but was directly studied in research in a systematic review141 and two case 

series study.142  The systematic review examined the effectiveness of family education 

interventions used to reduce caregiver stress associated with raising children with 

medically complex conditions.141  Five of the articles included in the systematic review 

were delivered via telehealth and were found to reduce stress and anxiety experienced by 

the families; increase access to services; improve family education; and have an overall 

quality of life benefit.  In the case series study, a family education program was provided 

via telehealth for families who had children with autism.142  This project was designed 

pre-pandemic, but conducted during the pandemic, and thus encountered additional 

family stresses and issues.  Of the four participating families, all met at least one self-

identified goal and two families met all of their goals for the program.  Little et al.132 

investigated the effectiveness of a family coaching model via telehealth for families with 

young children diagnosed with autism.  With the coaching model, the occupational 

therapist assisted the families to identify goals for their child and facilitated problem-

solving occupational performance issues in the client’s context.  The study demonstrated 

that this approach improved the child’s participation in activities in the home and the 

parent’s self-efficacy in their ability to engage their children. 

2.3.4.4 Therapeutic Practice 
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One study investigated the transition of typical, in-person occupational and 

speech therapy services to delivery in a telehealth format for four case children aged 5 to 

8 who resided in rural Australia.129  The clinicians perceived the study as a positive 

experience as they were able to build solid therapeutic relationships with not only the 

client, but the families and local providers as well.  Additionally, they were able to meet 

client-centered goals, addressing a variety of outcomes.  However, additional time was 

required of the practitioners to set-up and deliver services. 

Overall, research into the effectiveness and feasibility of pediatric occupational 

therapy telehealth is in its infancy.  The overwhelming majority of the articles found were 

pre-pandemic (n=21) or at the beginning of the pandemic when contact restrictions were 

at their highest (n=7).  This literature search did not find any articles since contact 

restrictions have lessened, which is important to note because families have increased 

experience with videoconferencing.  Olson et al.143 advocated for telehealth research to 

indicate if the standard of care is maintained from in person care to a telehealth delivery 

format, which is relevant as with lessening contact restrictions, families now have a 

choice of service delivery options.  Currently, there is not enough research to support the 

superiority or equivalency of one service delivery method to another. 

 Theoretical Background for Project 

 As discussed in Chapter 1, the Occupational Therapy Practice 4th edition1 (OTPF) 

served as a framework in which to guide the development of this project.  Two theories 

also served as guiding principles in this investigation, neuroplasticity principles71 and the 

Self-Determined Occupational Performance Model2 (SDOP).   
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2.4.1 Occupational Therapy Practice Framework (OTPF) 

 The OTPF is a framework developed by the American Occupational Therapy 

Association1 (AOTA) to define the domain and process of occupational therapists.  It is 

updated and reviewed every five years in order to maintain a current perspective on the 

scope of occupational therapy practice.  It guides occupational therapists’ approach, 

providing insight in the depth and breadth of what occupational therapists should 

consider in their practice.  The central tenant of the OTPF, and thus of the practice of an 

occupational therapist, is assisting clients with “achieving health, well-being, and 

participation in life through engagement in occupation.”1  This is realized through careful 

attention to the connectedness between client factors, occupations, contexts, performance 

patterns, and performance skills.  

2.4.1.1  Client Factors 

 Client factors are the internal attributes of a person, not just the physical 

characteristics, but the mental and spiritual as well.1  The OTPF defines client factors as 

values, beliefs, spirituality, body functions, and body structures.  This illuminates the 

holistic nature of the person, guiding the occupational therapist to employ a 

biopsychosocial approach.  By examining the whole person, the occupational therapist 

can better practice client-centeredness through facilitation of meaningful and engaging 

occupations. 

2.4.1.2 Occupation 

 Occupations are meaningful and necessary activities of everyday life.1  

Occupations are “central to a client’s (person’s, group’s, or population’s) health, identity, 
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and sense of competence.”1  Humans are occupational beings and require occupational 

engagement for survival.144  With the vital role of occupations in the human experience, 

Pierce145 described how occupational therapists can use the therapeutic power of 

occupation in order to promote (re)habilitation.  Thus, the OTPF recognizes occupational 

engagement as the ultimate goal for occupational therapists, separating us from other 

rehabilitation professionals.1 

2.4.1.3 Context 

 The interplay of client, occupation, and context is emphasized in the OTPF.1   

Context includes not only the affordances and barriers of the physical environment, but 

also products and technology influences; social context; attitudinal, including cultural, 

factors; institutional impact; and personal factors, such as age, socioeconomic level, 

education status, ethnicity, race, and gender identity.1  Context cannot be teased apart 

from the person or the occupation, and accordingly is paramount in achieving successful 

occupational engagement.80   

2.4.1.4 Performance Patterns 

 Performance patterns are habits, routines, rituals, and occupational roles held by a 

person or community.1  They provide occupational rhythms that can support or hinder 

occupational engagement.  By consideration of performance patterns, occupational 

therapists can work within the temporal context of a person’s occupational lives, which is 

the organizing factor that structures a person’s life.1 

2.4.1.5 Performance Skills 
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 Lastly, the OTPF highlights the importance of performance skills, which are 

process, motor, and social interaction skills.1  Occupational therapists are able to observe 

performance skills, or discrete actions, in occupational performance to determine what is 

supporting or hindering occupational success.  When conducting an occupational 

analysis, an occupational therapist notes the efficiency and amount of performance skills 

used as well as the employment of any compensatory methods.  Performance skills, along 

with the other foundational principles listed in the OTPF, are the pillars to support 

occupational engagement.1   

2.4.2 Neuroplasticity Principles 

Neuroplasticity is the alteration of the brain that is induced from experience or 

training.73,146  Essentially, neuroplasticity is our brain’s manner of internalizing 

experience in order to further learning.71  Mundkur73 described neuroplasticity as the 

connection between the age-old nature versus nurture argument.  A child is predisposed 

with a certain neurological and genetic make-up; however, nature exposes children to 

various experiences, which can influence neurological pathways and gene expression.  

Accordingly, Weyandt et al.72 argues it is imperative to consider neuroplasticity 

principles when designing interventions to maximize a child’s potential learning. 

Kleim and Jones71 introduced neuroplasticity principles that are necessary when 

targeting new learning.  These principles include: use it or lose it; use it and improve it; 

specificity; repetition; intensity; timing; salience; age; transference; and interference.  

Use it or lose it refers to the principle that if a person does not use a skill over time, 

neurodegradation can occur.  Conversely, the use it and improve it principle means if a 
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person uses a skill, they will strength the neurological pathways and/or induce 

neurological pathways associated with learning that skill.71 

The principles of specificity, repetition, intensity, timing, salience, and age 

capture the importance of how and when an experience is introduced in order to invoke 

neuroplastic change.71  Specificity is when a person uses the actual skill they want to 

develop in order to promote lasting change, or learning.  Repetition must occur in order 

to achieve neuroplastic results as the repeated experience strengthens the neural 

pathways.  Intensity refers to the concentration of the experience, or stimuli, with a 

positive correlation between increasing intensity and neuroplasticity promotion.  The 

timing of the experience is important, as certain neuroplastic changes must occur in order 

to induce a complementary change.  In pediatrics, timing is especially important, as 

children have critical periods for growth, or peak learning times.73  Salience refers to the 

meaning of the experience to the person, which has been found to improve attention and 

motivation for participation.71  Age is a critical neuroplasticity principle as children’s 

brains have more inherent neuroplasticity as compared to adults. 

The last two neuroplasticity principles introduced by Kleim and Jones71 include 

transference and interference.  Transference refers to the ability of neuroplastic changes 

from learning one skill promotes skill acquisition for a related occupation.  Interference 

occurs when neuroplasticity actually impedes new learning, or neuroplasticity with a 

related skill.  Kleim and Jones71 discussed an example of interference as with clients who 

have developed compensatory strategies that are serving as barriers to occupational 

performance.  The neuroplasticity principles, much as the OTPF, can serve as a 
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framework in which to best approach a client, a lens with which to maximize their 

occupational growth.   

2.4.3 Self-Determined Occupational Performance Model (SDOP) 

The SDOP model was proposed and previously published in the following 

manuscript:  

Bray, L. & Capilouto, G. (2021).  Self-determined occupational performance model for 

children from economically disadvantaged backgrounds.  Canadian Journal of 

Occupational Therapy, 88(4), 1-9.  https://doi.org/10.1177/00084174211035627 

The SDOP model was proposed as a theory-based approach for targeting 

handwriting outcomes, employing principles from Self-Determination Theory74 and the 

Person-Environment-Occupation Performance Model.80  It was originally written to 

address handwriting outcomes for children from a low-income background; however, as 

Bray and Capilouto2 suggested, the concepts are universal for all children engaging in 

handwriting.  Bray and Capilouto2 described the SDOP model as seen below:  

The SDOP model extends the perspective of a person as a holistic being, 

appreciating the individual spirit, mind, and body.80  While each person is unique, the 

model recognizes that all persons have a shared and universally innate desire for 

autonomy.74  When autonomy is supported, motivation is increased, which leads to 

improved outcomes.74  For example, families who support autonomy often promote an 

atmosphere where children thrive, resulting in increased intrinsic motivation and 

internalized extrinsic motivation74. . . . Incorporating collaborative goal-setting and 

nurturing self-drive through treatment, will result in improved academic success.74  For 

https://doi.org/10.1177%2F00084174211035627
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ay goal to be met, the client must want to accomplish the goal and be confident that they 

can be successful76; both of which solidify their intrinsic motivation.82   

 The SDOP model highlights relatedness as an aspect of environment. . .  Through 

the therapeutic use of self, a therapist can influence relatedness and further engage a 

child.76,81  By helping a child expand their social network, we increase occupational 

meaningfulness and therefore internalize motivation.  Internalizing motivation will 

ultimately enhance occupational performance.74,82   

 Occupation is the root of occupational therapy practice.  As Law81 explains, “As 

members of the profession of occupational therapy, we seek to improve health and well-

being through occupation.”  The drive for competence is one that is at the heart of 

occupational therapy as clinicians are continually assessing and intervening at both a skill 

and occupational level.  Handwriting is a multi-faceted occupation that has its own set of 

challenges due to the physical, cognitive, and perceptual demands.147  By middle school, 

many students have a decreased self-perception of their writing148 and it is the role of an 

occupational therapist to bolster perceived and actual competence.  Occupational 

performance can be achieved through improving the task of writing and providing 

adaptations, but also through self-reflection.  Ryan and Deci82 explained that competence 

also includes the need to gain knowledge and learning, which was also recommended by 

Engel-Yeger et al.149 who determined that informing a student of their handwriting 

deficits, empowered them to assess and correct their own writing.   

 The SDOP model provides a structure in which to address a child holistically.  By 

using competence, autonomy, and relatedness as avenues for addressing occupation, 

person, and environment, it is hypothesized that improved occupational performance will 
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enhance well-being.  By interweaving basic psychological needs through the lens of the 

holistic person, environment, and occupation, the practitioner will tap into the intrinsic 

motivations of the client, thus improving occupational performance and enhancing well-

being.  Occupational therapists are specifically trained and can innately incorporate the 

SDOP approach as part of their professional toolbox.2   

2.4.4 Relationship between the OTPF, Neuroplasticity Principles, and the SDOP model 

The OTPF1, neuroplasticity principles71, and the SDOP model2 complement each 

other, with overlapping principles at micro and macro levels. Please refer to Figure 2.6.  

All of the models highlight, through different lenses, the interplay of the person, context, 

and occupation in order to achieve optimal occupational engagement.   

 

Figure 2.6: Theoretical Foundation 

 

2.4.4.1 Person 
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The person is where occupational engagement is initiated and meaning is 

discovered. Neuroplasticity principles explain how occupational performance is 

interpreted by the person and sustained at the neurological level.71  The OTPF uses client 

factors and performance skills to describe the domain of the person.1  It discusses the 

contribution of the internal body structures and functions, such as neural pathways, and 

performance skills to occupational performance; however, the OTPF also considers a 

person’s values, beliefs, and spirituality.  Neuroplasticity principles also capture a 

broader perspective by suggesting salience, or meaning, of the occupation is necessary in 

order to elicit neuroplasticity.71  Lastly, the SDOP model uses a holistic view of the 

person as well, defining the person as the mind, spirit, and body.2  SDOP emphasizes 

autonomy as a factor in occupational success as it fuels intrinsic motivation.   

2.4.4.2 Occupation 

Occupation is also stressed in all three models.  Neuroplasticity principles discuss 

the need for occupational fit with the person in order to achieve positive neuroplasticity 

results.71  Occupational considerations include the specificity of the occupation,71 

embracing the therapeutic power of the specific occupation in which engagement is the 

goal.145  Intensity and repetition are also aspects of occupational engagement that are 

highlighted in neuroplasticity principles.71  Occupational engagement as a pathway for 

health and well-being are both overarching goals for the OTPF1 and the SDOP model.2    

The SDOP model also uses occupational competency as foundational for participation in
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occupation as this again drives the intrinsic motivation of the person to continue in 

engagement.2 

2.4.4.3 Context 

Context is also a foundational area found across models.  In the neuroplasticity 

principles, the consideration of the temporal context is promoted through the concepts of 

occupational timing and age as neurologically there are optimal times to promote 

learning.71  Additionally, a supportive multisensory environment and social context has 

been found necessary for neurogenesis.79   The OTPF1 and the SDOP model2 take a 

macro perspective on context, including the importance of the physical environment, as 

well as the social, cultural, temporal, personal, and virtual contexts.   

The OTPF,1 neuroplasticity principles,71 and the SDOP model2 remain consistent 

in the connectedness of the interplay between person, occupation, and context.  When 

these three principles align, optimal occupational engagement can occur and be 

promoted.  The theoretical principles described here were used to guide the conception of 

this project to consider the fit of the child with handwriting in their home environment. 

Elements of autonomy, relatedness, and competency were interwoven through the project 

with guided choice, the use of the therapeutic relationship, and the HWT program to 

promote progress of handwriting and spelling abilities. 
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 PILOT STUDY 

 Submitted Manuscript 

Study 1 is a pilot study that was conducted to investigate the feasibility and 

effectiveness of the HWT curriculum via telehealth for lower elementary aged children 

who are typically developing.  A manuscript of the pilot study, “Handwriting Without 

Tears® via Telehealth Delivery:  A Case Study of Feasibility and Effectiveness for 

Handwriting and Spelling Outcomes,” was submitted to the Journal of Occupational 

Therapy, Schools, & Early Intervention on September 16, 2021.  It remains “Under 

Review” as of this time. The submitted manuscript is below. 

 Introduction 

As we resume in-person school delivery, we are starting to observe the far 

reaching effects the coronavirus is having on children, spanning from social and 

psychological development to academic and motor progress.  The sustained impact on 

children will not be fully realized until we acclimate to this “new normal” after 

unprecedented times.  

In a survey, Flack et al.150 found that 80% of teachers believed students would 

need additional instructional supports once in-person school resumed with an estimated 

nine months of learning loss.151  Teachers voiced concerns not only over the students’ 

academic and literacy development, but also for their well-being and experienced social 

deprivation.150  Schools will need tools to maximize students’ success, not only in 

academics, but also improving a child’s confidence during their resumption as a student 

in an in-person school environment with pandemic-changed social and cultural contexts.  
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Pediatric occupational therapists, especially those based in schools, are uniquely 

positioned to help children during this time. Occupational therapists have the skillset to 

support children during their pandemic acclimation as we have been educated to look at 

the whole person and their occupations in social and cultural environments.1  The 

Occupational Therapy Practice Act (OTPF) recognizes the occupations associated with 

the student role, including educational participation, social participation, leisure, and play 

as within the practice domain.1 In order to serve the most clients with the greatest impact, 

pediatric occupational therapists will need to rely on their clinical reasoning skills, 

flexibility, and creativity.  One suggestion of how to accomplish this is through targeting 

handwriting.  

Occupational therapists have a longstanding history of addressing handwriting 

with children41; however, skillful handwriting instruction is often not appreciated for the 

multi-dimensional and comprehensive effect it can have on a child.  Telehealth can serve 

as a service delivery option to reach children with handwriting challenges in an efficient 

and cost-effective manner128,152 with minimal disruption due to pandemic complications.  

The purpose of this manuscript is to review handwriting and its significance as well as 

the use of telehealth in pediatric occupational therapy; then detail a case study 

investigating the effectiveness of a handwriting program delivered via telehealth on 

handwriting and spelling outcomes for a first grader. 

3.2.1 Handwriting 

Historically, handwriting difficulty has been the most frequent reason for referral 

to school-based occupational therapy.41 School-based occupational therapists reported 

that they worked on handwriting goals with children in up to 75% of their caseload.48 
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Handwriting foundational concept in academic literacy skills, including reading, spelling, 

and written composition.34 Handwriting is an occupation that promotes academic and 

physical development as well as contributes to a child’s confidence in their academic 

abilities,46,47 and unfortunately has been neglected with online school delivery.40 This 

multi-faceted occupation has been found to positively correlate with self-efficacy, 

outlook, and academic success.46,47  Handwriting deficits can negatively impact a child’s 

confidence in academics as children with poor handwriting score lower grades even with 

equivalent content.42,153 Thus, occupational therapists can use handwriting to support 

student success with not only handwriting outcomes, but also may be able to 

simultaneously target confidence, academics, literacy development, motor development, 

and self-efficacy.34,46,47,154  

3.2.1.1 Current State of Handwriting 

Handwriting has greater influence than is often recognized in academics today; 

accordingly, there has been a decline in curricular importance since the 1970s.155  Prior to 

the transition to online education, children spent 20 to 50% of the school day engaged in 

pencil-to-paper tasks, primarily handwriting.33 Yet, even with this practice, 10 to 34% of 

children still experienced handwriting difficulty.39  In recent years (pre-pandemic), 88.5% 

of teachers reported a decrease in handwriting abilities and 85.9% of teachers noted a 

decline in fine motor skills.38  The majority of these teachers posited the reason for this 

change was due to less handwriting practice and more digital play.  

As computers, tablets, and smart phones became more prevalent, the perceived 

importance of handwriting diminished.34  Research comparing digital devices with 

handwriting, however, found there is a need for both occupations.  In a systematic 
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review, Wollscheid et al.156 highlighted the sociocultural importance of digital devices, 

but emphasized the majority of the research favored the literacy benefits associated with 

handwriting. Research has demonstrated handwriting has superior correlations with early 

reading26,65,66 and writing skills65 as compared to keyboarding; only Mayer et al.157 found 

comparable results between handwriting and keyboarding. Rogers and Case-Smith158 and 

Mayer et al.157 ascertained digital writing with a stylus to be the least beneficial writing 

mode.  Feng et al.159 conducted a meta-analysis, determining handwriting fluency to be 

associated with compositional quality and compositional fluency while keyboarding 

increased speed, but ultimately concluding explicit teaching of handwriting to be a 

critical contributor to writing development.  Teachers agreed with this perspective as 

99.3% of teachers reported handwriting as important; however, the majority of teachers 

felt there was not enough time for explicit instruction of handwriting with other curricular 

demands.38   

3.2.1.2 Handwriting significance 

The mechanics of why handwriting is important to a child’s academic 

development are two-fold. First, handwriting promotes compositional literacy once it 

becomes automatic.95  Berninger et al.95 proposed a model of writing that distinguishes 

between the low and high level processes involved in writing. They posited through 

automaticity of lower level skills, such as handwriting, the writing process would be 

improved with more cognitive resources available to devote to higher level skills, such as 

planning and composition. Research has confirmed handwriting automaticity to be a 

significant predictor in compositional fluency14,160,161 and thus, improvements in 

handwriting have been associated with increased compositional abilities,14,21,22,162 
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Secondly, recent research has demonstrated a neural overlap between handwriting 

and other literacy skills, such as spelling and reading.26-28 The overlapping neurological 

pathways between these different literacy occupations positively promote one another. 

Accordingly, James & Engelhardt26 and Longcamp et al.66 determined handwriting to 

improve letter reading and retention when compared to typing or tracing.  Longcamp et 

al.66 found the movement of handwriting to activate the sensorimotor area of the brain 

and Vinci-Booher et al.31 demonstrated the connection between the visual and motor 

areas of the brain strengthened through handwriting; which may account for why 

handwriting contributes to improved memory of what is written. Even the act of just 

reading a handwritten versus a typed letter without movement activated the sensorimotor 

area of the brain.30   Suggate et al.29 hypothesized that improved handwriting could 

increase reading abilities because the shared neurological pathways are reinforced.   

Research has supported this theoretical viewpoint with positive relationships found 

between handwriting and early reading skills25-28 as well as handwriting and spelling.25,162   

As teaching was forced to move to online education, often overlooking 

handwriting,40 the impact remains to be known. Keyboarding and handwriting promote 

different abilities: handwriting has been found to improve fine motor,154 visual motor 

integration, and spatial perception skills157,163; while keyboarding is positively correlated 

with bilateral coordination, motor and visual memory.163 With the transition back to in-

person school, students will be expected to resume handwriting tasks, skills which they 

have not used frequently during the pandemic.  
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3.2.2 Telehealth 

 Telehealth is a service delivery model that was already increasing in usage pre-

pandemic152 and has been instrumental in the delivery of therapy during the pandemic.  

Ganesan et al.55 found globally occupational therapist use of telehealth has increased 

from 36.1% pre-pandemic to 60.7% currently. Even vaccination rates rise, virtual 

platform use, including telehealth, has changed how we are able to interact and its 

reliance is expected to remain.164  Seventy eight percent of occupational therapists 

reported that telehealth should be a permanent service delivery option for clients.58 Pre-

pandemic, families already reported advantages of the convenience of pediatric 

telehealth, including flexible timing, location, as well as decreased travel time.130  Both 

caregivers and therapists found parent involvement improved with the use of telehealth 

and recognized the benefits of holding the sessions in a child’s natural 

environment.58,59,128 Kairy et al.62 determined better attendance and compliance of home 

programs associated with telehealth.  The Tanner et al.61 study demonstrated pediatric 

telehealth to be a feasible delivery option with a high satisfaction response from 98.7% of 

families. School-based telehealth has also been found to be an effective service delivery 

model with students improving in targeted outcomes.134,137  In a systematic review, 

Shigekawa et al.165 concluded telehealth outcome attainment to be equivalent to in-person 

therapy. In response to the increased usage of telehealth, the American Occupational 

Therapy Association64 (AOTA) called for further research to determine the effectiveness 

of telehealth as a service delivery option for occupational therapists. Telehealth may offer 

a time-effective option for occupational therapists to maximize their caseloads, and 
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ultimately their impact, as well as provide families with a convenient and flexible therapy 

option with minimal disruption.  

 Present Study 

 The purpose of this study is to determine the effectiveness of handwriting 

intervention on handwriting and spelling outcomes using telehealth service delivery. The 

Handwriting Without Tears® (HWT) program was selected for this study as it is widely 

disseminated, with adoption as the state curriculum in ten states, as well as easily 

accessible.166 HWT was developed by an occupational therapist, using a foundation of 

developmental and sensorimotor techniques.122  It infuses multisensory components into 

handwriting education with tactile, visual, and auditory feedback, in order to solidify 

letter memory and correct letter formation.122  The HWT program builds upon a child’s 

fine and visual perceptual development through a sequential introduction of letters based 

not on alphabetic order, but on complexity of developmental skills required to form the 

letter.122 HWT emphasizes a simplified letter form, using vertical, horizontal, and 

diagonal lines to streamline letter production. Additionally, HWT introduces letters 

through gross motor modeling; then forming letters through manipulatives to build on a 

child’s kinesthetic skills as well as visual abilities; lastly, the child practices handwriting 

in isolated letter, word, sentence, and paragraph formats, providing opportunities for 

reading and spelling to emphasize handwriting in context of academic literacy practices.   

Research supports the instructional strategies incorporated in the HWT program.  

HWT uses explicit verbal and visual instruction for individual letter formation; followed 

with demonstration of letter formation; student guided practice and modeling; and lastly 

independent handwriting work.122  This approach aligns with Vygotsky’s theory of 
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scaffolded teaching within a social environment167 and provides a safe context in which a 

student can learn.168  Additionally, the research performed by Reutzel et al.27 supports the 

use of building letters with manipulatives as seen throughout the HWT program. Reutzel 

et al.27 found that when children were taught letters with an emphasis on the identifying 

features of the letters (i.e., F is made of a vertical line and two horizontal lines), 

handwriting not only improved, but letter naming abilities did as well, an early reading 

skill.    

The researched-based techniques used in the HWT program have been proven to 

be effective in improving children’s handwriting outcomes.  The majority of the HWT 

research has been conducted with children who are typically developing.  As a 

handwriting curriculum, HWT has been found to deliver either more significant results 

when compared to controls of alternate handwriting instruction68,69 or equivalent 

results.70  Donica169 and Randall170 found superior handwriting gains associated with the 

HWT program using a consultative occupational therapy approach, while Schneck et 

al.171 found HWT analogous to the control with the consultative approach.  Smaller 

studies conducted with pre-school participants with developmental delays found the 

HWT program to be effective in improving children’s handwriting.172,173 Verma et al.119 

used HWT toolkits with participants in first through fourth grades to produce significant 

handwriting gains. However, there is a gap in the literature investigating the effectiveness 

of the HWT program using a telehealth delivery model as well as determining if there are 

additional associated literacy benefits, such as spelling.  

Thus, there is a need to explore the effectiveness of the HWT program on literacy 

outcomes of handwriting and spelling using telehealth delivery in children in order to 
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have an evidenced-based program for occupational therapists to utilize.  The purpose of 

this case study was to explore the effectiveness of the HWT program on handwriting and 

spelling outcomes for a first grader via a telehealth delivery. The researchers were able to 

gain an in-depth analysis of the feasibility of the HWT program via telehealth delivery as 

well as observe any changes in participant’s handwriting and/or spelling over the course 

of the study.  As a case study was used, the results are unable to be generalized, but this 

research informs practice as well as further research projects. 

 Materials and Methods 

A case study design was used to investigate the effectiveness of the HWT 

program on handwriting and spelling outcomes using a telehealth delivery.  The data 

from this case study was supplemented with observational fieldnotes of the participant’s 

performance and response to the intervention. Additionally, the investigator maintained a 

journal of biases of interpretation and an audit trail of decisions made throughout this 

process.  Author also had weekly peer debriefings with co-author, an occupational 

therapist with 37 years of experience to reflect on study.  This case study served as a pilot 

to inform the feasibility and utility of a larger dissertation project. The study was 

approved by the institutional review board at a southeastern university. 

3.4.1 Participant 

The participant was recruited using convenience sampling through community 

contacts. Informed consent and assent were obtained from the participant and caregiver. 

Data collected included demographics and comorbidities of the child participant per 

caregiver report.   
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 Inclusion criteria were as follows: (1) child in first or second grade, ranging from 

6 to 9 years old; (2) speaks English fluently as the English language has its own unique 

orthographic, phonetic, and morphological features; (3) able to give informed consent 

and assent. Exclusion criteria included children who have severe cognitive or motor 

delays and non-English speakers. The criterion to have a participant in first or second 

grade was selected because handwriting and spelling improvements in children can be 

detected at this age,174,175 but yet they are early in their development in these skills.176  

Additionally, Langbecker et al.137 found second graders to be the most receptive to the 

telehealth format as compared with children in older grades.   

3.4.2 Measures 

The outcome measures to assess handwriting quality, handwriting speed, and 

spelling used at pretest and post-test were: The Print Tool®, Alphabet15, Words Their 

Way Primary Spelling Inventory, and the Test of Written Spelling (TWS-5). 

3.4.2.1 Handwriting Measures 

The Print Tool®175 was developed by HWT to examine legibility and letter 

formation for children in kindergarten to fifth grades. This assessment systematically 

evaluates handwriting quality (orientation, sizing, placement on the line), generation 

(how the letter is started and formed), and letter memory. Donica and Holt125 established 

strong concurrent validity with other handwriting assessments (r=.606) and determined it 

was a valid representation of teachers’ perceptions of handwriting. Additionally, Criss134 

found the Print Tool® to be an effective method to assess handwriting in a telehealth 

format. The scores generated percentages correct with age expectations for comparison.   
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The Alphabet15147 assesses handwriting speed and automaticity.  This task 

involves writing as much of the lowercase alphabet from memory as quickly as possible 

in 15 seconds as detailed by Berninger et al.107 The raw score generated is the number of 

legible letters in correct alphabetic order written in 15 seconds, to capture an “index of 

automaticity.”147  This writing task is designed to assess a child’s ability to access, 

retrieve, and produce the lowercase alphabet. For this case study, only manuscript writing 

speed was evaluated. 

3.4.2.2 Spelling Measures 

The TWS-5174 is a norm-referenced spelling assessment that was designed for 

both instructional and research purposes.177  It utilizes dictation to assess written spelling, 

generating raw scores, standard scores, age and grade equivalents, and percentiles. It has 

two stimulus forms to diminish bias from repeat testing; thus, different stimulus words 

were used for pre- and post-testing.  

The Words Their Way Primary Spelling Inventory178 is a qualitative spelling 

assessment that determines a child’s spelling developmental level and provides areas of 

growth for the child to inform instruction.  The child writes spelling words from a 

dictated stimulus.  The results are percentages of words spelled correctly and feature 

points spelled correctly (i.e., initial consonants, diagraphs, short vowels, blends, etc.) as 

well as the spelling developmental level. While this assessment is not norm-referenced or 

validated, it was used to provide a more descriptive perspective of the participant’s 

spelling level. 
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3.4.3 Procedure 

Hoy et al.52 found in a systematic review of the handwriting literature that 

frequency, specifically 20 total sessions at least biweekly, to be the leading determinant 

in the effectiveness of handwriting interventions.  As this study was conducted in the 

final month of school, 18 total sessions (including pre- and posttest sessions) were 

offered to the participant to accommodate to their full schedule. 

Zoom, an online teleconferencing platform, was used to deliver the telehealth 

services.   Zoom is compliant with the Health Information Portability and Accountability 

Act, ensuring privacy and confidentiality of study sessions.179  

3.4.3.1 Initial and Final Sessions 

The participant participated in completion of the assessments in the initial and 

final sessions via Zoom. The author conducted the Print Tool®, the Alphabet 15, the 

TWS-5, and the Words Their Way Primary Spelling Inventory. Prior to the study, the 

participant had been provided with recording forms and pencils to use for assessments 

using contactless delivery. 

3.4.3.2 Treatment Sessions 

The participant participated in sixteen 30-minute HWT treatment sessions 

conducted by the author via Zoom three times a week.  Prior to the initial session, the 

participant was provided with a HWT Grade 1 workbook as well as HWT manipulatives 

to practice letter formation (Roll-a-Dough set, Wooden pieces for capitals, Stamp and See 

set, and Wet-Dry-Try set) via contactless delivery.  The sessions began with a short 

review of previously taught letters and introduction to the letter instruction for that 
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session completed via Zoom whiteboard.  Next, HWT warm-ups were completed, 

including: a HWT song that aligned with the session goal (i.e., Magic C Rap when 

teaching c, o, a, d, g which are termed Magic C letters by HWT), postural and grip 

Table 3.1. Sequence of HWT Intervention Session for Presented Letters Introduced180 

activities; gross motor character introduction; fine motor character introduction using the 

HWT manipulatives; handwriting practice in the HWT workbook; and a review and self-

evaluation of comfort with presented topics of the session. See Table 3.1 for further 

detail.  

3.4.4 Data Analysis 

As this was a pilot case study to determine futility and feasibility for future 

studies, only descriptive statistics were used.  Pre-test and post-test scores were visually 

examined from the Print Tool®, Alphabet 15, TWS-5, and the Primary Spelling 

Inventory results; further statistical analysis was not merited due to the lack of standard 

deviation from having only one participant.  Changes that were made from pre-test to 

post-test were contemplated and compared to previous research findings to determine 

clinical relevance. Field notes were made throughout the sessions to capture the 

Examples of activities as further detailed in the HWT teachers guide 

HWT warm-ups Posture and grasp skills, letter stories for presented letters, songs 

Gross motor character 

introduction 

Air writing, door writing, gross motor imitation, song and related dance 

Fine motor character 

introduction 

Wet-dry-try activity, Stamp and See activity, Roll-a-dough activity, 

Wooden pieces for capitals 

Character practice HWT worksheets practicing writing at a character and word level 

Review Verbal review and self-evaluation 
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participant’s responses and reactions to the treatment to provide descriptive support to the 

findings; however, not enough qualitative data was generated to warrant further analysis. 

 Results 

3.5.1 Participant 

“MB” was a 7-year-old female who lived at home with her parents, older brother, 

and older sister.  MB attended public school in kindergarten and completed the end of the 

2019-2020 school year online with no explicit handwriting instruction and incidental 

practice when she completed assigned worksheets. For the 2020-2021 academic year, she 

enrolled in first grade at a private school with intermittent disruption to in-person 

instruction. MB and her mother relayed that she did not receive explicit handwriting 

instruction in first grade, but was allotted time for handwriting practice with occasional 

written and verbal teacher feedback.  MB was typically developing with no concerns in 

physical or cognitive development per mother report. She attended well and was engaged 

during all intervention sessions.  She was able to verbally tell the author her preferences 

for activities and if she had any dislikes about study intervention. She interacted with 

Zoom with minimal assistance once logged on by her mother.  

3.5.2 Handwriting Results 

MB exhibited handwriting gains over the course of the intervention as presented 

in Table 3.2.  MB increased her handwriting speed as measured by the Alphabet15 from 
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Pre-test Post-test 

Alphabet 15 Total letters written 10 15 

The Print Tool®* Overall score 90.8 94.6 

Capital Lowercase Capital Lowercase 

Memory 100 96 100 100 

Orientation 100 100 100 100 

Placement 85 80 100 88 

Size 100 100 100 92 

Start 92 96 92 96 

Sequence 65 80 77 92 

* Percentage scored correct

Table 3.2.  Handwriting Assessment Results 

10 to 15 written letters in 15 seconds. MB also improved multiple subtests of her 

handwriting quality as measured by the Print Tool®, including her overall handwriting 

score from 90.8 to 94.6% correct; 5 of 12 subtest scores increased, including lowercase 

memory, capital and lowercase sequencing, capital and lowercase placement; 6 of 12 

subtests scores remained the same (4 sustained at 100% correct); and one subtest, 

lowercase sizing, declined. A visual depiction of her Print Tool® results can be seen in 

Figure 3.1. Overall, the participant made advances in handwriting, both in quality as 

measured by the Print Tool® and speed as measured by the Alphabet15. 

Figure 3.1: The Print Tool Results 
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3.5.3 Spelling Results 

The spelling results were inconclusive as MB had a slight decrease in the TWS-5 

score and a slight increase with the Primary Spelling Inventory score.  The results of the 

spelling assessments are presented in Table 3.3.  

Table 3.3. Spelling Assessment Results 
Pre-test Post-test 

TWS-5 Standard score 109 104 

Percentile 73rd 61st 

Primary Spelling Inventory Words spelled correctly 12 of 20 13 of 20 

MB exhibited a slight decrease in pre-test and post-test scores for the TWS-5, but 

remained in the average range. With the Primary Spelling Inventory, MB stayed in the 

developmental Within Words Spelling stage, which was age appropriate for a first grader. 

This tool had more data points to compare and improvements were made in 2 of 8 word 

features as well as total words spelled correctly as displayed in Figure 3.2. 

Figure 3.2: Primary Spelling Inventory Results 
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 Discussion 

As this was a single participant case study, the results provided preliminary 

insight into the feasibility and the associated handwriting and spelling benefits of the 

HWT program via telehealth delivery for a first grader over a six-week period. 

3.6.1 Handwriting Discussion 

 The first handwriting change noted was the participant demonstrated gains in 

handwriting legibility from pre-test to post-test after receiving HWT instruction via 

telehealth delivery. The participant improved on 5 of 12 legibility subtests and remained 

at the same level (often the ceiling) in 6 of 12 subtests. On lowercase letter sizing, the 

participant’s score declined, but remained above age expectations for her grade level. The 

results from this case study align with previous research of the utility of the HWT 

program on legibility outcomes for typically developing first graders in a classroom.68-

70,171  The results also support the telehealth findings of Criss.134 Criss134 found improved 

legibility outcomes in elementary students who received school-based telehealth 

interventions that incorporated components of the HWT program.   

Another noted change was the participant demonstrated gains in handwriting 

speed after receiving HWT instruction via telehealth delivery. MB exhibited a 150% 

increase in handwriting speed from pre- to posttest. Previous research has established a 

positive correlation between handwriting instruction and handwriting speed.34,44,117,160 

The Alphabet15 task assesses handwriting speed, but also is an indicator of handwriting 

automaticity because it requires the child to independently recall and form letters in 

alphabetic order.161 The importance of handwriting automaticity to other literacy areas, 
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such as compositional quality and reading performance, has been found repeatedly in 

research.14,160,161   

This author selected the HWT program because it is easily accessible and 

replicable for occupational therapists, as well as educators and caregivers, combining 

sensorimotor and motor approaches as well as opportunity for literacy reinforcement (i.e., 

simple reading passages, worksheets to instruct on sentence and poem structure).180  

Clark et al.181 found that when an intervention is “readily transferable to a wide range of 

practice settings,” the intervention has a quicker dissemination from research to practice.  

This case study supports the use of the HWT curriculum via telehealth delivery with 

positive gains in handwriting legibility and speed made in a short delivery period.  

Previous research has also found the HWT program effective in targeting handwriting 

outcomes. Hape et al.68 and Roberts et al.69 determined greater improvements in 

handwriting outcomes associated with HWT as compared to other instructional methods; 

while Salls et al.70 and Schneck et al.171 found HWT to be comparable to controls of 

teacher-specific handwriting curricula with both groups exhibiting handwriting progress.   

3.6.2 Spelling Discussion 

From pretest to posttest, the participant exhibited both spelling gains and losses, 

dependent on the spelling measure. The differences in these results could be due to the 

variations in how these spelling assessments are administered. The TWS-5 uses two 

different stimulus cards with no repetition of spelling words from pre- to posttest.  The 

Primary Spelling Inventory used the same stimulus words; however, feedback was not 

provided during pre-testing for the participant to self-correct. Overall, the participant 

remained in the same descriptive category for the TWS-5 (average) and developmental 
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stage for the Primary Spelling Inventory (Within Word); thus, the difference in results 

were most likely due to performance variations.   

As this was a case study of a child who was within the average range for spelling, 

the correlation between HWT and spelling benefits should be further explored with a 

larger sample.  Previous research has supported the relationship between handwriting 

improvement and spelling improvement.25,162 Graham et al.182 found utility associated 

with a combined handwriting and spelling intervention in improving handwriting and 

spelling outcomes, especially for children who were delayed in developing these skills. 

Clark183 determined that a child’s competence with letter sounds significantly benefits 

spelling, writing, and reading abilities. Thus, as occupational therapists, if we can 

reinforce the letter sounds while conducting handwriting instruction, this minor 

additional step can impact literacy, such as spelling.  The HWT program incorporates age 

appropriate reading with short sentences on each letter page as well as simple spelling 

tasks, which is an opportunity for the student to practice their reading and spelling 

abilities.   

3.6.3 Feasibility of HWT via Telehealth Delivery 

The case study provided insight as to feasibility of the HWT program via 

telehealth delivery.  The author selected telehealth as a service delivery method to 

decrease attrition as better attendance rates have been associated with telehealth than in-

person visits184 and to minimize disruptions that may arise due to the pandemic.  

Reflectively, the author found the assessments and the HWT program easy to transition 

into the telehealth format in accordance with previous handwriting telehealth research.134 

Only minor adjustments had to be made to translate the HWT program to this format; 



 

 96 

including delivering the HWT materials to the participant prior to study, taking time to 

instruct the participant about Zoom features, completing handwriting demonstrations via 

Zoom whiteboard, and having the participant complete certain handwriting activities via 

Zoom whiteboard. Prior research supports the feasibility of transitioning to telehealth 

pediatric occupational therapy.58,61 The participant remained engaged throughout the 

sessions and anecdotally reported enjoying the activities. Additionally, her mother 

relayed that the Zoom platform was easy to navigate and was satisfied with the telehealth 

experience. This confirms other findings where high rates of client satisfaction have been 

associated with pediatric telehealth.61,128,134 Lastly, although no comparisons were able to 

be made about the differences in effectiveness of the telehealth delivery versus in person 

delivery method in this case study, previous research has demonstrated equivalent results 

between telehealth to in-person occupational therapy delivery.165 

School-based telehealth has been found to be an effective and feasible method of 

delivering occupational therapy services.131,134,137 Rortvedt and Jacobs131 found telehealth 

to be an option to counteract the demanding caseloads and practitioner shortages 

experienced by school-based occupational therapists.  As people are more familiar with 

teleconferencing over the past year, telehealth may be an option to offer school-based 

telehealth service where both the teachers and caregivers can be present to offer more 

family-centered practice. 

3.6.4 Frequency 

An unexpected observation during this case study was in regards to visit 

frequency. A systematic review by Hoy et al.52 found frequency, specifically at least 20 

visits twice a week, to be the most important factor for handwriting intervention 
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effectiveness.  This 20 visit target for intervention frequency has been seen across 

research studies70,185,186 and cited repeatedly in the literature. The current study used 

eighteen visits over six weeks to accommodate to the participant’s full schedule. The 

participant’s mother repeatedly reported satisfaction with the intervention, but found the 

frequency to be “a lot” to which the author concurred.  To this author, 20 visits twice a 

week with a handwriting focus seems pragmatically unrealistic for pediatric occupational 

therapists and families, even with the flexible telehealth delivery, due to time constraints, 

participant interest, and other occupational goals that need to be addressed, especially in 

the current pandemic climate. Glasgow and Emmons187 found interventions that require a 

lot of time and effort are less likely to be translated from research to clinic, which is an 

important consideration for further research in this area.   

As the recommendations for frequency by Hoy et al.52 could also be implemented 

in a classroom setting; even with a consultative occupational therapy approach, it is 

unlikely to be accomplished as teachers already have considerable hurdles to overcome in 

the upcoming academic years with the delays caused by the pandemic.151 Additionally, 

instruction of handwriting was already varied among teachers and schools, pre-pandemic. 

Survey research by Collete et al.37 found the duration and instruction of handwriting 

among kindergarteners to second graders to be inconsistent, with explicit teaching 

averaging between 30 to 45 minutes per week, and evidence suggests minimal to no 

instruction occurred this past year during online education.40  Occupational therapists are 

highly skilled to address the occupation of handwriting with clients as we are educated in 

sensorimotor, visual perceptual, and motor skills as well as contextual influence.  

Additionally, occupational therapists are able to hold individual sessions, which the 
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social connection with instructors has been reported to be missing with online 

education.150  However, the frequency target should possibly be addressed differently to 

improve carryover into a clinical or school setting, such as asynchronous, or without real-

time interaction, sessions that could be completed on the families’ schedule.  One such 

example of this is HWT offers a customizable digital tool where occupational therapists 

can assign client-specific activities, addressing individual handwriting goals.188  Also, 

further research should be conducted on lower frequency handwriting interventions 

delivered via telehealth as telehealth improves familial collaboration, provides insight 

into the client’s and family’s routines and home environment, and reduces both therapist 

and client time costs.128,131 This additional familial involvement can lead to more 

carryover of goal practice58,59; thus, making occupational therapy visits more efficient 

and cost-effective.130  

 Limitations 

 Although this case study provides information that can be beneficial for pediatric 

occupational therapists addressing handwriting goals, the findings cannot be generalized 

and interpreted for statistical significance.  The participant exceeded age expectations in 

handwriting results and was typically developing in spelling at both pre- and post-tests; 

thus, her gains are not comparable to a participant experiencing handwriting and/or 

spelling delays. Additionally, she experienced a ceiling effect with the handwriting 

assessment as she scored 100% correct in many of the subtests at both pre- and post-tests. 

The participant’s high abilities may have contributed to the feeling of the intervention as 

time demanding because there was not a true need for the participant to participate in 

handwriting instruction as she was not experiencing handwriting or spelling delays. In 
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regards to the observations about the feasibility of HWT on Zoom, the participant already 

was familiar with Zoom from online education, adding to her and her mother’s 

competence with navigating the platform.  Additionally, the participant and mother had 

previously met the author through community contacts, which may have also contributed 

to their reliable participation and engagement in the intervention. Lastly, the participant 

experienced complete online education for the end of the 2019-2020 school year and only 

intermittent disruptions to in-person school for the 2020-2021 school year, which is not 

representative of the majority of children in her age group. Further research with larger 

and more diverse samples will need to be conducted to confirm the current results.  

 Conclusion 

This case study and manuscript provided insight into the occupational importance 

of handwriting and how handwriting interventions can address not only handwriting 

outcomes, but literacy outcomes as well, using telehealth delivery.  Effectiveness, 

flexibility, and ease of use is an important consideration in the current pandemic climate 

where children are in need of support and adjusting to new contexts. The HWT program 

is an easily accessible, commercial curriculum that can be used by occupational therapist 

as occupation-based handwriting instruction that incorporates sensorimotor, motor, and 

visual perceptual skills with opportunities to reinforce simple reading and spelling skills.  

Occupational therapists can efficiently incorporate reinforcing letter sounds with any 

handwriting practice to provide additional literacy benefit.183   As handwriting, spelling, 

writing, and reading are such interrelated skills,14,95,107 it may be beneficial, as Clark183 

proposed, for occupational therapists to have education on literacy included in their 

professional or post-professional training.   



 

 100 

A benefit of being thrust into an online world with the pandemic is the utility of 

the telehealth delivery system has been highlighted, including flexibility, ease, and high 

satisfaction.59,61 Telehealth can be used as a service delivery system to assist occupational 

therapists, especially school-based occupational therapists, to reduce time constraints 

associated with travel and improve cost-effectiveness.128,131 Telehealth can incorporate 

and elicit family involvement, even in a school-based environment. Cason152 proposed in 

the current healthcare environment, occupational therapists must be prepared to 

effectively utilize telehealth as a service delivery option; and in response to the growing 

importance of telehealth, the AOTA64 called for further research to be conducted to 

determine the effectiveness and feasibility of telehealth in the delivery of occupational 

therapy.  

 Further research needs to be conducted to validate the results of this case study.  

As this was a pilot study, the author recommends tailoring the research aims to be more 

clinically applicable for occupational therapists.  First, research needs to adapt to the 

client’s schedule and routines, including requiring fewer synchronous visits with possible 

supplemental asynchronous visits to incorporate the target of 20 interventions twice 

weekly as proposed by Hoy et al.52 Additionally, further research should investigate the 

associated benefits for children who have delays or are at risk of delay in the areas of 

handwriting and spelling. This line of research will more readily translate to practice as 

these are typically the clients who are seen by occupational therapists. Lastly, the literacy 

benefits of commercially available curriculums, such as HWT, should be further 

determined to establish the impact of handwriting instruction. 
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 The pilot study described above informed the development of Study 2 described 

in Chapter 4, which investigated the use of the HWT program via telehealth for children 

with handwriting and/or spelling challenges on handwriting and spelling outcomes.  The 

results as well as the spontaneous verbal feedback from the participants shaped the next 

study to investigate an intervention that better translates to clinical practice. 
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 CASE SERIES STUDY 

 Introduction  

The purposes of this chapter were to: 1) review the literature on handwriting, 

Handwriting Without Tears® (HWT), and telehealth delivery; 2) discuss the methods and 

results of this case series study investigating the effectiveness of the HWT program via 

telehealth on handwriting and spelling outcomes for children with handwriting and/or 

spelling issues; 3) examine the results and clinical implications of the aforementioned 

study. 

 Literature Review 

The interest in literacy development has been at the forefront of societies globally 

for centuries to varying degrees and perspectives.189 This has been especially prevalent in 

the modern era in the United States. In recent decades, “the transformation of literacy 

from an education concern to a national political issue has been swift and significant.”190  

Literacy education is emphasized in American academics. Academic literacy refers to 

literacy skills situated within an academic context.191 These include reading, writing, 

speaking, and listening, which have been identified as foundational skills for school-

based literacy by the Common Core State Standards Initiatives.10  Thus, these are the 

curricular components most often stressed in school settings. 

Components of academic literacy are neurologically and developmentally related. 

The research conducted by Berninger et al.107,192 demonstrated the interrelated nature of 

the foundational literacy abilities (speaking, listening, reading, writing).10 Berninger192 

described these skills as four language systems: Language of the Ear (listening), 

Language of the Mouth (speaking), Language of the Eye (reading), and Language of the 
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Hand (handwriting and composition).  Each of these systems share common neural 

pathways with each other, but were also unique; dependent on the purpose and context in 

which the literacy skills were used.08,192 These systems developed not sequentially, but 

simultaneously, impacting one another. 

Accordingly, all components of academic literacy are of importance and can 

influence the development of corresponding literacy skills. Often academic literacy 

research focuses on reading instruction and intervention; however, writing is an equally 

important contributor to literacy. The writing research lags significantly behind that of 

reading,14,18 especially handwriting. The Simple View of Writing, as discussed in Chapter 

1, emphasizes the need to master foundational writing skills (e.g., handwriting, spelling, 

keyboarding) before compositional mastery can be achieved.15 However, explicit 

instruction of the foundational skill of handwriting has declined in curricular presence.193 

4.2.1 Handwriting in Literacy 

Handwriting is a multi-faceted occupation that has positive correlations with 

different areas of literacy, such as spelling,23,25,194 composition,16-18,20 and early reading 

abilities.26-28 

4.2.1.1 Handwriting and Spelling 

    Research found when handwriting is not internalized, the associated cognitive 

demand has a negative impact on spelling and compositional abilities.14,21,22,25,195  In other 

words, when children devote conscious attention to handwriting, cognitive resources are 

siphoned away from concurrent emergent literacy tasks, such as spelling and 

composition.  
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Research supports this postulation. A correlational study established a direct 

relationship between handwriting and spelling.25  Participants who fell into the very poor 

to poor handwriting categories had not yet developed automaticity as their handwriting 

speed was significantly slower than their counterparts and researchers postulated this 

negatively contributed to the participants’ spelling performance.  Another study 

determined handwriting was a predictor of spelling development.23  An inquiry by Gosse 

et al.196 also confirmed a significant positive correlation between handwriting speed and 

spelling accuracy.  

4.2.1.2 Handwriting and Composition 

Handwriting mastery also has a positive impact on compositional development. 

Children who scored in the very good to good handwriting descriptive had increased 

compositional speed and fluency as compared to those who did not, again suggesting the 

importance of handwriting automaticity.25  A study by Alves et al.17 concluded a positive 

association between handwriting and longer and higher quality compositions. Lastly, 

three related correlational studies investigated determinants in writing development.14,21,22 

All confirmed the unique contribution of handwriting to compositional ability and 

length.14,21,22  Handwriting contributed to  the most significance variance in 

compositional abilities as compared to other factors, such as demographic characteristics, 

spelling proficiency, and oral language skills.21   

4.2.1.3 Handwriting and Reading Development 

Handwriting promotes early reading abilities.  Research has found a significant 

direct relationship between letter naming fluency and letter writing with kindergarteners, 
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which has been attributed to the shared perception, cognition, and application of 

orthographic features of letters in both reading and handwriting.27 Research has supported 

the positive influence handwriting has on the early reading skill of letter naming with 

adults as well through a case with a man with acquired dyslexia.28 Viewing handwritten 

letters as compared to typed produced superior results with letter recognition, concluding 

reading a typed letter employs different neural pathways than the graphomotor letter 

identification required of reading a handwritten letter. Functional magnetic resonance 

imaging (fMRI) has confirmed this postulation as participants recruited neural pathways 

associated with reading when reading handwriting, and these pathways were not used 

when reading typing.26  

4.2.2 Handwriting and Occupational Therapy 

Even as handwriting has an influential relationship with other literacy areas, 

handwriting continues to be overlooked in explicit academic instruction.193 Research has 

found a significant number (ranging from 10 to 56%) of typically developing children 

have difficulty with handwriting.18,39  Subsequently, handwriting difficulty is the most 

frequent reason for referral for school-based occupational therapists.41  

When addressing handwriting outcomes with clients, occupational therapists are 

diverse in their utilized techniques. Federer et al.50 conducted a survey where 90% of 

occupational therapists reported using a sensorimotor approach to handwriting 

interventions; how the sensorimotor approach translated into practice varied significantly. 

A subsequent survey of occupational therapists identified multisensory approaches as the 

most frequent manner in which to target handwriting goals, but this also encompassed a 

wide range of specific intervention techniques.49  
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Systematic reviews of the handwriting research confirm occupational therapists 

are heterogeneous in their approach to handwriting.51,52,197 Cahill and Beisber197 

determined the evidence for therapeutic practice was stronger than that of sensorimotor 

techniques, finding a combined approach to be valuable. In an additional systematic 

review of the handwriting research, the strongest evidence supports the use of self-

evaluation techniques when addressing handwriting outcomes.51 The systematic review 

by Hoy et al.52 concluded frequency of intervention was the most significant predictor of 

positive outcomes.  All systematic reviews found interventions that focused on 

component-level skill development removed from handwriting to be ineffective.51,52,197   

4.2.3 Handwriting Without Tears®  

Manualized handwriting programs that combined therapeutic practice and 

sensorimotor opportunities have been found to be effective in handwriting instruction.197 

Handwriting curricula provide a systematic, easily replicable approach for direct 

instruction of handwriting, which improves both legibility and speed.198 

The Handwriting Without Tears® (HWT) program is a widely used handwriting 

curriculum by occupational therapists, teachers, and caregivers. Currently ten states have 

adopted the HWT program into their state curriculum for a systematic approach to teach 

handwriting, receiving public funding for HWT workbooks and materials.166  The HWT 

program is designed to be used with children who are typically developing as well as 

those with special needs.122   

HWT is a multisensory handwriting program that provides explicit instruction in a 

sequential, developmental order.122  The HWT program incorporates sensorimotor 



 

 107 

feedback into handwriting teaching to elicit multiple tactile, visual, and auditory 

experiences to master letter memory and formation.122  HWT utilizes a streamlined letter 

to decrease extraneous effort exerted in letter production. Letter introduction in the HWT 

program begins with gross motor modeling; followed by fine motor manipulatives to 

create the letter; and lastly, the child practices handwriting in isolated letter, word, 

sentence, and paragraph formats.  The HWT workbooks provide students with practice of 

letter writing within the larger context of academic literacy practices.  The HWT program 

is designed to support occupational mastery of handwriting through activities that can be 

adjusted to a child’s abilities and interest. 

Evidence supports the use of the HWT program to improve handwriting 

outcomes.  The HWT curriculum has been determined to achieve equivalent70,199 or 

superior results as compared to other handwriting curricula.68,69 There are two subsets of 

HWT research including those that examine its effectiveness as an individual intervention 

versus as a consultative handwriting curriculum. As an individual intervention, the 

strength of the HWT research is limited due to smaller sample sizes.  In a case study with 

a four year old with developmental delay, the HWT program improved letter sizing and 

form.173 Grindle et al.172 investigated the effectiveness of the HWT with three children 

with autism. All improved in handwriting scores after 32 weeks of the HWT program. In 

a study of the effectiveness of a modified HWT program, developed into “handwriting 

kits” for children with dysgraphia, significant legibility gains were noted.119  As an 

individual intervention, the research is promising to improve handwriting legibility, but 

has yet to be researched into the impact on handwriting speed.   
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The research of the impact of the HWT program delivered by an occupational 

therapist consulting in a classroom is stronger as the studies employ larger sample sizes 

and control groups.170,171,200 Donica169 consulted with classroom teachers on delivering 

the HWT program as compared to teacher-developed lessons. The kindergarteners who 

received the HWT program outscored the control group on all measures.  Another study 

also determined the HWT program combined with a consultative occupational therapy 

approach, to be effective with 70% in the HWT cohort demonstrating handwriting 

improvements.170 Schneck et al.171 found positive results associated with the use of the 

HWT program using a consultative approach, but it was not superior to the control 

teacher-designed instruction.  While there is research supporting the use of the HWT 

program, it is limited in its scope of the effectiveness with children with literacy 

difficulties as well as its determination of associated literacy benefits.   

4.2.4 Pediatric Occupational Therapy Telehealth 

The effectiveness of the HWT program has also not been researched in a 

telehealth delivery format.  The use of telehealth was increasing steadily, but with the 

advent of the current COVID-19 pandemic, telehealth had a sharp utilization incline.  

Surveys of global occupational therapists reported increases in telehealth use ranging 

from 159%55 to 1137%.56  Even as contact restrictions have lessened, the use of telehealth 

has remained and perceived as valuable among occupational therapists, with 78% 

reporting they will continue to use telehealth.58 

For pediatric occupational therapy, research has determined many perceived 

benefits and challenges associated with telehealth by both caregivers and clinicians.  

Benefits include increased caregiver communication and incorporation into treatment; 
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more accessible; flexible to family routines and schedules59; client comfort at home60; 

improved access to clients; less time between referral and initiation of services61; better 

consistency and attendance; and carryover of home programs.62  The disadvantages of 

telehealth delivery include issues with technology57; less effective evaluation and 

monitoring of client progress63; and inability to provide physical facilitation.60 

As the utilization of telehealth continues to grow, the research into the 

effectiveness of interventions delivered via telehealth must catch up.  Even in 2010, the 

AOTA recognized this gap, requesting further research into the effectiveness of 

occupational therapy telehealth.64 The pediatric telehealth occupational therapy research 

is limited in scope with Criss134 as the sole study to research handwriting outcomes using 

an adapted fine motor approach.  This gap in literature calls for further investigations, 

especially into the effectiveness of the widely used HWT program. 

Thus, there is a need to examine the effectiveness of the HWT program on 

handwriting and spelling outcomes via telehealth delivery for children with handwriting 

and/or spelling delays.  The hypotheses for this study are: 

1. Second and third grade students with handwriting and/or spelling delays receiving 

HWT instruction via telehealth delivery will demonstrate: 

a. significantly greater handwriting legibility at post-intervention. 

b. significantly greater handwriting speed at post-intervention. 

c. significantly greater spelling ability at post-intervention. 

2. The HWT program will be a feasible intervention for literacy skills via telehealth 

delivery. 
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 Materials and Methods 

4.3.1 Study Design 

A repeated baseline case series design was used for this study to research the 

effectiveness of the HWT program on handwriting and spelling outcomes for children 

with spelling and/or handwriting difficulties using telehealth delivery. A case series 

design was chosen because it translated to the clinical settings where context and 

participants characteristics are variable.201  The participants served as their own controls 

to account for the developmental differences amongst participants.  Repeated baseline 

testing was used to establish the variability in handwriting and spelling skills for each 

participant, accounting for typical handwriting and spelling instruction they received 

regularly. Each participant received baseline handwriting and spelling testing, two weeks 

without intervention, second handwriting and spelling testing, HWT intervention (7 

weekly synchronous visits; 14 biweekly asynchronous lessons), and posttest.  

Throughout the study, extensive reflexive journaling was used to document the 

principle investigator’s subjective experience to reflect on any potential biases.202  

Another method to address internal bias was to maintain an audit trail of decisions made 

throughout the study,203 supplemented with weekly peer debriefing meetings with an 

outside occupational therapist with over 35 years of experience.  Lastly, any spontaneous, 

unsolicited verbal or written qualitative feedback that was provided by the participants 

was recorded. The study was approved by the institutional review board (IRB) at a 

southeastern university. 
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4.3.2 Participants 

The participants were recruited using convenience sampling through community 

contacts at local elementary schools, pediatric therapy clinics, and non-profit 

organizations in Central Kentucky.  Each facility was provided with an IRB-approved 

flyer and an email template to provide to potentially interested families. Informed consent 

and assent were then obtained from the caregiver and participant respectively. 

Demographic data of age, grade level, identified gender, co-morbidities, and handwriting 

and spelling history was collected per caregiver report. A target of 9 participants was 

selected as this would achieve 90% power using Criss134 as a comparative study, which 

investigated the effectiveness of fine motor interventions, including HWT manipulatives, 

on telehealth with elementary-aged participants.  

Inclusion criteria were as follows: children who are 1) in second or third grade, 

ranging from 7 to 10 years old; 2) speak English fluently as the English language has its 

own unique orthographic, phonetic, and morphological features; 3) able to give informed 

consent and assent; and 4) score 2/3 a standard deviation below norms in the Test of 

Handwriting Skills-Revised and/or the Test of Written Spelling-5. Exclusion criteria 

included children who 1) have been diagnosed with autism, down syndrome, intellectual 

disabilities, and/or severe cognitive delay; and 2) are non-English speakers. Participants 

in second to third grade were chosen because it has been found they are receptive to 

handwriting and spelling interventions,174,175 but are still in the development of these 

skills.176  Additionally, in a study conducted on the effectiveness of pediatric telehealth 

therapy, it was found that participants in second grade were the most responsive to this 

type of service delivery as compared to those in upper elementary.137 
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4.3.3 Measures 

The outcome measures assessed handwriting quality, handwriting speed, and 

spelling at repeated baseline pretests and posttest were: The Test of Handwriting Skills-

Revised (THS-R) and the Test of Written Spelling (TWS-5).  

The THS-R is a standardized, norm-referenced assessment that measures 

manuscript handwriting legibility and speed.204  It has ten subtests to evaluate uppercase 

and lowercase alphabetic writing from memory, writing from dictation, copying at a 

letter, word, and sentence level, and recording dictated spelling words.  Handwriting 

speed is assessed as an ancillary test during the alphabetic writing subtests. The interrater 

reliability for this assessment ranged between 0.59 to 1.0, with the majority of the 

subtests ranging between 0.75 to 0.9 agreement.  Additionally, temporal stability was 

established over a two week period. For overall scores, the temporal stability was 0.82 for 

the overall standard score, ranging between 0.49 to 0.82 for the individual subtests.204    

The TWS-5174 is a norm-referenced spelling assessment that was designed for 

both instructional and research purposes.177  It utilizes dictation to assess written spelling, 

generating raw scores, standard scores, age and grade equivalents, and percentiles. It has 

two stimulus forms (Form A and Form B) to diminish bias from repeat testing; thus, 

different stimulus words were used for pre- and posttests. The TWS-5 has strong 

interrater reliability at 0.99 for Form A and 0.95 for Form B. The temporal stability was 

also tested over a two week period, ranging between 0.84 to 0.95 dependent on grade 

levels.174  
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4.3.4 Procedure 

All synchronous sessions with participants were conducted via Zoom.  Zoom is an 

online teleconferencing platform frequently used to deliver telehealth services.179   Zoom 

was the delivery platform selected because it is compliant with the Health Information 

Portability and Accountability Act, ensuring privacy and confidentiality of participant 

visits.179 

4.3.4.1 Testing  

Prior to the initial participant meeting, informed consent was obtained from the 

caregiver. Upon the first telehealth visit, the participants were assented and then 

subsequently tested and screened for inclusion into the study dependent on participant 

agreement. The primary investigator conducted the THS-R and Form A of the TWS-5 

with each participant.  After the initial testing, if the participant scored within the 

inclusion criteria, the participants were assessed again after a two week period without 

intervention in an attempt to capture the variability in pediatric development. During the 

second baseline testing, the THS-R and Form B of the TWS-5 were used. The two-week 

period was selected as both the TWS-5 and the THS-R used two weeks to establish 

temporal stability.174,205 Lastly, a posttest was conducted after the final intervention visit 

with the THS-R and Form A of the TWS-5.  

Recording forms for the assessments were provided virtually through a data-

encrypted, secure online portal or contactless delivery depending on participant 

preference and location. The forms were returned to the primary investigator in the same 

manner.  
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Two blinded scorers were used to decrease potential scoring bias as well as 

establish interrater reliability for this study.  The scorers were both pediatric occupational 

therapists with 15+ years of experience, who were students in a post-professional clinical 

occupational therapy doctorate program. Each scorer was provided training in both 

assessments by the primary investigator via Zoom as neither had used the assessments 

previously. The scorers and the primary investigator together worked through a case 

example, scoring the THS-R to compare reasoning of scores and process.  After training, 

the primary investigator did not view scores completed by the blinded scorers in an effort 

to not bias her scoring of the outcomes. The scorers were provided as blinded, uploaded 

assessments through a secure, encrypted online portal as scorers resided across the 

country. The primary investigator also scored each assessment to serve as a point of 

reference. 

4.3.4.2 Intervention 

As discussed in Chapter 3, the systematic review by Hoy et al.52 found a basal of 

20 visits, twice weekly, to be the most important predictor to improve handwriting 

outcomes.  Using the experiences and participant feedback from the Chapter 3 pilot 

study, 20 synchronous telehealth visits was cumbersome for the participant and felt 

pragmatically difficult to translate into clinical practice. Thus, the delivery was adjusted 

to reflect the findings from the Chapter 3 pilot study.  Each participant met with the 

primary investigator in a synchronous telehealth session once weekly for seven weeks. 

Two additional asynchronous lessons were assigned to the participants each week 

through the HWT Interactive Digital Teaching Tool®™ (IDTT), for a total of 21 visits (7 

synchronous, 14 asynchronous).  All upper case and lowercase manuscript letters were 
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reviewed either in the synchronous or asynchronous visits.  Weekly email reminders were 

provided with the login information to the IDTT. 

The participants participated in seven 30-minute HWT treatment sessions 

conducted by the primary investigator via Zoom once weekly.  A reminder email with the 

participant’s secure Zoom link was sent weekly to the caregiver in an effort to maintain 

consistency.  If a participant was unable to meet at the scheduled time, the visit was 

rescheduled. Prior to the initial intervention visit, each participant was provided with a 

HWT Grade 2 workbook as well as HWT manipulatives to practice letter formation 

(Roll-a-Dough set, Wooden pieces for capitals, Stamp and See set, and Wet-Dry-Try set) 

via contactless delivery.  The HWT Grade 2 workbook was chosen for all participants 

because the HWT curriculum transitions to emphasizing cursive instruction in Grade 3.  

There is a Grade 3 HWT manuscript workbook available, but after consulting with a 

HWT representative it was found this workbook provides manuscript practice without 

upper case and lower case explicit instruction (Christina Bretz, O.T.D., email 

communication, September 17, 2021); thus, the HWT Grade 2 workbook was used for all 

participants. 

Each session used the same format as used in the pilot study (Chapter 3).  The 

primary investigator started with a review of previously taught letters and introduction to 

the letter instruction for that session completed using the Zoom whiteboard. Next, HWT 

warm-ups were completed, including: a HWT song that aligned with the session goal 

(i.e., the “Vowel” song when reviewing vowels), postural and grip activities; gross motor 

character introduction; fine motor character introduction using the HWT manipulatives; 

handwriting practice in the HWT workbook; and finally, the participant provided a self-
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assessment of their confidence in what they had learned during that session.  When 

possible, the participants were provided choice of activities within the HWT 

manipulatives and warm-up activities in efforts to support their autonomy. 

For consistency with the synchronous lessons, the Grade 2 curriculum was also 

used for the asynchronous IDTT visits. The 14 assigned IDTT lessons were 

approximately 10 minutes in length dependent on the material presented. All participants 

were introduced to the IDTT lessons during the first synchronous visit with the primary 

investigator. Caregivers were provided written login instructions, which were also 

included in each weekly visit reminder email. In order to access the IDTT session, 

participants would need assistance from caregivers to login. Each IDTT session 

maintained a similar, but condensed format to the synchronous visits. The lessons began 

with a warm-up activity, which included animations of letter formation, videos of gross 

motor letter games, grip activities, or HWT songs.  This was followed by individual letter 

writing practice on the computer, first with tracing and then with copying the letter on the 

computer. Whether the participant used their finger, trackpad, or mouse to complete the 

writing portion relied on the computer setup of the individual participant. Each 

participant was assigned individual lessons and the primary investigator was able to 

monitor their progress through the IDTT platform.   

4.3.5 Data Analysis 

 As mentioned above, the blinded scorers accessed de-identified recording forms 

of the TWS-5 and THS-R uploaded by the primary investigator through a secured, 

encrypted online portal.  At the conclusion of the study, the primary investigator used the 

blinded scorers’ raw scores to calculate standard scores and percentiles. Once the primary 
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investigator completed scoring all participant assessments for all scorers, the scores were 

inputted into Excel 2019, Version 16.30 for primary analysis of means and percent 

change.   

IBM SPSS Statistics Software 2021, Version 28.0 was used to calculate interrater 

reliability, variability among the pretest data sets, confirm normality of the data set, and 

run paired t-tests to determine significance of changes between pre- to posttest.  Interrater 

reliability to determine the level of agreement between the blinded scorers was calculated 

through Cohen’s kappa statistic.206 Since the inclusion criteria for participants was 

difficulty with handwriting and/or spelling, a wide range of overall standard scores could 

be calculated for the TWS-5 and the THS-R because participants may or may not have 

deficits in either or both of these areas.  Therefore, per statistician recommendation 

(Stacey Slone, M.S., zoom meeting, May 3, 2022), the scorers’ standard scores were 

classified into descriptive categories, ranging from Very Poor to Very Superior rather 

than using the raw data. These descriptive categories were outlined in the TWS-5 with 

standard score ranges as seen in Table 4.1174  The THS-R does not provide 

Table 4.1. Descriptive categories standard score range174 

Descriptive Category Standard Score Range Assigned Numerical Value 

Very Superior >129 7 

Superior 120-129 6 

Above Average 110-119 5 

Average 90-109 4 

Below Average 80-89 3 

Poor 70-79 2 

Very Poor <70 1 
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descriptive categories and suggests to use the standards of professional practice205; thus, 

the descriptive categories of the TWS-5 were adopted for both measures to maintain 

consistency. Numerical values were assigned to the descriptive categories ranging from 1 

(Very Poor) to 7 (Very Superior). The Cohen’s kappa was also run between pretest 1 and 

pretest 2 scores for both blinded scorers to determine levels of agreement and stability 

amongst the baseline measures.  Cohen’s kappa statistic ranges in values between -1.0 to 

1.0.206 Kappa values of ≤ 0 indicate no agreement, 0.01 to 0.20 as no to slight agreement, 

0.21 to 0.40 as fair agreement, 0.41 to 0.60 as moderate agreement, 0.61 to 0.80 as 

substantial agreement, and lastly 0.81 to 1.0 as near perfect agreement.206  

 For the normality tests and the paired t-test, the average baseline scores for the 

overall standard score for the TWS-5 and the THS-R were compared to the posttest 

scores for each participant.  For the ancillary test for speed, the number of letters written 

in 40 seconds from alphabetic memory were recorded; then pretest numbers were 

averaged and compared to posttest for each participant. The two baseline measurements 

for each assessment were averaged for each participant as scored by each individual 

outside scorer (i.e., for the TWS-5, pre1 and pre2 for participant A was averaged by 

scorer 1 and by scorer 2). Then the two scorers’ baseline averages were averaged together 

to generate a baseline average for comparison to the posttest average between the two 

scorers.  

The normality for each data set (pre/posttest letters/40 seconds for speed and 

overall standard scores for the TWS-5 and THS-R) was calculated using SPSS. 

Normality was determined by the Shapiro-Wilk test and measures of skewness and 

kurtosis. Additional visual examination of the points plotted on a histogram were used as 
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a point of reference. The Shapiro-Wilk test was selected as it is a normality test for 

sample sizes under 50 participants207 and has greater associated power than comparable 

tests.208  When the p > 0.05, the data is assumed normally distributed.209  Skewness and 

kurtosis were also calculated using SPSS; skewness measures the symmetry of the data 

and kurtosis, the pointedness of the data.208,209 Z values were subsequently determined by 

dividing the statistic of skewness or kurtosis by standard error. If Z values were between -

1.96 and 1.96, the data was found to be normally distributed. Lastly, visual inspection of 

histogram plots was used as a secondary point of reference for normality.208,209  

 Once the data was confirmed to be normally distributed, the paired t-test was 

selected to determine significance of difference between pretest and posttest values.  The 

paired t-test is used to determine differences between two data groups, which in this case 

is pretest and posttest measurements.210  A p-value of < 0.05 was determined to be 

significant.210 

Lastly, field notes were made throughout the intervention to capture the 

participants’ responses and reactions to the treatment to provide descriptive support to the 

findings; however, not enough qualitative data was generated to warrant further analysis.  

The field notes provided qualitative validation of outcomes with spontaneous verbal 

feedback provided by participants.  

 Results 

The primary purpose of this study was to determine the effectiveness of the HWT 

program delivered via telehealth on handwriting and spelling outcomes for second and 

third grade participants. 
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4.4.1 Participants 

 Twelve participants were recruited, screened, and completed 100% of 

synchronous sessions for this study, including two repeated baseline pretests, seven 

synchronous telehealth visits, and a final posttest. Only four participants completed any 

portion of the asynchronous IDTT lessons, ranging from 14% to 100% of sessions 

completed. Eleven participants were male with one female. The ages upon enrollment 

ranged from 7 years, 10 months to 9 years, 9 months, with an average of 8 years, 6 

months. Six participants were in second grade and six in third.  Five participants attended 

public schools and seven were in private schools.  All participants were right-handed with 

the exception of one left-handed participant. Four participants met the inclusion criteria 

for handwriting speed and the remaining eight met the inclusion criteria for combined 

spelling and legibility or speed deficits (legibility n=6, speed n=7, spelling n=8).  One 

participant was enrolled in occupational therapy at the start of the study, but was 

discharged by the end.  Otherwise, five other participants reported previous history with 

occupational therapy, but no active participation.  Four caregivers reported participant 

experiencing issues with attention, but only one had a diagnosis of Attention Deficit 

Disorder (ADD). It was noted, however, that six participants, including the four with 

attentional issues, required more cueing to attend to task than the remaining six. The 

participants varied in the total time they were enrolled in the study from 55 to 91 days 

since many participants missed and rescheduled visits due to illness, outside 

commitments, and/or travel. 

Of the twelve participants, one of the pages of the posttest THS-R recording form 

was lost before secured by the primary investigator; thus, data for only 11 participants 
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were scored for handwriting speed and the overall THS-R legibility. Spelling results for 

all 12 participants was ascertained. Additionally, all of the recording forms for one 

participant were discarded upon initial testing, so this participant went through three 

rounds of baseline testing with two weeks between each testing session.  Therefore, the 

participant had TWS-5 form B for the first scored pretest as compared with form A for all 

other participants.  See Table 4.2 for a summary of demographic information. 

4.4.2 Handwriting Results 

 The pretest averages were compared to the posttest averages for both handwriting 

speed and the overall THS-R standard scores, indicating overall handwriting legibility. 

4.4.2.1 Handwriting Speed   

Handwriting speed was calculated as total letters written from alphabetic memory in 20 

seconds for the uppercase alphabet and 20 seconds for the lowercase alphabet.  

Handwriting speed was determined as an ancillary test apart of the THS-R subtests 1 and 

2.  One of the outside scorers consistently recorded the handwriting speed (33 of 35 tests) 

whereas the other only scored it in 13 of 35 tests. Cohen’s kappa for interrater reliability 

was calculated with the paired 13 tests between the outside scorers at 0.915. Since there 

were less that 50% points of comparison, Cohen’s kappa was also run with the values 

tabulated by the primary investigator and the first outside scorer (with 33 of 35 tests) as a 

reference and a 0.862 kappa was achieved. Thus, the interrater reliability was near perfect 

agreement across scorers since both were above 0.80.206  
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Table 4.2. Participant Characteristics 
Participant Age Gender Handedness Grade School Inclusion 

Criteria 

IDTT 

lessons 

completed 

Days 

from 

Pretest 

2 to 

Posttest 

Device 

P1 8-1 Male Right 2 Private L, S 0 69 D 

P2 9-1 Male Right 3 Public L, S 14/14 71 L 

P3 8-0 Male Right 2 Private HS 10/14 62 L 

P4 8-5 Male Right 3 Private HS 14/14 71 D 

P5* 8-2 Male Right 2 Public L, S 0 57 L 

P6 9-4 Male Right 3 Private L, S 0 71 D 

P7 9-2 Male Right 3 Private HS, S 0 71 D 

P8 8-2 Female Right 2 Public HS, S 2/14 78 P 

P9 8-0 Male Right 2 Private HS 0 67 T 

P10 7-

10 

Male Right 2 Private HS 0 55 L 

P11 9-9 Male Right 3 Public L, S 0 85 D 

P12** 8-8 Male Left 3 Public L, HS, S 0 91 L 

L=legibility, S=spelling, HS=handwriting speed, T=tablet, L=laptop, D=desktop 

* Participant who discarded first testing forms, thus had three rounds of baseline testing

** Participant who discarded first page of THS-R posttest; only spelling results used

Variability was observed in speed scores from pretest 1 and pretest 2 across 

participants and scorers with a Cohen’s kappa of 0.045 between paired pretests indicating 

slight agreement. The change between pretest scores ranged from -11 to 14 with an 

average of -0.5 of letters/40 seconds. 

The Wilk Shapiro statistic was run to determine the normality of the data. Since 

the second scorer had not calculated the speed consistently, the averages between the 

primary investigator and the first scorer were used. The data was found to be normally 

distributed with a p-value of 0.096 for pretest speed and 0.584 for posttest speed. P-

values above 0.05 were found to indicate normally distributed data.209  Z-values for 

skewness and kurtosis also confirmed normal distribution as all values (skewness: 

Zpre=0.0635, Zpost=0.343; kurtosis: Zpre=-1.538, Zpost=0.631) were between -1.96 and 

1.96.208,209 Lastly, visual inspection of the data appeared to be in a normally distributed 

bell-shape. 
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 As the data was confirmed to be normally distributed, a paired t-test was used to 

determine the significance between the pretest speed scores and the posttest scores. The 

p-value was 0.001 indicating significant increase in speed scores with a mean average 

change of 4.70.   A direct relationship was plotted between the pretest and posttest scores 

as seen in Figure 4.1.  

4.4.2.2 Handwriting Legibility  

Handwriting legibility was determined by the overall standard scores of the THS-

R. Both outside scorers scored all subtests of the pretests and posttests with the exception 

of the one subtest the participant reported as missing from a posttest THS recording form 

packet.  The primary investigator used the scorers’ subtest scores to calculate the standard 

scores for 11 participants, omitting the data from the participant with an incomplete 

posttest.   
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Figure 4.1: Pretest vs. Posttest Handwriting Speed Scores 

 

Interrater reliability was determined for the outside scorers using comparisons 

between descriptive categories of the standard scores.  The Cohen’s kappa was found to 

be 0.172 between the outside scorers, which indicates a slight agreement.  Each scorer 

was compared to the primary investigator’s scoring and had higher agreement with 

Cohen’s kappa of 0.231 and 0.350, but still only in the fair agreement range.206  As 

compared to the interrater reliability of found by the THS-R, which ranged between 0.59 

to 1.0,205 the agreement between the two scorers was much lower.  Both blinded scorers 

received uploaded copies of the recording forms. Interrater reliability may have been 

impacted by the quality of the uploads and how the scorers viewed the recording form 

(i.e., printed version versus virtual), which is a potential limitation of the study and will 

be discussed further. 
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 Variability between pretest 1 and pretest 2 scores for participants was noted with 

a Cohen’s kappa of 0.091 again suggesting slight agreement.  The change between pretest 

scores ranged from -11.5 to 9.5 with a mean of -1.5.   

 The Wilk Shapiro statistic indicated the pretest and posttest data was normally 

distributed with a p-value of 0.312 for pretest and 0.346 for posttest.  The Z-values for 

skewness was found to be -0.351 for pretest and 0.115 for posttest, which again supports 

normal distribution. The Z-values for kurtosis were -1.01 for pretest and -1.16 for 

posttest, within the normal distribution range. The histogram of results also indicated a 

bell-shaped distribution.  

 A paired t-test was run between pretest and posttest scores to determine 

significance and none was found with a p-value of 0.241.  The mean average of change 

from pretest to posttest was -3.09. Please see Figure 4.2 to see a scatterplot of the THS-R 

 

Figure 4.2: Pretest vs. Posttest Overall THS-R Standard Legibility Scores 
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standard score results. 

4.4.3 Spelling Results 

 The pretest averages were compared to the posttest averages for TWS-5 standard 

scores.  Full data sets for all 12 participants were ascertained. Raw scores were calculated 

by the outside scorers and the primary investigator generated the standard scores based 

on these tabulations. The interrater reliability was again determined using the descriptive 

categories for the standard scores. The Cohen’s kappa found was 0.783 between the two 

scorers.  Although this is lower than the interrater reliability found by the TWS-5, which 

ranged from 0.95 to 0.99,174 there was still substantial agreement.206 

The Cohen’s kappa between pretest 1 and pretest 2 scores was 0.450, indicating 

moderate agreement.  The range of change between participants was -13 to 7.5 with an 

average of -3.5.   

 The Wilk Shapiro generated a statistic of 0.979 for both pre- and posttests, 

suggesting normally distributed data.  The skewness Z-values were -0.324 and -0.584 for 

pretest and posttest respectively.  The kurtosis Z-values were -0.496 for pretest and 0.040 

for posttest, which corroborated normality as well. Lastly, the histogram was in a bell 

curve as another point of reference for normality. 

 The paired t-test was run comparing pretest spelling scores to posttest scores.  

There was not a significant change between pretest to posttest with a p-value of 0.337. 

The mean change between pretest to posttest was 2.145, ranging between changes of  

14.75 to -10.75 (8 improved and 4 declined). Please see Figure 4.3 for a scatterplot of 

spelling results. Refer to Table 4.3 for a table of participant-level results.  
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Figure 4.3: Pretest vs. Posttest Overall TWS-5 Standard Spelling Scores 

Table 4.3. Summary of Participant Results 
P1 P2* P3 P4 P5** P6 P7 P8 P9 P10 P11 P12*** 

Speed 

Pretest Avg 26.25 23.5 16.5 16 25 24 16.5 20 18 15 24.5 

Posttest 

Avg 

32 28 19 16 30 29 20 27 22 16 38 

Pre Change 3.5 -3 3 -1 -8 10 -7 14 0 -6 -11

Change 5.75 4.5 2.5 0 5 5 3.5 7 4 1 13.5 

THS-R 

Pretest Avg 89.75 81.5 118.5 100.5 92.75 97.5 119.5 113.5 96.25 119 99.5 

Posttest 

Avg 

94 72 111.5 102 89 91.5 112 107.5 85.5 110.5 94.4 

Pre Change 3.5 9.5 -1 0 -10 3 -9.5 -8.5 -11.5 9.5 -2

Change 4.25 -9.5 -7 1.5 -3.75 -6 --7.5 -6 -10.75 -7.5 -5

TWS-5 

Pretest Avg 83.5 74.5 99.25 103.25 79.25 88.5 65.75 79.5 109.75 97.75 63.5 52 

Posttest 

Avg 

89 76 108 92.5 94 84 76 74 114 102 65 47.5 

Pre Change -9.5 -13 7.5 -1.5 -6.5 -2 0 5 -5 -2 -11 -4

Change 5.75 1.5 8.75 -10.75 14.75 -4.5 10.25 -5.5 4.25 4.25 1.5 -4.5

P=participant; Pre Change=change between pretest 1 and 2 baseline measures *P2 reported sustaining a 

concussion 3 days prior to posttest ** Discarded first testing forms, thus had three rounds of baseline 

testing ***P12 misplaced first page of recording packet of THS-R, which included the speed subtest 



 

 128 

 Discussion 

This repeated baseline case series investigation sought to gain insight into the 

effectiveness of the HWT program via telehealth delivery to improve handwriting and 

spelling outcomes for a second and third graders with handwriting and/or spelling delays. 

Additionally, this study provided information on the feasibility of delivering the HWT 

program via telehealth.  

4.5.1 Handwriting Discussion 

4.5.1.1 Handwriting Speed 

The participants demonstrated significant increases in handwriting speed after 

completing the synchronous HWT telehealth visits with a p-value of 0.001and mean 

improvement of 4.70 letters/40 seconds.  The range of change in speed across participants 

was 0 to 13.5 letters/40 seconds. This corroborates the findings of the pilot study in 

Chapter 3, where the participant exhibited a 150% change in handwriting speed from 

pretest to posttest. Previous handwriting research also supports the use of handwriting 

interventions on improving handwriting speed.44,45,117,160   

 The effectiveness of the HWT program on handwriting speed is relevant as 

handwriting speed has been found to be an indicator of automaticity of handwriting 

skills.161  When handwriting becomes internalized, more cognitive resources can be 

allotted to composition allowing for further writing development.15  The findings of 

previous research support this postulation as handwriting speed accounted for the most 

unique variance at 4.1% for compositional abilities as compared to other demographic 

and literacy factors.21 Skar et al.211 found handwriting accounted for 7.4% of the variance 



 

 129 

in compositional quality in a study with almost 5000 first through third graders.  Children 

who write at a depressed speed subsequently have decreased overall compositional 

output43; thus, children who are not automatic with their handwriting are at higher risk for 

compositional difficulties.212 In a systematic review of the literature examining the 

relationship between handwriting and literacy for kindergartners, strong evidence was 

found that supports the relationship of handwriting fluency to compositional and early 

reading abilities.194  Handwriting speed had not been studied as an outcome in the HWT 

literature previously; therefore, these results add support to the effectiveness of the HWT 

program to improve handwriting speed via telehealth.   

4.5.1.2 Handwriting Legibility 

 Significant increases in overall handwriting legibility as determined by the THS-R 

standard scores were not observed with a p-value of 0.241 and mean change of -3.09   

The pretest/posttest change ranged from -10.75 to 4.25 across participants with only two 

of eleven participants exhibiting increases in handwriting legibility.  This contradicts the 

previous HWT research, which has consistently demonstrated significant improvements 

in legibility after receiving the HWT program.68-70,119,170,173,199  Additionally, Criss134 

conducted a pilot program delivered via telehealth, which incorporated HWT 

manipulatives and HWT notebook paper. Of the eight elementary-aged participants, all 

demonstrated gains in their overall legibility. Thus, the results of the current study oppose 

the existing research.  

 The potential reasons for the diverging results between the literature and the 

legibility results of this study are wide-ranging. A longitudinal correlation study found a 

negative relationship between handwriting speed and handwriting legibility for children 
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in third grade.196 As children wrote faster, they tended to incur more legibility mistakes, 

which was observed in the current study.  In 9 of 10 participants in this study (one 

participant did not change in handwriting speed) speed improved, but their legibility 

declined.  The overall means of change also demonstrate this relationship with a mean 

change of 4.70 for handwriting speed and -3.09 for legibility. This negative relationship 

could have also been observed because the participants’ legibility did not have sufficient 

time to adjust to the increased speed and no follow-up testing was conducted, which 

warrants further research into sustained results. Additionally, fluency has been found to 

be a determinant in compositional ability; thus, the impact of possible declined legibility 

on compositional quality needs to be further researched. 

Hoy et al.52 conducted a systematic review where they determined the most 

significant predictor for legibility improvement was frequency, specifically twice weekly 

visits for a total of at least 20 visits.  The pilot study targeted 20 synchronous visits, but 

fell slightly short at 18 visits due to end of the year commitments of the participant; 

however, positive results were still achieved.  As discussed in Chapter 3, spontaneous 

anecdotal feedback by the participant and her caregiver was the frequency of visits was 

difficult to maintain, which was experienced by the primary investigator as well. The 

author found the frequent visits cumbersome and unrealistic to translate that rate of 

handwriting-devoted interventions into clinical practice and accordingly adjusted the 

intervention frequency for the current study. Each participant completed 7 synchronous 

visits once weekly and was assigned 2 additional asynchronous weekly IDTT lessons for 

a total of 21 visits. The completion of the IDTT lessons were minimal with only four 

participants accessing the software outside of the synchronous visits; two participants 
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completed all IDTT lessons, one completed 71%, and one 14%. Thus, the frequency was 

not met as suggested by the Hoy et al.52 systematic review. There was not a correlation 

observed, however, between those participants who completed the asynchronous visits 

and improvements in legibility.  Retrospectively, the IDTT program may not have been 

the appropriate fit for asynchronous lessons.  IDTT was chosen because it is a product of 

HWT, and thus the consistency of the lessons, including terminology, letter formation, 

and activities, was maintained. However, pencil-to-paper practice was not achieved 

through IDTT.  In a study conducted by Mayer et al.157, a stylus or writing on a 

touchscreen was deemed the least favorable writing tool option because the surface of the 

device provides less friction and consequently requires increased motor control to 

maintain legibility. Frequency of handwriting visits and suitable avenues in which to 

elicit supplemental handwriting practice warrants further study to find a balance of 

applicability to practice and intervention effectiveness.  These findings may support the 

use of consultations within the classroom setting in order to achieve more frequent 

handwriting practice, while also allowing handwriting to be practiced within the wider 

scope of a literacy lens.  

Another factor into the legibility null results could be characteristics of the 

participants.  In a longitudinal study of early elementary students, Gosse et al.196 found 

that the development of handwriting legibility plateaued at second grade while 

handwriting speed and spelling continued to progress.  They postulated that the critical 

period of development of handwriting legibility may be in first grade.  Mudkar73 

emphasized that the potential for neuroplasticity is highest during critical periods of 

development.  Timing and age are a pivotal contributors to neuroplasticity according to 
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neuroplasticity principles.71 Reflecting on the results of this study, it is hypothesized that 

compensatory handwriting strategies for legibility may be ingrained in older elementary 

students; thus, a short-term handwriting intervention may not be an appropriate fit for 

older students with issues with legibility. The relationship between explicit instruction of 

handwriting, age, and frequency of practice needs to be further researched. 

Another characteristic of the participants was many had difficulty with attention. 

Fifty percent of the participants in this study were observed to need moderate cueing to 

attend to task as observed and reflexively journaled by the primary investigator (n=4 with 

caregiver reports of attentional issues; n=6 observed to require increased cueing to 

maintain attention).  Increased screen time usage has been found to have adverse effects 

on attention,213 which may be impactful in this telehealth study where there is a high 

percentage of participants struggling with concentration. Attention effects of ADD have 

are exacerbated in an online learning context, causing inattention-related mistakes.214 

Becker et al.215 found adolescents with an ADD diagnosis participating in online 

education struggled with their educational experience as compared to their peers without 

attentional concerns, including increased difficulty to concentrate and an associated low 

affect. The use of telehealth delivery with participants with attentional issues should be 

further examined to determine the effectiveness of this service delivery option. 

4.5.2 Spelling Discussion 

The effectiveness of the HWT program via telehealth on spelling outcomes was 

not significant with a p-value of 0.337. The mean change between pretest to posttest was 

2.145, however 75% of participants increased their spelling scores. Ten participants 

remained in the same descriptive category from pretest to posttest while two increased 
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(one participant increased from poor to average and one participant increased from 

average to above average).  With visual analysis of the spelling scatterplot, a direct 

relationship between pretest to posttest after the HWT intervention was observed, but this 

should be interpreted with caution as the results were not significant. The spelling results 

of the Chapter 3 pilot study were inconclusive as well.  The participant experienced a 

slight decrease in TWS-5 scores were found whereas there were minimal gains associated 

with the Primary Spelling Inventory.  The participant remained in the same descriptive 

category of average for spelling throughout the study, exhibiting inconclusive results.  

Moderate strength of evidence has been found that supports the direct relationship 

between handwriting fluency and spelling abilities.194 Increases in handwriting skills 

correspond with growth of spelling development.23 This correlation has been postulated 

due to the reinforcement provided by the physical and kinesthetic nature of handwriting 

with understanding of orthographic patterns with spelling. McCarney et al.25 concluded 

participants with poor to very poor handwriting performed significantly lower on spelling 

tasks.  The researchers inferred that participants with handwriting difficulties had not yet 

developed automaticity and cognitive resources were pulled away from spelling to devote 

to the act of handwriting. Conversely, research has shown spelling challenges predicted 

decreased handwriting fluency in older students.196   

The significance of the current investigation spelling results may have been 

negatively impacted by design factors of the study.   Due to the nature of the telehealth 

format, difficulty with hearing occurred frequently with dictation during both the 

administration of the TWS-5 and the THS-R.  The primary investigator self-corrected by 

repeating the directions and annunciating more clearly, but this may not have translated 
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into the participant adequately hearing the dictation, especially with the TWS-R.  For 

example, differentiating between the words “to” and “two” was difficult for some 

participants even with the provided sentence to place the word into context. The primary 

investigator speculates this was due to challenges with the directions rather than spelling 

ability because on one attempt the participant would spell it correctly and the second, 

they would not.  These mistakes did not occur consistently or with all participants, 

however.   Testing fatigue may have also influenced the significance of the results as 

well.  In future research on the relationship between handwriting and spelling, these 

factors need to be considered. 

4.5.3 Telehealth Feasibility 

The last aim of this study was to inform the feasibility of the HWT program 

delivered via telehealth.  To garner information on this area, the primary investigator 

maintained extensive field notes.   

4.5.3.1 Role of the Device Type 

The type of device the participant used to access the telehealth visit varied from 

desktops (with 1 to 2 screens; n=5), laptops (n=5), tablets (n=1), and smartphones (n=1). 

The device type influenced the delivery of sessions.  The participants with desktops, 

tablets, and smartphones were unable to adjust their cameras, therefore, in the majority of 

instances, the primary investigator often could not view the act of handwriting, but only 

the product. Additional activities, such as grip instruction, were addressed in the air rather 

than in a paper-to-pencil context. Participants with laptops were able to adjust their 

screens for the primary investigator to observe them in the act of handwriting; thus, 
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laptops (or desktops with adjustable cameras) were the best devices for telehealth 

delivery in this study.  The contribution of the device type was apparent and warrants 

further investigation as to the effectiveness of telehealth delivery versus device. 

4.5.3.2 Benefits of Telehealth 

Many of the benefits found in the telehealth literature were experienced during 

this study as well.  The study experienced no attrition of synchronous visits, which can be 

attributed to the telehealth format. Research has shown there is improved continuity of 

care59,129 and attendance,62 which was demonstrated in this study.  Three participants 

were put into quarantine for COVID-19 exposure, but were still able to attend their visits.  

The primary investigator experienced slight illness as well and was able to continue to 

administer the HWT visits.  The telehealth service delivery supported consistency during 

this study.   

Additionally, research has shown that telehealth visits adapt more easily to the 

family routine,60,128-130 which was noted during the study as the schedule was adjusted to 

the participants’ school and activity schedules. The participants were drawn from a 

greater geographical range, which was possible due to the telehealth delivery.  Expanded 

access to clients and clients in rural locations has found to be a beneficial aspect of 

telehealth.56,61,130 Research has also determined clients are more comfortable during 

telehealth visits as they are in the context of choice.58,60,78,129 Comfort of the participants 

was observed during this study as the therapeutic relationship was quick to be 

established. 

4.5.3.3 Associated Challenges of Telehealth 



 

 136 

The main challenges reported by both families and therapists associated with 

telehealth were technological in nature.56,60,62,63,128,129  This was a consistent difficulty 

encountered throughout the study, especially with internet issues.  Only on one 

occurrence, however, was the session stopped due to internet challenges, but on multiple 

occasions computers froze.  Other device factors included difficulty with sound, indicated 

above with the challenges with assessment dictation. Difficulty with screen clarity was 

also noted, especially when administering the TWS-5.  In order to monitor the 

participants’ progress towards the ceiling on the TWS-5, the participants would show the 

primary investigator the spelling recording form. Often, the form was difficult for the 

primary investigator to read; thus, adjustments were made for the participant to write and 

dictate their spelling. One participant had a cracked screen and could not complete any of 

the whiteboard drawing or IDTT activities.      

Abbott-Gaffney et al.63 discussed other challenges providers experienced with 

telehealth.  Therapists reported difficulty monitoring progress, which was experienced by 

the primary investigator, especially influenced by the participant device type as discussed 

above.  The need for an e-helper was a challenge reported in the Abbott-Gaffney et al. 

study.63  All of the participants in this study were familiar with teleconferencing and had 

participated in virtual education in the past year.  Because of this background, most 

caregivers were not present during the visits (only 2 consistently were available).  Thus, 

if technological or logistical issues arose, it was more difficult to navigate.  Additionally, 

if a participant was distracted by teleconferencing attributes (i.e., using the chat, virtual 

backgrounds, emojis), it at times was difficult to redirect them back to the HWT lesson. 

Lastly, multiple studies found the inability to provide physical cueing a barrier to 
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telehealth,56,60 which was a challenge in the present study as it appeared many 

participants needed additional proprioceptive input to attend to task. 

Pediatric occupational therapy telehealth research continues to lag, but the 

acceptance of families to use telehealth services has increased.63 The research of the 

effectiveness of pediatric occupational therapy interventions via telehealth is limited.  

Criss134 investigated the impact of telehealth interventions on handwriting outcomes; 

however, the majority of the intervention research in pediatric telehealth examined the 

effects of caregiver education,132,141,142 gross motor upper and lower body 

interventions,136,138-140 and adapting school-based intervention for telehealth 

delivery.131,137  None of the interventions studies have been conducted as the pandemic 

has sustained and children have increased in their online usage.216  The impact of this 

greater utilization has demonstrated positive and negative effects, which needs to be 

further investigated.216 The HWT program also incorporates fine motor manipulatives 

and gross motor activities, accordingly physical guidance may be influential to the 

results, which did not translate into telehealth service delivery.  Interventions requiring 

more physical components need to be further studied to determine if it is effective to 

deliver these interventions via telehealth as compared to in-person. Lastly, null results 

need to be reported,217 especially with telehealth delivery as this service delivery is often 

more convenient and accessible to clients, but it needs to be established as equally 

effective as in-person treatment.  

 Limitations 

 There are limitations associated with this study, therefore the results should be 

carefully interpreted. Even though the 90% power was met, a case series studies with a 
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sample size of 12 has limited external validity and thus needs to be expanded in future 

research to a greater sample size with controls.  The participants were not representative 

of the larger population. Seven participants attended private school and five public.  In 

the United States, approximately ten times as many children attend public school as 

compared to private.218 Only one participant was female and all, but one, were of middle 

to upper socioeconomic levels. Additionally, only one participant was left-handed, which 

is the participant who did not return a full THS-R posttest; thus, their data are not 

included in the handwriting results. Among participants, there were also inconsistencies 

between delivery of telehealth services depending on the device upon which they were 

using. 

 The primary investigator was unable to view approximately 50% of the 

participants in the act of handwriting dependent on the participant’s device as discussed 

above. While the primary investigator was able to observe the participants complete 

appropriate letter formation using the whiteboard feature on Zoom, this correct letter 

formation may not have been translated into handwriting on paper.  Thus, the participants 

could have been practicing incorrect letter formation, which may have negatively 

impacted the legibility results, and a limitation of this study. 

 The limited access to the asynchronous visits was an additional limitation to the 

study. As previously mentioned, four of 12 participants initiated asynchronous IDTT 

lessons, ranging from 14% to 100% of sessions completed.  Weekly reminder emails with 

login information for IDTT were sent to the caregivers; however, participants did not 

have direct access to the IDTT lessons. Participants required the assistance of caregivers 

in order to login to the asynchronous platform, which was a limitation. 
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 While the HWT workbooks provided word and sentence-level reading practice, 

there was limited opportunities for spelling practice.  A limitation of this study was to not 

include spelling practice combined with handwriting, which is the natural context in 

which a child conducts handwriting.  

The interrater reliability should also be considered when examining the results of 

this study as there was little agreement among scorers for overall THS-R scores (Cohen’s 

kappa=0.172). Blinded scorer 1 had 3 positive changes, 1 no change, and 7 negative 

changes; scorer 2 had 5 positive changes and 6 negative changes from pretest to posttest; 

and the primary investigator had 4 positive changes, 2 no change, and 5 negatives. The 

interrater reliability as examined by the THS-R indicated agreement among raters ranging 

from 0.59 to 1.205 The interrater reliability for the THS-R, however, was established 

between three scorers with the majority of the samples (77%) scoring the cursive test.  In 

addition, the blinded scorers in this study did not examine original recording forms, but 

rather uploaded forms.  It is postulated that this may contribute to the variability among 

results as handwriting is highly nuanced, especially for children who have difficulty with 

handwriting and may not apply adequate force when writing resulting in lighter (and 

harder to see) print. Thus, further research into the interrater reliability for the manuscript 

THS-R test needs to be conducted.   

The uploaded format and the handwriting difficulties of the participants may have 

influenced the scoring of the TWS-5 as well.  While the Cohen’s kappa was high for this 

study at 0.783 between the two blinded scorers, it was lower than the interrater reliability 

demonstrated by the TWS-5 ranging from 0.95 to 0.99.174 Also as discussed above, the 

administration of the TWS-5 had to be slightly adjusted depending on the participant’s 
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context. At times, participants required additional verbal instructions as they had 

difficulty hearing via online format.  The ceiling was hard to determine via visual 

inspection on telehealth and at times the participants had to spell aloud as well as write 

their responses. 

The variability between all baseline pretests were high. The level of agreement 

between the pretest handwriting speeds was minimal with a Cohen’s kappa of 0.045.  

This number may be quite low since raw data was analyzed; thus, there was a wide range 

of possible values that could be achieved (i.e., a participant could score 11 letters/40 

seconds on pretest 1 and 12 on pretest 2 and would not have agreement).  There was a 

high variability among pretest scores with legibility as well with a kappa of 0.091.  Test-

retest reliability was determined by the THS-R with repeated testing of 17 participants for 

manuscript version in 2 weeks increments, ranging between 0.47 to 0.80 reliability 

between overall scores.  The Cohen’s kappa for the TWS-5 between pretest 1 and pretest 

2 scores was 0.450, indicating moderate agreement, but still lower than the test-retest 

reliability indicated by the TWS-5 ranging between 0.84 to 0.95. It was noted by the 

primary investigator that amount of effort and attention devoted to all assessments varied 

among participants and instance, as the THS-R is a lengthy and exhaustive handwriting 

assessment. Depending on the contextual influences of the visit (i.e., time of day, amount 

of sleep, attention, etc.), the performance on the participant was observed to be highly 

variable. 

 Conclusion 

This case series supported the use of the HWT program via telehealth to improve 

handwriting speed.  While not significant results, 75% of participants also experienced a 
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positive trend in their spelling outcomes. Handwriting legibility was not improved. 

Additionally, many benefits and challenges were associated with the telehealth service 

delivery format.  Consistency was the most beneficial aspect of telehealth experienced in 

this study, which is relevant in a time where unpredictability is common due to COVID-

19.  Telehealth is a service delivery format that is on the rise; thus, research of specific 

intervention delivered via telehealth needs to be conducted to determine if the 

effectiveness is equivalent to that of in-person delivery. 

 Further research needs to be conducted to validate the results of this study.  As 

demonstrated in the current study and the Gosse et al196 study, a negative relationship 

between handwriting speed and legibility was noted.  Follow-up testing is warranted to 

examine sustained results as well as to determine if handwriting speed and legibility have 

a true negative relationship or if legibility is lagging due to newly acquired speed.  Gosse 

et al.196 also further noted in their study that the development of handwriting legibility 

plateaued in second grade. Thus, research needs to determine if this inverse relationship 

continues to exist in earlier elementary grades during the critical period of legibility 

development.196  A replication of this study is warranted with participants in earlier 

grades to maximize the neuroplastic potential73 to adequately investigate the effectiveness 

of the HWT program delivered via telehealth.  

Lastly, occupational therapy research on handwriting interventions within the wider 

context of literacy need to be conducted.  As handwriting, spelling, writing, and reading 

development are interrelated in their development,14,95,147 occupational therapists need 

education on literacy to continue to situate handwriting in the larger literacy picture, 

which will be further addressed in Chapter 5.    Copyright © Laura P Bray 2022 
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 SYNTHESIS OF RESULTS 

 Introduction 

 Literacy is an evolving practice area for pediatric occupational therapists.89 A 

survey by Polichino87 found that 79% of school-based occupational therapists felt they 

supported clients’ literacy occupations. Pediatric occupational therapists, especially those 

working in early intervention, preschools, or schools, are members of a literacy-focused, 

interdisciplinary team.88,90 With handwriting being the primary occupational performance 

issue school-based therapists address,41 the relationship of handwriting in the realm of 

literacy needed to be further investigated.   

 In addition, globally as we have traversed our way through the COVID-19 

pandemic, online communication systems have become more prevalent.  In response, the 

use of telehealth in occupational therapy has drastically risen.55,63  However, research to 

validate the effectiveness of interventions delivered via telehealth is lagging in 

comparison.   

 The purpose of this chapter is to 1) review how the studies of this dissertation 

project contributed to the knowledge of handwriting in relation to other literacy areas, 

such as spelling; 2) to review how the studies informed the effectiveness of delivering 

handwriting interventions via telehealth for children with handwriting and/or spelling 

difficulties; and 3) provide insights to contribute to future directions on how handwriting 

interventions should be considered, both theoretically and clinically, in occupational 

therapy.  
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 Dissertation Overview 

 This section will provide an overview of the dissertation project in order to 

highlight findings and emerging implications observed.  A summary of the dissertation 

will provide a foundation for the discussion of the broader themes noted throughout the 

project.  

5.2.1 Literature Review 

 An examination of the literature was completed in Chapter 2.  A systematic 

review of the effectiveness of handwriting and/or spelling interventions for children with 

specific learning disorders (SLD), including dysgraphia, was conducted.84 Through the 

review of the literature, it was determined that the current research has a grade B of 

evidence to support the effectiveness of interventions to improve handwriting and/or 

spelling outcomes for children with SLD using the Strength of Recommendation 

Taxonomy; otherwise, the literature is of limited quality and inconsistent findings109 and 

warrants further research.  The most significant results across the literature supported the 

use of occupation-as-means,53 or the use of handwriting and/or spelling activities during 

the intervention treatment, which support previous findings in the handwriting 

literature.51,52  

 A review of the pediatric occupational therapy telehealth research was also 

performed.  The majority of the research in this area discussed the perceived benefits and 

barriers associated with telehealth as well as utilization patterns.  Eleven studies 

investigated the effectiveness of pediatric occupational therapy interventions delivered 

via telehealth. These studies were wide-ranging in their aims, from upper and lower 

extremity training to using a family coaching model.  Criss134 was the sole study 
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investigating the use of fine motor interventions to improve fine motor and handwriting 

outcomes via telehealth. Twenty one of the studies in the review were conducted pre-

pandemic, when both clients and therapists were less familiar with virtual 

teleconferencing, and seven studies were completed when contact restrictions were the 

tightest and there was no choice for in-person service delivery.  Research has not yet 

examined the effectiveness of telehealth interventions when there is a choice between in-

person and online services to determine if standard of care is maintained across service 

delivery models.  

 Chapter 2 concluded with a description of the theoretical background used to 

guide the dissertation project. The theoretical underpinnings of this project included the 

Occupational Therapy Practice Framework (OTPF),1 neuroplasticity principles,71 and the 

Self-Determined Occupational Performance model(SDOP).2  These three models 

complemented and informed one another, supporting broader themes of person, 

occupation, and environment in order to improve occupational engagement. Please see 

Figure 5.1 for an overview of the theoretical foundation of the dissertation project. 
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Figure 5.1: Project Theoretical Foundation 

 

5.2.2 Pilot Study 

 Chapter 3 was a pilot case study with a two-pronged purpose: to explore the 

effectiveness of the Handwriting Without Tears® (HWT) program to improve 

handwriting and spelling outcomes delivered via telehealth; and to provide insight into 

the feasibility of telehealth as a service delivery option for the HWT program. The 

participant was a first-grade female who was typically developing.  A participant without 

literacy challenges was selected to prevent confounding factors, such as physical or 

cognitive delays, from impacting the relationship between handwriting and spelling.  The 

participant met synchronously with the primary investigator for 16 HWT intervention 

sessions, three times weekly for 30 minutes.  The frequency was based upon the 

recommendation of a systematic review of the handwriting research by Hoy et al.52  They 

found 20 visits, twice weekly, to be the optimal target of practice for handwriting 
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intervention effectiveness. As this was the end of the school year and the participant had 

other outside engagements, therefore, only 16 visits were scheduled and completed. 

  Upon posttest, improvements were noted in both handwriting legibility and speed.  

The participant increased in 5 of 12 legibility subtests and remained at the same level 

(usually the ceiling) for 6 of 12 subtests.  She exhibited a 150% increase in handwriting 

speed from pretest to posttest. Spelling improvements were inconclusive as on one 

measure she improved and the other declined, but remained within the average 

descriptive category throughout. The differences in spelling results were postulated to be 

due to performance variations rather than true change. 

 The feasibility of the HWT program delivered via telehealth was promising. The 

HWT manipulatives were provided to the participant prior to the initiation of the study, 

allowing for only minor adjustments to be made in order to complete the strategies 

provided in the HWT Instructor’s manual. Previous research reported increased 

attendance associated with telehealth use,184 which was supported in the case study as 

well with no missed visits. Throughout the sessions, the participant remained engaged 

and reported enjoying the intervention, which corroborates the current telehealth 

research.128 61,134 

 The case study provided preliminary information into the effectiveness of the 

HWT program delivered via telehealth on handwriting and spelling outcomes. However, 

adjustments were recommended for future research to improve the translation of the 

findings into clinical practice.  Twenty visits were targeted in accordance with the 

suggestions of the Hoy et al.52 systematic review.  However, the participant and her 

caregiver both felt the frequency was consuming, especially in the context of other 
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school-year commitments, including homework and after school activities.  Interventions 

that require an intensive amount of time and effort are less likely to be carried out in 

practice.187  While a basal level of intensity for practice has not been established, 

Glasgow and Emmons187 advocated for research to better inform minimal visits needed 

for change with intervention effectiveness.  Additionally, a client with no challenges with 

handwriting and/or spelling would be less invested to participate in this robust of a 

handwriting intervention and is not representative of typical caseloads held by pediatric 

occupational therapists.  These study attributes should be considered and adjusted in 

future research in this area. 

5.2.3 Case Series Study 

 A repeated baseline case series study to investigate the effectiveness of the HWT 

program via telehealth delivery on handwriting and spelling outcomes for second and 

third grade students with handwriting and/or spelling difficulties was detailed in Chapter 

4. This case series also informed research on the feasibility of telehealth to deliver the 

HWT program. 

 Twelve second and third graders were recruited for the study, 11 males and 1 

female with an average age of 8 years, 6 months. Four participants exhibited difficulty 

with handwriting speed and the remaining had combined handwriting and spelling 

deficits (legibility n=6, speed n=7, spelling n=8).  Repeated baseline measures were 

conducted with a two-week non-intervention period to gain information about typical 

performance variability.   Each participant had seven synchronous HWT visits once 

weekly and two additional asynchronous lessons assigned weekly through the HWT 

Interactive Digital Teaching Tool®™ (IDTT) in an effort to meet the 20-visit target 
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suggested by the Hoy et al.52 systematic review, but in a less time intensive manner. All 

participants attended 100% of the synchronous lessons whereas the participation in the 

asynchronous lessons was minimal. Only four participants accessed the IDTT program 

(n=2 with 100% completion, n=1 with 71% and n=1 with 14%); thus, 20 visits were 

largely unmet among participants.  Also, one participant lost a page of the posttest 

handwriting recording form; therefore, none of the participants’ handwriting measures 

were included in the handwriting results.  

 This study measured handwriting speed, legibility, and spelling. Significant 

improvements were found among participants for handwriting speed (p=0.001). All 

participants increased their handwriting speed with the exception of one who did not 

exhibit change. Participants did not have significant associated handwriting legibility 

changes (p=0.241). In fact, only two participants improved in their legibility with nine 

decreasing in their overall legibility scores.  This is in contrast to the existing HWT 

research, which has seen associated improvements in legibility.68-70,119,170,173,199  However, 

it supports the research conducted by Gosse et al.196 where an inverse relationship 

between handwriting speed and legibility was observed. Additionally, the interrater 

reliability among two blinded scorers for the handwriting legibility assessment indicated 

only slight agreement (Cohen’s kappa=0.172).  

 The results for spelling were also insignificant with a p-value of 0.337.  Seventy 

five percent of participants improved in their spelling scores from pretest to posttest. Ten 

participants remained in the same descriptive category while two increased; thus, the 

majority of the change was relatively minor. The previous research into the relationship 

between handwriting and spelling has observed that increases in handwriting fluency 
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were positively correlated with spelling.23,25,194 Although not significant, it is interesting 

to observe that the majority of the participants in this study both improved in handwriting 

fluency and spelling; whereas legibility declined. It is postulated, especially in older 

grades (i.e., fourth grade and above), the impact of handwriting legibility on spelling may 

be minimal to none. Further research needs to be conducted to confirm this hypothesis. 

 Perceived benefits and challenges associated with telehealth were noted 

throughout the study.  Benefits included no attrition, ability to include participants in 

wider geographical range, and participants were able to attend visits in their environment 

of choice.  The main telehealth barrier observed during this study was associated with the 

type of device used by the participant.  The majority of the participants had an immobile 

camera (i.e., on a smartphone, tablet, or desktop), so the primary investigator was limited 

in their field of vision, including the ability to observe the participant in the act of 

handwriting. The exchange of the recording forms was also difficult as two participants 

discarded parts of the forms. The other barriers were minor in nature, such as internet 

difficulties or attentional challenges, but manageable. 

This case series supports the use of the HWT program via telehealth to improve 

handwriting speed. Further examination needs to be conducted with possible adjustments 

for visit frequency and participant age. As the Hoy et al.52 systematic review determined, 

a frequency of 20 visits, twice weekly is a significant predictor of improvement in 

handwriting.  This case series study attempted to structure its visits for 7 synchronous 

visits and 14 asynchronous biweekly visits in order to accommodate the participants’ 

schedules. However, with minimal carryover of the asynchronous visits, the 20-visit mark 

was far from met.  Thus, this frequency needs to continue to be adjusted, focusing on a 
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balance of frequency effectiveness and practical translation into clinical practice. 

Additionally, it has been found that children typically plateau in their legibility in second 

grade, so the HWT program via telehealth should be investigated further with younger 

participants.196 With older children where handwriting compensatory strategies have 

already been developed, an approach for self-evaluation and correction may be more 

beneficial.51 

 Synthesis of Dissertation Studies 

 This section will overview the multi-faceted nature of handwriting as a 

component of literacy; discuss an evolved theoretical foundation; and apply the 

aforementioned concepts to practice.  

5.3.1 Handwriting in Literacy 

 In occupational therapy, handwriting is frequently targeted as an isolated 

occupational modality and/or goal for clients.  As the OTPF detailed, occupations “have 

particular meaning and value to that client.”1 Does handwriting as a singular occupation 

mesh with this description? For most students, probably not. However, if you place 

handwriting into the greater lens of relevant literacy-based and academic occupations, for 

most students, the occupational meaning is enhanced.   

 As a profession, occupational therapy has transitioned away from a reductionist 

approach,219 where occupational performance issues were strained down to component-

level deficits rather than concurrently considering the broader perspective of person, 

environment, and occupation.80  A reductionist approach has been found to be ineffective 

when addressing handwriting outcomes. When therapists do not actually employ 
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handwriting into treatment, but rather focus on remediation of contributing skills, the 

results are ineffective.51,52  A wider lens is needed to continue to progress occupational 

therapy practice by consideration of the role handwriting plays in literacy-based 

occupations.  By explicitly recognizing the role of handwriting in literacy, it is postulated 

occupational therapists will be able to address handwriting outcomes more successfully 

as well as contribute to an interdisciplinary team more efficiently. Gerde220 described the 

focus on handwriting instruction should be within the parameters of a meaningful writing 

experience rather than rote letter practice. This concept will subsequently be pursued 

further in relation to an evolved theoretical foundation. 

5.3.2 Evolved Theoretical Foundation 

 As this dissertation project progressed, it became more apparent how the three 

guiding models of the OTPF, neuroplastic principles, and the SDOP model were 

intertangled, informing one another. Please see Figure 5.2 below.  

 All of the models viewed the interaction of the person, environment, and 

occupation in order to achieve occupational performance, and ultimately engagement and 

wellness, but used different terminology and varying micro or macro perspectives.  Each 

model has an important and vital role to play in informing practice, especially in the 

realm of handwriting and literacy. These models should guide occupational therapists 

when considering evaluation and practice of handwriting without losing sight of its role 

in literacy. 
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5.3.2.1 Person 

The person is an integral part of the OTPF, neuroplasticity principles, and the 

SDOP model.  The OTPF looks at the “mind-body-spirit connection” of the person, 

focusing on the domains of client factors and performance skills.1  Client factors are 

internal attributes of a person, capturing the “mind and spirit” through values, beliefs, 

* SDOP model components is indicated by Times New Roman. OTPF components are indicated by Bradley 

Hand. Neuroplastic Principles are indicated by American Typewriter 
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Figure 5.2: Evolved Theoretical Foundation 
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spirituality, and “mind and body” through body functions and body structures. 

Performance skills are a person’s abilities to execute motor, process, and social 

interaction skills.  

Neuroplastic principles begin with a microscopic view of the person by 

examining the brain’s neurological potential for change and learning.71  To maximize this 

ability for neuroplastic change, the neuroplastic principles consider age of importance as 

the younger the person is, the more plastic their neural networks are.  Neuroplastic 

principles also consider salience, or importance of an activity to a person, to be a defining 

principle in eliciting neuroplastic change; using OTPF terminology, a person’s beliefs 

and values.  For example, Molesh et al.221 found participants with aphasia exhibited 

increased success with word naming when using salient, or meaningful, word targets in 

comparison to words that were not indicated as motivating to the person. 

The SDOP model corroborates the holistic, “mind-body-spirit” view of the person 

as outlined in the OTPF, but emphasizes the Self-Determination theory principle of 

autonomy.2 Autonomy is the desire for personal choice of salient, or valued, 

occupations.76  Autonomy is a basic psychological need that when fulfilled will help 

support intrinsic motivation.74  When a person is intrinsically motivated, outcomes are 

improved.74   

Within the discourse of this dissertation project, the concept of the person as 

outlined above refers to the student.  These models support the student having a choice of 

occupations that are meaningful and salient to them in order to obtain occupational 

engagement.1,2,71  Students who are highly motivated demonstrated increased outcomes 

with reading, writing, and spelling.148  Contrastingly, when a student finds writing to not 
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be meaningful, they perceive it as more strenuous.222 Taking an ecological approach, 

occupational therapists need to provide handwriting opportunities that are valuable to the 

student, which often is within the larger context of the literacy occupation of writing 

rather than isolated letter practice. 

Additionally, the student’s abilities need to be considered, such as age, body 

functions, body structures, and performance skills. As postulated in this study, the age of 

the student and appropriateness of the intervention may not have been aligned. For third 

graders, when compensatory handwriting strategies and neuroplastic interference are 

more established, it may have been beneficial to focus on a self-correction intervention 

rather than formation and practice of handwriting through the HWT program in the 

context of a short-term intervention. Physical and cognitive attributes of the student also 

need to be assessed when working with children on handwriting to determine the most 

beneficial approach to improve their engagement.  An occupational therapist should 

regard all of a client’s foundational academic literacy skills, including not only 

handwriting, but reading, spelling, and writing aptitude as well. These skills influence 

one another as they are interrelated. For example, handwriting fluency can be negatively 

impacted when a child has difficulty with spelling as there are more frequent associated 

pauses.196 Additionally, children need to be able to read their written products to 

determine accuracy.223  

5.3.2.2 Environment 

The importance of environment is highlighted in all of the models as well. The 

OTPF has a broad definition of environment that includes the physical, technological, 

social, attitudinal, and institutional influences that transact with the person and 
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occupation.1 All of these aspects of context play an instrumental role in how a person 

engages in an occupation. The temporal context is captured through a person’s 

performance patterns, which includes their habits, routines, roles, and rituals.  Through 

performing these patterns of tasks and occupations, a person is able to structure their time 

at a micro and macro level, allowing the person to reflect, engage, and prospect.  

Environmental neuroplastic principles include the tenets of timing and 

repetition,71 correlating with the temporal context of the OTPF. Timing in neuroplastic 

principles refers to the scaffolding of plasticity or skill development. In other words, in 

certain situations, specific skills or activities need to be learned prior to another one; thus, 

learning one skill is dependent on the development of the other.  Repetition of an 

occupation is needed in order to sustain neuroplastic change, similar to a task or 

occupation being repeated in order for a habit or routine to be established. 

The SDOP model, in alignment, with the OTPF considers the physical, social, 

cultural, spiritual, and institutional aspects of environment.2 The relatedness element of 

Self-Determination theory is highlighted as pivotal in the environmental domain of the 

SDOP model. Relatedness refers the need for social connections and again contributes to 

intrinsic motivation,76 which can improve occupational performance.82  

For the dissertation project, the impact of environmental influence was central in 

the research question through the examination of the feasibility of delivering the HWT 

program via telehealth. Thus, the participants were engaging with both their home 

environments and the virtual context of telehealth.  In alignment with previous research, 

participants were able to adapt to the telehealth visits within the parameters of their 

typical routines59 as well as appeared more comfortable being in their home.58,60,78,129  
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Additionally, the participants were able to engage in handwriting in an environment 

where it typically occurs. As discussed previously, the temporal context of the study 

could have been a limitation.  Without the completion of the asynchronous lessons, the 

dissertation project did not employ enough repetition to promote lasting neurological 

change with legibility. 

The relatedness aspect of environment was emphasized through the therapeutic 

relationship throughout both dissertation studies.76,81  Through the individual sessions, the 

primary investigator was able to build rapport without difficulty and build an individual 

social connection with the participants, which was reported to be waning during online 

education.150 

The timing neuroplasticity principle is also relevant as according to the Simple 

View of Writing, once the lower level skills of handwriting and spelling become 

automatic, more cognitive resources can be devoted to the higher level writing processes 

of planning, composition, evaluation, and reflection.15  Accordingly, once neuroplastic 

changes associated with handwriting are established, the potential for further 

neuroplasticity in the literacy realm of writing is enhanced. 

5.3.2.3 Occupation 

Lastly, occupation is instrumental in the OTPF, neuroplasticity principles, and the 

SDOP model.  The OTPF describes the importance of occupation as “central to a client’s 

(person’s, group’s, or population’s) health, identity, and sense of competence.”1   The 

OTPF outlines the nine domains of occupation as activities people want and need to do. 
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As Townsend and Wilcock144 explained, occupation is the modality with which 

occupational therapists use to assist clients. 

While Kleim and Jones71 do not use occupation in their terminology, occupation 

is apparent within the neuroplastic principles as well. The notion of “use it or lose it” 

implies the choice of occupational engagement is required in order to elicit 

neuroplasticity.  The specificity principle of engaging with the specific occupation that is 

desired to be learned will contribute to neuroplastic change.  The intensity ascribed to an 

occupation also is correlated to neuroplastic results. Thus, the attributes of occupation are 

vital in eliciting neuroplasticity. 

Occupation is at the forefront of the SDOP model as well.2 In alignment with the 

OTPF, the SDOP model emphasizes the necessity of occupation over the lifespan.  It also 

incorporates the Self-Determination principle of competence into occupation.  

Competence is the desire for occupational achievement.76  When a person perceives 

occupational competence, their intrinsic motivation is bolstered.74   

Occupation was central to the research of this dissertation project. The aim of the 

project was to investigate the effectiveness of a handwriting occupation-as-means 

intervention, the HWT program, to increase handwriting and spelling occupational 

outcomes for children with handwriting and/or spelling difficulties. The HWT program 

was selected because of its use of multiple forms of letter writing practice, including at a 

word, sentence, and essay level as well as its incorporation of a play-based, multisensory 

approach to warm-up letter formation activities.122 The program can be adjusted 

according to skill, interest, and activity demands to promote a perceived level of 

competence.77 The specificity of the activity is in alignment with neuroplasticity 
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principles71 as handwriting is actually practiced; however, it is not so for spelling, which 

may have contributed to the spelling results not producing a significant change.  

Again, occupational therapists should not consider handwriting as an occupation 

in isolation, but within the broader landscape of academic literacy skills.  Pontart et al.24 

conducted a study to examine the relationship of handwriting to spelling. They found that 

handwriting and spelling are co-occupations that occur simultaneously, where the student 

is often producing a handwritten word while concurrently either spelling the current or 

future words in the sentence. Accordingly, in a systematic review of  the role of 

handwriting in literacy for kindergarteners, the strongest evidence supported the positive 

correlation between handwriting fluency and written composition skills.194  Ehri223 

discussed the bidirectional nature of reading and spelling. To spell, a student must be able 

to read spelled words and to spell words; and to read, the student must know spellings of 

read words. While Ehri does not address handwriting specifically, handwriting can be 

implied in this relationship when spelled or read words are manually printed.  It is 

impossible to tease handwriting apart from other components of academic literacy; thus, 

occupational therapists need to embrace the literacy aspects associated with handwriting 

with further education into these relationships.  

5.3.2.4 Occupational Performance, Engagement, Well-being 

 All of the models have an associated overarching goal of engagement, although 

different nomenclature. The OTPF explicitly identifies occupational engagement as the 

target to measure occupational therapy success.1  Neuroplastic principles aim to elicit 

sustained neuroplastic change, or learning, ultimately in order for a person to attain 

further occupational engagement.71 Lastly, the SDOP model transcends intrinsically 
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motivated occupational performance into wellness as guided by Self-Determination 

principles, which can be achieved through engagement.2  This engagement outcome 

occurs when there is alignment of the domains person, environment, and occupation in 

order to promote occupational performance.80  

5.3.3 Practice Application 

 In order to pragmatically appreciate the above concepts, the case of Tom will be 

used to apply these principles to practice. Tom is an 8 and a half year old boy in second 

grade.  He lives with his mother and younger sister in low-income housing. Tom attends 

a public school where he is in a class of 27 students.  His teacher has observed that Tom 

is experiencing difficulty with handwriting, which is impacting the quality of his written 

work. Accordingly, she referred him to school-based occupational therapy.  

5.3.3.1 Evaluation 

During Tom’s Individualized Education Plan meeting, an occupational therapist is 

introduced to the interdisciplinary team of Tom, his mother, the counselor, teacher, and 

speech language pathologist to address Tom’s challenges with handwriting.  In order to 

complete a comprehensive evaluation of Tom, the occupational therapist will need to 

speak to the team and refer to his academic records to gain a greater sense of Tom’s 

foundational academic literacy abilities. Upon this background work, it is discovered that 

Tom also experiences challenges with spelling as well.  The occupational therapist 

consults with the teacher and the speech language pathologist to understand how and 

when Tom is struggling with his spelling as well as if he has any existing strategies to 

bolster his spelling in order to reinforce these techniques during therapy visits.  
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Standardized assessments should be used in accordance with current standard of 

care to evaluate any component level and handwriting deficits contributing to Tom’s 

handwriting struggles. However, the handwriting evaluations should be supplemented 

with an assessment of Tom’s handwriting in context.  Westwood224 proposed utilizing an 

ecological approach to assessment of writing skills where skills are assessed in context.  

Handwriting is not specifically addressed, but it should be examined in the context of 

other literacy activities in the physical, social, and institutional environment where the 

child is having difficulty.  As seen in this dissertation project, interrater reliability on 

handwriting legibility was low and variability among test/retest among participants was 

high. Performance of the student is dependent on a variety of factors, including the 

cultural expectations associated with the act of handwriting in a specific situation; thus, 

handwriting needs to be evaluated in a standardized format, but also in a natural context 

where occupational therapists may capture a truer representation of a child’s handwriting 

without the influence of a formal handwriting test. Previous handwritten activities should 

also be viewed to supplement observations. 

Tom and his family will participate in a client-centered assessment to promote 

autonomous goal-setting assessment to understand what Tom finds meaningful and 

valuable in relation to handwriting in order to guide therapeutic practice.  This can be 

accomplished through a tool, such as the Canadian Occupational Performance Measure 

(COPM), where clients eight years and above and their caregivers provide opinions on 

their perception of occupational competence issues.225 By promoting a student’s 

autonomy in the goal-setting and assessment process, it has been found to decrease the 

needed length of treatment by two months226 as it promotes intrinsic motivation.  
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5.3.3.2 Intervention 

As guided by the evolved theoretical foundation described above, the 

occupational therapist for Tom needs to consider the person, environment, and the 

occupation in intervention to increase Tom’s engagement in handwriting, and ultimately 

handwritten literacy-based occupations.  

The occupational therapist considers Tom’s values and interests when 

collaborating with him on salient, meaningful handwriting occupations. During the 

evaluation, Tom relayed his passion for animals, especially reptiles, to the occupational 

therapist. Accordingly, the occupational therapist includes ample choice of activities, 

especially reptile-focused activities, for Tom to support his autonomy.  The occupational 

therapist consistently checks in with Tom for feedback on his preferences, goals, and 

needs for the session. Additionally, using the information provided by Tom’s teacher and 

speech language pathologist, the occupational therapist reinforces spelling strategies Tom 

uses within the handwriting occupations when possible to enhance his role as a student. 

The occupational therapist also considers Tom’s physical and cognitive attributes through 

supporting and building body functions, body structures, and performance skills to 

optimize occupational performance.  For example, during a visit, Tom chose to create a 

diorama of a lizard in its natural habitat supplemented with a written description of that 

species of lizard.  He addressed handwriting and spelling strategies while writing the 

description and promoted fine and sensorimotor skills through crafting the diorama with 

clay. 

Environmental influence is another instrumental piece of the intervention for the 

occupational therapist.  The occupational therapist determines social, physical, temporal, 
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and institutional affordances and barriers that impact Tom’s handwriting. The 

occupational therapist uses a hybrid of in-person services with Tom and concurrent 

telehealth with his mother within the school environment to promote the involvement of 

his mother, building on Tom’s sense of relatedness. Engagement of his teacher and other 

students may also contribute to the value and meaning ascribed to handwriting through 

the use of peer groups or tutoring. Returning to the previous diorama example, 

environment is promoted through a teleconferencing visit with Tom’s mother to discuss 

the lizard’s habitat. Tom has the opportunity to show her his product as well as the 

occupational therapist is able to discuss strategies they used during the visit to promote 

occupational support at home.  Additionally, Tom could display his diorama in the 

classroom for his peers to view, providing conversation topics in an effort to build 

relatedness with his classmates. 

The occupational therapist uses the occupation of handwriting to target Tom’s 

goal, while also considering handwriting within the larger context of academic literacy. 

Competence will be achieved through an occupation-as-means approach to elicit the 

neuroplasticity principles of specificity and intensity.71 Competence can also be bolstered 

through explicit instruction of handwriting and the importance of handwriting.82 Engel-

Yeger et al.149 found empowering a student to recognize their occupational performance 

issues associated with handwriting provided students with ownership to overcome these 

challenges. During the diorama activity, the occupational therapist scaffolds discussion 

with Tom of handwriting strategies, such as self-correction and proper letter formation, in 

order to improve his competence with the activity.  Tom provides a practical example of 
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how the broader concepts of the above intermeshed theoretical models can be applied to 

practice while targeting handwriting and supporting Tom’s overall literacy abilities. 

 Conclusion 

Handwriting deficits are the most frequent reason for referral for school-based 

occupational therapists41; thus, occupational therapists need to continue to develop a gold 

standard of practice to address handwriting. This includes the most effective and efficient 

service delivery method, whether in-person, telehealth, or a hybrid approach. Addressing 

handwriting as an isolated occupation is contributing to fragmented care in 

interdisciplinary teams with a literacy focus.88,90 Occupational therapists need to develop 

a stronger foundational knowledge of the relationship of handwriting in academic 

literacy, collaborating with other interdisciplinary team members to reinforce concepts 

across disciplines.   
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