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- Using the WRITING ENVIRONMENT
~ to Study Writers’ Strategies

Marcy Lansman, John B. Smith, Irene Weber

Writers rave about their word processors. Some are so dependent
on the computer that writing with paper and pencil has become an
intolerably slow and laborious process. But word processors are
limited. They’re good for composing and editing text, but they’re not
so good for brainstorming and exploring the relationships between
ideas (Bridwell-Bowles, Johnson, & Brehe, 1987; Lutz, 1987). And it's
hard to get a sense of the shape of the whole text when you sce it only
onescreenful ata time (Haas & Hayes, 1986). To expand thecapabilities
of the computer as a tool for writers, we developed an experimental
computer program called the WRITING ENVIRONMENT (Smiith, J. B., Weiss,
Ferguson, Bolter, Lansman, & Beard, 1987). The program wasdesigned
to help nonfiction writers create well-structured texts.

In designing the WRITING ENVIRONMENT, we assumed that writing
involves several different kinds of thinking, which we have called
cognitive modes (Smith, J. B. & Lansman, 1989, 1991). We also assumed
that these different kinds of thinking should be supported by different
system modes on the computer. Consequently, the program has four
system modes, which appear in four windows on the computer screen.
Each mode allows the user to view the text in a different way and to
perform different operations on it. .
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In “Network Mode,” writersrepresent their ideas as separate nodes,
whichare shownaslabeled boxes on the screen. They move these boxes
around and link them to indicate the relationships between ideas. In
“Tree Mode,” they use their idea nodes to develop an organizational
structure for their texts. In “Edit Mode,” they open individual nodes
and write the text that is to be associated with those nodes. In “Text
Mode,” they view and revise text from adjacent nodes in a single
window.

Perhaps the most important feature of the WRITING ENVIRONMENT is
that it allows researchers:like ourselves to study how people use the
program. The WRITING ENVIRONMENT records users’ activities as they
work, creating computer-generated protocols that can be analyzed to
determine writers’ strategies. These protocols provide an alternative to
think-aloud protocols (Hayes & Flower, 1980; Swarts, Flower, & Hayes,
1984) or videotapes (Gould, 1980, 1981; Matsuhashi, 1982) as a source of
information about the writing process.

In this paper, we first describe in more detail the WRITING ENVIRON-
MENT and the protocols it creates. Then, to illustrate the capabilities of
the WRITING ENVIRONMENT as a research tool, we discuss a study in which
weasked technical writers and graduate students to use the program to

write technical reportsand thenanalyzed the protocols to discover their
strategies.

The WRITING ENVIRONMENT

The WRITING ENVIRONMENT is implemented on UNIX workstations
with ﬂw-m_..n:\_zmr.nmmouzmo: screens. The four system modes are
shown in four windows on the computer screen. The user chooses a

particular Bomm by moving a mouse-controlled cursor into one of the
windows. Within each mode, the user interacts with the program by
selecting options from a series of pop-up menus (Smith et al., 1987).

Figure 1 shows the computer screen as it might look in the middle
of a writing session. In the figure, the four modes are laid out in four
quadrants on the screen, but users can resize the windows as they like.
For example, they can expand one mode to fill the entire screen when
they are working in thatmode, and then shrink it back toits original size
when they are through.

“Network Mode,” shown in the upper left quadrant of Figure 1,
was designed to support writers as they generate the ideas to be
included in their texts and as they explore the relationships between
those ideas. The ideas appear as labeled rectangular nodes on the
screen. The nodes can be dragged around the screen with the mouse
and can belinked using directional arrows. In “Network Mode,” users
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may place nodes anywhere in the window and may link any twonodes,
regardless of the formof the resulting structure. The program placesno
constraints on the arrangement of nodes or the links between them.

“Tree Mode,” shown in the lower left quadrant, was designed to
help writers develop an organizational structure for their texts m..sm.ma:
thatstructure. Asin “Network Mode,” userscan generateand linkidea
nodes. But in “Tree Mode” there are constraints as to the form of 9.m
resulting structure. In “Tree Mode,” the structure must cm.Em.BnnE-
cal—asin an outline. Furthermore, the form of the structure is dictated
by the program. “Tree Mode” represents the organizational structure
of the writer’s text asa right-branching tree like the one shown in Figure
1. Nodes, branches, and entire trees can be moved from “Network
Mode” to “Tree Mode.”
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Figure 1. The computer screen might look something like this while a
writer is using the WRITING ENVIRONMENT to compose a document. “Net-
work Mode"” is shown in the upper left, “Tree Mode” in the lower left,
“EditMode” inthelowerright,and “TextMode” in theupper right. The
user may enlarge any of the modes to fill the screen.
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“EditMode,” shownin the lowerright quadrant, enables writers to
write the nmxwm that will be attached to the nodes in the organizational
structure. If a node is moved from one position in the structure to

another, the ﬁwxﬁ attached to that node moves with it. In order to write
text in “Edit Mode,” users first open up a node in either “Network
Mode” or “Tree Mode” and then compose the text for that node in the
“Edit Mode” window. Text is written using a rudimentary text editor
in which the cursor is controlled by the mouse. Using this text editor,
writers may insert, delete, and change text, as well as cut and paste it.
At present, however, the program does not have the formatting capa-
bilities of commercially available word-processing programs.

“Text Mode,” shown in the upper right quadrant, allows writers to
examine and revise the transitions between paragraphsand sections. In
“Text Mode,” the user can scroll through and edit the text attached to
a sequence of nodes. The order of the sequence is dictated by the
structure indicated in “Tree Mode.”

Animportant difference between “Edit Mode”and “Text Mode” is
that in “Edit Mode,” the writer can create and edit the text attached to
only one node at a time. In “Text Mode,” the writer can view and edit
the text attached to several nodes and can move text back and forth
between nodes.

Thus, the four system modes support several different types of
thinking: “Network Mode” supports brainstorming or exploratory
thinking, “Tree Mode” supports planning the structure of the docu-
mentand structural editing or reorganizing, “Edit Mode” supports text
generating and text editing, and “Text Mode” supports editing section
and paragraph transitions for coherence. In this first version of the
system, we consciously decided to omit modes for rhetorical, situ-
ational, or audience analysis. However, heuristics that support these
types of thinking have been described in J. B. Smith and C. F. Smith
(1987) and may be included in future versions or subsequent systems.

There are several important differences between the WRITING ENVI-
RONMENT and more conventional outline processors, such as the one
provided by Microsoft worp. Perhaps the most important difference is
that the WRITING ENVIRONMENT provides graphical representations of the

relationships between ideas and allows writers to directly manipulate
those representations in two dimensional space. Dragging idea nodes
around the screen with a mouse and linking them gives writers more
freedom to explore relationships than moving headings up and down
in an outline. Another important difference between the WRITING
ENVIRONMENT and outline processors is that in the wriTiNg ENVIRONMENT,
planning the structure of a text and writing that text are carried out in
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spatially separate locations, allowing writers to view the structure as
they write the text. .

The WRITING ENVIRONMENT has some of the characteristicsof a hypertext
system such as HYPERCARD because it represents a document as a set of
independently manipulable blocks of text. Again, however, there are
important differences. In the WRITING ENVIRONMENT, thestructurecreated
in “Tree Mode” dictates a single, linear ordering for the blocks of text.

" Given this linear ordering, the WRITING ENVIRONMENT enables writers to

view transitions between blocks of text, to compile the blocks into a
singledocument, and to print thedocumentasa whole. HyrErcarDdoeS

not provide these capabilities.
Computer-Generated Protocols

As writers use the WRITING ENVIRONMENT, the computer records their
activities. The initial result is a computer-generated ?688_.\ mm.-:& an
Action Transcript. The Action Transcript shows writers’ activitiesata
detailed level; for example, it records each time writers open a menu,
select an option from the menu (e.g., “Create Node"), label a node, and
so forth. . N .

The Action Transcript makes it possible to replay writing sessions
(Smith, J. B., Smith, D. K., & Kupstas, 1991). During replay, the
researcher can see on the screen the same displays that the writers saw
asthey wrote. Replayingasessionshows whenand whereon thescreen
writers created, deleted, and linked nodes in “Network Mode” and
“Tree Mode” and how they labeled those nodes. It also shows when
writers opened nodes to write text. So far, however, it does not show

the text that was written or revised. Thus, as it stands, the replay
function provides detailed information on how writers developed the
structure for their texts but less complete information on how they
composed and revised text. In future versions, we hope to expand the
replay function so that it will provide more detailed informatiori on
creation and revision of text.

A computerized grammar (Smith, Rooks, & Ferguson, 1989) con-
denses the Action Transcript into a less detailed list of activities czlled
the Operation Transcript. For example, in the Operation Transcrip!, the
three actions listed above—raising amenu, selecting the “Create Node”
option, and labeling the node—would be condensed into a sngle
operation. In the study reported below, the Operation Transcript
provided the raw data for the analyses. (The grammar further refines
the Operation Transcript into more condensed lists of activities. How-
ever, because only the Operation Transcript was used in the analysis of
this study, these additional levels will not be further described lere.)
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A Study of Writers” Strategies

The purpose of our initial study was to discover how writers used
the WRITING ENVIRONMENT to develop the structure for a technical docu-
ment. In this study, we asked graduate students and technical writers
to use the system to write reports from source materials we provided.

Thestudy focused on several dimensions of writers’ activities. First
of all, we wanted to know whether writers would indeed be able to use
this new tool to develop structures for their reports. We also wanted to
know what proportion of their time they would spend on these struc-
tures, how that time would be distributed across the writing sessions,
and what kind of strategies they would use. Finally, we wanted to
know whether individual differences in strategies would be associated
with variations in the quality of the final reports.

Method

Participants

There were two groups of participants. The first group consisted of
9 experienced technical writers, 8 men and 1 woman from a large
computer company. Their ages ranged from 26 to 69 with a mean age
of 46. They had worked as technical writers for 3 to 30 years, with a
mean of 10 years. The second group consisted of 9 graduate students,
6 men and 3 women, in the social sciences and humanities at the
University of North Carolina, Chapel Hill. Their ages ranged from 24
to 31 with a mean age of 28. All participants in the study had previous
experience using word-processing packages.

Source Materials

Allthe participants used the samefivearticles assource material for
the reports that they wrote during the experiment. The topic of the
articles was the manufacture and application of shape-memory alloys,
a group of metal alloys that resume their original shape when heated.
The topic was chosen to be unfamiliar yet understandable to all the
participants.

Tutorial |

A si:m:MESa& (Jenkins, Lansman, & Smith, 1989) instructed
users in how to use the four modes of the system and guided them
throygh a series of exercises. The tutorial did not suggest strategies for
writing a document with the WRITING ENVIRONMENT.
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Procedure

Participants came to the lab for two half-day sessions. During the
first session, they went through the tutorial individually and familiar-
ized themselves with the WRITING ENVIRONMENT. It took them about 1.5
hours to learn to use the system. During the first session, participants
also read the source articles on shape-memory alloys.

During the second session, participants used the WRITING ENVIRON-
MENT to write a summary report based on the source articles. Source
materials and highlighters were available while participants were
writing, but they were not allowed to use paper and pencil. They were
told that they could take as much of the half-day session as they needed
to write their reports.

Evaluation ,

Two judges evaluated each report. Each of the judges was a writer
with a master’s degree in English, and each had taught courses in
technical writing. They judged the overall quality of the reportsona 5-
point scale.

Wmm&ﬁ and Discussion.

Participants’ Comments

At the end of the second session, writers were asked to comment in
writing on what they liked and disliked about the WRITING ENVIRONMENT.
Responsesindicated that participants adapted easily to the multimodal
nature of the system and to the fact that different system modes
appeared in different windows on the screen. They particularly liked
the fact that they could see the organizational structures of their papers
in a separate window as they wrote text. As one user wrote, “The
multiple window display is the most useful feature. The ability to see
the organization of the document while editing a node is unique.”

Users were enthusiastic about the structure-planning modes of the
system. They felt that the spatial representation helped them develop
the structure of their reports: “The ability to group & regroup ideas is
tremendous, especially when these groups can be visually seen. I think
the longer the document the more valuable this feature can be.” Some
thought that “Network Mode” and “Tree Mode” were redundant, but
they did not agree on which one should be eliminated.

On the negative side, some participants were frustrated by the
“Edit Mode” and “Text Mode.” They wanted to see the whole text
contiguously, net always divided into separate nodes:
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Also, not being able to view the whole text w/out the node headings
was a little disabling in terms of judging the continuity of what was
being written. When I was nearly finished I wanted to be able to see
the document as it will look on paper but was unable to do so.

In general, participants appreciated the novel characteristics of the
structure-planning modes—"Network” and “Tree”—but missed some
of the editing capabilities of their accustomed word-processing pack-
ages. _

Reports L T
Each o_m. the mc_u_.m.nw but one wrote a report using the WRITING
ENVIRO . One technical writer left the study at the beginning of the

second mmmmmo: explaining thatshe could not writeunderlab conditions.
Reportsranged in length from 450 words to 1735 words with a mean of
1051 words (SD =332). They varied in quality from well organized and
polished to quite rough.

Many reports contained an unusually large number of headings.
When writers use the WRITING ENVIRONMENT, they create text by opening
up a node in either “Network Mode” or “Tree Mode” and composing
sentences that will be attached to that node. When the document is
printed, the node label appears as a heading that precedes the associ-
ated text. Eachnode in the organizational structure becomes a heading
in the final document whether or not any text has been written forit. In
these reports, the number of headings ranged from4 to 46, with a mean
of 16.2 headings (SD =9.8). Thus there were, on the average, only about
65 words (six lines) of text associated with each heading. For many
headings, there was no text at all, indicating that the writer had created
a node but failed to write text for it.

The fact that the number of headings was so large relative to the
length of the final reports suggests that writers devoted a large amount
of effort to planning the organizational structures of their documents
relative to the amount of effort they spent composing and revising text.

Evaluations of the Reports

The two judges were moderately consistent in their ratings of
overall quality, r = .67. According to this criterion, the graduate
students wrote significantly better reports than the professional writ-
ers. Ona 1- to 5-point scale, the quality ratings of the graduate students
ranged from 1.5 to 4.5 with a mean of 3.39 (SD = 1.05). The quality
ratings for the technical writers ranged from 1.0 to 3.0 with a mean of
m.mcm (SD = .62). This difference was statistically significant, t = 3.1, df =
15,p< 01.
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We had expected that the professional writers, with their years of
experience writing technical documents, would do better on this task.
We cannot explain why they did not. They were older and may have
had a harder time adapting to a new computer tool. They may have
been less motivated than the students to work on an assignment that
was unrelated to their work. Or they may have differed from the
students in cognitive ability.

Strategies for Developing Structures

. Order of Creation Versus Order of Appearance

If writers used the WRITING ENVIRONMENT for exploration (i.e., to
generateideas freely and then to try out various organizational schemes),
then the order in which ideas were generated might be quite dissimilar
from the order in which they appeared in the final text. On the other
hand, if writers organized their papers in their heads before they began
to use the computers, then order of generation might be quite similar to
order of appearance in the text.

Our impression, based on replaying the sessions, was that both the
order and the superordinate-subordinate relationships among nodes
were often roughly worked out in writers’ heads before they were
recorded on the computer screen. In order to look at this issue more
quantitatively, we computed for each participant the correlation be-
tween the order in which nodes were created and the order in which
they appeared in the final report. The correlations ranged from-.16 to
99 with a mean of .48 (SD = .34). The fact that all but two of the
correlations were positive and that the mean was fairly high indicates
that the order in which participants generated topic headings was, in
most cases, far from random.

There were no differences between graduate students and profes-
sional writers on this measure, nor was there a significant correlation
between it and quality of the report.

Top-Down Versus Bottom-Up Generation of Ideas

One method of creating a hierarchical structure for a document is
to write down superordinate topics first, followed by the subordinate
topics that go under them. We will call this a top-down strategy. Itis
probably the most common strategy among writers creating an outline
with paper and pencil or with standard outline-processing packages
because writers generally work from top to bottom and superordinate
topics always appear above their subordinates in a standard outline.
Another method is to generate subordinate topics first and then to

|
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group these subordinate topics and create appropriate superordinate
topic headings for each group. We will call this a bottom-up strategy.
Although the bottom-up strategy gives the writer more flexibility in
grouping subordinate topics under superordinate topic headings, the
strategy is quite clumsy to carry out using word- or outline-processing
packages. (Some of us have resorted to moving yellow Post-It notes
around on our desks.) Using the WRITING ENVIRONMENT, a writer can
easily use either a top-down or bottom-up strategy.

As a group, our writers were much more likely to follow a top-
downstrategy. Asa quantitative measure of top-downness, we used the
percentage of nodes (omitting the root node) that were generated after
their superordinate node. This measure ranged from .5 to 1.0 for
individual participants, with a mean of .80 (SD = .15).

Technical writers adhered more closely than graduate students to
a top-down strategy. The mean top-down score for technical writers
was.86(5D =.14) and the mean for graduatestudents was.74 (SD = .15).
The difference was marginally significant, ¢ = 1.83, df = 15, p < .10.

Furthermore, those participants who deviated more from a strictly
top-down strategy tended to write higher quality reports, as evaluated
by our judges. There was a significant negative correlation between
top-down score and quality of the report, r = -54, p < .05.

Distribution of Time

Total time spent writing thereportsranged from 2 hours 10 minutes
to 4 hours with a mean of 3 hours 11 minutes (SD = 35 minutes). This
total did not include time writers spent reviewing the source articles or
mentally planning their reports before they began to plan or write using
the computer.

Time Per iomm

Table 1 shows how participants distributed their time among the
four system modes. Included are the mean and range for time spent in
each mode, percentage of time spent in each mode, and number of
episodes in each mode. (An episode was defined as a series of opera-
tions on one system mode uninterrupted by visits to other modes.)

The mean times spent in “Network Mode” and “Tree Mode,” 30
minutes and 22 minutes respectively, indicate that participants spent
considerable time building the organizational structures of their re-
ports. Themean number of episodes in the various modesindicates that
participants moved often among the modes rather than using them in
a strictly sequential manner.
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Table 1
Mean and range of time spent in each mode,
percentage of total time spent in each mode,
and number of episodes in each mode

Mean time (min) 30 22 79 59
Range 6-68 1045 0-166 0-161
Standard deviation 16 9 58 56

Mean percent of total time ~ 16% 12% 41% 31%
Range 337 6-34 0-82 0-82
Standard deviation 8 6 28 28

Mean number of episodes 12 18 14 9
Range 1-34 8-35 0-32 0-17
Standard deviation 9 8 9 5

!

“Edit Mode” was intended to be used for working within indi-
vidual nodes, and “Text Mode” was intended for coherence editing
across nodes. The range of values in Table 1indicates that some writers
spentno timein “Edit Mode” and others spent no timein “Text Mode.”
These writers preferred to do all their writing and revising in either
“Edit Mode” or “Text Mode.”

Division of Time Between Planning Structures and Writing/Revising

We can estimate the amount of time writers spent planning the
structures of their reports by adding their times in “Network Mode”
and times in “Tree Mode.” Similarly, we can estimate the amount of
time they spent writing and revising by adding their times in “Edit
Mode” and times in “Text Mode.” A structure-planning episode was
defined asa séries of episodes in “Network Mode” or “Tree Mode” that
was uninterrupted by episodes in either “Edit Mode” or “Text Mode.”
Similarly, a writing/revising episode was defined as a series of epi-
sodes in “Edit Mode” and/or “Text Mode” uninterrupted by episodes
in “Network Mode” or “Tree Mode.” Table 2 summarizes the distribu-
tion of time between structure-planning and writing/revising forall 17
participants.

Planning the structure for a text is a very specific kind of planning.
Other kinds of planning include working out the wording of individual
sentences, considering theintended audience, deciding how much time
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Table 2
Mean and range of time spent structure-planning and writing/
revising, percentage of total time spent structure-planning and
writing/revising, and number of episodes spent
structure-planning and writing/revising

Structure-planning Writing{Revising

Mean time (min) 53 138
Range L 22-88 63-194
Standard deviation’ 19 35

Mean percent of total time 28% 72%
Range 11-54 46-89
Standard deviation 11 11

Mean number of episodes 19 19
Range 6-46 6-45
Standard deviation 10 10

M

toallot for <”mno=m sections, and so forth. Given the fairly narrow range
of activities we considered under our definition of structure-planning, it
is :.o"mio_.nd\ that writers spent quite a large proportion of their time
onit: anaverage of 53 minutes out of 191 minutes, or 28% of their time.
Other researchers have used different methods to study planning.
Kellogg and Mueller (1989), for example, estimated the percentage of
time their college student writers spent planning by interrupting them
atrandom intervals and asking them to classify their current activity as
planning, translating, reviewing, or other. By this method, they esti-
mated that their participants spent about 25% of their time planning.
Oo.:.E (1980, 1981) studied videotapes of professional researchers
writing short business letters and classified all pauses when partici-
pants werenotactually composing textas planning. By this method, he
estimated that his participants spent two thirds of their time m_msa\:m
m&nwm (1983), on the basis of interviews, estimated that his mmzmxw.
w.mq:nﬁ.w:n a professional engineer, spent 80% of his writing time
inventing and arranging” the ideas he would include in his written
texts. Because thedefinitions of planning used by these researchers and

by our .vno_.mg are all so different, it is difficult to draw meaningful
comparisons.
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Distribution of Structure-Planning Time

According to a traditional stages model of composition, writing
should take place in three sequential stages: planning, writing, and
revising. In this model, then, planning occurs (or at least should occur)
before writing and revising begin. On the basis of think-aloud proto-
cols, Flower and Hayes (1981a) have concluded that planning, writing,
and revising processesare called up recursively rather than serially. By
studying how our participants moved back and forth between the
structure-planning modes (“Network” and “T ree”) and the s:.&:m.\
revising modes (“Edit” and “Text"), we can find out Ermnrmm their
strategies were consistent with a strict stage model of composition.

The data from four individual writers are shown graphically in
Figure 2, panels A through D. Each of the four panels in the figure
represents an individual subject. Ineach panel, time is represented on
the horizontal axis, and imeelapsed in the sessionis shown by thesmall
numbers along the bottom. The broken horizontal line labeled plan
represents the time the writer spent planning the structure of the text.
The line labeled write represents the time the writer spent writing and
revising the text. Each vertical tick shows the beginning of a planning
or writing episode. The horizontal line attached to the tick represents
the duration of that episode. For example, the writer shown in Figure
2, panel a spent the first third of the session planning the structure of his
textin threelong episodes, and the last two thirds of the session writing
and revising the text, again in three long episodes.

Panels A and B of Figure 2 show participants who conformed quite
closely to a stage model. They did almost all of their planning before
they began to write. Panels C and D show participants who used aquite
different strategy: They alternated between planning and writing
throughout the session. If we consider these two pairs of participants
as defining the two ends of a continuum, the participants in our study
were spread out across the entire range of the continuum with no
noticeable clusters. Only a few could be said to have conformed closely
to a stage model. The others all deviated to various degrees from this
pattern. Thus there was tremendous variation in the extent to which
participants planned the structure of their texts before they wrote.

In order to measure more rigorously subjects’ conformity to a stage
model of writing (i.e., planning structure first, followed by writing/
revising), we developed a stage index, which was computed for each
subject. Thisindex wasdesigned toassess the extent to whichstructure-
planning time preceded writing/revising time. In order to understand
the stage index, imagine computing for every minute of writing time the
proportion of total planning time that preceded that minute of writing.
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Figure 2. Each panel of this figure shows how an individual subject
distributed his or her time between planning (“Network Mode” and
“Tree Mode”) and writing (“Edit Mode” and “Text Mode”). Time since
the beginning of the session is represented on the horizontal axis. Each
vertical tick represents the beginning of a planning or writing episode.
The length of the horizontal line attached to the tick represents the
duration of the episode. Panels A and B represent writers who did
almost all of their planning before they began to write. Panels Cand D
represent writers who alternated often between planning and writing.

Inorder to computethestageindex, these proportionsareaveraged across
all the minutes of a writing session. To take the simplest example, if a
subject completed all planning before beginning to write, then for each
minute of writing, the proportion of planning that preceded that
minute would be 1.0and the average, the stage index, would be 1.0. The
index can vary from almost 0 to 1.0. (It can’t be zero because subjects
using the WRITING ENVIRONMENT must create at least one node in either
“Network Mode” or “Tree Mode” before beginning to write.) Thestage
index for each of the subjects in Figure 2, panels A, B, C, and D was .95,
98, .72, and .67, respectively. For the group as a whole, it ranged from
a minimum of .58 to a maximum of .98, with a mean of .78 (SD = .11).
Although these writers did not, asa group, conform very well to a stage
model of writing, they did concentrate the majority of their planning
time before their writing time, as one would expect.

Group Differences

There were no statistically significant differences between the
graduate students and the professional writers on any of the measures
related to distribution of time. There was, howevyer, a tendency for the
technical writers to spend a greater percent of their time planning
structure (33%) than did the graduate students (24%), ¢ = 1.74, df = 15,
p=.103. There were no differences between the two groups in the stage
index.

Correlations with Quality

Although there was wide variation in the total time participants
spent on their reports, there was no relationship between the total time
spent and overall quality, r = -.02. Participants who spent more time
did not necessarily write better reports.

Nor did writers who planned their structures before they wrote (as
many composition teachers advise) write better reports. Writers who
distributed their structure-planning time throughout the session were
just as likely to write good reports as those who concentrated their
planningat the beginning of the session. In fact, the correlation between
the overall quality and the stage index (which indicates the extent to
which participants planned before they wrote) was slightly negative,
r=-17.

There was, however, asignificant negativerelationship between the
quality of the reports and the time spent planning structure. Writers
who spent less time planning tended to write better reports. Both total
time spent planning and percentage of time spent planning were
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negatively correlated with overall quality,r=—44 and J.pm respectively,
p <.05. The same general pattern held when planning time was broken
down into time spent in “Network Mode” and “Tree Mode.”

In light of the many claims that planning is good and that good
writers plan more (Bereiter & Scardamalia, 1987; Flower & Ew%m@ w.omP
1981b; Hayes, 1989; Kellogg, 1986, 1987, in press), the negative H.m_m.a.o:-
ship between structure-planning time and quality was very surprising,
We had expected to find that those writers who spent more time
planning would write better reports. o .

As always, it is important to note that correlation ao.mm not imply
causality. It is not necessarily true that spending more time in :Zw?
work Mode” and “Tree Mode” caused writers to write lower quality
reports. It could be, for example, thatability wasa third, causal variable.
For instance, low ability may have caused some writers to have a hard
time learning to use “Network Mode” and “Tree Mode” and thus to
spend more timein these modes, and low ability may have caused these
same writers to write lower quality reports.

Nevertheless, replay of the writing sessions caused us to speculate
aboutother possible explanationsforthe negativerelationship between
time spent in the structure-planning modes and overall quality om.Em
reports. Some of our participants appear to have spent more time
experimenting with the novel capabilities of the wriTING ENVIRONMENT,
especially “Network Mode” and “Tree Mode,” than was practical,
given that they were required to complete their reports in a single
writing session. Figure 3, which shows the organizational structure of
onereportat two stages in its development, illustrates an extreme case,
This writer experimented with the idea of using nodes to represent
individual readers of the report. (The experimental instructions speci-
fied that the reportwas intended fora management team including two
MBAs, anaccountant,anelectrical engineer, and the owner.) In theend,
he gave up the idea and reverted to a more standard organizational
structure. But the experimentation had taken precious time away from
other activities. : .

A number of writers seemed to have created structures that were
overly elaborate for the reports they wrote. Asone writer commented,

Ishould havemadea simple hierarchy in the tree mode and not made
so many nodes. It got to a point where I would have less than a

sentence in each node. Better to have much larger chunks in each
node.

There seems to be a tendency for people to spend more time than
they otherwise would doing whata writing tool makes easy, especially

W
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The two panels of the figure represent two phases in the development
ofasinglesubject’s organizational structure. In panel A, thesubject was
working in “Network Mode” experimenting with the idea of using
nodes to represent the readers as well as the content of the report. Panel
B shows the final structure of the reportin “Tree Mode.” The structure

in B is much simpler,

and the reader nodes of panel A were omitted.
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when they are novice users. For example, some researchers have found
that writers spend more time on sentence-level editing when they are
using a word-processing package than when they are using paper and
pencil (Collier, 1983; Gould, 1981; Haas, 1989; Lutz, 1987). This finding,
in conjunction with our own, suggests that as writers learn to use the
new capabilities of a writing tool, they must learn to let their writing
strategies v“m dictated by their writing goals rather than by the capabili-
ties of the computer program they are using.

In interpreting the findings of the study reported here, remember
that our participants had.only 90 minutes of practice using the WRITING
ENVIRONMENT. Part of the time they spent using the program, especially
time spent in “Network Mode” and “Tree Mode,” was undoubtedly
spent learning the program. As we do studies with more experienced
users, we may find that the negative relationship between planning
time and quality disappears or is reversed. In a more recent study, in
which each participant wrote two reports using the WRITING ENVIRON-
MENT, both the amount of time spent planning and the number of nodes
in the final structure decreased from the first to the second report.

Keep in mind also that the WRITING ENVIRONMENT constrains users to
write in a way that may be inconsistent with their accustomed strate-
gies. For example, some writers freewrite before they begin to build an
organizational structure for their texts (Elbow, 1981; Lansman, 1991). A
freewriting strategy is certainly possible within the WRITING ENVIRON-
MENT, but the system was not designed to support such a strategy. The
constraints imposed by the WRITING ENVIRONMENT may have caused some
writers to produce lower quality documents than they otherwise would
have.

Some Comments on Computer-Generated Protocols

Many empirical studies of writing research fall into two categories:
studies that examine the thought processes of individual writers and
studies that use standard statistical techniques to generalize over
groups of writers (Strong, 1985). Representative of the first category is
Emig'’s (1971) study of eight gifted high school writers, in which the
strategies of only one student were given extensive, detailed analysis.
Representative of the second category are Kellogg’s (1987, in press)
randomized, controlled studies of college students who wereinstructed
either to outline or to begin writing immediately.

While case studies may give the researcher a good feel for the
conscious cognitive processes of individual writers, it is difficult to
generalize from these studies. Analysis of think-aloud protocols is so
labor intensive that researchers rarely report detailed data from more
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than a few participants (Hagge, 1987). Although the informal insights
derived from these protocols have changed the shape of the field, it is
impossible to judge the validity of their more objective claims, such as
the claim that expert writers elaborate the rhetorical problem more
extensively than novices (Flower & Hayes, 1980).

On the other hand, quantitative studies, such as those of Kellogg,
often leave the reader wondering whether, in averaging over groups of
participants, the researcher has lost track of the often idiosyncratic
nature of individual writers’ strategies.

Computer-generated protocols, such as those produced by the
WRITING ENVIRONMENT, offer a way to bridge the gap between the case
study and quantitative approaches. These protocols support both
detailed study of individual writers’ strategies and quantitative analy-
ses of groups of writers. Watching the replay of individual writing
sessions has given us a sense of the struggles individual writers go
through as they try to shape their ideas into coherent organizational
structures. Replay of individual sessions also reveals episodes during
which the writer was struggling not with ideas, but with the computer
system (e.g., trying and failing to resize the screen so that both the
organizational tree and the text are visible). Through replays we gain
an intimate view of the participant, not only as a writer, but as a
computer user. o

But computer-generated protocols also tell the other side of the
story: They allow us to summarize the data from groups of participants
and thus to judge the generalizability of our observations. Because the
protocol is readable by the computer, we have been able to write
computer programs that condense a detailed list of user actions into a
higherlevel summary of user operations, classify and countoperations,
calculate the time spent on various types of operations, and summarize
all these types of data over groups of participants.

In this particular study, replay of individual writing sessions and
quantitative analysis of summary dataled to a coherent picture of user
strategies. We discovered that writers had indeed learned to use the
WRITING ENVIRONMENT during the brief training session, and that, given
the task of summarizing a set of source materials, they used the
planning modes of the system extensively to organize their reports. In
fact, both replays of individual writing sessions and quantitative sum-
maries indicated that at least some writers devoted too much of their
effort to planning the organizational structures of their reports and too
little to writing and revising the text.

Only further studies will reveal whether the findings reported here
will generalize to experienced users writing longer texts.
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