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Abstract

This ABC single-subject design study investigated two different methods for teaching letter identification skills to a 3 year 6 month old boy. The first method, letter-name instruction, relied on presenting information via visual modalities.  The second method, handwriting instruction, used a kinesthetic approach to instruction.  Letter writing skills did not improve as a result of either instructional approach.  Letter identification skills improved slightly during both instructional phases (PND=40% for letter-name instruction; PND=60% for handwriting instruction).  Possible strengths of each instructional approach are discussed.

The Differential Effects of Letter-name and Handwriting Instruction on Increasing

the Letter Identification Skills of a Preschool-Age Child

Reading and writing are arguably two of the most important skills young children learn in school.  With the increased focus on high-stakes testing over the last 15 years, accelerated by the No Child Left Behind Act, literacy has become the primary focus of instruction for children as young as 5 years old.  While this trend toward instructing students in reading and writing at ever-younger ages has been occurring, research on brain functioning has increased our awareness of how the brain processes and accesses information for learning.  The question can be raised:  How can our new understanding of cognition inform our literacy instruction for young learners?

Brain research has begun to look at reading and writing skill development both from the perspective of traditional visual learning as well as through the lens of the effects of movement on learning. Cognitive science has established the link between motor movement and spatial representation in the learning process (Longcamp, Zerbato-Poudou & Velay, 2005).  Teachers have long known that students learn better by doing.  Now there is neurologically based evidence for this practice.  When applied to early literacy skills, the impact of motor movement on spatial representation may play a potentially large role in learning to identify letters.  Current brain research is exploring the impact of different modes for learning letters, and the results suggest that motor movement (i.e., handwriting) may have more of an impact on letter identification than more traditional, visual methods.  


Longcamp, Zerbato-Poudou, and Velay (2005) studied the differential effects of handwriting and typing on letter recognition.  They postulated that students who practiced handwriting words, which required more extensive, letter-specific movements, would learn more letters than students who typed the same words.  The study include 76 children (41 boys, 35 girls) ages 3 to 5 (mean age 3 years 10 months).  All of the children attended preschool.  Participants were matched for age, sex, handedness, manual dexterity, educational level, and letter recognition level, and assigned to either the handwriting or typing condition.  During the treatment sessions, students had to copy four words that contained the 12 target letters, either with handwriting or typing.  The students wrote or typed each word two times during each session.  In total, students participated in 1.5 hours of instruction over a 3 week period.


Post-tests were administered immediately following the instructional phase, and again one week later.  The letter recognition test required students to pick out the correct letter when it was presented with three distracters.  Each letter and its three distracters were presented twice during the test.  Results showed a significant increase in letter recognition for older students (49-57 months) in the handwriting condition.  No differences were found for younger students (33-41 months) or middle students (41-49 months).


Taking another approach, Woodrome and Johnson (2009) explored the role visual discrimination plays in letter identification.  Their study included 28 children ages 4 and 5 who could not name at least 14 lowercase letters of the alphabet.  Students were randomly assigned to one of three treatment groups: (1) letter-name training, (2) combined training (i.e., letter-name training plus visual discrimination), and (3) a social-contact control group.  Students participated in six, 20-minute session over a 3 week period.  Letter-name training consisted of typical pre-literacy classroom activities like finding target letters when presented on a page with other letters, and reading ABC books.  Combined training included letter-name training for the first 10 minutes of the session followed by 10 minutes of visual discrimination training.  Letter-like symbols were used during the visual discrimination training, but actual letters of the alphabet were not used.  At post-testing, students who received the letter-name training significantly increased the number of lowercase letters they could identify.  Those students who received visual discrimination training and those in the social-contact control group did not improve. 

Other research has looked at cognitive factors affecting the development of writing skills.  In their seminal writing study, Abbott and Berninger (1993) used structural equation modeling to examine the effects of neurodevelopmental, linguistic, and cognitive factors on the development of students’ writing skills.  Specifically, they examined the relationship between different aspects of students’ writing and their: (a) fine motor skills, (b) orthographic coding (i.e., writing tasks that do not require receptive or expressive spoken language), (c) phonological coding (i.e., writing tasks that require spoken language), (d) oral language verbal reasoning, (e) reading, (f) handwriting, (g) spelling, and (h) composition.  Their analysis found that motor skills and orthographic coding contributed significantly to model fit.  However, orthographic coding was the only variable that contributed significantly at all grade levels.  That means that mental representations of letters that students hold have a large impact on their writing skills.  Phonological coding, which relates to letter sounds, did not have the same impact on writing.

How can teachers use this research-based information about cognitive functioning to design effective instruction for their pre-literate students?  Should the emphasis of instruction be on visual, letter-name activities?  Will handwriting instruction, which emphasizes movement, provide for more effective and efficient learning of letters?  The purpose of this single-subject research study is to evaluate the relative effectiveness of two methods for teaching letter-identification skills to a preschool-age child.  One method is letter-name training with alphabet materials, such as ABC books, letter finding activities, and alphabet games.  These are the types of activities typically done with preschool age children to teach the letters of the alphabet.  The second method is through handwriting instruction.  By examining the relative impact of these different instructional approaches, we can begin to connect our understanding of cognitive functioning to classroom practice.
Research Questions

To understand the relative effects of instruction in different learning modalities, several research questions will be addressed, including: 

(1) Are visual experiences effective for teaching a preschooler to identify the letters of the alphabet?

(2) Is handwriting instruction effective for teaching a preschooler to identify the letters of the alphabet?  

(3) Which strategy promotes faster learning? 

(4) Are letter identification skills taught through visual modalities (i.e., letter-name training) transferred to the ability to write letters?  Conversely, are handwriting skills transferred to visual letter identification?
Method
Design


A single-subject, ABC design was used to evaluate the effectiveness of two different methods for teaching letter identification to a preschool-age child, “Kevin”.  The first phase of the study focused on establishing Kevin’s baseline performance on two tasks – writing and identifying lower case letters.  Next, Kevin received letter-name instruction using materials and activities that accessed visual modalities.  Finally, Kevin received instruction in handwriting for the target letters.

Participant


Kevin is a 3 year 6 month old boy who attends preschool 5 days a week.  He was selected to participate in this study because he is at the age when children begin to recognize letters of the alphabet.  Kevin was able to sing the alphabet song independently.  Developmentally, this familiarity with letter names precedes letter identification skills. Second, he was able to hold a crayon, marker, or pencil for coloring.  This was a necessary condition of participation so that he would be able to complete the handwriting activities that are the focus of this study.  


Kevin lives with his mother, father and older sister (5 years 11 months).  Both of his parents have advanced degrees.  His father is a physicist, and his mother is a writer and stay-at-home mom.  Kevin’s mother reported that Kevin is a happy, active boy who gets along well with other children.  He enjoys playing with racecars and trains, and likes to ride his bike.  

Kevin’s linguistic development was typical; he met all language milestones at the appropriate time.  While Kevin’s mother noted no delays in his fine motor development, Kevin received a year of physical therapy beginning at 18 months of age to address hypotonal development in his legs.  Kevin had dragged a leg when crawling and walked late.  Therapy continued for 9 months.  No current concerns were noted with Kevin’s motor development.  


At home, Kevin’s mother reported that she reads to him for about 15 minutes each day.  She also sings the alphabet song with him daily at bedtime, and has magnetic letters available for him to play with on the refrigerator.  Additionally, Kevin enjoys watching reading-based television shows like “Super Why”.  At preschool, Kevin is learning Handwriting Without Tears for preschoolers, and does some pre-reading activities like gluing leaves on the letter L.  Furthermore, his teacher reads to the children every day.
Setting


I provided all instruction to Kevin in his home and my home.  For the first half of the study, sessions were conducted after school in Kevin’s home three or four days a week.  Beginning with session eight, instruction began occurring before school five days a week.  This change was made to accommodate Kevin’s school schedule and fatigue levels.  When sessions were conducted after school, Kevin was sometimes reluctant to focus on the activities at hand.  During each session, Kevin and I sat side-by-side at a small children’s table.  Kevin’s mother or father was present in the home during all sessions, but did not participate. 
Materials


Materials selected for each instructional condition were purposefully chosen to be similar to materials used with children in classroom environments.  For letter-name instruction that accessed visual modes of learning, activities included: reading books focused on the target letter, sorting letters, doing letter hunts, and playing alphabet games. All materials were made using common classroom materials such as construction paper.  For example, the letter books were made using Microsoft Word templates and word study pictures.  

Handwriting instruction utilized a variety of kinesthetic methods.  For the first two sessions, handwriting instruction followed a traditional paper-and-pencil approach.  Handwriting paper was used that had top and bottom lines, with a dotted line in the middle to guide correct letter writing.  The target letter was shown at the top of the page, with numbered arrows indicated how it should be drawn.  A picture of an object starting with that letter was also on the top of the page.  The first practice line required Kevin to trace the dotted letter several times.  Two lines followed where he practiced writing the letter independently, without tracing.  

After the first two handwriting sessions, it became clear that the paper-and-pencil handwriting task was too difficult for Kevin.  He then began practicing letter writing using other mediums, including:  pudding, dot paints, and shaving cream.  He also practiced making letters with modeling foam (similar to modeling clay). 
Data Sources


Two data sources were collected throughout the baseline and instructional phases. First, Kevin was asked to write all 26 letters of the alphabet as they were dictated in a random order.  Second, he was asked to read all lowercase letters of the alphabet when presented in a random order.

Letter writing.  The first task Kevin completed during each session was writing the letters of the alphabet in lowercase as I dictated them in a random order. The letters were randomly assigned to a different order for each session using the website random.org.  The task began with me asking Kevin to write a letter.  If he correctly wrote the lowercase letter, the next letter was dictated.  If he wrote a capital letter, I said, “You got it in upper case. Now can you write it in lower case?”  If Kevin did not appear to understand this command, I said, “That is a big A,” for example. “Can you write a little a?”  When he did not begin responding to a requested letter within five seconds, I pointed to the next blank box on the page and dictated the next letter to him.  One point was given for each correctly written lowercase letter. 

Letter identification.  The second task required Kevin to read all 26 lowercase letters of the alphabet.  Again, the order of the letters was randomly generated using random.org so that a different order was presented during each session.  All of the letters were printed on a piece of paper (rather than flashcards), and an index card was used to help Kevin track each line of letters as he read them.  One point was assigned for each letter Kevin read correctly within three seconds of presentation.  If he self-corrected an error within three seconds, the response was counted as correct.  When Kevin did not respond to a letter within three seconds, I said, “Try the next one.”

Inter-rater reliability.  I scored both the letter writing and letter identification tasks during the testing and instructional sessions.  A second scorer provided reliability scoring for the letter writing task.  Kevin declined to give permission to be audio taped, so the second scorer was unable to provide reliability scoring for the letter identification measure, which required a verbal response.  For the letter writing measure, the two sets of scores were compared using an exact agreement approach (see Kennedy, 2005, p. 118). Inter-rater reliability for the letter writing task was 100%. 

Procedures


Before the study began, permission was obtained from George Mason University’s Human Subjects Review Board.  Kevin was recruited for the study through a community parent group of which I am a member.  Parent consent and student assent was obtained prior to beginning the baseline sessions.


The study included three distinct phases – baseline, letter-name instruction, and handwriting instruction.  Each phase included five sessions for a total of 15 sessions.  I conducted all baseline and instructional sessions, working one-on-one with Kevin.  Each instructional session lasted 15 to 20 minutes.  The total instructional time across both phases was 150 minutes. 

During the baseline phase, each session began with the letter writing task, followed by the letter identification task.  Kevin and I also sang the alphabet song together.  At the end of each baseline session, I thanked Kevin for working hard, and gave him a sticker.  

After baseline testing, I selected 10 letters for Kevin to work on during the instructional phases of the study.  These 10 letters were ones he could neither read nor write during the baseline testing.  Letters were selected based on two factors.  First, letters that occur most frequently in written text were given priority (see Bear, Invernizzi, Templeton & Johnston, 1996, p. 153).  Second, letters of similar handwriting difficulty were matched and randomly assigned to treatment conditions so that the letters in each condition were of comparable difficulty.  Five letters were assigned to the letter-name phase (m, b, v, t, y) and five letters were assigned to the handwriting phase (h, a, g, r, e).  One target letter was introduced per instructional session during each phase, and all letters previously taught in that particular instructional condition were reviewed.  

During the letter-name phase, Kevin began each session by completing the dependent measures – letter writing and letter identification.  Then, we sang the ABC song together and read Chicka Chicka Boom Boom, an alphabet book that uses lowercase letters.  Next, Kevin did activities focused on the letter of the day.  For each session, one of the activities was looking at a homemade book of words starting with the target letter and the corresponding pictures.  Two to three other activities were also completed during each session, including: (a) highlighting all of the target letters presented on a worksheet with distracter letters; (b) gluing items onto a large version of the letter (e.g., gluing macaroni on a picture of the letter m); (c) letter sorts; (d) letter hunts in ABC books; (e) bingo with the target letters; and (f) track games.  At the end of the session, Kevin was thanked for his hard work and given a sticker.  The letter-name phase continued for five sessions.

During the handwriting phase of the study, instructional sessions followed the same format as the letter-name sessions (i.e., dependent measures, ABC song, activity, thank you and sticker).  However, instead of completing visual letter activities, I taught Kevin one target letter per session using a kinesthetic approach.  Handwriting lessons began with warm up practice drawing straight lines, the letter c and circles.  Next, I introduced the name of the target letter and  modeled how to write it, using the numbered arrows on the worksheet as a guide.  Emphasis was put on starting letters “at the top.”  Next, Kevin practiced tracing the target letter and writing it without a guide.  Practice writing previously introduced letters was also included. 
During the first two handwriting sessions, Kevin became fatigued and refused to complete all planned activities.  Because of this, handwriting instruction was modified to eliminate the emphasis on paper-and-pencil tasks.  The same components were present in the sessions (warm up, modeling with numbered arrows, and independent practice).  However, instead of using papers and pencil, the same kinesthetic movements were practiced using pudding, dot paint, shaving cream, and modeling foam. The handwriting phase also continued for five sessions.

Fidelity of Treatment

To ensure that the instructional sessions were implemented as intended, a checklist of instructional components were compiled for each session.  I checked off each component of the lesson as it was completed. The percentage of instructional components completed across phases was 100%.  Again, because Kevin did not give permission for audio recording, no inter-rater scoring data are available for the fidelity of treatment measure.

Results

Visual analysis of within phase patterns and between phase patterns was conducted to analyze the results of the interventions (see Figure 1).  Within phase analysis included looking at the level, trend, and variability of the data within each phase.  The level of each phase refers to the mean score obtained during that phase.  Trend refers to the “best fit” line for the data within the phase, and is analyzed in terms of its slope and magnitude.  Variability relates to how much individual data points within the phase vary from the line of best fit.  

Between phase patterns include the immediacy of effect and the overlap of data.  A rapid change in the level, trend, or variability of data following a phase change demonstrates the effect of the intervention on the behavior.  Furthermore, the amount of data overlap between phases can indicate something about the effectiveness of the intervention.  Percent of Non-overlapping Data (PND) effect sizes were computed for each intervention phase (Scruggs, Mastropieri, and Casto, 1987).  PND is calculated by dividing the number of data points that do not overlap with data points in the previous phase by the total number of data points within the phase, and multiplying by 100.  Interventions that are considered highly effective have PND values greater than 90%.  PND values greater than 80% are considered effective. 

During the baseline phase, Kevin received 0 points on each measure of letter writing (see Table 1).  On the letter identification measure, his average score was 2.8 (SD = 1.095, range = 1-4).  The trend was consistent throughout the baseline phase.  Kevin received a score of 1 on a single letter identification probe.  On that day he was particularly tired and did not want to work.  Aside from this score, his performance was consistent throughout the baseline phase.

At the beginning of the letter-name phase, Kevin continued to receive scores of 0 on the letter writing measure.  Following session 4, Kevin began to correctly write the letter o.  He was able to correctly write this letter for the remainder of the study.  It was the only lowercase letter that he produced.  PND for letter writing during the letter-name phase was 40%.

Kevin’s performance on the letter identification measure increased to an average of 4 (SD = 1.0, range = 3-5) during the letter-name phase.  Following the fourth letter-name session, Kevin showed a marked increase in his awareness of letter shapes.  For example, when asked to write lower case letters, he recognized when what he had written did not match the shape of the letter.  When reading letters, he paused at letters that had been introduced earlier in the phase, but could not remember their names.  He also asked about features of letters that had not been introduced.  For example, he wanted to know the name of the letter k.  During previous sessions, he had guessed that the letter was x.  Following letter-name session 4, he noticed that k was different from x and showed an interest in know what it was called.  Two sessions later (following handwriting session 1) he correctly identified the letter k.  Nevertheless, PND for letter identification in the letter-name phase was 40%.

During the handwriting phase, Kevin continued to correctly write the letter o during most sessions, but did not correctly write any of the other letters of the alphabet.  Thus, PND for letter writing during the handwriting phase was 0%.  Kevin’s letter identification skills made an immediate level change from a mean of 4.0 (SD = 1.000, range = 3-5) during the letter-name phase to a mean of 5.8 (SD = 1.304, range = 4-7) during the handwriting phase, but were variable throughout the phase.  As a result, the PND for letter identification during the handwriting phase remained low at 60%.

One noteworthy behavior during the handwriting phase occurred during the letter identification task.  When Kevin came to a letter that had been targeted during the handwriting intervention, he would pause and trace it with his finger.  He could not remember the letter name (with the exception of g following the final training session), but he remembered the motor movements associated with the letter.

Table 2 presents the results of the letter identification task in another way.  Noting which letters Kevin correctly identified during each session allows for analysis of the letters that he consistently identified and when he began identifying them.  By looking at the results in this way, one can see that Kevin consistently identified o and u during baseline.  During the letter-name phase he learned two new letters (x and w).  He continued to correctly identify x throughout the remainder of the study, but he inconsistently identified w.  During the handwriting phase, Kevin began to correctly identify c and m consistently, and occasionally identified k correctly.  Thus, Kevin accurately learned one new letter during the letter-name phase (x) and two new letters during the handwriting phase (c and m).  Additionally, he began to learn one additional letter during each instructional phase (w and k).

Discussion

Based on these results, there are different strengths to each approach to teaching the letters of the alphabet.  While neither approach was successful in teaching Kevin how to write the letters, he had some success increasing his letter identification skills.  It was easier for Kevin to remember the names of the letters he learned during the letter-name phase.  Even though the names of the letters were used during the handwriting phase, Kevin did not retain this information (with the exception of remembering the letter g following the final session).  However, Kevin did consistently recognize the letters he had learned during the handwriting phase.  He demonstrated this by pausing at each letter he had been taught and tracing it with his finger.  This method of identification was consistent for those letters introduced during the handwriting phase, but not for those introduced during the letter-name phase.  Finally, Kevin began to attend to the differences between shapes of letters during the letter-name phase.  His rate of guessing letters decreased following the fourth letter-name session, and he began asking about the names of various letters.  At that point, he also began making comments like, “This one is upside down,” when looking at n.  Up until that point, he would identify n as “u.”  Given the design of the experiment and the time that elapsed from the first baseline session to the final instructional session (41 days), it is difficult to make causal statements about the impact of each intervention on Kevin’s letter identification skills.

Kevin’s letter writing skills were consistently low.  Even after handwriting instruction, Kevin only produced the letter o correctly.  His difficulty remembering the names of the letters likely impacted his score on the letter writing measure.  Additionally, paper-and-pencil writing tasks were difficult for Kevin.  Most of his responses on the letter writing measure were circles, horizontal lines, or scribbles. Longcamp, Zerbato-Poudou, and Velay (2005) found that handwriting instruction impacted the letter identification skills of children from 40 to 57 months old, but did not impact the skills of younger children.  Kevin, at 42 months, was perhaps too young to benefit from handwriting instruction.

Limits of the Current Study


There are many limits to the current study.  First, the ABC single-subject research design introduced the possibility of an interaction effect. That is, the instruction provided during one phase of the study might have impacted Kevin’s performance during subsequent phases of the study. Perhaps Kevin gained skills in differentiating between letter shapes during the letter-name phase, for example, that he was able to apply to the new letters he was learning in the handwriting phase.  If that were the case, then his performance in the handwriting phase would not reflect the effectiveness of the handwriting intervention, itself.  Rather, it would reflect the effectiveness of the letter-name intervention.  Given this concern, an alternating treatments design may be a more effective way to demonstrate the differential effects of the two instructional strategies.  


A second limitation of this study is the inclusion of only one participant.  Because there was only one participant, it was not possible to investigate what would happen if handwriting instruction was introduced before letter-name instruction.  Would there have been a carryover effect from handwriting to the letter-name phase?   Additionally, the generalizability of the findings are severely limited with only one participant.  


A third limit of this study is the extended period of time over which it took place.  The 15 sessions were conducted over 41 days.  A two-week gap in data occurred between the first and second letter-name sessions due to Kevin being sick one week and the Thanksgiving holiday the next.  This extended time period introduced the possibility that Kevin would learn letters outside of the instructional sessions, thereby impacting the reliability of the results of the study.  Kevin received instruction in letters of the alphabet at preschool and was exposed to them at home during the 41 day time period.  The fact that he learned letters that were not targeted in this study (e.g., c) suggests that some carryover from other settings occurred.

Directions for Future Research

In spite of the limitations of this study, it did demonstrate that letter-name instruction and handwriting instruction can improve young children’s letter identification skills in different ways.  While letter-name activities are a common part of early literacy instruction in schools, more research needs to be done in to identify how much of an impact handwriting instruction has on letter identification, as well as the amount and intensity of handwriting instruction that is required to increase letter recognition.  For instance, after receiving handwriting instruction for two weeks, can students then transfer what they have learned about how letters are formed to easily learn additional letters of the alphabet?  

Another area for future research is the impact of handwriting instruction on the early reading skills of struggling learners.  The latest research on the link between reading and writing development tends to focus on typical learners.  Handwriting instruction is explicit and follows a direct instruction model.  Explicit instruction that moves from modeling to guided practice to independent practice is effective for students with learning disabilities in other content areas.  Might such instruction in handwriting improve these students’ letter recognition skills more effectively than the letter-name strategies typically used in today’s classrooms?


Finally, while exciting research is being done on the neurological link between reading and writing, more research is needed on effective instructional methods for building and strengthening these cognitive links to improve early literacy skills.  Brain research is providing more and more detailed information about human cognition.  Now, educational researchers must build on this understanding to design instruction that matches the way the brain learns.  In the area of early literacy, such instruction must promote the development of writing skills with the same intensity as we promote the development of reading skills.  Rather than being separate skills that are developed in a parallel fashion, reading and writing appear to be two dimensions of the same literacy skill that are more effectively developed in tandem.


The new learning about cognition and brain functioning that is becoming available through brain imaging studies provides an exciting opportunity for the field of education.  By developing instructional strategies that match how the brain learns and functions, we may be able to teach our students in more effective and powerful ways.  The connection between motor functioning and letter recognition identified through neurological studies informed the procedures selected for this study.  Further exploration of the instructional implications of this new knowledge can greatly benefit our beginning readers. 
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Table 1

Mean Number of Lowercase Letters Written and Identified During Baseline, Letter-name and Handwriting Phases




Baseline
        
      Letter-name

     Handwriting




Mean (SD)

Mean (SD)
PND

Mean (SD)
PND

Letter Writing

0.00 (0.00)

0.40 (0.548)
40%

0.60 (0.548)
0%

Letter Identification
2.80 (1.095)

4.00 (1.000)
40%

5.80 (1.304)
60%

 Table 2

Lowercase Letters Correctly Identified During Baseline, Letter-name, and Handwriting Phases

	Session
	1
	2
	3
	4
	5
	6
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	Total correct
	4
	3
	3
	1
	3
	3
	5
	5
	3
	3
	7
	5
	4
	7
	6


Session 9 was the first session where Kevin began attending more to the letters and incidents of guessing decreased markedly. One astrisk (*) indicates a letter Kevin mastered.  Two asterisks (**) indicate a letter Kevin was learning but did not master.
Figure 1

Visual Analysis of Number of Letters Written and Identified During Baseline, Letter-name, and Handwriting Phases
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