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Abstract

Students in grades 5 to 9 (ages 10 to 14; 6 girls, 27 boys) who had persisting specific learning 

disabilities in transcription (handwriting and spelling) completed three kinds of composition tasks 

requiring translation (thought to written language) on iPads using alternating transcription modes 

(stylus or keyboard) across every three lessons: personal narratives (6 lessons) and written 

summaries about read source material (integrated reading-writing) and heard source material 

(integrated listening-writing) (12 lessons). Before composing summaries, students clicked 

sequentially one at a time onto translation strategies, which they read and heard through 

earphones, and could click on again as needed during summary writing: (a) Level I composing of 

the very next sentence, and (b) Level II composing of a higher-level discourse structure. ANOVAs 

showed that Level I strategies were used significantly more often than Level II strategies; but the 

main effect for transcription mode was not significant. Written summaries of read source material 

had more errors in main ideas and factual details than heard source materials, but not more 

irrelevant statements. Applications of results are discussed for using computers for writing 

instruction, not just accommodations, for students with persisting transcription disabilities.
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Writing disabilities have been left behind (Slavica, Colligan, Katusic, Colligan, Weaver, & 

Barbaresi, 2009) at a time when, at least in the United States, the main focus has been on 

reading and math (Every Student Succeeds Act, signed into federal law by President Obama, 

December 10, 2015). Relatively more research on specific learning disabilities has focused 

on reading disabilities than writing disabilities, but specific learning disabilities interfere not 

only with reading but also with writing (Arfé, Dockrell, & Berninger, 2015; Bahr & 

Silliman, 2015; Lin, Monroe, Troia, 2007; MacArthur, Graham, & Fitzgerald, 2006, 2015; 

Mather & Wendling, 2011; Swanson, Harris, & Graham, 2013; Troia, 2009).

Theoretical models of writing in the cognitive psychology tradition differentiate between 

transcription processes (handwriting and spelling) and translation processes for expressing 

cognitions in writing (Hayes & Berninger, 2010; Hayes, 2012; Richards, Berninger, & 

Fayol, 2012). Much of the research that does exist on writing in students with specific 

learning disabilities has tended to focus on their transcription difficulties, for example, 

handwriting in dysgraphia or spelling in dyslexia (Berninger, 2009). Relatively less research 

attention has focused on the difficulties these students may also have in translating their 

thoughts into written language, especially at the sentence syntax level (see Berninger, 

Mizokawa, & Bragg, 1991; Scott, 1988). The current study was designed, therefore, to study 

response to translation instruction for students with diagnosed persisting specific learning 

disabilities involving transcription problems in handwriting and/or spelling.

Translation of thought into language is a complex process best understood from a 

multidisciplinary approach, drawing on the cognitive, linguistic, and psycholinguistic 

traditions in writing research (Niedo & Berninger, 2016). The relevance of each of these 

traditions to study of translation in writing is now discussed along with applications of 

computer science to teaching translation strategies and clinical assessment for treatment 

planning and accommodations.

Cognitive psychology

During transcription the writing scribe uses handwriting and spelling to record written 

language manually with various tools (e.g., markers, pencils, pens, finger press, mouse, 

stylus, or keyboard). During translation, the writer transforms thoughts into language. For an 

overview of the research on transcription and translation in developing writers, see Fayol, 

Alamargot, and Berninger (2012). On the one hand, online experiments have shown that 

transcription can affect the translation processes of developing writers during the elementary 

school grades (e.g., Alves & Limpo, 2015). On the other hand, teaching strategies to self-

regulate the translation process, such as planning, translating, reviewing, and revising, can 

benefit struggling writers (e.g., MacArthur, Graham, & Fitzgerald, 2006, 2015; Santangelo, 

Harris, & Graham, 2008; Scott, 1994). Most research on explicit strategies for teaching 

translation has focused on the text-level for specific genres (Olinghouse & Wilson, 2013; 

Philippakos, MacArthur, & Coker, 2015) or combining two sentences into one (Myhill, 

2009; Saddler & Graham, 2005; Troia, 2009).
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Linguistics

One of the contributions of linguistics has been to document that both oral and written 

language can be described, processed, and produced at multiple levels or units—subword, 

word, syntax/sentence, and discourse/text (e.g., Abbott, Berninger, & Fayol, 2010). Each 

level is related to the next higher level but not in a simple one-to-one way. For example, 

sentences are composed of words, but ordering of words creates clauses with syntax 

structure; more than vocabulary knowledge of word meaning is involved. Linguistic coding 

is an established method for characterizing language productions at different levels of 

language, which when applied to composing written language at the word, sentence, and text 

levels documented intraindividual differences within students as well as interindividual 

differences across students (Whitaker, Berninger, Johnston, & Swanson, 1994). In the 

current study, linguistic coding was applied to both sentence-level and discourse-level 

composing, because a prior computer writing study showed that fourth grade writers with 

writing disabilities often struggled as much or more in constructing the very next sentence as 

in creating the overall text (Berninger et al., 1991).

Psycholinguistics

Translation requires cross-domain communication between cognition (Hayes, 2012; Niedo, 

Berninger, & Abbott, 2014) and language (Chomsky, 2009; Scott, 1988, 1989, 1994) at 

different levels of language (Fayol et al., 2012). How cognition and language are interrelated 

during translation varies across the levels of language—the next sentence (Level I 

translation) or the text level of the evolving discourse structure of all the accumulated text so 

far (Level II translation) (Niedo & Berninger, 2016). Both Level I and Level II cognitive-

linguistic relationships are relevant to whether the translated product is coherent at the 

cognitive psychological level and cohesive at the linguistic level (Halliday & Hasan, 1976). 

In addition, translation of cognitions into language may depend on more than one language 

system: language by ear (listening comprehension), language by mouth (oral expression), 

language by eye (reading), and language by hand (writing) (Fayol et al., 2012). For example, 

writers may write notes (language by hand) while listening to teachers’ oral language 

instruction (language by ear), benefit from thinking aloud before writing thoughts (language 

by mouth), and reading what they write in order to review and revise their compositions 

(language by eye) (Alamargot, Chesnet, Dansac, & Ros, 2006).

Computer science

Both human teachers (Graham, McKeown, Kiuhara, & Harris, 2012) and computer teachers 

(Berninger, Nagy, Tanimoto, Thompson, & Abbott, 2015; Crossley & McNamara, 2016) can 

provide effective writing instruction. Although relatively less research on computerized 

instruction has focused on writing than reading instruction (for reviews see Wijekumar, 

Meyer, Lei, 2013; Wijekumar et al., 2014), the field of research on computerized writing 

instruction is growing (e.g., see Crossley & McNamara, 2016; Tanimoto et al., 2015).

Clinical psychology and school psychology

Research often employs data analyses approaches based on groups. However, when the 

findings are applied to real-world settings for clinical and educational purposes, individual 
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differences need to be considered. Students exhibit individual differences both within 

themselves across learning activities and among themselves; research findings based on 

groups may not apply to all individuals in a classroom (Berninger & Abbott, 2000) for either 

designing instruction or accommodations. Thus, in the current study, not only group 

analyses but also intraindividual differences within a student and interindividual differences 

across students were examined.

The goal of the current study, which is part of a programmatic line of research on 

computerized writing instruction, was, therefore, to adopt a multidisciplinary approach as 

explained next to study how students with researcher diagnosed transcription disabilities in 

grades 5 to 9 respond to computerized writing instruction in translation strategies—both for 

the very next sentence and the evolving discourse. Of special interest was whether computer-

taught translation strategies at the sentence level and text level would be learned and applied 

differently as a function of the writing task—personal narrative or writing summaries of 

expository texts that are read or heard—or the mode of transcription interface with the 

computer—stylus or keyboard.

Cognitive

Much research on teaching writing has investigated various genres of writing ranging from 

impersonal and personal narratives (e.g., Boscolo, Gelati, & Galvan, 2012) to informational, 

persuasive, and compare and contrast expository to poetry (e.g., Kambelis, 1999; Moore & 

MacArthur, 2012; Moss, & Loh, 2010; Olinghouse & Wilson, 2013; Philippakos et al., 

2015). Yet, succeeding in school also requires writing to learn (Klein, 2000): (a) reading 

source material and using summaries to develop reading comprehension skills or reading 

source materials, taking notes, and writing reports; (b) listening to teachers talk and 

following directions for written assignments; and (c) listening to teachers talk, taking notes, 

and using the notes to study for tests or perform homework assignments. Thus, writing tasks 

were used outside the genres of traditional impersonal narrative story about others and 

expository writing independent of reading or listening to source material relevant to content 

areas of the curriculum: the personal narrative (about the self who guides the writing 

process) and integrated-reading and integrated-writing about source material.

Linguistic and psycholinguistic

In the current study, the strategies taught by the computer teacher for integrated reading-

writing and integrated listening-writing were grounded in levels of language, a concept from 

linguistics, in that they involved syntax (Level I) or text (Level II). Level I and Level II also 

involved cognitive-linguistic translation strategies, a concept from psycholinguistics, in that 

Level I required cognitive-syntax translation within sentences and Level II required 

cognitive-text translation across sentences. Both Level I and Level II strategies were 

observed in the narrative and expository writing of typically developing writers in a 

longitudinal sample (Niedo & Berninger, 2016). Of interest was whether the students with 

specific learning disabilities in transcription (handwriting and spelling) would learn and use 

the same Level I and Level II cognitive-linguistic translation strategies observed in typically 

developing writers in grades 1 to 7. These translation strategies were taught sequentially one 
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at a time before writing summaries of read or heard source material and children were given 

access to them again while they wrote their summaries.

Computer science

Although many have questioned the value of handwriting in the computer era, it is the case 

that keyboards are not the only interface with a computer for various writing tasks. Indeed, 

styluses and electric pens, which require letter formation and production similar to 

handwriting, are increasingly available to use with laptops. Computerized instruction was 

also of interest because increasingly the annual tests, yoked to standards for writing 

achievement (Olinghouse, & Colwell, 2013; Troia & Olinghouse, 2013), are administered by 

computer.

Also, although computers are often used for accommodations for students with specific 

learning disabilities in transcription for writing tasks, they can also be used to teach writing

—not only transcription (Tanimoto et al., 2015) but also translation strategies using multiple 

input and output modes (Thompson et al., 2016). Computers can also be used as well to 

monitor response to writing instruction during a lesson. Papadopoulos, Parrilla, and Kirby 

(2014) in their Festshrift for Das explained how Das and colleagues introduced this 

approach of analyzing patterns of response to instruction for clues to the processes used by 

individual students during learning.

Clinical psychological and school psychology

Not only group findings but also profiles for individual students were examined so that 

response to instruction could be described for individual students as well as the group. 

Although many psychologists organize their assessment results in descriptive profiles across 

multiple measures, a profile approach to examining individual differences may be less 

familiar to some researchers.

Specific Research Questions and Tested Hypotheses

The first research question was whether students with specific learning disabilities in 

transcription would use the taught cognitive-linguistic translation strategies in their written 

summaries based on read or heard source material. These translation strategies were taught 

using the special properties of the computer platform that allowed students to click on a 

button and read each visually displayed strategy on the screen as they listened to it stated 

orally through earphones. Thus the learning activities engaged language by ear, language by 

eye, and language by hand. This computerized instruction for Level I (next sentence) and 

Level II (evolving multi-sentence text) strategies was taught before students engaged in 

integrated reading-writing and integrated listening-writing with content material of the 

curriculum. However, students could review these strategies as needed during the translation 

process by clicking on a menu at the bottom of the screen where what they wrote was 

displayed as they composed summaries. The first hypothesis tested was that students would 

use the taught Level I and Level II strategies in their integrated-reading and integrated-

listening for expository texts about the history of math and world geography and culture. 

However, any additional translational strategies observed would be noted.
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The second research question was whether the same Level I and Level II translation 

strategies would be observed in the personal narrative writing samples as in the integrated 

reading-writing and integrated listening-writing samples, even though these strategies were 

not explicitly taught before writing the personal narratives. The second hypothesis tested 

was that Level I and Level II strategies would be used in personal narratives because the 

typically developing writers showed use of Level I and Level II strategies in their narratives 

as well as expository writing.

The third research question was whether students would respond the same to the translation 

strategy instruction at Level I (sentence level) as they did at Level II (discourse/text level). 

The third tested hypothesis was that because of their transcription disabilities these students 

would use relatively more Level I than Level II translation strategies. The rationale was that 

challenges in producing letters and spelling would require considerable mental effort and 

reduce their working memory capacity for dealing with text level construction, which 

requires holding multiple syntactic structures in mind over time.

The fourth research question addressed whether application of taught translation strategies 

might vary with mode of writing production—by stylus or by keyboard—for the group as a 

whole and for individual students with specific learning disabilities in transcription. Of 

interest was whether there might be group or individual differences as to which mode best 

supported the students with transcription disabilities in their written composing. Findings of 

intraindividual or interindividual differences in transcription mode (stylus or keyboard) 

would have application to recommending the most appropriate interface between computer 

and user for both accommodations and writing instruction for individual students with 

specific learning disabilities in transcription. The fourth tested hypothesis was that, although 

there would not be a significant main effect for mode based on group analyses, replicating a 

finding of Berninger et al. (2014), intraindividual differences would be observed across the 

lessons. This prediction is based on clinical observations of the struggles students with 

specific learning disabilities in transcription have, regardless of mode, with automatizing 

their letter and word production processes (Berninger, 2009).

Method

Participants

Thirty three students in grades 5 to 9 (27 males, 6 females) were first given comprehension 

diagnostic assessment using procedures described in Berninger et al. (2015) and met 

evidence-based criteria for specific learning disabilities in transcription. That is, they had 

impaired handwriting on two or more normed measures and history of persisting difficulties 

with handwriting despite prior intervention; and/or impaired spelling on two or more normed 

measures and history of persisting difficulties with spelling despite prior intervention. As a 

group, their mean pretest scores fell in the below average range or low average range on 

three handwriting measures, in the low average range on three spelling measures, and nearly 

two standard deviations below the population mean on a fourth spelling measure. Some, but 

not all had co-occurring reading problems. Otherwise, they were typically developing 

children and youth.
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They also participated in this study of computerized writing instruction. Their ages and 

grades ranged from 10 years in grade 5 to 14 years in grade 9 when they began the 

intervention; mode for grade (n = 21) was grade 6. They attended schools in which 

elementary school ended in either grade 6 or 5 and middle school began in either grade 7 or 

6 and ended in grade 9 or 8. Parent-reported ethnicities of the children included Asian-

American (2.9%), Pacific Islander (2.9%), White (79.4%) and mixed ancestry–White-

Middle Eastern (2.9%), White-African American (2.9%), White-Asian (2.9%), and White-

Hispanic (5.9%). Their mothers’ level of education ranged from 2.9% high school degree to 

44.1% a college degree to 52.9% more than a college degree. Parents granted informed 

consent and children gave assent to participate using procedures approved by the 

Institutional Review Board (IRB) at the university where the research was conducted. The 

research was carried out in compliance with the ethical guidelines of the American 

Psychological Association for human participation in research.

Computerized Writing Lessons

Modes of transcription—Participants were randomly assigned to order—whether they 

first wrote with a stylus or with a keyboard. They wrote by one mode for three lessons in a 

row and then switched to the other mode for three lessons in a row for three cycles (first set 

of six lessons, second set of six lessons, and third set of six lessons). Participating students 

were familiar with each tool for mode when it was introduced, having used each before. 

However, none had previously received explicit instruction in integrating these letter 

production tools with their written composing. Some, but not all, participants shared that the 

stylus did not feel comfortable in their hand because it was too smooth. All used hunting and 

pecking to operate the keyboard (looking at keys to find them rather than at the screen as in 

touch typing and using one hand rather than both hands as in touch typing).

Translation strategy instruction and tasks—The translation strategies were not 

taught during the first six lessons in which the writing task was a personal narrative. The 

translation strategies were taught during the next 12 lessons prior to the integrated reading-

writing and integrated listening-writing activities for which the task was writing a summary 

of the read or heard source material. Students were instructed to click on a box to find a set 

of ordered strategies, and then click sequentially on each link in the menu one at a time and 

read each strategy displayed on the screen while they listened through ear phones to the 

computer teacher read the strategy orally. At the end of the overview of each strategy they 

were asked to use these strategies in writing their summaries and shown how, during 

composing, they could tap a link at the bottom of the screen to replay any of the strategies. 

That is, they could access the menu of strategies and review as needed at any time during the 

summary writing process. Each screen page—a blank notepad—included a link back to the 

strategies. Research assistants noted that participants would often pause during composing 

summaries and click on the list to access the list of translation strategies.

Personal narratives—For the personal narratives, students self-generated their texts 

rather than writing about source material. They could write for up to 10 minutes because the 

programmatic research on writing over the years found that most children could only sustain 

composing on their own for this length of time without a break. Topics for each of the first 

Niedo et al. Page 7

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



six lessons included the following: Lesson 1: “My Autobiography during the School Years,” 

Lesson 2: “My Autobiography before the School Years,” Lesson 3: “My Autobiography 

after the School Years,” Lesson 4: “My Family in My Home and Outside My Home,” 

Lesson 5: “My Country and My World,” and Lesson 6: “My Interests In and Out of School.” 

They were given these instructions: “A writing strategy for story writing is to think with 

your inside voice. What you think, you “say” silently with your inside voice and you can 

turn into sounds, spelling, and base words with and without fixes. That is you can turn your 

thoughts into written language!”

Note-taking and summary writing for expository texts—In each of the next 12 

lessons, students completed both a reading-writing and a listening-writing task. Both the 

read source material and heard source material were equated for number of words (on 

average about 200 words per lesson) and content subject of the curriculum (Lessons 7 to 12 

math concepts and history—the history of math in human civilization; and Lessons 13 to 18 

world geography and cultures—social studies with multicultural themes). First, students 

read source material and took notes (5 minutes) and wrote a summary (15 minutes) and then 

they listened to source material and took notes (5 minutes) and wrote a summary (15 

minutes) with access to notes but not source material. More time was given for summary 

writing than for personal narratives so that the students could look back at their notes and 

access links with translation strategies. Although students were given a total of 15 minutes to 

compose before the computer lesson ended the session, students typically took less time to 

complete their summaries, consistent with prior findings of ten-minute sustained 

independent writing bouts. In keeping with the goal of building writing stamina, students 

were encouraged, by computer teacher prompts and human teacher reminders, to keep 

writing until time ran out, but often they did not.

Topics for source material and written summaries included the following with the source 

material for reading always first (left column) and source material for listening (right 

column) always second:

Counting First Number Line Up

Language of Math Math by Hand

Invention of Zero and Place Value Invention of Computation Algorithms

World History Math Spreading Word about Math

Native American Math Lessons from Mathematicians

Writing and Reading Math What Is Math?

The Pacific Islands Oceania Culture

Japan: An Island with Islands Japanese Islands: World Leader

Mariana Islands Guam

Republic of Philippines Hawaii

United Mexican Mexico’s Diversity

Africa African Diversity

The computer teacher instructed students to include the main idea and supporting details in 

the summaries, but no strategies were taught for doing so in this study. At the beginning of 

each reading-writing or listening-writing activity across the lessons, students were reminded 
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again that at any time while they were composing they could click a menu at the bottom of 

the screen to get access to the strategies for writing the next sentence to assist them in 

figuring out what to write next. A server linked to the ID for each student writer saved all the 

written compositions for future analyses. One-word ending statements such as Done, The 

End, or Finished were not coded, because they served only as indicators students had ended 

their summary.

Coding Scheme

Linguistic coding was employed to identify the Level I and Level II translation strategies in 

the personal narratives and written summaries. Written compositions stored in the computer 

server were printed out for this linguistic coding. Two coders with prior experience in using 

the coding scheme in a prior study each independently coded 30 summaries in the current 

study. Interrater reliability of 87% agreement across coded categories within each Level of 

Translation was achieved. Then the first author coded the remaining summaries, but 

consulted with the last author when questions arose; they discussed the item until mutual 

agreement was reached.

The final coding scheme contained the following translation categories taught in the 

computerized lessons; examples are provided for each to illustrate the nature of linguistic 

coding for those not familiar with this methodology and because they provide strategies 

teachers can use in non-computerized instruction as well. Almost all examples are from the 

current study, but occasionally from other studies that also taught translation strategies to 

students with specific learning disabilities. Note that spelling errors and failure to capitalize 

are uncorrected and illustrate these students’ transcription difficulties. Roman numerals 

indicate Level I or Level II translation strategy. Capital letters indicate categories of 

translation strategy with Level I or Level II. Arabic numerals indicate subcategories within a 

given category that were observed in the children’s writing.

I. Thinking about Writing the Next Sentence

A. Add Information

IA1 State fact or facts for which there is general agreement.

Japans histroy dates back to prehistric times, and was known as the land of the 

rising sun.

IA2 State an opinion (belief)

Japan is a country with lots of important and interesting information!

IA3 Describe: paint a picture with words

it is surrounded by water

IA4 Describe a state of mind or feelings

I don’t get it that is weird

IA5 Describe a function or use of an object

Zero represents No Number in that place where a Number would be
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IA6 Describe observable behavior

Europeans took people from their homes they live in for thousands fo years

IA7 Tell the next step or procedure

Number lines: How you would make a number line is to draw a line

and draw more lines going up and draw a number.

and thn you write a number in between the number lines and then find the anser.

IA8 Tell next event

first the Spanish came & a priest Hildag led a movement in 1810 for Mexico to 

have there independance. He was killed, but Mexico got there independance.

IA9 Define what something is

Reefs are low lying stretches of sand coral, close or under the water.

IA10 Define what something is not

Japan is not an island near asia…group of islands

IA11 Illustrate: give one or more examples or counter-examples

some islands are diffret from others

like some islads are alone and some have lots of islands together called

arcapalego like australia.

IA12 State a wish

I wish culture more friendly years ago instead of fights and wars

IA13 State a goal/plan

My gole for Japan, China, and Asia is that the people can have as many children 

as they want

IA14 Tell a plan for reaching the goal

So I am going to right math for 15 mins then produced 9 pages 9 pages of 

numbers and equations

IA15 Make a prediction

I predict tomarow will be uneventful

IA16 State conditions If… then… (then may be implied not stated)

if we did not have zero there wouldent be a number line…

IA17 Pretend or imagine what could be but does not necessarily exist

island reminds me about kraty kid and spongebob square pance

Niedo et al. Page 10

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



IB. Provide an explanation

It used to have a nother name “the islnd of thieves” given to it by th 

esoanirds[Spaniards]

after a missunder standing in 1521 after a the chamorrs not understading the consept 

of

private portly[property] took a boat from the spardurdes[Spaniards].

IC. Modify Text

IC1 Qualify a prior statement—place limit(s) on it

[Babies]are able to differentiate between numbers such as one and two and 

count them to their abilities. But they still haven’t mastered it.

IC2 Evaluate content or organization of what you are writing

The Philipines have a right to be proud of their islands, the oldest man ever alive 

existed there 67000 years ago. (That doesn’t seem right…)

IC3 Repeat part of prior text with substitution

Mexico has a very good history of it’s ownership… Mexico has a great history 

of how it came to be today.

IC4 Paraphrase prior text

The journey math begins with counting all the way to very computationally- 
driven math problems,

D. Create Dialogue

ID1 Among Characters: Tell next comment in conversation (dialogue).

Like this simple question and answer 4 + 2 − 4 + 5 =7 …or in algebra 2 + x = 5 

what is it in this 6 × 5

ID2 Pose question for reader audience

did you know that there are 20,000 to 30,000 islands in the pacific ocain

ID3 Make editorial comment for the reader audience

…Japans population and Japan contane 1/10 of wrolds pop. That’s one crowded 

iland.

ID4 Issue direct or indirect command for reader audience

I mwan have you ever thought about how lucky you were to have this beautiful 

world unstead of just wanting more? Think and Discuss!

II Coding Connecting Sentences Together (See examples in III)

A. Within Same Level (produced in next sentence to tie it to a prior sentence)

IIA1 Tie the other sentences together with a connecting word and/or sentence.
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IIA2 Make a comment that interrupts the idea in progress and then continues with that 

idea unless at end because time runs out.

B. Across Levels (sentence that ties multiple prior or subsequent sentences 
together at discourse level)

IIB1 State a topic sentence for the sentences that follow.

IIB2 Summarize main ideas or points so far.

IIB3 Draw conclusion.

IIB4 State outcome of a sequence.

IIB5 Compare: how same and/or how different.

IIB6 Make an ending statement for text

III. Example of Coding at Levels I and II

Math is a journey. IA1 (quoted from prompt); IIB1

Starting with counting on a number line to real-world shapes. IA11; IIA1

Also reading clocks, that include finding minutes to hours. IA11; IIA1

Also it goes to patterns with usally more than two digets. IA11; IIA1

Also doing computatienal math problems. IA11; IIA1

The journey math begins with
counting all the way to very computationally-driven math problems

IC4; IIB2

it’s a long, fun and endless journey that anyone can do. IA2; IIA1, IIB6

IV. Additional Coding for the Reading-Summaries and Writing-Summaries Designed after 
Reading the Summaries to Code the Translation Strategies

Was a main idea stated accurately? Yes or No

How many accurate main ideas?

How many inaccurate main ideas?

How many accurate factual details were included from source?

How many inaccurate factual details were included from source?

How many irrelevant statements (e.g., personal remarks or factual background knowledge) were included?

Data Analyses

A three-prong approach to data analyses was adopted. First, the frequency of the occurrence 

of each of the coded translation strategies at Level I and Level II across the lessons was 

tallied for the whole group (N = 33) for each summary writing task. These are summarized 

in Table 1 to show both the nature and frequency of the most common ones used and used in 

testing the first hypothesis. Second, individual profiles were analyzed for each of the 33 

students. Results of the profile analyses are summarized in Table 2 for the integrated 

reading-writing task and the integrated listening-writing task to provide an overview of both 

the intraindividual differences (single rows) and interindividual differences (across rows) 

under column headings. These were relevant to the second and third hypotheses. An 

Appendix that contains the summary profile for each individual student for both the personal 
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narratives and summary writing across lessons and modes is available by request from the 

second author. Third, ANOVAs were performed to test the second and fourth hypotheses.

Results

First Research Question and Tested Hypothesis

Examination of the translation coding frequency results for the sample as a whole (Table 1) 

showed that overall only two taught strategies were not used by any student in writing 

summaries for either read or heard source material or both: Define What Something is Not 
(IA10) and Make a Plan for Reaching that Goal (IA14). These findings, summarized across 

12 different lessons, provide descriptive data showing that students with specific learning 

disabilities in transcription did use computer-taught translation strategies for generating 

summaries based on source material. Overall, almost all the strategies were used by at least 

one student. Strategies used only for Integrated Reading-Writing were State a Goal/Plan (IA 

13), Create Dialogue (ID1), and State Outcome of Sequence (IIB4). The strategy used only 

for Integrated Listening-Writing was Tell the Next Step or Procedures (IA 7). The results for 

individuals are summarized in Table 2 to provide an overview of both intraindividual 

differences (within rows) and interindividual differences (across rows) for variables in 

column headings relevant to both read source material (IIA) and heard source material (IIB).

Overall, the findings summarized in Table 1 and Table 2 show that the computer taught 

translation strategies, based on what typically developing writers used in their writing, were 

used in integrated reading-writing tasks and integrated listening-writing tasks by students 

with SLDs in transcription. Thus, the first tested hypothesis was confirmed.

Second Research Question and Tested Hypothesis

Repeated measures ANOVAs with writing tasks (personal narratives, integrated reading-

writing, or integrated listening-writing) and frequency of coded Level I or Level II 

Translation Strategies were conducted. The main effect for the writing task was statistically 

significant for frequency of Level I translation strategies, F(2,31)=13.08, p <.001. Means 

showed highest use of Level I translation strategies in Personal Narratives, M = 55.33, SD = 

28.40, next highest use in the integrated reading-writing summarization task, M = 36.54, SD 
= 24.00, and next highest use in the integrated listening-writing summarization task, M = 

29.76, SD = 22.45. Likewise, the main effect for the writing task was statistically significant 

for frequency of Level II translation strategies, F(2,31)=16.94, p <.001. The means showed 

highest use of Level II translation strategies in personal narratives, M = 22.79, SD = 13.08, 

next highest use in the integrated reading-writing summarization task, M = 11.58, SD = 

11.58, and next highest use in the integrated listening summarization task, M = 9.18, SD = 

11.14.

Overall, these analyses showed that Level I and Level II strategies were used across all 

writing tasks, but more so in personal narratives than writing summaries, and more so in 

summaries when the source material was read rather than heard. Thus, the second tested 

hypothesis that both Level I and Level II strategies would be used in personal narratives as 

well as written summaries of source material was confirmed.
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Third Research Question and Tested Hypothesis

A clinical approach was adopted in which patterns in individual students’ written summaries 

were examined to address the third research question. As shown in Table 1 for group use and 

Table 2 for individual use of the integrated reading-writing and integrated listening-writing 

tasks, Level I strategies were observed more than Level II strategies. This finding confirmed 

the third hypothesis and is consistent with the means reported for the results of the data 

analyses for the second research question. The two exceptions to this group finding were one 

seventh grade girl who used more Level II strategies on her listening-writing summaries and 

one seventh grade boy who could not produce any writing on the listening-writing summary 

task. The most frequently used Level I translation strategies for the whole group in rank 

order were State Fact or Facts, State an Opinion or Belief, Make an Editorial Comment to 
the Audience, Illustrate with Examples or Counter Examples, Provide an Explanation, and 

Qualify a Prior Statement. Sometimes both Level I and Level II strategies were evident in 

the sentence written next, but which Level I and which Level II translation strategies were 

used by individual students varied enormously across students.

Although, as predicted, the students with specific learning disabilities in transcription 

generally used more Level I than Level II translation strategies, further examination of the 

written summaries showed that they often contained inaccurate main ideas or inaccurate 

details, and/or irrelevant statements that were simply unrelated to what was in the read or 

heard source material. Based on these observations, a posthoc coding system was developed 

to code for these variables for individuals. See Table 2.

Repeated measures ANOVAs showed that errors in main ideas occurred more often on 

average on the integrated reading-writing task (M = 1.25, SD = 1.32) than on the integrated 

listening-writing task (M = 0.44, SD = 0.76), F(1, 31)=9.24, p <.005; and errors in factual 

details occurred more often on average in the integrated reading-writing task (M = 7.59, SD 
= 10.62) than on the integrated listening-writing task (M = 4.00, SD = 3.17), F(1, 31)=4.44, 

p = .043. However, average number of irrelevant statements was not related to either the 

integrated reading-writing task (M = 7.28, SD = 8.11) or the integrated listening-writing task 

(M = 7.50, SD = 7.12), F(1,31)=.02, p = .88. Irrelevant statements occurred on both. 

ANOVA with one between subject variable (presence or absence of ADHD diagnosis) did 

not yield a significant difference in number of irrelevant statements, F(1, 30)=.01, p > .05. 

Neither was the presence or absence of an ADHD diagnosis significantly correlated with 

number of irrelevant statements, r = −.078, p >.05.

Overall, these analyses confirmed the third tested hypothesis that students with specific 

learning disabilities in transcription used more Level I than Level II translation strategies in 

writing summaries about source material. However, although they used more Level I 

translation strategies in writing summaries about read source material than heard source 

material, they were more likely to introduce errors about the main ideas and details for read 

than heard source material. Irrelevant statements not related to content of source material 

occurred in the summaries of both read and heard source material but are not related to 

presence or absence of an ADHD diagnosis.
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Fourth Research Question and Tested Hypothesis

Repeated measures ANOVA for two writing tasks (personal narratives and summaries) and 

two transcription modes (stylus or keyboard) showed that for the sample as a whole one 

transcription mode was not associated with writing more, F(1,30)=.046, p = .83. For 

personal narratives, about half wrote more with the stylus (M = .55, SD = 0.57) and the other 

half wrote the most by the keyboard or keyboard and stylus. For summaries about half wrote 

the most with stylus (M = .055, SD = .072) and about half wrote the most with keyboard or 

keyboard and stylus (M = 0.52, SD = 0.68).

As shown in Table 2, however, individual differences were observed across lessons in task 

by transcription mode combinations that were not detected in group analyses. For reading 
source and writing summaries, nine wrote more by stylus, 20 wrote more by keyboard, and 

four wrote the same amount by stylus and keyboard; for listening to source and writing 
summaries, 11 wrote more by stylus, 18 wrote more by keyboard, three wrote the same 

amount by stylus and keyboard, and one could not write summary for heard source material. 

Of relevance to use of computers for accommodations or instruction, although more than 

half wrote more by keyboard than stylus or both modes, only 58% consistently wrote more 

only by keyboard across the two writing tasks. That is, 42% of the students with SLDs in 

transcription wrote more by stylus or comparably across the two modes in some lessons or 

tasks.

Overall, in group analyses students with specific learning disabilites in transcription did not 

differ significantly in whether they wrote more by keyboard or by stylus, as predicted. Thus, 

the fourth tested hypothesis was confirmed. However, analysis of individuals showed 

variation across lessons and writing tasks in whether they wrote more by one transcription 

mode or the other.

Discussion

Overall, the results for the first research question showed that the students with specific 

learning disabilites in transcription used the Level I translation strategies (next sentence) and 

Level II translations strategies (evolving text) that were taught in the computerized writing 

instruction. However, even though all source materials were expository rather than narrative, 

typical narrative elements were often used in the expository summaries such as describing 
behavior and telling the next event. So, the Level I and Level II strategies are not necessarily 

genre-specific. Also, consistent with language being a generative process (Boscolo et al., 

2014; Chomsky, 2006) so is translation a generative process: There are multiple ways of 

translating thought into written language as the coding scheme at both Level I and Level II 

illustrates; and intraindividual and interindividual differences in their usage was observed. 

That is, there was considerable variation as to which translation strategies were used (a) 

across students for a specific writing task, and (b) across writing tasks within the same 

student (see Tables 1 and 2). Nevertheless, the same Level I and Level II translation 

strategies observed in typically developing writers (Niedo & Berninger, 2016) were also 

observed in the writing of students with specific learning disabilites in transcription. The 

first hypothesis was supported.
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There are two possible explanations as to why both Level I and Level II Translation 

Strategies were used more often in personal narratives than integrated reading-writing 

summaries and integrated listening-writing summaries. One explanation is that although 

participants were not given strategy training for Level I and Level II translation prior to 

writing the personal narratives, the instructions for the personal narrative emphasized “flow,” 

a construct (Kellogg, 1994) applied to composing. Flow may facilitate creativity during 

translation when the source of topic and supporting details is one’s self and identity rather 

than a read or heard source with content generated by another with which the reader or the 

listener may not be familiar. The story of a writer’s life in the present, past, and envisioned 

future or in the writer’s family, neighborhood, and world may facilitate idea generation 

during translation. Also writing personal narratives may draw on the oral tradition of some 

cultures and use of oral language supports translation of thought into written language. 

Another explanation is that integrated reading-writing and integrated listening-writing draw 

greatly on the academic register of language, are needed for academic success in the upper 

grades but require longer to master than personal narratives, and require ongoing explicit 

strategy instruction to master (see Silliman & Scott, 2009). Although the second hypothesis 

was confirmed based on group analyses, future research should address each of these 

alternative explanations and whether one or both have merit.

The third hypothesis was also confirmed that examination of individual profiles would also 

identify more use of Level I than Level II Translation Strategies. Future research should 

continue to address the intraindividual differences observed in Level I and Level II 

translation strategies as well as the higher frequency of factual errors for main idea and 

details in the summaries of read than heard source material. On the one hand, this finding 

may be due to reading problems of some but not all of the students with diagnosed specific 

learning disabilites in transcription by the research team. On the other hand, this finding may 

be due to lack of prior explicit instruction in strategies of taking notes and writing 

summaries, which has been shown to be effective for students with specific learning 

disabilites in written language, including, but not restricted to, transcription disabilities 

(Richards et al., 2016). That is, explicit strategies in translation at different levels of 

language may need to be supplemented with explicit strategies with note taking and 

summary writing to facilitate written summaries in students with specific learning disabilites 

in transcription.

The nonsignificant main effect for mode (stylus or keyboard) confirmed the fourth 

hypothesis that students would produce writing of comparable length by both modes. 

However, the follow-up descriptive analyses of profiles of individual students identified 

considerable individual differences within the same student across lessons and writing tasks 

as well as individual differences between students as to which transcription mode resulted in 

longer writing samples. This finding provides a cautious reminder that multiple modes of 

letter and word production may be effective in using technology tools to express thoughts in 

written language.
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Applications to Instruction

Explicit instruction in translation strategies should be aimed not only at text-level, but also at 

sentence-level translation strategies. Teaching genre-specific strategies for planning, 

drafting, reviewing, and revising at the text level can be helpful in learning to self-regulate 

written composition. However, for both those with and without specific learning disabilites 

in transcription, ability to translate thoughts into the very next sentence is equally important 

as ability to translate thoughts into evolving text structures. As shown in the current study, 

students with transcription disabilities can learn and use Level I strategies taught by a 

computer. Human teachers could also teach those strategies as articulated in the coding 

scheme for this study. Future research might compare the relative effectiveness of human 

teachers, who can provide flexible, explicit guidance as needed if students are not paying 

attention to or engaging in the writing activities (see Cheung & Slavin, 2012), and computer 

teachers, which provide systematic, evidence-based preprogrammed instruction in teaching 

translation of thought into written language. A hybrid approach that draws on both human 

and computer teachers may be most effective.

Applications to Accommodations

Despite the observed interindividual and intraindividual differences in use of stylus or 

keyboard, a sizable number of individuals wrote more by keyboard than by stylus. Just 

because a student has identified transcription impairments in handwriting and/or spelling 

does not mean that the student should only be given accommodations that use laptops with 

keyboards. Some composed better consistently or variably by stylus. Assessment of which 

modes of interface with a laptop are most effective for individual students with transcription 

disabilities should first be conducted. Then explicit instruction should be designed that 

employs the transcription mode(s) found to be most effective. However, multiple tools for 

interfacing with laptops for writing might be taught and response to this instruction for a 

variety of writing tasks monitored to determine if a student with a transcription disability 

might benefit from being taught multiple modes of interfacing with a laptop.

In conclusion, translating strategy instruction has promise for teaching students to self-

regulate their translating of thoughts from read or heard sources into written language at two 

levels of language—the very next sentence and the evolving discourse structure. Multiple 

disciplines can contribute to research on translation instruction and application of the 

research into instructional practice.

References

Abbott R, Berninger V, Fayol M. Longitudinal relationships of levels of language in writing and 
between writing and reading in grades 1 to 7. Journal of Educational Psychology. 2010; 102:281–
298.

Alamargot D, Chesnet D, Dansac C, Ros C. Eye and pen: a new device to study the reading during 
writing. Behavior Research Methods, Instruments and Computers. 2006; 38:287–299.

Alves, R., Limpo, T. Progress in written language bursts, pauses, transcription, and written 
composition across schooling. Scientific Studies of Reading. 2015 Jul. Retrieved from http://
dx.doi.org/10.1080/10888438.2015.1059838

Niedo et al. Page 17

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1080/10888438.2015.1059838
http://dx.doi.org/10.1080/10888438.2015.1059838


Arfé, B.Dockrell, J., Berninger, V., editors. Writing development in children with hearing loss, 
dyslexia, or oral language problems: Implications for assessment and instruction. New York, NY: 
Oxford University Press; 2015. 

Bahr, R., Silliman, E., editors. Handbook of communication disorders. London, UK: Routledge; 2015. 
p. 226-236.

Berninger V. Highlights of programmatic, interdisciplinary research on writing. Learning Disabilities. 
Research and Practice. 2009; 24:68–79.

Berninger V, Abbott R. Unit of analysis and constructive processes of the learner: Key concepts for 
educational neuropsychology. Educational Psychologist. 1992; 27:223–242.

Berninger V, Mizokawa D, Bragg R. Theory-based diagnosis and remediation of writing disabilities. 
Journal of School Psychology. 1991; 29:57–79.

Berninger V, Nagy W, Tanimoto S, Thompson R, Abbott R. Computer instruction in handwriting, 
spelling, and composing for students with specific learning disabilities in grades 4 to 9. Computers 
and Education. 2014; 81:154–168. published on line October 30. Retrieved from http://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4217090. 

Berninger V, Richards T, Abbott R. Differential diagnosis of dysgraphia, dyslexia, and OWL LD: 
Behavioral and neuroimaging evidence. Reading and Writing. An Interdisciplinary Journal. 2015; 
28:1119–1153. published on line April 21. DOI: 10.1007/
s11145-015-9565-0A2:NIHMS683238PublID2615-04-21_0002PMCID#forthcoming

Boscolo P, Gelati C, Galvan N. Teaching elementary students to play with meanings and genre. 
Reading & Writing Quarterly. 2012; 28:29–50.

Cheung A, Slavin R. How features of educational technology applications affect student reading 
outcomes: A meta-analysis. Educational Research Review. 2012; 7:198–215.

Chomsky, N. Language and mind. 3rd. New York, NY: Cambridge Press; 2006. 

Crossley, SA., McNamara, DS. Adaptive educational technologies for literacy instruction. New York, 
NY: Taylor & Francis; 2016. 

Fayol, M.Alamargot, D., Berninger, V., editors. Translation of thought to written text while composing: 
Advancing theory, knowledge, methods, and applications. New York, NY: Psychology Press/
Taylor Francis Group; 2012. 

Graham S, McKeown D, Kiuhara S, Harris KR. A meta-analysis of writing instruction for students in 
the elementary grades. Journal of Educational Psychology. 2012; 104:879–896.

Graham S, Perrin D. A meta-analysis of writing instruction for adolescent students. Journal of 
Educational Psychology. 2007; 99:445–476.

Halliday, MA., Hasan, K. Cohesion in English. London, UK: Longman; 1976. 

Hayes, JR. My past and present as writing researcher and thoughts about the future of writing research. 
In: Berninger, V., editor. Past, present, and future contributions of cognitive writing research to 
cognitive psychology. New York, NY: Psychology Press; 2012. p. 3-26.

Hayes, JR., Berninger, VW. Relationships between idea generation and transcription: How the act of 
writing shapes what children write. In: Bazerman, C.Krut, R.Lunsford, K.McLeod, S.Null, 
S.Rogers, P., Stasnsell, A., editors. Traditions of writing research. New York, NY: Routledge; 
2010. p. 166-181.

Kambelis G. Genre development and learning: Children stories, science reports, and poems. Research 
on the Teaching of English. 1999; 33:131–135.

Kellogg, R. The psychology of writing. New York, NY: Oxford University Press; 1994. 

Klein P. Elementary students’ strategies for writing-to-learn in science. Cognition and Instruction. 
2000; 18:317–348.

Lin SC, Monroe B, Troia G. Development of writing knowledge in grades 2–8: A comparison of 
typically developing writers and their struggling peers. Reading and Writing Quarterly. 2007; 
23:207–230. Retrieved from http://dx.doi.org/10.1080/10573560701277542. 

MacArthur, CA.Graham, S., Fitzgerald, J., editors. Handbook of writing research. New York, NY: 
Guilford; 2006. 

MacArthur, C.Graham, S., Fitzgerald, J., editors. Handbook of writing research. New York, NY: 
Guilford; 2015. 

Niedo et al. Page 18

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4217090
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4217090
http://dx.doi.org/10.1080/10573560701277542


Mather, N., Wendling, BJ. How SLD manifests in writing. In: Flanagan, DP., Alfonso, VC., editors. 
Essentials of specific learning disability identification. Hoboken, NJ: John Wiley and Sons; 2011. 
p. 65-88.

Moore, NS., MacArthur, CA. Effects of being a reader and observing readers on argumentative 
writing. In: Torrance, M.Alamargot, D.Castello, M.Ganier, F.Kruse, O.Mangen, A.Tolchinsky, L., 
Van Waes, L., editors. Learning to write effectively: Current trends in European research. Studies 
in writing. Vol. 25. Bingley, UK: Emerald Group Publishing; 2012. p. 157-159.

Moss, B., Loh, V. Strategies for guiding readers through informational texts. New York: Guilford; 
2010. 

Myhill, DA. Current Trends: British Journal of Educational Psychology Monograph Series II. 
Leicester, UK: British Psychological Society; 2009. From talking to writing: Linguistic 
development in writing. In teaching and learning writing: Psychological aspects of education; p. 
27-44.

Niedo J, Abbott R, Berninger V. Predicting levels of reading and writing achievement in typically 
developing, English-speaking 2nd and 5th graders. Learning and Individual Differences. 2014; 
32C:54–68. DOI: 10.1016/j.lindif.2014.03.013

Niedo J, Berninger VW. Strategies typically developing writers use for translating thought into the next 
sentence and evolving text: Implications for assessment and instruction. Open Journal of Modern 
Linguistics. 2016; 6:276–292. Retrieved from http://dx.doi.org/10.4236/ojml.2016.64029. 
[PubMed: 28127525] 

Olinghouse NG, Colwell R. Preparing students with learning disabilities for large-scale writing 
assessments. Intervention in School and Clinic. 2013; 49(2):67–76.

Olinghouse NG, Wilson J. The relationship between vocabulary and writing quality in three genres. 
Reading and Writing: An Interdisciplinary Journal. 2013; 26:45–65.

Papadopoulos, T.Parrilla, R., Kirby, J., editors. Cognition, intelligence, and achievement. India: 
Elsevier; 2014. p. 397-418.

Philippakos, Z., MacArthur, C., Coker, D. Developing strategic writers through genre instruction. New 
York, NY: Guilford; 2015. 

Richards, T., Berninger, V., Fayol, M. The writing brain of normal child writers and children with 
writing disabilities: Generating ideas and transcribing them through the orthographic loop. In: 
Grigorenko, E.Mambrino, E., Preiss, D., editors. Writing: A mosaic of perspectives and views. 
New York, NY: Psychology Press; 2012. p. 85-105.Ch. 6

Richards T, Peverly S, Wolf A, Abbott R, Tanimoto S, Thompson R, Nagy W, Berninger V. Idea units 
in notes and summaries for read texts by keyboard and pencil in middle childhood students with 
specific learning disabilities: Cognitive and brain findings. Trends in Neuroscience and Education. 
2016 Oct 1.5:146–155. July 22 on line. http://www.journals.elsevier.com/trends-inneuroscience-
and-education/NIHMSID806920. [PubMed: 28133634] 

Saddler B, Graham S. The effects of peer-assisted sentence-combining instruction on the writing 
performance of more and less skilled young writers. Journal of Educational Psychology. 2005; 
97:43–54.

Santangelo T, Harris K, Graham S. Using self-regulated strategy development to support students who 
have “trubol giting thangs into werds”. Remedial and Special Education. 2008; 29:78–89.

Scott, C. Spoken and written syntax. In: Nippold, M., editor. Later language development: Ages 9 
through 19. San Diego, CA: College Hill Press; 1988. p. 45-95.

Scott, C. Learning to write: Context, form, and process. In: Kamhi, A., Catts, H., editors. Reading 
disabilities: A developmental language perspective. San Diego, CA: College Hill Press; 1989. p. 
261-302.

Scott, C. A discourse continuum for school-age students: Impact of modality and genre. In: Wallach, 
G., Butler, K., editors. Language learning disabilities in school-age children and adolescents: 
Some underlying principles and applications. 2nd. Columbus, OH: Macmillan/Merrill; 1994. p. 
219-252.

Silliman, E., Scott, C. Research-based oral language routes to the academic language of literacy: 
Finding the right road. In: Rosenfield, S., Berninger, V., editors. Implementing evidence-based 
interventions in school settings. New York, NY: Oxford University Press; 2009. p. 107-145.

Niedo et al. Page 19

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.4236/ojml.2016.64029
http://www.journals.elsevier.com/trends-inneuroscience-and-education/NIHMSID806920
http://www.journals.elsevier.com/trends-inneuroscience-and-education/NIHMSID806920


Slavica K, Colligan R, Katusic S, Colligan R, Weaver A, Barbaresi W. The forgotten learning 
disability: Epidemiology of written-language disorder in a population-based birth cohort (1976–
1982), Rochester, Minnesota. Pediatrics. 2009; 123:1306–1313. [PubMed: 19403496] 

Swanson, HL.Harris, K., Graham, S., editors. Handbook of learning disabilities. 2nd. New York, NY: 
Guilford; 2013. p. 307-325.

Tanimoto S, Thompson R, Berninger V, Nagy W, Abbott R. Computerized writing and reading 
instruction for students in grades 4 to 9 with specific learning disabilities affecting written 
language. Journal of Computer Assisted Learning. 2015; 31:671–689. [PubMed: 26858470] 

Thompson, R., Tanimoto, S., Abbott, R., Nielsen, K., Geselowitz, K., Lyman, R., Berninger, V. 
Relationships between language input and letter output modes in writing notes and summaries for 
students in grades 4 to 9 with persisting writing disabilities. Assistive Technology Journal. 2016 
Jul 19. on lineRetrieved from http://www.tandfonline.com/doi/full/
10.1080/10400435.2016.1199066

Troia, G., editor. Instruction and assessment for struggling writers Evidence-based practices. New 
York, NY: Guilford; 2009. 

Troia GA, Olinghouse NG. The Common Core State Standards and evidence-based educational 
practices: The case of writing. School Psychology Review. 2013; 42:343–357.

Wijekumar K, Meyer B, Lei P. High-fidelity implementation of web-based intelligent tutoring system 
improves fourth and fifth graders content area reading comprehension. Computers and Education. 
2013; 68:366–379. Retrieved from http://dx.doi.org/10.1016/j.compedu.2013.05.021. 

Wijekumar K, Meyer B, Lei P, Lin Y, Johnson L, Spielvogel J, Cook M. Multisite randomized 
controlled trial examining intelligent tutoring of structure strategy for fifth-grade readers. Journal 
of Research on Educational Effectiveness. 2014; 7:331–357. DOI: 
10.1080/19345747.2013.853333

Whitaker D, Berninger V, Johnston J, Swanson L. Intraindividual differences in levels of language in 
intermediate grade writers: Implications for the translating process. Learning and Individual 
Differences. 1994; 6:107–130.

Niedo et al. Page 20

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.tandfonline.com/doi/full/10.1080/10400435.2016.1199066
http://www.tandfonline.com/doi/full/10.1080/10400435.2016.1199066
http://dx.doi.org/10.1016/j.compedu.2013.05.021


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Niedo et al. Page 21

Ta
b

le
 1

Fr
eq

ue
nc

y 
of

 E
ac

h 
T

ra
ns

la
tio

n 
St

ra
te

gy
 b

y 
Ta

sk
s 

In
vo

lv
in

g 
R

ea
d 

or
 H

ea
rd

 S
ou

rc
es

I-
A

 F
re

qu
en

cy
 o

f 
E

ac
h 

T
ra

ns
la

ti
on

 S
tr

at
eg

y 
in

 W
ri

tt
en

 S
um

m
ar

ie
s 

ab
ou

t 
R

ea
d 

So
ur

ce
s

IA
1

St
at

e 
fa

ct
(s

)
76

1

IA
2

St
at

e 
an

 o
pi

ni
on

/b
el

ie
f

93

IA
3

D
es

cr
ib

e 
– 

Pa
in

t p
ic

tu
re

 w
ith

 w
or

ds
17

IA
4

D
es

cr
ib

e 
st

at
e 

of
 m

in
d/

fe
el

in
gs

10

IA
5

D
es

cr
ib

e 
fu

nc
tio

n 
or

 u
se

16

IA
6

D
es

cr
ib

e 
ob

se
rv

ab
le

 b
eh

av
io

r
16

IA
7

Te
ll 

th
e 

ne
xt

 s
te

p 
or

 p
ro

ce
du

re
0

IA
8

Te
ll 

ne
xt

 e
ve

nt
22

IA
9

D
ef

in
e 

w
ha

t s
om

et
hi

ng
 is

13

IA
10

D
ef

in
e 

w
ha

t s
om

et
hi

ng
 is

 n
ot

0

IA
11

Il
lu

st
ra

te
 –

 e
xa

m
pl

e/
co

un
te

r-
ex

am
pl

e(
s)

91

IA
12

St
at

e 
a 

w
is

h
4

IA
13

St
at

e 
a 

go
al

/p
la

n
0

IA
14

Te
ll 

a 
pl

an
 f

or
 r

ea
ch

in
g 

th
e 

go
al

0

IA
15

M
ak

e 
a 

pr
ed

ic
tio

n
3

IA
16

St
at

e 
co

nd
iti

on
s 

If
…

 th
en

 (
m

ay
 b

e 
im

pl
ie

d)
7

IA
17

Pr
et

en
d/

Im
ag

in
e 

w
ha

t c
ou

ld
 b

e
2

IB
Pr

ov
id

e 
an

 e
xp

la
na

tio
n

36

IC
1

Q
ua

lif
y 

a 
pr

io
r 

st
at

em
en

t
31

IC
2

E
va

lu
at

e 
co

nt
en

t/o
rg

an
iz

at
io

n 
of

 w
ri

tin
g

16

IC
3

R
ep

ea
t p

ar
t o

f 
pr

io
r 

te
xt

 w
ith

 s
ub

st
itu

tio
n

6

IC
4

Pa
ra

ph
ra

se
 p

ri
or

 te
xt

4

ID
1

C
re

at
ed

 d
ia

lo
gu

e 
am

on
g 

ch
ar

ac
te

rs
2

ID
2

Po
se

 q
ue

st
io

n 
fo

r 
re

ad
er

18

ID
3

M
ak

e 
ed

ito
ri

al
 c

om
m

en
t f

or
 r

ea
de

r
86

ID
4

Is
su

e 
di

re
ct

/in
di

re
ct

 c
om

m
an

d 
fo

r 
re

ad
er

2

II
A

1
T

ie
 s

en
te

nc
es

 w
ith

 w
or

d 
an

d/
or

 s
en

te
nc

e
30

3

II
A

2
M

ak
e 

a 
co

m
m

en
t t

ha
t i

nt
er

ru
pt

s 
id

ea
 in

 p
ro

gr
es

s 
an

d 
co

nt
in

ue
 w

ith
 th

at
 id

ea
21

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Niedo et al. Page 22

I-
A

 F
re

qu
en

cy
 o

f 
E

ac
h 

T
ra

ns
la

ti
on

 S
tr

at
eg

y 
in

 W
ri

tt
en

 S
um

m
ar

ie
s 

ab
ou

t 
R

ea
d 

So
ur

ce
s

II
B

1
St

at
e 

a 
to

pi
c 

se
nt

en
ce

 f
or

 s
en

te
nc

es
 th

at
 f

ol
lo

w
55

II
B

2
Su

m
m

ar
iz

e 
m

ai
n 

id
ea

s 
or

 p
oi

nt
s 

so
 f

ar
1

II
B

3
D

ra
w

 c
on

cl
us

io
n

4

II
B

4
St

at
e 

ou
tc

om
e 

of
 a

 s
eq

ue
nc

e
5

II
B

5
C

om
pa

re
 –

 h
ow

 s
am

e 
an

d/
or

 h
ow

 d
if

fe
re

nt
4

II
B

6
M

ak
e 

an
 e

nd
in

g 
st

at
em

en
t f

or
 te

xt
17

To
ta

l L
ev

el
 I

14
62

To
ta

l L
ev

el
 I

IA
32

4

To
ta

l L
ev

el
 I

IB
86

To
ta

l C
om

bi
ni

ng
 L

ev
el

s
41

0

W
as

 a
 m

ai
n 

id
ea

 s
ta

te
d 

ac
cu

ra
te

ly
?

Y
es

 6
7

N
o 

48
N

on
e 

st
at

ed
14

1

H
ow

 m
an

y 
ac

cu
ra

te
 d

et
ai

ls
 f

ro
m

 s
ou

rc
e?

89
2

H
ow

 m
an

y 
in

ac
cu

ra
te

 d
et

ai
ls

 f
ro

m
 s

ou
rc

e?
20

6

H
ow

 m
an

y 
ir

re
le

va
nt

 s
ta

te
m

en
ts

?
23

9

I-
B

 F
re

qu
en

cy
 o

f 
E

ac
h 

T
ra

ns
la

ti
on

 S
tr

at
eg

y 
in

 W
ri

tt
en

 S
um

m
ar

ie
s 

ab
ou

t 
H

ea
rd

 S
ou

rc
es

IA
2

St
at

e 
an

 o
pi

ni
on

/b
el

ie
f

79

IA
3

D
es

cr
ib

e 
– 

Pa
in

t p
ic

tu
re

 w
ith

 w
or

ds
18

IA
4

D
es

cr
ib

e 
st

at
e 

of
 m

in
d/

fe
el

in
gs

15

IA
5

D
es

cr
ib

e 
fu

nc
tio

n 
or

 u
se

30

IA
6

D
es

cr
ib

e 
ob

se
rv

ab
le

 b
eh

av
io

r
15

IA
7

Te
ll 

th
e 

ne
xt

 s
te

p 
or

 p
ro

ce
du

re
2

IA
8

Te
ll 

ne
xt

 e
ve

nt
7

IA
9

D
ef

in
e 

w
ha

t s
om

et
hi

ng
 is

10

IA
10

D
ef

in
e 

w
ha

t s
om

et
hi

ng
 is

 n
ot

0

IA
11

Il
lu

st
ra

te
 –

 e
xa

m
pl

e/
co

un
te

r-
ex

am
pl

e(
s)

91

IA
12

St
at

e 
a 

w
is

h
2

IA
13

St
at

e 
a 

go
al

/p
la

n
0

IA
14

Te
ll 

a 
pl

an
 f

or
 r

ea
ch

in
g 

th
e 

go
al

0

IA
15

M
ak

e 
a 

pr
ed

ic
tio

n
1

IA
16

St
at

e 
co

nd
iti

on
s 

If
…

 th
en

 (
m

ay
 b

e 
im

pl
ie

d)
4

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Niedo et al. Page 23

I-
A

 F
re

qu
en

cy
 o

f 
E

ac
h 

T
ra

ns
la

ti
on

 S
tr

at
eg

y 
in

 W
ri

tt
en

 S
um

m
ar

ie
s 

ab
ou

t 
R

ea
d 

So
ur

ce
s

IA
17

Pr
et

en
d/

Im
ag

in
e 

w
ha

t c
ou

ld
 b

e
1

IB
Pr

ov
id

e 
an

 e
xp

la
na

tio
n

35

IC
1

Q
ua

lif
y 

a 
pr

io
r 

st
at

em
en

t
34

IC
2

E
va

lu
at

e 
co

nt
en

t/o
rg

an
iz

at
io

n 
of

 w
ri

tin
g

8

IC
3

R
ep

ea
t p

ar
t o

f 
pr

io
r 

te
xt

 w
ith

 s
ub

st
itu

tio
n

10

IC
4

Pa
ra

ph
ra

se
 p

ri
or

 te
xt

5

ID
1

C
re

at
ed

 d
ia

lo
gu

e 
am

on
g 

ch
ar

ac
te

rs
0

ID
2

Po
se

 q
ue

st
io

n 
fo

r 
re

ad
er

14

ID
3

M
ak

e 
ed

ito
ri

al
 c

om
m

en
t f

or
 r

ea
de

r
59

ID
4

Is
su

e 
di

re
ct

/in
di

re
ct

 c
om

m
an

d 
fo

r 
re

ad
er

3

II
A

1
T

ie
 s

en
te

nc
es

 w
ith

 w
or

d 
an

d/
or

 s
en

te
nc

e
23

0

II
A

2
M

ak
e 

co
m

m
en

t t
ha

t i
nt

er
ru

pt
s 

id
ea

 in
 p

ro
gr

es
s 

&
 c

on
tin

ue
 w

ith
 th

at
 id

ea
20

II
B

1
St

at
e 

a 
to

pi
c 

se
nt

en
ce

 f
or

 s
en

te
nc

es
 th

at
 f

ol
lo

w
58

II
B

2
Su

m
m

ar
iz

e 
m

ai
n 

id
ea

s 
or

 p
oi

nt
s 

so
 f

ar
2

II
B

3
D

ra
w

 c
on

cl
us

io
n

3

II
B

4
St

at
e 

ou
tc

om
e 

of
 a

 s
eq

ue
nc

e
0

II
B

5
C

om
pa

re
 –

 h
ow

 s
am

e 
an

d/
or

 h
ow

 d
if

fe
re

nt
2

II
B

6
M

ak
e 

an
 e

nd
in

g 
st

at
em

en
t f

or
 te

xt
16

To
ta

l L
ev

el
 I

11
50

To
ta

l L
ev

el
 I

IA
25

0

To
ta

l L
ev

el
 I

IB
81

To
ta

l C
om

bi
ni

ng
 L

ev
el

s
33

1

W
as

 a
 m

ai
n 

id
ea

 s
ta

te
d 

ac
cu

ra
te

ly
?

Y
es

 9
7

N
o 

28
N

on
e 

st
at

ed
99

H
ow

 m
an

y 
ac

cu
ra

te
 d

et
ai

ls
 f

ro
m

 s
ou

rc
e?

67
5

H
ow

 m
an

y 
in

ac
cu

ra
te

 d
et

ai
ls

 f
ro

m
 s

ou
rc

e?
12

9

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Niedo et al. Page 24

Ta
b

le
 2

T
ra

ns
la

tio
n 

St
ra

te
gy

, B
es

t M
od

e 
(1

=
St

yl
us

, 2
=

K
ey

bo
ar

d)
, I

na
cc

ur
ac

y 
fo

r 
M

ai
n 

Id
ea

s 
an

d 
D

et
ai

ls
, I

rr
el

ev
an

t S
ta

te
m

en
ts

, G
en

de
r 

(1
=

M
al

e 
or

 2
=

Fe
m

al
e)

, 

an
d 

G
ra

de
 f

or
 I

nd
iv

id
ua

l S
tu

de
nt

s 
fo

r 
W

ri
tin

g 
ab

ou
t R

ea
d 

an
d 

H
ea

rd
 S

ou
rc

e 
M

at
er

ia
l o

n 
H

is
to

ry
 o

f 
M

at
h 

or
 W

or
ld

 G
eo

gr
ap

hy
 a

nd
 C

ul
tu

re

II
 A

 W
ri

ti
ng

 a
bo

ut
 R

ea
d 

So
ur

ce
 M

at
er

ia
l

G
en

de
r

G
ra

de
I 

N
ex

t 
Se

nt
en

ce
II

 T
ex

t 
in

 P
ro

ce
ss

B
es

t 
M

od
e

In
ac

cu
ra

te
 M

ai
n 

Id
ea

s
In

ac
cu

ra
te

 D
et

ai
ls

Ir
re

le
va

nt
 S

ta
te

m
en

ts

1
5

61
15

2
4

8
10

1
6

11
3

1
0

0
4

1
6

26
14

2
4

0
10

2
9

29
12

1
3

6
1

1
6

14
1

2
1

0
0

1
5

54
3

2
2

1
1

1
6

10
0

2
0

2
4

1
6

31
12

1,
 2

1
5

12

1
6

62
19

1
1

57
5

1
5

47
17

1
0

6
29

2
7

67
34

2
1

2
2

1
7

62
16

2
2

35
4

1
5

36
9

2
1

4
0

1
7

8
0

2
0

2
0

2
7

15
4

1
0

0
8

1
6

61
35

1,
 2

2
15

40

1
7

9
4

2
0

2
4

2
7

79
26

2
1

18
11

1
6

6
2

1,
 2

0
2

0

1
6

84
44

2
1

8
3

1
6

62
41

2
4

21
21

2
6

8
0

1
1

2
1

1
6

27
7

2
1

4
6

1
6

48
8

1
0

6
5

1
6

45
18

1
1

7
20

1
8

35
8

2
2

1
4

1
8

40
7

1
0

4
5

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Niedo et al. Page 25

II
 A

 W
ri

ti
ng

 a
bo

ut
 R

ea
d 

So
ur

ce
 M

at
er

ia
l

G
en

de
r

G
ra

de
I 

N
ex

t 
Se

nt
en

ce
II

 T
ex

t 
in

 P
ro

ce
ss

B
es

t 
M

od
e

In
ac

cu
ra

te
 M

ai
n 

Id
ea

s
In

ac
cu

ra
te

 D
et

ai
ls

Ir
re

le
va

nt
 S

ta
te

m
en

ts

1
6

42
6

2
4

3
13

1
6

24
23

2
2

10
15

1
6

27
7

2
1

5
5

1
6

51
20

1,
 2

0
3

11

1
6

8
0

2
0

4
3

1
6

14
4

2
0

10
5

II
 B

 H
ea

rd
 S

ou
rc

e 
M

at
er

ia
l

G
en

de
r

G
ra

de
I 

N
ex

t 
Se

nt
en

ce
II

 T
ex

t 
in

 P
ro

ce
ss

B
es

t 
M

od
e

In
ac

cu
ra

te
 M

ai
n 

Id
ea

s
In

ac
cu

ra
te

 D
et

ai
ls

Ir
re

le
va

nt
 S

ta
te

m
en

ts

1
5

34
10

2
0

5
4

1
6

7
2

2
0

2
2

1
6

24
12

2
0

5
4

2
9

38
16

1
1

2
7

1
6

21
7

1
1

3
5

1
5

45
14

2
0

6
6

1
6

4
0

2
0

0
2

1
6

29
8

1
2

4
5

1
6

42
17

1
0

6
29

1
5

42
23

1,
 2

0
4

2

2
7

28
13

1
0

16
5

1
7

28
11

1
0

6
5

1
5

19
1

1,
 2

0
2

2

1
7

22
0

2
0

1
1

2
7

15
5

1
0

0
6

1
6

30
18

2
3

1
10

1
7

0
0

2
7

9
11

1
1

3
7

1
6

16
2

1
0

1
2

1
6

93
58

2
2

9
14

1
6

36
19

2
0

7
13

2
6

10
1

1
1

6
3

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Niedo et al. Page 26

II
 B

 H
ea

rd
 S

ou
rc

e 
M

at
er

ia
l

G
en

de
r

G
ra

de
I 

N
ex

t 
Se

nt
en

ce
II

 T
ex

t 
in

 P
ro

ce
ss

B
es

t 
M

od
e

In
ac

cu
ra

te
 M

ai
n 

Id
ea

s
In

ac
cu

ra
te

 D
et

ai
ls

Ir
re

le
va

nt
 S

ta
te

m
en

ts

1
6

20
3

2
1

1
4

1
6

26
3

2
0

6
19

1
6

48
8

2
0

5
19

1
6

35
14

2
0

1
4

1
8

26
16

1
0

6
6

1
6

62
5

2
0

4
25

2
6

95
23

2
0

3
5

1
6

13
5

2
0

3
5

1
6

25
7

2
1

6
7

1
6

12
0

2
0

1
5

1
6

7
1

1,
 2

0
3

7

Learn Disabil (Pittsbg). Author manuscript; available in PMC 2017 June 28.


	Abstract
	Writing disabilities have been left behind (Slavica, Colligan, Katusic, Colligan, Weaver, & Barbaresi, 2009) at a time when, at least in the United States, the main focus has been on reading and math (Every Student Succeeds Act, signed into federal law by President Obama, December 10, 2015). Relatively more research on specific learning disabilities has focused on reading disabilities than writing disabilities, but specific learning disabilities interfere not only with reading but also with writing (Arfé, Dockrell, & Berninger, 2015; Bahr & Silliman, 2015; Lin, Monroe, Troia, 2007; MacArthur, Graham, & Fitzgerald, 2006, 2015; Mather & Wendling, 2011; Swanson, Harris, & Graham, 2013; Troia, 2009).Theoretical models of writing in the cognitive psychology tradition differentiate between transcription processes (handwriting and spelling) and translation processes for expressing cognitions in writing (Hayes & Berninger, 2010; Hayes, 2012; Richards, Berninger, & Fayol, 2012). Much of the research that does exist on writing in students with specific learning disabilities has tended to focus on their transcription difficulties, for example, handwriting in dysgraphia or spelling in dyslexia (Berninger, 2009). Relatively less research attention has focused on the difficulties these students may also have in translating their thoughts into written language, especially at the sentence syntax level (see Berninger, Mizokawa, & Bragg, 1991; Scott, 1988). The current study was designed, therefore, to study response to translation instruction for students with diagnosed persisting specific learning disabilities involving transcription problems in handwriting and/or spelling.Translation of thought into language is a complex process best understood from a multidisciplinary approach, drawing on the cognitive, linguistic, and psycholinguistic traditions in writing research (Niedo & Berninger, 2016). The relevance of each of these traditions to study of translation in writing is now discussed along with applications of computer science to teaching translation strategies and clinical assessment for treatment planning and accommodations.Cognitive psychologyDuring transcription the writing scribe uses handwriting and spelling to record written language manually with various tools (e.g., markers, pencils, pens, finger press, mouse, stylus, or keyboard). During translation, the writer transforms thoughts into language. For an overview of the research on transcription and translation in developing writers, see Fayol, Alamargot, and Berninger (2012). On the one hand, online experiments have shown that transcription can affect the translation processes of developing writers during the elementary school grades (e.g., Alves & Limpo, 2015). On the other hand, teaching strategies to self-regulate the translation process, such as planning, translating, reviewing, and revising, can benefit struggling writers (e.g., MacArthur, Graham, & Fitzgerald, 2006, 2015; Santangelo, Harris, & Graham, 2008; Scott, 1994). Most research on explicit strategies for teaching translation has focused on the text-level for specific genres (Olinghouse & Wilson, 2013; Philippakos, MacArthur, & Coker, 2015) or combining two sentences into one (Myhill, 2009; Saddler & Graham, 2005; Troia, 2009).LinguisticsOne of the contributions of linguistics has been to document that both oral and written language can be described, processed, and produced at multiple levels or units—subword, word, syntax/sentence, and discourse/text (e.g., Abbott, Berninger, & Fayol, 2010). Each level is related to the next higher level but not in a simple one-to-one way. For example, sentences are composed of words, but ordering of words creates clauses with syntax structure; more than vocabulary knowledge of word meaning is involved. Linguistic coding is an established method for characterizing language productions at different levels of language, which when applied to composing written language at the word, sentence, and text levels documented intraindividual differences within students as well as interindividual differences across students (Whitaker, Berninger, Johnston, & Swanson, 1994). In the current study, linguistic coding was applied to both sentence-level and discourse-level composing, because a prior computer writing study showed that fourth grade writers with writing disabilities often struggled as much or more in constructing the very next sentence as in creating the overall text (Berninger et al., 1991).PsycholinguisticsTranslation requires cross-domain communication between cognition (Hayes, 2012; Niedo, Berninger, & Abbott, 2014) and language (Chomsky, 2009; Scott, 1988, 1989, 1994) at different levels of language (Fayol et al., 2012). How cognition and language are interrelated during translation varies across the levels of language—the next sentence (Level I translation) or the text level of the evolving discourse structure of all the accumulated text so far (Level II translation) (Niedo & Berninger, 2016). Both Level I and Level II cognitive-linguistic relationships are relevant to whether the translated product is coherent at the cognitive psychological level and cohesive at the linguistic level (Halliday & Hasan, 1976). In addition, translation of cognitions into language may depend on more than one language system: language by ear (listening comprehension), language by mouth (oral expression), language by eye (reading), and language by hand (writing) (Fayol et al., 2012). For example, writers may write notes (language by hand) while listening to teachers’ oral language instruction (language by ear), benefit from thinking aloud before writing thoughts (language by mouth), and reading what they write in order to review and revise their compositions (language by eye) (Alamargot, Chesnet, Dansac, & Ros, 2006).Computer scienceBoth human teachers (Graham, McKeown, Kiuhara, & Harris, 2012) and computer teachers (Berninger, Nagy, Tanimoto, Thompson, & Abbott, 2015; Crossley & McNamara, 2016) can provide effective writing instruction. Although relatively less research on computerized instruction has focused on writing than reading instruction (for reviews see Wijekumar, Meyer, Lei, 2013; Wijekumar et al., 2014), the field of research on computerized writing instruction is growing (e.g., see Crossley & McNamara, 2016; Tanimoto et al., 2015).Clinical psychology and school psychologyResearch often employs data analyses approaches based on groups. However, when the findings are applied to real-world settings for clinical and educational purposes, individual differences need to be considered. Students exhibit individual differences both within themselves across learning activities and among themselves; research findings based on groups may not apply to all individuals in a classroom (Berninger & Abbott, 2000) for either designing instruction or accommodations. Thus, in the current study, not only group analyses but also intraindividual differences within a student and interindividual differences across students were examined.The goal of the current study, which is part of a programmatic line of research on computerized writing instruction, was, therefore, to adopt a multidisciplinary approach as explained next to study how students with researcher diagnosed transcription disabilities in grades 5 to 9 respond to computerized writing instruction in translation strategies—both for the very next sentence and the evolving discourse. Of special interest was whether computer-taught translation strategies at the sentence level and text level would be learned and applied differently as a function of the writing task—personal narrative or writing summaries of expository texts that are read or heard—or the mode of transcription interface with the computer—stylus or keyboard.CognitiveMuch research on teaching writing has investigated various genres of writing ranging from impersonal and personal narratives (e.g., Boscolo, Gelati, & Galvan, 2012) to informational, persuasive, and compare and contrast expository to poetry (e.g., Kambelis, 1999; Moore & MacArthur, 2012; Moss, & Loh, 2010; Olinghouse & Wilson, 2013; Philippakos et al., 2015). Yet, succeeding in school also requires writing to learn (Klein, 2000): (a) reading source material and using summaries to develop reading comprehension skills or reading source materials, taking notes, and writing reports; (b) listening to teachers talk and following directions for written assignments; and (c) listening to teachers talk, taking notes, and using the notes to study for tests or perform homework assignments. Thus, writing tasks were used outside the genres of traditional impersonal narrative story about others and expository writing independent of reading or listening to source material relevant to content areas of the curriculum: the personal narrative (about the self who guides the writing process) and integrated-reading and integrated-writing about source material.Linguistic and psycholinguisticIn the current study, the strategies taught by the computer teacher for integrated reading-writing and integrated listening-writing were grounded in levels of language, a concept from linguistics, in that they involved syntax (Level I) or text (Level II). Level I and Level II also involved cognitive-linguistic translation strategies, a concept from psycholinguistics, in that Level I required cognitive-syntax translation within sentences and Level II required cognitive-text translation across sentences. Both Level I and Level II strategies were observed in the narrative and expository writing of typically developing writers in a longitudinal sample (Niedo & Berninger, 2016). Of interest was whether the students with specific learning disabilities in transcription (handwriting and spelling) would learn and use the same Level I and Level II cognitive-linguistic translation strategies observed in typically developing writers in grades 1 to 7. These translation strategies were taught sequentially one at a time before writing summaries of read or heard source material and children were given access to them again while they wrote their summaries.Computer scienceAlthough many have questioned the value of handwriting in the computer era, it is the case that keyboards are not the only interface with a computer for various writing tasks. Indeed, styluses and electric pens, which require letter formation and production similar to handwriting, are increasingly available to use with laptops. Computerized instruction was also of interest because increasingly the annual tests, yoked to standards for writing achievement (Olinghouse, & Colwell, 2013; Troia & Olinghouse, 2013), are administered by computer.Also, although computers are often used for accommodations for students with specific learning disabilities in transcription for writing tasks, they can also be used to teach writing—not only transcription (Tanimoto et al., 2015) but also translation strategies using multiple input and output modes (Thompson et al., 2016). Computers can also be used as well to monitor response to writing instruction during a lesson. Papadopoulos, Parrilla, and Kirby (2014) in their Festshrift for Das explained how Das and colleagues introduced this approach of analyzing patterns of response to instruction for clues to the processes used by individual students during learning.Clinical psychological and school psychologyNot only group findings but also profiles for individual students were examined so that response to instruction could be described for individual students as well as the group. Although many psychologists organize their assessment results in descriptive profiles across multiple measures, a profile approach to examining individual differences may be less familiar to some researchers.
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