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COORDINATING TRANSCRIPTION AND TEXT 

GENERATION IN WORKING MEMORY DURING 

COMPOSING: AUTOMATIC AND CONSTRUCTIVE 

PROCESSES 

Virginia W Berninger 

Abstract. Research evidence is reviewed to show (a) that 
transcription and working memory processes constrain the 
development of composition skills in students with and 
without learning disabilities; and (b) that in turn other 
processes constrain the development of transcription and 
working memory skills. The view of working memory as a 
resource-limited process is contrasted with a view of working 
memory as a resource-coordination process that integrates 
transcription and constructive processes, which may be on 
different time scales, in real time. Theory-driven, research- 
validated interventions for transcription are discussed with a 
focus on how training transcription transfers to improved 
composition. Five theoretical explanations for why the 
spelling component of transcription is more difficult to learn 
than the word recognition component of reviewing are also 
considered with a focus on the instructional implications of 
each for improving spelling. Finally, a rationale is presented 
for directing writing instruction to the simultaneous goals of 
(a) automaticity of low-level transcription and (b) high-level 
construction of meaning for purposeful communication. 

VIRGINIA W. BERNINGER, Ph.D., is Professor of 
Educational Psychology and Coordinator of School 

Psychology, University of Washington. 

The most influential models of the composing 
process (Hayes & Flower, 1980; Scardamalia & Bereiter, 
1986) specify the high-level cognitive processes, but 
not the low-level transcription processes (handwriting 
and spelling) in composing. Likewise, they make 

explicit the role of long-term memory, but not of work- 

ing memory or of short-term memory, in composing. 
The distinction between short-term memory, which is 
a rapidly decaying store for incoming information 
from the environment, and long-term memory, which 
is a more enduring storage system, is well established in 

psychology. The concept of working memory, in which 

stored information from short-term and/or long-term 
memory is processed, is a newer concept (e.g., Baddeley 
& Hitch, 1974; Schneider & Detweiler, 1987). 

The purpose of this article is to show that instruction 
in transcription is important even in the era of com- 

puters and to build a case that a viable model of how 
children learn to compose must include a transcription 
component and an expanded view of working memo- 
ry. In this expanded view, working memory is not only 
capacity-limited but also temporally constrained: low- 
level transcription and high-level constructive process- 
es must be orchestrated in real time during composing. 
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The degree to which transcription is automatized 
affects the temporal coordination process and the allo- 
cation of limited capacity resources. 

Importance of Transcription and Working 
Memory in Developing Composition 

Modifying Hayes and Flower's model. Hayes and 
Flowers (1980) based their model of the cognitive 
processes in writing on the think-aloud protocols of 
adult skilled writers. Their model specifies three recur- 
sive cognitive processes (planning, translating, and 

reviewing/revising), the writer's long-term memory, 
monitoring processes, and task environment. 

Subprocesses are identified for the planning process 
(generate ideas, set goals, and organize) and for the 

reviewing process (read and edit), but not for the trans- 

lating process. Based on cross-sectional studies of near- 

ly 900 children in grades 1 to 9, we (Berninger, 1994; 
Berninger & Swanson, 1994; Swanson & Berninger, 
1994) concluded that translating has two separable 
component processes-transcription and text genera- 
tion-that may develop at different rates in different 
children. Text generation is the translation of ideas into 

language representations in memory. Transcription is 
the translation of those language representations into 
written words. Although children can generalize from 

generating oral text in conversational speech to gener- 
ating language in composition during text generation, 
they must learn new processes for handwriting and 

spelling so that oral language can be transcribed into 
written language (McCutchen, 1995). Moreover, Hayes 
and Flower imply that working memory may be 
involved in writing but do not deal with it explicitly as 
a component of the composition process (McCutchen, 
1995, 1996). Not only long-term memory but also short 

term-memory and working memory need to be consid- 
ered explicitly in a model of how composition develops 
(Swanson & Berninger, 1994, 1996). Short-term memo- 

ry plays a role in learning transcription skills and in the 

processes involved in reviewing text written so far. For 

example, writers must encode letter forms and letter 

sequences in words on the page into short-term mem- 

ory in order to monitor and revise, if necessary, their 

handwriting output and spellings. Further, working 
memory plays a role in coordinating all the processes 
(e.g., setting goals; generating ideas; planning words, 
sentences, and text structures; monitoring; and revising, 
etc.) that interact recursively during text generation. 

Table 1 summarizes the results of a cross-sectional 
study for 300 primary grade students (Berninger, Yates, 
Cartwright, Rutberg, Remy, & Abbott, 1992), 300 inter- 

mediate-grade students (Berninger, Cartwright, Yates, 
Swanson, & Abbott, 1994), and 288 junior high students 

(Berninger, Whitaker, Feng, Swanson, & Abbott, 1996). 
As shown, transcription skills (handwriting and spelling) 
and working memory contributed statistically signifi- 
cant variance to composing at all developmental levels. 

! Table 1 

j Percent Variance in Compositional Fluencya and 
Working Memory at Different Developmental Lev 

(|yK0~~~~~~~ Transcr 
Primary Grades (N = 300) 

Compositional Fluency 66? 
Compositional Quality 250 

Intermediate Grades (N = 300) 
Compositional Fluency 41? 
Compositional Quality 42? 

Junior High Grades (N = 288) 
i'| | Compositional Fluency 160 

Compositional Quality 180 

a Number of words within time limits. 
b Ratings of overall quality based on content and organization. 
c Handwriting and spelling. 
Note. At all developmental levels, both transcription and working memo 
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Two trends are evident in these data. First, the contri- 
bution of transcription is larger than that of working 
memory during the elementary school years. Second, 
while the contribution of working memory is relatively 
stable across this developmental period, the contribu- 
tion of transcription shows developmental changes. For 
compositional fluency (rate of composing), transcrip- 
tion is most important in the primary grades and there- 
after contributes but in a decreasing linear fashion. For 
compositional quality (based on content and organiza- 
tion), transcription shows a curvilinear contribution to 
composition and peaks in the intermediate grades. I 
propose that the relatively greater contribution of tran- 
scription processes reflects the fact that handwriting 
and spelling skills exert limits on the ability of begin- 
ning and developing writers to translate oral language 
representations in memory into written language on 
paper. The contribution of transcription to the quality 
of composition peaks during the intermediate grades 
when expectations for written assignments increase and 
children vary greatly in the degree to which their tran- 
scription skills are adequate for the assignments given. I 
return later in this article to the importance of tran- 
scription skills during the intermediate grades, a fact 
which has been minimized in the literature on chil- 
dren's composition. 

Although we focus on transcription and working 
memory in this article, these are not the only processes 
missing from the Hayes and Flower (1980) model that 
are needed to account for beginning and developing 
composition. Just as children are not miniature adults, 
beginning and developing writers are not just scaled- 
down versions of skilled writers (Berninger, 1994; 
Berninger & Swanson, 1994). Based on our larger line of 
research on assessment of writing processes and inter- 
ventions for component writing disabilities, we (see 
Figure 1 in Berninger, Abbott, Whitaker, Sylvester, & 
Nolen, 1995) proposed a modification of the Hayes and 
Flower model for beginning and developing writers. 
The modified model also includes affect, social context 
(not just the writing task environment), declarative and 
procedural metacognition, on-line and advance plan- 
ning and revision, and three levels of language in text 
generation and revision (word, sentence, and text). We 
also showed that most students with a learning disabil- 
ity involving written expression have impaired 
transcription skills (handwriting and/or spelling) and 
that some have impaired working memory skills (see 
Table 2 in Berninger et al., 1995). 

However, based on our recent work, we have revised 
our revisions of the Hayes and Flower model and now 
view transcription as relevant to all the cognitive 
processes in their model, not just translating. 
Transcription can be an aid to planning, for example, 

when notes are written as a source of "extra-memory" 
to supplement capacity-limited working memory, as 
suggested by Graham (personal communication, 
November 5, 1997). Mode of transcription response 
also needs to be considered in reference to translating. 
The computer keyboard may not be an advantage if 
transcription processes are already automatized 
(McCutchen, 1995). The computer keyboard may have 
an advantage for spelling words with multi-letter 
spelling units, however, but not for single-letter 
spelling units (Berninger, Abbott, Rogan, Reed, Abbott, 
Brooks, Vaughan, & Graham, 1998). Transcription con- 
tributes to both error detection and error correction 
during the reviewing/revising process. For example, 
knowledge of correct spellings assists the writer in 
detecting and correcting spelling errors. 

Modifying Scardamalia's and Bereiter's model. 
Scardamalia and Bereiter (1996) distinguish between 
knowledge telling and knowledge transforming. 
Knowledge telling involves retrieving information from 
long-term memory and listing it. Knowledge transform- 
ing involves adapting the information retrieved from 
long-term memory for the audience and writer's pur- 
pose(s). Knowledge telling is characteristic of younger 
writers, while knowledge transforming is characteristic 
of older, more mature writers (Bereiter, Burtis, & 
Scardamalia, 1988). Older writers who compose about 
topics on which they are not very knowledgeable or are 
just beginning to gain knowledge may also engage in 
knowledge telling (Berninger, Fuller, & Whitaker, 
1996). Knowledge telling (retrieve and write) consists of 
translating without planning or reviewing/revising, 
while knowledge transforming (using more than 
discourse cues in the text produced so far as long-term 
memory probes for content) consists of all the cogni- 
tive processes in the Hayes and Flower model, and 
requires planning and reviewing as well as translating 
(McCutchen, 1995). However, there is reason to believe 
that knowledge telling and knowledge transforming do 
not capture all the important processes involved in 
translating oral language into written language. For 
example, research by Graham and colleagues indicates 
that transcription is involved, whereas research by 
McCutchen and colleagues indicates that working 
memory is also involved. 

Scardamalia, Bereiter, and Goleman (1982) compared 
composition of normally developing intermediate- 
grade writers under three conditions: written compos- 
ing, normal dictation (which eliminates transcription 
but speeds the rate of text generation), and slow dicta- 
tion (which eliminates transcription but has a rate of 
text generation more like written composing). 
Although transcription influenced the amount com- 
posed, as Hidi and Hildyard (1983) also reported, it did 
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not influence the quality of the composition. Children 

generated more text under dictated than written con- 
ditions, but quality was comparable across written and 
slow dictation conditions, which were equated on rate. 
In contrast, transcription affected both the length and 
the quality of composing of poor writers in the same 

grades who wrote more and better on slow dictation 
than written composition (Graham, 1990). Although 
Scardamalia and her colleagues concluded that the 
mechanics of transcription play a minimal role in the 

quality of composing of intermediate-grade writers, 
Graham concluded that this generalization has to be 

qualified for intermediate-grade students with learning 
disabilities, as transcription skills affect their writing. 
The correlational data in Table 1 also suggest that tran- 

scription skills play more than a minimal role in the 

composition of normally developing intermediate- 

grade writers. 
A subsequent study assessed the relationship of tran- 

scription to composition more directly and showed 
that Scardamalia and colleagues probably underesti- 
mated the contribution of transcription to composition 
in the intermediate grades. Graham, Berninger, Abbott, 
Abbott, and Whitaker (1996) applied multiple-group 
structural equation modeling to analyze the structural 

relationships among latent factors underlying hand- 
writing, spelling, and composing measures in students 
in grades 1 to 6. Both compositional fluency and com- 

positional quality were assessed based on typewritten 
transcriptions of children's handwritten compositions 
in which spelling errors had been corrected so that 
judges could not be biased by either the handwriting or 
spelling of a child in rating compositional quality. 

In contrast to the results of Scardamalia et al. (1982), 
transcription skills contributed to composition skills in 
both the primary and intermediate grades, although 
the contribution of handwriting was more pervasive 
than that of spelling. In the primary grades, the path 
from handwriting to compositional fluency and the 
path from handwriting to compositional quality were 
significant, but the path from spelling was significant 
only for compositional fluency and not for composi- 
tional quality. In the intermediate grades, only the 
path from handwriting was significant-for both com- 
positional fluency and quality; spelling contributed to 
composition only indirectly through its correlation 
with handwriting. 

Results of a canonical correlational analysis for the 
primary-grade sample shed light on why handwriting 
may have a more direct relationship to composition 
than spelling. The two handwriting measures on which 
the latent factor was modeled in the structural equa- 
tion modeling loaded on the automaticity dimension 
(see second dimension in Table 6, Berninger et al., 

1992), whereas the spelling measure loaded on the 
orthographic-linguistic dimension (see first dimension 
in Table 6, Berninger et al., 1992). So the automaticity 
dimension of transcription, as indexed by the hand- 
writing measures, may be particularly important in the 
composition of intermediate-grade writers. Letters are 
the building blocks of written language (Abbott & 
Berninger, 1993), and I speculate that the degree to 
which retrieval of letters from memory and production 
of letters by hand is automatized may affect the degree 
to which capacity-limited working memory resources 
can be devoted to high-level cognitive processes 
involved in planning and the constructive processes of 
composing. The orthographic-linguistic dimension 
may not become automatized until much later in writ- 
ing development when multiple connections between 
units of spoken words and units of written words create 
redundant representations in memory (Berninger, 
1994; Berninger & Abbott, 1994). 

McCutchen and colleagues demonstrated that the 
capacity of working memory increases from childhood 
to adulthood, and that the speaking span predicts com- 
position skill better than the reading span in both chil- 
dren (McCutchen et al., 1994) and adults (McCutchen, 
1996). The speaking span taps working memory 
processes while generating oral text, and the reading 
span taps working memory processes while reading text 
for understanding. This line of research suggests that 
the working memory processes in text generation are 
similar whether the output is oral or written language 
and shows that more is involved in composition than 
strategies related to long-term memory (retrieval versus 
retrieval and transformation). A viable model of writing 
development must also include a working memory 
component (McCutchen, 1996). 

Perhaps the greatest omission of the Scardamalia and 
Bereiter model is its lack of consideration of the con- 
struction of new knowledge that involves more than 
retrieving or adapting knowledge from long-term 
stores. No consideration is given to the creative strate- 
gies that involve imagination or construction of new 
knowledge. Pretend play in preschoolers may be the 
developmental precursor to this imagine/create func- 
tion of the mind. Dr. Seuss was once asked where his 
ideas came from. He admitted that he did not know 
and could only speculate (playfully) that maybe they 
came from the desert. Likewise, neuropsychologists do 
not know the source of ideas in the brain, although 
damage to different parts of the frontal lobes selectively 
impairs access to the past (memory) and anticipation of 
the future (goal planning, creativity). In humans, men- 
tal processes support time travel-going back in time 
through long-term memory but also going forward in 
time through planning, imagining, and creating what 
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previously did not exist. A cartoon in my office poses 
the question of why writers "write" and offers the 
answer, "because it is not there." A viable model of 

development of composition skill must also account for 
how children learn to create what previously did not 
exist. In addition, they need to learn to write about 
their reflections and reasoning based on what they 
learn from reading the writing of others (Goldman, 
1995). 

Contribution of Hayes and Flower and Scardamalia 
and Bereiter. Both of the models of composition 
reviewed here have made important contributions to 
our understanding of the cognitive processes in compo- 
sition. Both models have been seminal in stimulating 
research on composition. The discussed modifications 

qualify and extend the models but do not refute them. 

Constraints on Transcription 
Transcription skills draw on other mental processes, 

which constrain in a probabilistic manner the degree of 
ease or difficulty in learning and applying transcription 
skills, but these related processes do not cause hand- 
writing and spelling development independent of the 
instruction children receive in these skills (Berninger, 
1994). Not only the mental processes of the learner but 
also instructional practices influence how well children 
learn handwriting and spelling (Berninger, 1994). 
However, within a sample that receives fairly compara- 
ble instruction, individual differences in certain process- 
es predicted how well transcription skills are learned. 

Constraints on handwriting development. Of all 
the measures in a large battery of tests administered to 
100 first graders, 100 second graders, and 100 third 
graders, only three met our criteria for being the best 
predictors of handwriting, which we assessed by ability 
to copy written text accurately under timed conditions. 
Criteria included (a) correlation of p < .001 between the 
predictor measure and criterion measure; and (b) contri- 
bution of a significant increment of unique variance by 
the predictor measure in predicting the criterion measure. 
The three best measures for predicting primary-grade 
handwriting, which together accounted for 66% of the 
variance in handwriting, included (a) receptive coding 
of letter groups in briefly presented written words 
(orthographic coding-letter clusters), speeded fine- 
motor planning and coordination (finger succession), 
and speeded orthographic-motor integration (printing 
the alphabet in order from memory) (Berninger et al., 
1992; Berninger & Swanson, 1994). Thus, the degree to 
which children learn to write letters accurately and 
automatically is constrained by the ability to (a) code 
letters in words into short-term memory, (b) program 
fingers for sequential motor movements, and (c) inte- 
grate retrieval of letter forms from long-term memory 

with planning and execution of fine-motor movements 
under time-limited conditions. 

Based on a large battery of tests administered to 100 
fourth graders, 100 fifth graders, and 100 sixth graders 
and the same two criteria, the three best measures for pre- 
dicting intermediate-grade handwriting, which account- 
ed for 22% of the variance, were (a) speeded orthograph- 
ic coding (matching strings of alphanumeric symbols), 
(b) expressive orthographic coding (writing briefly dis- 
played words or letter[s] in words from memory), and (c) 
speeded orthographic-motor integration (retrieving and 
producing alphabet letters from memory) (Berninger et 
al., 1994; Berninger & Swanson, 1994). In the intermedi- 
ate-grade sample, fine-motor skills no longer constrained 
the handwriting of normally developing writers. 

The same measures of speeded orthographic coding 
and of orthographic-motor integration, as had been 
given to the intermediate grade sample were given to 
the junior high sample of 96 seventh graders, 96 eighth 
graders, and 96 ninth graders; together they accounted 
for 16% of the variance on the same handwriting meas- 
ure (Berninger et al., 1996; Berninger & Swanson, 
1994). As predicted by Berninger, Mizokawa, and Bragg 
(1991), neurodevelopmental measures (orthographic 
coding, fine-motor skills, orthographic-motor integra- 
tion) constrained beginning handwriting development, 
which in turn constrained beginning composition 
(Berninger et al., 1992). However, although these neu- 
rodevelopmental factors continued to constrain devel- 
opment of handwriting and composition skills across 
the developmental levels studied, their contribution 
lessened over the course of development (Berninger & 
Swanson, 1994). The importance of fine-motor skills, 
which were very significant in the beginning, declines 
but the importance of orthographic coding continues 
across the elementary school years. 

Motor skills definitely contribute to handwriting 
(Graham & Weinstein, 1996), but we did not anticipate 
that orthographic coding had a more direct relationship 
to handwriting development than do fine-motor skills. 
Abbott and Berninger (1993) applied multi-group struc- 
tural equation modeling to the primary- and intermedi- 
ate-grade samples (N=600) and discovered that the path 
from orthographic coding to handwriting was statisti- 
cally significant across this developmental period, but 
the path from fine-motor skills was not-it contributed 
only indirectly to handwriting via its link with letter 
coding. At first glance, it might be surprising that fine- 
motor skills are not directly related to handwriting 
development, but the case for oral reading is analogous: 
Most children who have difficulty with oral reading 
have normal articulation (oral-motor skills)-they lack 
the spelling-sound knowledge needed to decode written 
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words. Likewise, children's knowledge of letters and 

ability to encode them rapidly plays a more important role 
in handwriting development than do their fine-motor 

finger skills-at least for normally developing writers. 
Based on these findings, Berninger (1994) recom- 

mended that orthographic coding, fine-motor skills, 
and orthographic-motor integration be assessed in stu- 
dents with handwriting problems, which may interfere 
with their development of composition skills. These 
measures are included in the Process Assessment of the 
Learner (PAL), which is being nationally normed on the 
same sample as the WISC-III and WIAT II, so that prac- 
titioners in schools can assess these processes that 
influence handwriting development in order to identi- 

fy children who would benefit from instructional inter- 
ventions in handwriting. Children referred for prob- 
lems in written expression often have impairments in 

orthographic coding, fine-motor finger skills, and 

orthographic-motor integration (Berninger et al., 1995; 
Brooks, Vaughan, & Berninger, Fall 1999 issue). 
However, instruction aimed at automatizing handwrit- 

ing may result in improvement in these processes with- 
out instruction aimed explicitly at remediating these 

processes (Brooks et al., Fall 1999 issue). Rutberg's dis- 
sertation research (reported in Berninger et al., 1997) 
showed that training in the fine-motor skills, which 
constrain handwriting development, improved the 

accuracy of handwriting, but that training in the fine- 
motor skills plus the orthographic coding of alphabet 
letters improved the automaticity (rate) of handwriting 
production. More research is needed on the effect of 
training processes that constrain handwriting develop- 
ment versus training handwriting directly. 

Constraints on spelling development. Based on the 
same two criteria as for handwriting, four measures 
were found to be the best predictors of spelling in the 
same primary-grade sample and explained 60% of the 
variance in spelling: untimed visual-motor integration 
(ability to analyze and reproduce novel geometric 
designs), speeded orthographic-motor integration 
(printing alphabet from memory), nonword reading, 
and Verbal IQ (Berninger et al., 1992; Berninger & 
Swanson, 1994). It was not anticipated that reproduc- 
tion of geometric designs would be related to spelling 
but not handwriting, but beginning spellers may treat 
written words as novel visual patterns. The nonword 
measure was shown through further analyses to tap 
multiple kinds of orthographic coding (for whole 
words, single letters in a word, and letter clusters in a 
word) and multiple kinds of phonological coding (for 
whole words, phonemes, and syllables), and each of 
these codes contributed uniquely to nonword reading 
and spelling (Berninger & Abbott, 1994). Verbal IQ 

loads highly on knowledge of vocabulary meaning, 
which also affects how children access written words in 
the mental dictionary during spelling. 

Based on the same two criteria, phonological, ortho- 
graphic, and Verbal IQ measures were the best predic- 
tors of spelling in the same intermediate-grade sample 
and explained 44% of the variance in spelling 
(Berninger et al., 1994; Berninger & Swanson, 1994). 
Once children have acquired knowledge of phonologi- 
cal-orthographic correspondence, ability to analyze 
and reproduce novel visual patterns is no longer rele- 
vant. For the junior high sample, Verbal IQ and phono- 
logical measures were not administered but 27% of the 
variance in spelling could be explained by measures of 
nonword spelling (knowledge of sound-spelling corre- 
spondence) and speeded orthographic coding (match- 
ing strings of alphanumeric symbols) (Berninger et al., 
1996; Berninger & Swanson, 1994). 

Multi-group structural equation modeling (Abbott & 
Berninger, 1993) revealed developmental changes from 
the primary to intermediate grades in the relationship 
of orthographic coding of written words and of phono- 
logical coding of spoken words with spelling. In the pri- 
mary grades, only orthographic coding contributed 

directly; phonological coding contributed indirectly 
through orthographic coding. In the intermediate 
grades, however, both orthographic and phonological 
coding contributed directly and uniquely over and 
beyond their shared covariance. 

Based on all the various findings, Berninger (1994) rec- 
ommended that orthographic coding, phonological cod- 
ing, knowledge of sound-spelling relationships, and 
vocabulary knowledge be assessed in children referred 
for spelling difficulties. These measures are included in 
the PAL. Although orthographic and phonological cod- 
ing may improve as a result of explicit training in 

spelling (Brooks et al., Fall 1999 issue), explicit training 
in orthographic and phonological coding may also result 
in improved spelling (Berninger, Vaughn et al., 1998). 

Shared and unique processes. Across development, 
both handwriting and spelling may be constrained by 
the same processes but may also be uniquely con- 
strained by different processes. The common processes 
that influence how easily both handwriting and 
spelling are learned are orthographic coding of letters 
in written words and letter knowledge (how accurately 
and precisely letters are represented in memory and 
can be automatically retrieved from memory and pro- 
duced on the graphic motor channel). Handwriting, 
however, is also influenced by the fine-motor processes 
that affect the planning and coordination of finger move- 
ments. Spelling is not directly influenced by these fine- 
motor processes, but children with handwriting and 

Learning Disability Quarterly 104 

This content downloaded from 128.122.149.145 on Fri, 23 Oct 2015 23:01:20 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


spelling problems have a more difficult time learning 
to spell than children with only spelling problems 
(Berninger, Abbot et al., 1998). In addition, spelling is also 
influenced by phonological coding and knowledge of 

sound-spelling correspondence, but handwriting is not. 
Gender differences. Consistently from the primary 

to the junior high grades, girls wrote longer composi- 
tions than boys. This difference in compositional flu- 

ency was found to be related to orthographic-motor 
integration rather than to orthographic coding, fine- 
motor skills, or spelling skills. The gender difference in 

orthographic-motor integration was hypothesized to be 
related to differences in how letters are represented in 

memory, with girls being more likely to use verbal 
codes and boys more likely to use geometric (visual-spa- 
tial) codes (Berninger & Fuller, 1992). When the 
amount written was statistically controlled, girls and 

boys did not differ in the quality of their compositions 
(Berninger et al., 1996). These gender-related differ- 
ences (reviewed in Berninger [1994]) illustrate how 

transcription problems may mask ability to compose. 
Constraints on Working Memory 

Writing is often likened to a juggling act in which the 
writer must juggle multiple simultaneous goals (e.g., 
planning what to say and how to say it, selecting words 
and sentence and discourse structures, producing text, 
monitoring what is written and what is about to be 
written, and revising on-line, etc.) without dropping 
any of the goals. In one view of working memory, the 

space limitations or capacity of the juggler is empha- 
sized. For example, the juggler in our metaphor has 

only two hands and one head to keep the balls in the 
air. Indeed, McCutchen (1996) has proposed that the 

working memory span is closer to 3 than is the short- 
term memory span (7 + or - 2)! In another view of work- 

ing memory, the temporal limitations or coordination 
of the juggler in real time is emphasized. For example, 
for the juggler to keep all the balls in the air requires 
precise temporal coordination of the juggler's hands 
(and head). Each of these views is now discussed. 

Capacity-limitation view. Just and Carpenter (1992) 
described the storage and processing functions of work- 
ing memory that compete for limited resources in a 
capacity-restricted system. Researchers have assessed 

working memory span as an index of the capacity of 
the working memory span for reading (Daneman & 
Carpenter, 1980); for writing (McCutchen, 1996; 
McCutchen, Covill, Hoyne, & Mildes, 1994); and for 
both reading and writing (Swanson & Berninger, 1994, 
1996). The capacity of working memory increases over 
the course of development (McCutchen, 1996), and the 
capacity of working memory can influence both read- 
ing comprehension and composition, but working 

memory contributes to composition independent of 

reading comprehension (Swanson & Berninger, 1996). 
Transcription processes require access to briefly stored 
information, which is encoded from the environment 
into short-term memory or retrieved from long-term 
memory. Text generation, on the other hand, requires 
the coordination of multiple stores and multiple 
processes in working memory. Both transcription and 
text generation compete for the limited resources in a 

capacity-restricted system, so the degree to which tran- 

scription skills are automatized affects the degree to 
which resources are available for text generation and 
other high-level cognitive processes of composing 
(Berninger et al., 1992; McCutchen, 1988, 1995, 1996). 

The instructional implication of a capacity-limited 
view of working memory is that transcription skills 
such as handwriting and spelling should be taught 
until automaticity is achieved in order to free up limit- 
ed working memory resources for the higher-level cog- 
nitive processes of composing. It may be easier to 
achieve automaticity in letter retrieval and production 
processes (see second dimension of canonical correla- 
tional analyses in Table 6 of Berninger et al., 1992) than 
in spelling processes. However, Berninger and Abbott 
(1994) showed that the more phonological-ortho- 
graphic connections a child has (i.e., the more redun- 
dant the representation of written words in memory), 
the better the spelling. Perhaps teaching redundant 
connections also improves the automaticity of spelling, 
so that children transition from strategic approaches to 

spelling (effortful application of sound-spelling knowl- 

edge) to automatic retrieval approaches (retrieving writ- 
ten spelling in response to a word's name and mean- 

ing). This transition from strategic spelling to automat- 
ic retrieval of spelling words may free up working mem- 

ory space for the higher-order composing processes. 
Temporal-coordination view. This view supple- 

ments, rather than replaces, the space-limited view of 

working memory. Here the issue is not how space is 
allocated but rather how time is allocated in managing 
the resources of working memory. In this view, which 
is similar to Fayol's (1995) discussion of the on-line 
management of several subcomponents of the writing 
process, working memory is more than a work space. It 
is also a mechanism for integrating component process- 
es in real time. Some of those processes may be on an 
automatic channel and some of them may be on a 
strategic, conceptual channel. Shiffrin and Schneider 
(1977) validated the distinction between automatic and 
controlled (strategic, conceptual) processes. That is, 
whereas automatic processes do not require conscious 
attention or attentional resources, controlled processes 
do. Mishkin and colleagues (e.g., Mishkin & 
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Appenzeller, 1987; Ungerleider & Mishkin, 1982) 
showed that different neural pathways underlie these 
two processes in the visual system in primates. They 
called the pathway underlying the automatic processes, 
which has connections from the sensory input areas 
and motor output areas through the striatum, the 
behavioral pathway because it can learn direct stimu- 

lus-response associations. They called the pathway 
underlying the conceptual pathway, which has con- 
nections from sensory areas to the limbic structures to 
the dicephalon to the prefrontal cortex, the cognitive 
pathway because it learns and applies schemata and 

strategies. The limbic system contains centers for moti- 
vation and emotion and the hippocampus, which is 

thought to be a key structure in the neural circuitry for 

working memory. Mishkin and colleagues argued that 
both the behavioral and cognitive pathways are need- 
ed in a functional visual system. 

I speculate that the same is true of functional 

language systems (for oral language, reading, and 

writing)-that both a behavioral pathway for direct 
connections and a cognitive pathway of conceptual/ 
schematic processes are involved. I also speculate, in 

keeping with Luria's (1973) observation that function- 
al systems reorganize over the course of development, 
that at some time in development, components of 
functional language systems that are originally on the 

cognitive pathway may reorganize and be transferred 
to the behavioral pathway. This reorganization has major 
implications for working memory, which is not only a work 

space but also a temporal mechanism for coordinating 
automatic and nonautomatic construction processes. The 

reorganization of component processes in a functional 
system not only frees up limited space in the cognitive 
pathway but also changes requirements for temporal 
coordination of the behavioral and cognitive pathways. 

There is a potential trade-off for the reorganization. 
The advantage of the reorganization of the functional 

writing system is that it results in greater space 
resources for the space-consuming higher-level cogni- 
tive activities functions when low-level functions are 
automatized and relegated to the behavioral pathway. 
A possible disadvantage of the reorganization is that it 
results in greater executive management challenges for 
coordinating in real time both the behavioral and the 
cognitive pathways, because both are needed for opti- 
mal functioning of the system. In the case of the func- 
tional writing system, the reorganization involves (a) 
transfer of transcription to the behavioral pathway, but 
handwriting and spelling are probably not transferred 
at the same time; (b) creation of more space on the cog- 
nitive pathway for the higher-level process of planning, 
constructing knowledge, and reviewing and revising; 

and (c) development of executive routines for manag- 
ing the temporal coordination of all components of the 

system, which are now distributed on two pathways. 
Based on the data in Table 1 and the results of the 

multi-group structural equation modeling reported by 
Graham et al. (1996), I estimate that this reorganiza- 
tion does not occur during the intermediate grades as 
implied by the claim of Scardamalia et al. (1982) that 
the importance of transcription skills decreases in the 
intermediate grades. The correlation between transcrip- 
tion and quality of composing peaks in the intermedi- 
ate grades, when handwriting continues to make a 
direct contribution to composing, because transcrip- 
tion has not yet been functionally reorganized to the 
behavioral channel for many children. This reorganiza- 
tion occurs in the junior high grades, as evidenced by 
the gains in planning and revising abilities in the jun- 
ior high students (McCutchen, 1995, 1996; McCutchen 
& Perfetti, 1982), because more space is now available 
to support these activities on the cognitive pathway. 
The gains in processing space, however, are offset by 
the need to create executive management routines to 
orchestrate the two pathways (automatic or behavioral 
and strategic/controlled or cognitive) of the functional- 

ly reorganized writing system. One example of the 
need to create executive routines to manage the two 

pathways is reported by experienced writers who have 

already automatized handwriting but must learn to 

incorporate an alternative mode of transcription (e.g., 
computer keyboard) into their functional writing sys- 
tem. Some experienced writers report a transition peri- 
od in learning to use a keyboard rather than a pencil, 
even though keyboard strokes are less motorically com- 
plex than using a pencil. Some experienced writers also 
report a transition period in learning to use new aspects 
of word processing programs (e.g., End Notes). These 
transition periods, which are not always smooth, are 
probably necessary for the executive system to develop 
new management routines for temporal coordination. 

Schneider and Detweiler (1987) proposed a connec- 
tionist/control architecture for working memory that 
utilizes temporal coordination and can handle more 
than the seven ? 2 chunks of information ordinarily 
associated with short-term memory. This architecture 
has a context-storage module, which associates the tem- 
poral context with the content of messages from com- 
ponent modules that arrive at an inner communication 
loop. This content storage system can reload modules 
after short-term information decays or is displaced. The 
advantages of this architecture include being able to 
handle interruptions and to support stable, robust pro- 
cessing during high workloads. The modules also oper- 
ate on different time scales for learning and decay. For 
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example, neurophysiological evidence suggests that 
there are over 50 neuromessengers, with time courses 

ranging from milliseconds to a half hour. Each stage of 
processing operates on its own temporal scale. 
Information outputted at one stage is buffered until it 
is needed at the next stage. Executive coordination 
must manage timing of processes at the microlevel, 
macrolevel, and systems levels, which run different 
time courses and may or may not overlap in time. This 

temporal coordination is not the same as time sharing, 
which is a matter of limited capacity or resources. For 
futher discussion of this architecture for working mem- 
ory, see Schneider and Detweiler (1987). 

The relevance of this working memory architecture 
to writing is threefold. First, because modules in the 
writing system are interactive, they continually inter- 

rupt each other, and need a working memory architec- 
ture that guards against disruption due to interruption. 
Second, composing is a task with a high workload: 
Modules that support transcription of letters (hand- 
writing) and words (spelling), text generation, and 
executive functions such as planning, monitoring, 
revising, and self-regulation need to communicate with 
each other and be continually reloaded and updated 
with the temporal context of working memory. Third, 
when transcription processes are automatized, execu- 
tive routines for temporal coordination of these with 
the other processes at the microlevel, macrolevel, and 

systems level can be modified to make the temporal 
coordination more efficient. 

One instructional implication of the need to create a 
management system for both space and time resources 
is the production and use of written notes during plan- 
ning. Written notes, which draw upon transcription 
skills, may serve two purposes. First, they create what 
Graham calls "extra-memory" to supplement capacity- 
limited working memory, which, according to 
McCutchen (1986), is limited not only in the number 
of processes it can support (space limitation) but also in 
the nature of processes (processing limitation) it can 
support. Written notes (plans) allow writers to coordi- 
nate text in progress with (a) information in short-term 
memory (encoded from written text produced so far 
and written notes), (b) retrieved and/or transformed 
information from long-term memory, and (c) new ideas 
from the imagine/create or construction processes. The 
written notes, in effect, increase the capacity of the work 
space (number and nature of processes supported) in 
working memory. Second, they allow the writer to refer 
to the plans at multiple points in time so that the simul- 
taneous goals of text generation and transcription (on 
different pathways) can be coordinated more effective- 
ly. This function of written plans as "extra-memory" 

also expands the kinds of processes that can be sup- 
ported during composing. For example, the writer can 
monitor and integrate processes at any point in time as 
he or she goes back and forth between generated text 
and written notes. 

Another instructional implication of the need to 
manage the temporal resources of working memory is 
that instructional sessions should be designed so that 
activities aimed at both pathways are included close in 
time, and the links between the low-level processes 
(behavioral pathway) and high-level processes (cogni- 
tive pathway) are made explicit for learners. Aiming 
instruction at both low- and high-level processes close 
in time and providing explicit links increase the proba- 
bility that the two kinds of processes become function- 
ally coordinated in the working system. Thus, in the 
intervention studies described next, in each session we 
aimed instruction at both low-level processes, with the 
goal of automatizing them, and high-level, nonauto- 
matic processes. 

Training Transcription Skills 

Traditionally, transcription is regarded as a mechani- 
cal skill and the quality of the product or outcome of 
transcription is evaluated. However, transcription is as 
much a process as are planning, text generating, and 
reviewing/revising. Although transcription may seem 
"mechanical" when it is automatized later in writing 
development, young writers often labor to master the 
complexities of the process. In our research on pre- 
venting problems in written expression through early 
intervention, we evaluate alternative approaches to 
teaching the processes underlying handwriting and 
spelling. In these experimental studies we always start a 
session with a treatment designed to teach the hand- 
writing or spelling process and end the session with a 
compositional activity. We link transcription and com- 
position close in time in order to maximize temporal 
coordination of the functional writing system and 
transfer from transcription to the constructive process- 
es of composing within that system. Both transcription 
training and composing take place in a social context 
that includes a tutor and either a dyad or triad of chil- 
dren, who compose for the authentic communication 
purpose of sharing their compositions with peers at the 
end of each session. 

Temporal link between handwriting automaticity 
and composition. In a school-based study (Berninger, 
Vaughan, Abbott, Abbott, Brooks, Rogan, Reed, & 
Graham, 1997), we compared five treatments to each 
other and to a contact control (phonological awareness 
training). In contrast to the conventional approach of 
writing several rows of a few visually similar letters, all 
treatments required children to practice each of the 26 

Volume 22, Spring 1999 107 

This content downloaded from 128.122.149.145 on Fri, 23 Oct 2015 23:01:20 UTC
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


alphabet letters, but only one to three times each; so 
children practiced all the written symbols in the set in 
each session. In contrast to the conventional approach 
of copying letters from a model without practice in 

writing them from memory, some of the treatments 
had a memory component. One treatment involved 

copying a letter from a model of what the final product 
should look like; the child had to discover the process 
of letter formation inductively. A second treatment 
made the motoric process explicit; the tutor modeled 
the motor movements needed to produce the letter and 
the child imitated these motor movements. A third 
treatment made the sequence of component strokes 

explicit visually through numbered arrow cues. A 
fourth treatment required children to write the letters 
from memory after increasing time intervals and thus 
to create their own retrieval routines. A fifth treatment 
combined the third and fourth approaches; after study- 
ing the numbered arrow cues, the child covered a let- 
ter, for increasing time intervals, and wrote it from 
memory. Compared to the control and the other 

approaches, the fifth approach resulted in significantly 
better automatization of letter formation and transfer 
to longer compositions. We attributed these effects to 
the combination of creating more precise representa- 
tions in memory because of the numbered arrow cues 
and of creating more efficient retrieval routines because 
of the practice in writing letters from memory. We con- 
cluded that even in the era of word processors and 

computerized transcription learning to write letters 
with a pencil is beneficial for the development of writ- 
ten expression skills. 

Temporal link between spelling and composition. 
In a school-based study, we (Berninger, Vaughan, 
Abbott, Brooks, Abbott, Reed, Rogan, & Graham, 1998) 
compared seven approaches to teaching explicit phono- 
logical-orthographic connections, singly or in combina- 
tion, to a control group that received explicit phono- 
logical awareness and orthographic awareness training 
but no explicit instruction in the connections between 
phonology and orthography. Children in the seven 
treatment groups were taught the alphabet principle 
(almost 100 of the most frequent correspondences 
between phonemes and spelling units of one or two let- 
ters) and then practiced the alphabet principle in the 
context of real words which, based on linguistic theory 
(Venezky, 1970, 1995), varied in degree of sound- 

spelling predictability. Children in the treatment groups 
who were given explicit instruction in the connections 
learned the taught words and transfer words better than 
the control group. Treatment groups did not differ 
among each other in the rate of learning the taught 
words, showing that, following explicit training in the 

alphabet principle, there are alternative effective 

processes for making connections between spoken and 
written words. But the treatment that resulted in the 
best transfer across word contexts combined practice in 
both whole word and onset-rime connections following 
explicit training in the alphabet principle. The redun- 
dancy provided by the multiple connections at the 
whole word and subword levels may have helped to 
automatize the alphabet principle and to generalize its 
application to words not specifically taught. 

Spelling Compared to Word Recognition 
In both our school-based and clinic-based studies we 

have found that word recognition can be remediated 
more quickly than spelling within a constant amount 
of tutorial time. For example, using equivalent proce- 
dures other than the direction of training connections 
(from spelling to sound for word recognition or from 
sound to spelling for spelling), we raised word recogni- 
tion achievement about 0.8 standard deviations 
(Berninger, Abbott, Brooksher, Lemos, Ogier, Zook, & 
Mostafapour, 1998) and spelling achievement about 
0.33 standard deviations (Berninger et al., 1998). We 
have also found it relatively easier to improve hand- 
writing automaticity and the constructive processes of 

composing than the spelling component of transcrip- 
tion (see Brooks et al., Fall 1999 issue). We offer five 
hypotheses to explain why spelling is harder to learn 
and discuss the instructional implications of each of 
these hypotheses for improving spelling. 

1. Mapping hypothesis. The alphabet principle 
underlying written English allows us to represent about 
44 phonemes using 26 letters, singly or in combina- 
tion. However, the mapping relationship from 
phonemes to spelling unit (1 or more letters, Venezky, 
1970, 1995) and from spelling unit to phoneme are 
asymmetric (Snowling, 1987; Venezky, 1970, 1995). 
For example, consider the letter a, which can be pro- 
nounced with a long a (if it is at the end of an open syl- 
lable), a short a (if it is in a closed syllable), or a schwa 
(if it is in a syllable with a reduced vowel). Yet, the long 
a phoneme can be spelled with a single a (at the end of 
an open syllable as in table), with an a separated from 
a silent e marker (at the end of the syllable as in make), 
with ai (as in paid), with ay (as in say), with eigh (as in 
eight), or with ey (as in they). There are twice as many 
possibilities for going from sound to spelling as for going 
from spelling to sound! 

The instructional implications for improving spelling 
are that (a) spelling is more difficult than word recogni- 
tion because these asymmetrical relationships are not 
explicitly taught but should be; and (b) word-specific 
knowledge (spellings, sounds, and meanings associated 
with an individual word in the mental lexicon), which is 
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more important in spelling than word recognition 
because of these asymmetries, should be taught explicit- 
ly so children learn which of permissible spelling varia- 
tions is correct for a particular word context (e.g., make 
or they). 

2. Production hypothesis. According to this 
hypothesis, a process that requires retrieval from mem- 
ory and production on a motor output channel is 

always more difficult than a process that only requires 
creating a memory representation or processing infor- 
mation in memory. In this view, spelling is more diffi- 
cult than silent reading because it requires written 

(graphic-motor) output whereas silent word recognition 
only requires a match with a representation in memory. 
However, by this account, spelling should not be more 
difficult than oral reading, which requires output on the 
oral-motor channel. Yet, in our treatment studies, as 
mentioned earlier, children improved more in their abil- 

ity to pronounce words on a list than to spell words in 

writing from dictation. 
The instructional implication of this hypothesis for 

improving spelling is that spelling should be taught as 
both a recognition process and a production (motor out- 

put) process. Improving recognition may improve the 

quality of the representation on which production draws. 

Asking children to choose among alternative similar 

spellings equated on pronunciation may help them to 
create more precise representations of written words in 

memory to draw upon in producing a word on either the 
oral-motor (reading) or grapho-motor channel (spelling). 

3. Impoverished phonological representation 
hypothesis. According to this hypothesis, a child has 

difficulty learning correspondences between phonemes 
and spelling units because their phonological represen- 
tations of spoken words are not richly and fully speci- 
fied in the mind's ear; thus, they have an impoverished 
database for establishing connections between sounds 
and spelling. The impoverished database for sounds 

poses more of a problem for spelling than for reading. 
During reading several phonological approximations 
can be generated (see Venezky, 1995) and the one 
that is closest to making a match with a word in the 
mental dictionary for spoken words can be selected. In 
contrast, the mental dictionary for written words is not 
as well developed and it may be more difficult to 
choose correctly from among the orthographic approx- 
imations generated from an impoverished phonologi- 
cal database. For example, if the word "normalcy" is 
represented as "normalacy" in the mental dictionary 
for spoken words, it is not likely that it will be repre- 
sented accurately in the mental dictionary for written 
words or spelled correctly. 

Berninger and Abbott (1994) analyzed the spelling 
errors in a corpus of unreferred, normally developing 

spellers. Errors often involved deletion of an unaccented 
syllable or insertion of sound units not in the spoken 
word. Children with a history of phonological process- 
ing problems are even more likely to make spelling 
errors that distort the phonology of the spoken word. 
Dreyer, Luke, and Melican (1995) found that poor 
spellers were more likely than good spellers to make 

spelling errors that were not phonemically plausible. 
Similarly, tutored students with severe writing disabili- 
ties improved in phonological segmentation skills, but 
not in phonological memory for polysyllabic words 
(Brooks et al., Fall 1999 issue), which suggests that mem- 

ory for all the phonological information in a word exerts 

special constraints on learning to spell. 
The instructional implications for improving spelling 

are that spelling should not be taught just as a visual activ- 

ity. Children should play sound games with the spoken 
words in the mind's ear, for example, clapping for each 

syllable they hear in the word, counting the number of 

phonemes they hear in each syllable, and deciding which 

syllable(s) should be stressed (also see Moats, 1995). 
4. Impoverished orthographic representation 

hypothesis. According to this hypothesis, a child has 

difficulty learning correspondences between phonemes 
and spelling units because their orthographic represen- 
tations of written words are not richly and fully speci- 
fied in the mind's eye. The impoverished orthographic 
representation is more of a problem for spelling than 

reading. During reading the correct written form of the 
word is available for repeated inspection whereas dur- 

ing spelling the child must rely solely on memory for 
the visual form of the word, which is poorly formed. 
The child may then try to rely solely on spelling-sound 
relationships without relying on word-specific knowl- 

edge. For example, Berninger and Abbott (1994) found 
that spelling errors of normally developing spellers 
often reflected (a) plausible, alternative spellings of a 

phoneme, or (b) the incorrect letter for a schwa 
(reduced vowel) that cannot be derived from the alpha- 
bet principle and must be memorized for word-specific 
contexts. For poor spellers with impoverished ortho- 
graphic representations of specific words in memory, 
these problems are compounded. 

The instructional implications for improving spelling 
are that children should be taught to (a) look for and 
underline the functional spelling units in specific words 
(e.g., blends, vowel teams, consonant digraphs, 1- or r- 
vowel combinations, etc.), and (b) when alternations or 
silence markers exist, memorize the functional spelling 
unit, from a small set of variations, for a specific word 
context (e.g., the two schwas in Philadelphia). 

5. Context hypothesis. According to this hypothesis, 
spelling is more difficult because it has less textual context 
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to draw upon in generating the written form of the 
word than does word recognition in generating the spo- 
ken form of the word. Linguistic context narrows the 
possibilities for spoken words more than it does for writ- 
ten words. For example, consider the sentence, "Get 
down to business!" When reading it, the generated 
phonological approximations are more likely to yield 
one solution that makes sense in the sentence context 
than are the generated written approximations when 
spelling it (e.g., bizness and bisness are equally plausible 
without word-specific information). 

The instructional implication for improving spelling is 
that on dictation tests for acquiring word-specific knowl- 
edge of written spelling, children should be asked to write 
sentences from dictation so that they can use multiple 
cues in linguistic context, including semantics, to access 
the visual form of words in their mental dictionary. 

Reason for cautious optimism. Although spelling is 
relatively harder to remediate than word recognition, 
handwriting, or composing, we are getting statistically 
reliable improvement with a theory-driven approach 
based on Venezky's (1970, 1995) work on spelling 
(Berninger et al., 1998). In contrast, we did not get sta- 

tistically reliable gains using an atheoretical approach 
based on conventional pedagogy that teaches rules for 
phonics and visual segmentation of syllables (see 
Brooks et al., Fall 1999 issue). 

Key notions in the theory-driven approach are that 
(a) the functional spelling unit for mapping sound 
onto writing is often larger than the single letter, and 
(b) the alphabet principle for mapping sound onto 
spelling should be practiced in words across the entire 
continuum of sound-spelling predictability (Berninger, 
Vaughn et al., 1998). The theory-driven approach may 
also be more effective because principles of connec- 
tionism were used to train spelling directly on the 
behavioral pathway rather than teaching rules to the 
cognitive pathway. We have also gotten statistically 
reliable gains when intervention begins early (in the 
second grade compared to fourth grade). 
Rationale for Teaching Automatic and Constructive 
Processes 

McCutchen (1988) documented the shortsightedness 
of downplaying the automatic processes in composing. 
Indeed, in the current instructional climate, transcrip- 
tion processes, which are the most likely to become 
automatized if taught explicitly, have been shortshrift- 
ed. Higher-order cognitive skills have been emphasized 
in the process writing movement. I do not argue with 
the many valuable contributions of process writing 
instruction but merely call attention to the importance 
of teaching both low-level transcription and high-level 
cognitive processes in a balanced writing program 

(Berninger, 1994, 1998). (Also see arguments put forth 
by McCutchen [1995] in support of both low-level tran- 
scription and high-level construction of text and by 
McCutchen [1996] in support of automatizing tran- 
scription to free up working memory for the non- 
automatic processes in composing). 

Cameron (1995) is optimistic that the field of writing 
may avoid the contentious debates and outright wars 
that have plagued the field of reading, which is often 
polarized as to whether low-level word recognition or 
high-level comprehension should be the focus of 
instruction. The reading field suffers from the zebra 
syndrome of thinking the world is black or white when 
it is actually black and white at the same time 
(Berninger, 1994). Both functional reading systems and 
functional writing systems draw upon low-level and 
high-level processes. The degree to which the low-level 
processes are automatized, freeing up working memory 
space for the higher-level processes, and the degree to 
which the low-level processes on the behavioral path- 
way and the high-level processes on the cognitive path- 
way are temporally coordinated in working memory 
affect the overall efficiency and quality of the func- 
tional system in the working brain. 

Writing is hard work. Writing can be hard early in writ- 
ing development because it is resource-draining to apply 
strategies to the transcription processes of handwriting 
and spelling. It becomes easier to the extent that tran- 
scription processes can become automatized through 
reorganization of the functional system. Writing can be 
hard later in development because it involves more than 
retrieving and transforming knowledge from long-term 
memory. Writing also involves creation-constructing 
what is not yet there. We still have much to learn about 
where ideas come from in this construction process, 
which Dr. Seuss imagined to be a journey from the desert 
to an oasis. To the extent that we can help beginning 
writers automatize transcription processes, we ease their 
burden for the ultimate challenge of constructing new 
ideas and solutions to problems. 
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