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ABSTRACT
Printing Like a Pro! is a free program to help primary-grade students
to print legibly. This pre-test post-test study aimed to evaluate the
preliminary effectiveness of this program used in a teacher-taught
printing club with occupational therapy support. Eleven students in
grades 2 and 3 with persistently poor legibility attended the printing
club twice-weekly (24 sessions). Handwriting performance, as mea-
sured by the Minnesota Handwriting Assessment, improved both
meaningfully (≥10% change score) and statistically, with improve-
ments in legibility, form and letter size (p < .008). Students with the
lowest initial scores showed the greatest improvements in handwrit-
ing quality and legibility.
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Introduction

In elementary school, handwriting is the main method that students use to demonstrate their
knowledge (Case Smith, 2002). Despite increases in technology and computer use at school,
handwriting remains a key occupation of school-aged children and occupies much of each day
(McMaster & Roberts, 2016). Disconcertingly, estimates of handwriting dysfunction range
from 5% to 33% of school-aged children (Karlsdottir & Stefansson, 2002; Overvelde &
Hulstijn, 2011). The consequences of poor handwriting are many, including the need to
focus attention on forming letters rather than on composition and content, which can affect
quality and quantity of written work (Case Smith, 2002; Donica, 2010; Medwell & Wray,
2008). Additionally, poor handwriting can mask academic ability and negatively affect
teachers’ perceptions of written work (Connelly, Dockrell, & Barnett, 2005; Greifeneder
et al., 2010). Poor handwriting is associated with avoidance of writing, frustration, decreased
motivation, and difficulty in keeping up with written demands (Case Smith, 2002; Feder &
Majnemer, 2003; McCarney, Peters, Jackson, Thomas, & Kirby, 2013).

Therapeutic handwriting intervention of sufficient intensity has been shown to be
effective for improving handwriting legibility (Fancher, Priestley-Hopkins, & Jeffries,
2018; Hoy, Egan, & Feder, 2011; Laverdure & Wilmer, 2018; Santangelo & Graham,
2016). Specifically, Hoy et al.’s (2011) systematic review concluded that task-specific
handwriting intervention, twice-weekly for at least 20 sessions (including use of group
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intervention) improves legibility in elementary-aged students, and that improvements in
handwriting speed typically require longer schedules of intervention. The authors sum-
marized that the key component in handwriting intervention necessary for neuroplastic
change appears to be sufficient task-specific practice; in particular, the authors noted that
a cognitively focused approach shows the most potential as “in the one study with
adequate practice time that examined interventions that focused on either cognitive or
sensorimotor-based activities, significant results were achieved only in the cognitively
focused intervention” (Hoy et al., 2011, p. 22).

The importance of explicit teaching and practice of handwriting was further under-
scored in Santangelo and Graham (2016) meta-analysis that determined this not only
improves students’ handwriting legibility, fluency, and length, but also enhances their
writing overall. This meta-analysis examined true- and quasi-experimental intervention
studies in kindergarten through to grade 12 students to determine the effectiveness of
specific instructional practices and programs. Findings showed the use of individualization
of instruction (and technology, such as digitizing tablets) yielded statistically significant
results. Studies that used a multi-sensory or sensorimotor approach did not improve
handwriting. The authors concluded that interventions that used cognitive strategies,
such as copying motion models and use of self-evaluation, show good potential for
improving handwriting legibility.

Fancher et al.’s (2018) recent systematic review evaluated the impact of early writing in
preschoolers and the effectiveness of handwriting interventions for kindergarten, first,
and second-grade students. The authors reported that interventions underpinned by
motor learning theory and cognitive learning strategies (rather than a sensorimotor
approach) show promise in improving legibility, providing support for utilization of
a cognitively focused approach to handwriting instruction and practice.

Lastly, the use of cognitive strategies was echoed in Laverdure and Wilmer (2018)
policy, practice, and advocacy article that stated that the evidence reveals that the most
effective approaches are those that use meta-cognitive strategies that include visual
models, verbal cues as well as motivational reinforcement (such as praise and rewards,
handwriting clubs). A call for further studies to better clarify the best approach to hand-
writing intervention was emphasized in all the review articles.

Difficulty with handwriting is one of the most common reasons for referral to school-
based occupational therapy (Cramm & Egan, 2015), yet occupational therapists, who are
experts in the occupation of handwriting, have limited and variable funding for direct
service provision in schools (Clark, Clark, & Polichino, 2011; Villeneuve, 2009). Educators
are attempting to fill this gap; however, standards in handwriting instruction and practice
are inconsistent between schools, grades, and classrooms (Donica, 2010), and teachers
may not be aware of evidence-based programs (Asher, 2006; Benson, Salls, & Perry, 2010),
resulting in many educators feeling that they are not qualified to address handwriting
challenges (Graham et al., 2008). Additionally, funding limitations for materials further
compound the issue. Thus, there is a need for a freely accessible, evidence-informed
program that can be used in teacher-led group handwriting intervention, with capacity
building and collaborative support provided by an occupational therapist to improve both
classroom-based instruction as well as for use in small group pull-out intervention. To
meet these gaps, Printing Like a Pro! was developed. This handwriting intervention
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program (including practice worksheets) is available for free download from: http://www.
childdevelopment.ca/SchoolAgeTherapy/SchoolAgeTherapyClassResources.aspx

Motor Learning Theory and Handwriting

Printing Like a Pro! is a task-specific printing program informed by current best hand-
writing evidence and motor learning theory (Montgomery and Zwicker, 2011; Zwicker &
Montgomery, 2012). The program is focused on a cognitive approach (rather than
a sensorimotor approach). A sensorimotor approach centers on the use of sensory-based
experiences, opportunities, media, and instructional materials to integrate information for
optimal learning (Amundson, 2005). In contrast, cognitive approaches are based on the
use of cognitive strategies during instruction and practice, to guide and support the
development of internal procedures or ways of thinking to enable task performance
(Toglia, Rodger, & Polatajko, 2012). Printing Like a Pro! was designed as a cognitive
approach consistent with the three stages of motor learning as initially outlined by Fitts &
Posner (1967) and described by Zwicker and Harris (2009):

(1) Cognitive Stage: In the first stage of learning, the student has a general idea of the
movement but is not sure how to execute it. Cognitive strategies, such as focused
attention on the task components and use of self-guidance through self-talk are
needed to guide motor behavior. Performance may be highly variable with many
errors.

(2) Associative Stage: In the second, intermediate stage of motor learning, the student’s
skills become more refined with practice, resulting in a better, more consistent
performance with fewer errors. The need for use of strategies fades as skill level
improves. The ability to learn from errors aids generalization to similar motor
tasks.

(3) Autonomous Stage: Automaticity of motor learning occurs in the third stage when
the motor skill has been learned, and little cognitive effort is required by the student
to perform it. Automaticity is seen when a motor skill can be performed while
simultaneously performing another task, such as being able to listen while writing
notes. Neuroscientific findings indicate that less brain activation is needed when
movements are automatic and well learned (Poldrack et al., 2005; Puttemans,
Wenderoth, & Swinnen, 2005; Wu, Kansaku, & Hallett, 2004). This suggests that
fewer attentional demands are required, freeing working memory. Indeed, auto-
matic legible, fluent handwriting has been linked to more advanced composition
(Berninger et al., 1997; Santangelo & Graham, 2016).

Design of Printing Like a Pro!

In the Printing Like a Pro! program, the first stage of learning (cognitive stage) involves
using Level I individual-letter worksheets that focus on the application of cognitive
strategies. These strategies include: (1) motion modeling with visual cues (numbered
arrows) to show the direction and sequence of movement for proper letter formation;
(2) self-guidance with the use of rote scripts (self-talk of letter formation, e.g., “down and
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dot” for the lower-case letter i; and (3) self-evaluation (“circle your 3 best letters”)
(Montgomery & Zwicker, 2011; Zwicker & Montgomery, 2012). These strategies are
aimed at supporting learning by helping students think and talk their way through letter
formation to circumvent motor learning challenges when learning how to print. Cognitive
strategies facilitate the use of a mental plan of action to help with learning, problem-
solving, and performance (Toglia et al., 2012). Cognitive strategies have been reported to
be beneficial for those who are not able to automatically and implicitly learn or manage
the performance of daily occupations (Toglia et al., 2012). Intervention approaches that
include cognitive strategies have shown increases in efficiency and accuracy of perfor-
mance in research across various populations, including those with learning disabilities
and brain injuries (Toglia et al., 2012; Walsh & Anderson, 2009). As mentioned above,
several systematic reviews have indicated that cognitively focused handwriting interven-
tion is superior to sensorimotor intervention (Fancher et al., 2018; Hoy et al., 2011;
Santangelo & Graham, 2016).

In the second stage (associative stage), the use of cognitive strategies in the Level II
worksheet set (a set of letter group review and word practice worksheets) is gradually faded.
The fading of guidance (self-talk) and explicit visual cues (i.e., numbered arrows, dotted
interline) enable children to integrate new learning to allow for improved automaticity. For
example, students in this stage are cued to silently (rather than out loud) say the self-talk
phase for each letter and self-correct their work (i.e., erase and redo one letter).

The individual letter and review worksheet sets are organized in a developmental
progression of letter groupings. Letters are grouped based on common formational
characteristics, progressing in a developmental fashion from easiest to hardest; lower
case letters are introduced before upper case (Montgomery & Zwicker, 2011; Zwicker &
Montgomery, 2012) as they are more frequent in the text that students read and write than
capital letters (Berninger, Abbott, Augsburger, & Garcia, 2009).

In the third stage of motor learning (autonomous stage), skill boosting worksheets
help students refine their skills, such as learning to print words and sentences in the
form of days of the week/month or writing a thank you note. Skill boosting work-
sheets aim to further increase writing fluency and speed. Regular practice (2–3 times
a week) is recommended, with sufficient worksheets and materials available to ensure
students receive the evidence-informed minimum of at least 20 sessions (Hoy et al.,
2011). The end goal of the program is for students to be able to write automatically,
accurately, and fluently using efficient motor patterns (Montgomery & Zwicker,
2011).

A Cognitive Approach to Handwriting Intervention

Despite being grounded in motor learning theory and handwriting evidence, Printing Like
a Pro! has not yet been empirically tested. Further, cognitively based handwriting pro-
grams, although showing promise, have not been extensively studied in research (Hoy
et al., 2011; Santangelo & Graham, 2016). Cognitive approaches to handwriting programs
are worthy of further investigation because a limited number of studies have tested the
various types of handwriting intervention, and in some cases, the sample size was small
(Fancher et al., 2018; Santangelo & Graham, 2016).
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Response-to-Intervention Framework (RtI)

RtI is a proactive, multi-tiered method of service delivery in which all students are
provided an appropriate level of evidence-based instruction according to their academic
and behavioral needs (Barnes & Harlacher, 2008; Reeder, Arnold, Jeffries, & McEwen,
2011). The nature of the academic intervention changes at each tier, becoming more
intensive as a student moves across the tiers (Fuchs & Fuchs, 2006). In Tier 1, teaching is
provided in the classroom to address the needs of most students. It is delivered by the
classroom teacher, who provides differentiated evidence-based instruction. The focus is on
maximizing support for those “not yet” and “approaching” expectations. If a student does
not respond to Tier I intervention, they are then provided Tier II teaching and interven-
tion. In Tier II, increased intensity of teaching is provided by creating smaller and more
homogenous student groupings (such as printing clubs), using more systematic and
explicit (e.g., scripted) instruction, and adding to frequency and duration of intervention.
It is delivered by a specialist teacher with more expertise (Fuchs & Fuchs, 2006). By
providing group-based printing instruction, more children benefit than the traditional
direct or consultative service delivery model (Kennedy et al., 2018) while also allowing
handwriting challenges to be more universally addressed within the school system.

Group Delivery of Intervention

In our school district, prior to development of this free program, a variety of handwriting
programs were inconsistently and infrequently used by teachers. However, since the
development and sharing of this new program, the Printing Like a Pro! program is widely
accessed as demonstrated by website usage statistics (Glegg, Livingstone, & Montgomery,
2015). Although there is no set mandate for use of specific instructional practices or
curricula for teaching handwriting in our province, many kindergarten and grade one
classroom teachers are using Printing Like a Pro! within our school district. Additionally,
resource teachers have begun to use Printing Like a Pro! in printing clubs as the printing
club model fits easily into the existing school curriculum and is in line with Tier II
interventions for grade two and older students who have not responded sufficiently to Tier
I classroom-based handwriting instruction (Reeder et al., 2011).

Purpose

The purpose of this study was to evaluate the effectiveness of Printing Like a Pro! in
a group of primary-aged students identified by teachers as having persistently poor
handwriting legibility delivered in a printing club format. This study provides the first
formal evaluation of Printing Like a Pro!, contributing to the body of research regarding
cognitively-based handwriting intervention tools for educators and therapists alike.

Study Objectives

(1) To determine if Printing Like a Pro! is effective in improving quality of handwriting
(manuscript printing) in primary-aged children with persistent handwriting leg-
ibility challenges. Hypothesis: After attending the printing club, children’s quality of
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handwriting will improve overall. An improvement will be considered clinically
significant if there is a 10% increase on the Total Test Score (Mackay, McCluskey,
& Mayes, 2010) of the Minnesota Handwriting Assessment (Reisman, 1999).

(2) To determine which specific components of handwriting (manuscript printing)
achieve the greatest improvement (legibility, form, alignment, size, and/or spacing).
Hypothesis: We expect the greatest improvements to be in legibility and form, as
these are the primary foci of the printing program.

Methods

Design

This observational study used a pre-test post-test design (DePoy & Gitlin, 2011) to
measure change in handwriting (printing) quality after participation in a printing club.

Participants

One mid-sized elementary school (approx. 300 students; kindergarten through grade five)
in our large middle-class suburban school district, who had run a Tier II printing club the
previous year, was approached and agreed to participate. The resource teacher asked
Grade 2 and Grade 3 classroom teachers to select and refer appropriate students to attend
the printing club. Inclusion criteria included: (a) informed parental consent; (b) child
assent; (c) grade two and three students; (d) age 7 years, 0 months to 9 years 0 months in
January 2016; (e) ability to understand and speak English; (f) sufficient attention to
participate in 40-min lessons; and (g) persistently poor handwriting legibility (visible
and ongoing challenges with letter form, size, space and alignment). Exclusion criteria
included: (a) history of poor school attendance (<50%); (b) significant upper extremity
impairment; (c) severe learning problems; (d) significant neurological impairments; and
(e) receiving occupational therapy for handwriting problems. No students met the exclu-
sion criteria. None of the students had attended the printing club the previous year.

Ethical approval to conduct this study was granted by UBC & Children‘s Hospital
Research Ethics Board and School District No. 43.

Measures

The Minnesota Handwriting Assessment (MHA) was used as the primary outcome
measure to evaluate quality/legibility change scores. This measure is an educationally
relevant, norm-referenced test for first and second-grade students that can evaluate
treatment effectiveness (Reisman, 1993). The MHA assesses legibility and speed of hand-
writing in near-point copying of a sentence containing all the letters of the alphabet (i.e.,
the brown jumped lazy fox quick dogs over). The sentence is stated in mixed order to
adjust for reading level differences (Reisman, 1999). Handwriting is evaluated across five
quality score categories: legibility, form, alignment, size, and spacing. Scores range from 0
to 34 points in each category; higher scores indicate greater handwriting quality (Reisman,
1993). A clear ruler is used for measuring to allow consistent objective ratings. The MHA
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was determined to be valid and reliable for use with primary-aged students (Montgomery,
2015), including students beyond grade two (Bumin & Kavak, 2008; Fuentes, Mostofsky,
& Bastian, 2009, 2010; Tükel Kavak & Eliasson, 2011). Intra-rater reliability for total MHA
scores is reported to be excellent (Reisman, 1993). Adequate test-retest Pearson correlation
coefficients (r = 0.72) (Reisman, 1993) and intraclass correlation coefficients (five quality
categories = 0.60–0.89) have been noted (Peterson, 1999). The MHA has evidence of good
face (Feder & Majnemer, 2003), content, and construct validity (Cornhill & Case-Smith,
1996; Falk, Tamb, Schellnus, & Chau, 2011; Reisman, 1999; Ryan, Rigby, & Campbell,
2010; Tam, Ryan, Rigby, & Sophianopoulos, 2009).

Change in MHA Total Test Scores (TTS) (i.e., the sum of the five quality category
scores) was our primary outcome. This method has been validated in group-research
designs to measure improvements resulting from intervention (Fuentes et al., 2009, 2010;
Mackay et al., 2010; Roberts, Derkach-Ferguson, Siever, & Rose, 2014; Schneck, Shasby,
Myers, & DePoy Smith, 2012). Handwriting rate was not assessed in our study because of
the group test format, clinical and research evidence of ceiling effects for handwriting rate
(Howe, Roston, Sheu, & Hinojosa, 2013), and the evidence-informed need for a lengthier
intervention schedule to affect improvements in handwriting speed (Hoy et al., 2011).

Procedure

Timeline and Protocol
An occupational therapist (I.M.) trained the resource teacher in the administration of the
MHA. The resource teacher administered the MHA as a group at pre- (late
February 2016) and post-testing (June 2016). The resource teacher provided the interven-
tion in a printing club format; sessions were scheduled for 40 min (10 min of instruction
followed by 30 min of practice), twice weekly (total of 24 sessions). As this was an
observational study, input regarding scheduling of frequency of intervention was not
feasible; however, the resource teacher reported that the twice-weekly session times were
scheduled in collaboration with the classroom teachers so as to minimize absence from
instructional time in the classroom. Scheduling was interrupted, as expected, by holidays
and a two-week spring break. Test sheets were de-identified, and reference to pre-/post-
test dates removed for blinding by the principal investigator (J.G.Z) and scored by the
occupational therapist (I.M.).

Treatment Fidelity
Before beginning the printing club classes, the occupational therapist educated the
resource teacher on use of Printing Like a Pro! and together they formed a teaching
plan for the 24 sessions of the club. The occupational therapist attended 7/24 (30%) of the
sessions at random to monitor treatment fidelity; data were collected to determine
congruence between observations of the printing club and intervention guidelines outlined
in the Printing Like a Pro! program.

Intervention
Printing Like a Pro! was utilized as outlined in the School Staff instructional handout
available from the website. Instructional resources that were used included the Lower-Case
Letter Worksheets and the Letter Group Review and Word Practice Worksheets, initially
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focusing the intervention on the cognitive stage of learning and progressing to the
associative stage. At the end of each lesson, the students brainstormed four to five
words that included the letters covered in that session and then practiced writing the
words on interlined paper. As with all other worksheets, students then self-evaluated their
work by circling their best-formed word. The printing club aimed to enhance motivation
by employing interactive teaching techniques, completing group work with peers, and
receiving a custom Printing Like a Pro! certificate of achievement following completion of
the printing club.

Data Analysis

Means, standard deviations, and 95% confidence intervals were calculated for pre-test and
post-test scores. Because of the small sample size, non-parametric statistics were used to
compare differences between pre-test and post-test (DePoy & Gitlin, 2011). As the MHA
provides interval data, the Wilcoxon signed-rank test was used to evaluate the change in
both the combined handwriting quality scores (MHA TTS) (study objective 1) as well each
individual quality category (study objective 2). Analyses were conducted using IBM SPSS
version 24 software package for statistical analysis. Statistical significance was set at p < .05
with Bonferroni correction for multiple comparisons.

To determine the clinical significance of findings, raw change scores were used –
a 10% increase on the Total Test Score (X/170 points) or more than 17 points was
deemed clinically significant (Mackay et al., 2010). In addition, Wilcoxon signed-rank
test calculations were used to determine effect size (r) using a one-tailed test. Effect size
based on r values are considered small (0.10), medium (0.30), or large (0.50) (Ellis,
2009).

Results

Participants

Ten boys and one girl attended and participated in the printing club. Five students were in
Grade 2 and six students were in Grade 3. Students were all described as having
persistently poor printing; that is, demonstrating poor legibility (challenges with letter
form, sizing, alignment, and spacing) despite classroom-based handwriting instruction in
kindergarten and grade one. No other diagnoses were reported, and none of the students
were eligible or designated for special education funding or designated educational
assistant time and support. These students were not receiving any other Tier II interven-
tions or support for their handwriting challenges.

Treatment Fidelity

Fidelity of treatment delivery was very good. Students attended a median of 20 sessions
(interquartile range 19–21) out of the 24 sessions (83%). The resource teacher was
observed to consistently adhere to all key features of the program in teaching and
monitoring practice during each session (such as use of motion modeling with visual
cues, encouraging self-talk, and self-evaluation). On average, 10 min of instruction
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occurred, followed by 30 min of handwriting practice per session, resulting in approxi-
mately 80 min of instruction and practice per week over the course of the 24 sessions.

Group Data Findings

Mean group changes in pre- and post-test scores are presented in Table 1. Students’ MHA
TTS demonstrated a statistically significant improvement (p < .005), which represents
a clinically meaningful increase of 27.3 points (greater than 10% of the TTS, or 17 points).
This improvement represents a large effect size (r = 0.60, p = .003).

To determine which aspects of legibility improved, we examined differences in the five
components of legibility. Significant improvements were noted in legibility, form, and size
(all p < .008). Changes in alignment and spacing were also noted but did not reach
statistical significance after correction for multiple comparisons (Table 1).

Individual Data Findings

Figure 1 shows individualized data for pre-and post-test MHA TTS. All but one of the
students’ TTS improved. In further analysis of the student whose total score did not change,
it was noted that he did change in all subtest quality categories except for the spacing category.
It appeared he used excessive spacing between all letters and words in post-testing, which was
not seen in pre-testing. Thus, his overall handwriting quality improved but his score did not
change due to spacing errors. Overall, seven of the 11 students showed a clinically significant
improvement in their handwriting legibility. Of the four students that did not see clinically
significant improvement, one student’s score as described above remained the same, one
student’s score changed (i.e., 14 points) but did not reach the predetermined 17-point change;
and two students showed minimal change (participants 3 and 8). This may be because they
scored relatively high on initial pre-testing (despite being considered to have handwriting
challenges for their grade level) and thus had less room for improvement compared to others,
who scored much lower at pre-testing.

Discussion

This study was the first to empirically study the use of Printing Like a Pro! We found that
group-based administration of this task-specific, cognitively-based handwriting interven-
tion twice-weekly for 40 minutes over 24 sessions was both feasible to deliver in a printing

Table 1. Minnesota Handwriting Assessment (MHA) Pre-test and Post-test scores.
Pre-Test Scores Post-Test Scores

MHA Mean (SD) 95% CI Mean (SD) 95% CI p*

Quality Category
Legibility 29.9 (4.6) ± 2.7 (27.2, 32.6) 32.9 (2.2) ± 1.3 (31.6, 34.2) .007
Form 22.8 (7.5) ± 4.4 (18.4, 27.2) 28.0 (5.7) ± 3.4 (24.6, 31.4) .008
Alignment 23.8 (7.6) ± 4.5 (19.3, 28.3) 29.1 (7.5) ± 4.4 (24.7, 33.5) .009
Size 18.5 (10.5) ± 6.2 (12.3, 24.7) 29.3 (6.8) ± 4.0 (25.3, 33.3) .003
Spacing 25.7 (7.9) ± 4.7 (21.0, 30.4) 28.7 (5.2) ± 3.1 (25.6, 31.8) .04

Total Test Score 120.7 (36.2) ± 21.4 (99.3, 142.1) 148.0 (24.5) ±14.5 (133.5, 162.5) .005

*p < 0.008 considered significant after correction for multiple comparisons.
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club format in the school setting and effective at improving printing quality in this sample
of grade 2 and 3 students. Both research hypotheses were supported, in that a statistically
significant improvement and clinically meaningful change in printing was determined
(mean 16% change in MHA TTS), notably in legibility, form, and size of letters. Clinically
meaningful improvements were confirmed by a large effect size. Students with the lowest
initial scores showed the most improvements, suggesting that the program may be ideally
suited for intervention with students with significant printing challenges.

Blinding of test scoring decreased scoring bias, thus assisting in improving reliability
and confidence in test results. While our study design could not control for maturation
without a control group, we excluded younger students who have been shown to improve
without intervention (Karlsdottir & Stefansson, 2002; Zwicker & Hadwin, 2009).
Karlsdottir and Stefansson (2002) reported that children in grade one improved signifi-
cantly without direct intervention, while much less dramatic changes were seen over time
in subsequent higher grades. Similarly, Zwicker and Hadwin (2009) reported that the
handwriting legibility of first-grade students improved similarly whether they received the
intervention or not, suggesting that handwriting intervention for students in grade one
may not be necessary.

These 7- and 8-year olds responded well to cognitive strategy use. Similar findings were
noted in Zwicker and Hadwin (2009) study, which evaluated the effectiveness of
a cognitive versus a multi-sensory approach in students in grades 1 and 2. Although all
the grade one students improved in that study regardless of intervention assignment, the
multisensory intervention had little effect on handwriting legibility of second-grade
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students. In fact, many demonstrated poorer legibility after that intervention. However,
all second-grade students receiving the cognitive intervention improved legibility. Greater
cognitive development of 7- and 8-year olds, in addition to their more advanced meta-
cognitive skills, may explain the developmental difference in response to cognitive inter-
vention that was observed (Zwicker & Hadwin, 2009). Similar conclusions could be drawn
in this study; however, further investigation is needed to replicate these findings.

The Printing Like a Pro! program was implemented with high fidelity, demonstrating the
feasibility of use in the school setting. Study findings are consistent with previous systematic
review findings by Hoy et al. (2011) that concluded that task-specific handwriting interven-
tion of sufficient intensity improves handwriting legibility. The significant handwriting
results found in this study were most likely aided by the intervention intensity (more than
20 sessions). This study, therefore, highlights the importance of the use of not only an
evidence-informed handwriting program but also a practice dose sufficient for change.

Findings also support the feasibility of group delivery of handwriting intervention by
a teacher with occupational therapy support. Use of a group delivery method within the
school schedule allows for both dependable regular practice times and a larger number of
students to be supported (Cramm & Egan, 2015). Supporting students within the
school day in a group format fits well within a multi-tiered system of supports, such as
within use of the RtI framework. The group format is both more cost effective than
individual intervention and likely more motivating for students in a peer-based club
atmosphere compared to individual treatment sessions.

Limitations and Directions for Future Research

This study’s limitations included the absence of a control group, lack of randomization, and
a small sample size. Improvements may have occurred due to maturation or attention biases;
however, we attempted to mitigate these biases by including children in higher grades with
poor handwriting legibility. Including both a handwriting proficiency screening measure to
best select participants, use of a second-rater of the MHA as well as use of a teacher-rated
measure in addition to the MHA would further bolster effectiveness findings. Although test
administration was not blinded, the assessor scoring the assessments was blinded.

Improving speed of handwriting was not addressed in this study, as research suggests
that much longer schedules of intervention are required for this outcome (Hoy et al., 2011;
Mackay et al., 2010; Peterson & Nelson, 2003). Ideally, if this study were to be replicated,
scheduling for a greater number of sessions by beginning the printing club in the first half
of the school year and including a measure of change in speed of handwriting would help
to further inform practice. Lastly, follow-up testing did not occur and therefore, findings
on long-term results are not available. Further research is needed to confirm and replicate
study results and to further evaluate the effectiveness of the Printing Like a Pro! program,
including comparing its effectiveness against other handwriting programs.

Practice Implications

Occupational therapists have an important role as change agents to educate and advocate on
behalf of their clients (Cyr, 2015). Occupational therapists as handwriting experts should
focus on building the capacity of educators through collaborative efforts. To support the high
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incidence of students who are struggling with handwriting difficulties, many of whom have
limited access to occupational therapy services, occupational therapists can be instrumental
in advocating for group-based, evidence-informed interventions. Preliminary evidence now
exists to support use of the Printing Like a Pro! program in a printing club format; further
trial and evaluation of the program in small groups, as well as individual and class-based
administration is warranted. In addition to advocating for group handwriting intervention,
occupational therapists can engage in on-going collaborative practice and facilitate profes-
sional development at the school and district level, as well as at educator conferences. When
all those involved in handwriting intervention become more knowledgeable and consistently
use evidence-based handwriting resources, handwriting challenges may be ameliorated
sooner, and secondary academic concerns prevented.

Conclusions

This study provides preliminary evidence that Printing Like a Pro! is an effective program
for improving the quality of handwriting skills in grade 2 and 3 students with persistently
poor printing legibility when delivered in a group format by a resource teacher with
occupational therapy support. Total test scores showed a clinically and statistically sig-
nificant improvement, with notable improvements in legibility, form, and size supported
by a large effect size. The largest changes were seen with the students who initially
performed the poorest. This cognitive evidence-based handwriting program is a feasible
option for handwriting intervention in the primary-grades.
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