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Abstract 

Learning dlsabled students can derive great 
benefits from using word processors. The 
ab i l i t y  to produce a neat, printed copy can 
Increase motivation and encourage writ ing for a 
wider audience. The editing power makes 
revision posslble without tedious re-copylng, 
thus freelng students and teachers to approach 
writ ing as a process involvlng repeated drafts. 
Specific problems with handwriting and spelling 
can also be circumvented. However, learning to 
use the editing capabil it ies often presents 
problems for students, especially those wlth 
learning d l f f l cu l t l es .  Word processors must be 
deslgned that are simple, easy to learn, and yet 
powerful. Thls study makes software design 
recommendations based on a study of learnlng 
disabled students learning to use word 
processlng. 

Two groups of four LD students (4th-6th grade) 
were given twelve hours of word processing 
instruction using two word processors. Detailed 
records of progess and errors were made during 
learnlng and a f inal assessment task. Specific 
deslgn problems are reported and recommendatlons 
are made for tasks such as cursor movement, 
insertion/deletion, use of nulls, blanks, and 
formatting characters, and overall organization. 

Introduction 

The use of word processing In schools promises 
to substantlally change the learning and 
teachlng of composltlon. Word processing has 
two key features that may affect the way 
students learn to write. First,  the ab i l l t y  to 
produce a neat, printed copy affects students' 
perceptlons of the quality of their wrlt lng and 
can Increase motivation. I t  can also encourage 
wri t ing for a wider and more varied audience. 
Second, the edlting power makes frequent 
revision possible without tedious re-copying. 
This capab111ty makes I t  feasible to teach 
wri t ing as a process Involving repeated drafts. 

Although experienced wrlters revlse their work 
frequently for content, organization, and 
audience impact as well as spelling and syntax, 
beginning writers revise infrequently and mostly 
for mechanical errors (Nold, 1981). A word 
processor frees students to concentrate on 
content f i r s t  and revise for organization, 
style, and mechanlcs later. For learning 
disabled students, a word processor wlth a 
spelling checker offers the additlonal benefit 
of circumventing handwriting and spelllng 
d l f f l cu l t tes  that make writ lng a frustrating 
experience. 

Research on word processing in schools Is 
limlted, but i t  does provide evidence for some 
benefits of using word processors for writ ing 
instruction. In an exploratory study wlth 8th 
grade students, Kane (1983) found that students 
composed more text using a word processor than 
with pencil and paper. They also revised their 
wri t ing more, both to change the organization 
and to modify tndlvldual words, phrases, and 
sentences. Daulte et al. (1983) reported that 
junior hlgh students wrote more and made more 
f requent  rev is ions  using a word processor. 

While word processing provides new possibi l i t ies 
for writ ing Instruction, i t  also presents some 
new problems. Students must develop some 
minimal proflclency at typing and must learn to 
use the basic editing commands. Further 
research and experlence are needed to see how 
great these problems are. Dalute et al. (1983) 
and Kane (1983) both found that most students 
were able to use the word processing commands 
after some practlce and that weak typing sk i l ls  
did not block students from successful writ ing 
experlences although both were a source of some 
frustration. In a natural ist ic study of 
computer use In special education by MacArthur 
(report In preparation), both regular and 
special education students from 5th through 8th 
grade were observed working wlth the Bank Street 
Writer. Most of the students had considerable 
d i f f i cu l t y  using the editing features even for 
simple corrections. Although lack of typ}ng 
s k i l l s  dld not seem to dampen student 
enthusiasm, students dld type very s lowly;  
typ lng would l i k e l y  become a problem i f  word 
processing were used more f requent l y .  

Some research Is ava i lab le  on adul ts  learning to 
use word processors {Carroll & Hack, 1982; 
Roberts, 1979; Shnelderman, et a l . ,  1983), but 
few design-orlented studies have focused on 
children. 

This study focused on the process of learn ing to 
use a word processor and the d i f f i c u l t i e s  tha t  
learn lng disabled students have In acqui r ing and 
remembering the basic operat ions. I t  was an 
exp lora tory  study w l th  a small number of 
students deslgned p r imar i l y  to generate 
hypotheses fo r  fu ture  con t ro l l ed  experiments on 
word processor design. Although the research 
was conducted wi th  learn lng dlsabled students, 
we conjecture tha t  the resu l t s  are re levant  to 
average students and, perhaps, to adu l ts ,  and 
tha t  the study of learning dlsabled students 
emphasized weaknesses In software design. 
Studies are planned to extend the research to 
average students and larger  groups of 
handicapped learners.  A second purpose, not 
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emphasized in this paper, was i n i t i a l  
exploration of the impact on students' writing 
and attitudes toward writing. The following 
questions guided the research: 

* What d i f f icu l t ies  do LD students have In 
learning to use a word processor? 

* What features of a word processor make i t  
easier or harder to learn? 

* What features of instruction on word 
processing are important? 

* How do students use the editlng features to 
revise their work? 

* What are students' affective responses to 
using a word processor? 

Procedures 

Two groups of four learning disabled students 
were selected from the children attending a 
summer remedial reading cl lnlc associated wlth 
the University of Maryland. Students selected 
were between the ages of 9 years, 6 months and 
12 years, 2 months (completing 4th through 6th 
grades) and were of average intelllgence. 
Available recent scores on the WISC-R, Peabody 
Picture Vocabulary Test, or the Detroit Tests of 
Learning Aptltude were used as measures of IQ. 
Except for 2 students with English as a second 
language who did not have valid scores, a l l  
scores were wlthln one standard deviation of the 
mean. Reading ab i l i ty ,  assessed with 
standardized tests and reported as grade levels, 
ranged from 2.2 to 5.0 which was from 1.9 to 3.2 
years behind the average achievement for their 
school peers. 

Each group met for 12 1-hour sessions, 4 times a 
week for 3 weeks. Each student worked at an 
Apple l ie  computer; a printer was shared. One 
group used the Mllliken Word Processor and the 
other used Cut and Paste. Both word processing 
packages are designed for ease of learnlng and 
simplicity of use. The Milllken system Is 
targeted for school use while Cut and Paste Is 
aimed at the home computer market. 

A11 instruction was presented by one of the 
authors (CM). Instruction began wlth a brlef 
overview of computer operation and the use of 
computers for word processing. In the f i r s t  
week, students were taught procedures for text 
entry, cursor movement, insertion and deletion 
of characters and words, cataloglng, saving, and 
loadlng f i les,  and simple printing. In the 
second week, insertion and deletion of spaces 
and returns for formatting and block deletlon 
and block movement were introduced. Varying 
print formats were demonstrated but never 
thoroughly taught. All exercises and 
assignments were based on meanlngful wrltlng 
tasks. Students wrote an autoblographlcal 
paragraph and a l l s t  of names and phone numbers. 
Each student then wrote an art lc le for a school 
newspaper which was prlnted and distributed as a 
culmlnatlng act iv i ty.  

Three types of data were co l lec ted.  F i r s t ,  the 
i ns t ruc to r  kept de ta i led  notes on planned and 

actual instruction. Second, a research 
assistant observed each student for part of each 
session and made de ta l led  nar ra t i ve  notes. Both 
authors also kept notes on the i r  observations of 
i nd i v i dua l  students. These notes focused on 
student errors,  questions, and successful use of 
word processing features. The w r i t i ng  tasks 
tha t  students worked on and student comments and 
a f f e c t i v e  responses were also noted. The 
authors and the research ass is tant  met at  least  
weekly to discuss the observations and to form 
add i t i ona l  spec i f i c  questions to guide fu r ther  
observat ion and ins t ruc t ion .  

The final data source was an assessment task on 
text editing developed and admlnistered 
Indlvldually to a l l  students at the end of the 
12 sessions. Students were given a printed copy 
of a documentwlth a number of correctlons and 
additions marked In pencil. Changes Included 
spelllng, punctuation, capttallzatlon, 
indentation, spacing of 11nes, and movement of 
one 11ne. The document was a knock-knock joke 
simllar In form to one used in instruction. 
Students loaded the f11e, made the changes, and 
saved and printed the corrected verslon. 
Detalled observatlon notes were taken. 

Results 

Notes from the f inal editing task and the 
classroom observatlons were analyzed for errors, 
questions about operations, and successful use 
of word processing functions. Errors (and 
questions Indlcatlng confusion) were grouped 
into the funct ional  categor ies and counted and 
organized by student and day. Table 1 charts 
the performance of students on the f i na l  ed i t i ng  
task. 

Typing conventions. The students made two types 
of errors apparently due to thelr lack of 
experience with typewriters. First, they made 
errors In spacing between words and'sentences, 
either inserting extra spaces or leavlng no 
space at a l l .  These errors were apparent to the 
students and, after a few days experlence, 
infrequent errors of thls type were 
spontaneously corrected. A more persistent type 
of error was incorrect use of the shlf t  key. 
Several students used the caps lock key to type 
a slngle capital letter. One student had 
d i f f l cu l ty  learning to use the shif t  key because 
she tried to type shif t  and the letter 
simultaneously. 

Cursor movement. Students had l i t t l e  d i f f i c u l t y  
movlng the cursor. Nelther word processor used 
an e d i t  mode, so the arrow keys were always 
ava i l ab le  for  cursor movement. I n e f f i c i e n t  
cursor movement was qu i te  common; students 
f requent ly  used the l e f t  and r i gh t  arrows to 
move through several 11nes of tex t  rather than 
u slng the up and down arrows. A l l  the students 
knew how to use the up and down arrows, but 
gtven the short length of student documents, the 
i ne f f i c i ency  was not cost ly and the behavlor 
persisted.  

Another i n e f f i c i e n t  use of the cursor points to 
some confusion about screen format. In moving 
from the beginning of one l tne to the end of the 
previous | ine,  or vice versa, students often 
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moved the cursor up and over rather than back 
one space. This happened often when they were 
using the cursor with the repeat key and 
overshot the end of the line. In this case they 
seemed unaware that they could simply go back 
one character. 

Insertion and deletion. Two persistent errors 
with insertion and deletion are especially 
interesting because of their design 
implications. First, when inserting a letter,  
word, or llne in the middle their text, students 
frequently inserted spaces or blank 11nes f i r s t  
to make room for the inserted text. After 
inserting the text, they would go back and 
delete the extra spaces. When inserting an 
entire paragraph or a t i t l e  or heading that 
should end with a return, this procedure makes 
some sense. One inserts a return to open a 
line, moves the cursor back one line, and types 
the t i t l e  or paragraph; i t  is not necessary to 
delete the return. All of the students 
consistently followed this procedure, and we did 
not discourage them. However, when inserting a 
single character or word or a l lne within a 
paragraph, thls method is clearly ineff ic ient.  
Despite exercises on insertion, students 
continued to open spaces before inserting words 
and some students continued to do so before 
Insertlng single letters. Why? I n i t i a l l y ,  they 
had a strong intu i t ive sense that space was 
needed to insert new material; they expressed 
this belief verbally and l e f t  more or less space 
depending on the leng th  of  the I n s e r t i o n .  I t  
appears t h a t  t h i s  i n t u i t i o n  was r e s i s t a n t  to  
change; s tudents  lacked the conf idence t h a t  the 
rest of the words would, in fact, move over to 
make room for their addition. Another 
possibi l i ty Is that the movement of text as each 
character Is inserted and the lack of space 
separating the word being typed from other words 
Is vlsually dlstractlng and confusing. Thls 
interpretation would make sense for students 
with poor typing ski l ls who needed to look back 
and forth between the keyboard and screen, 
especlally for remedial reading students with 
perceptual deficits. However, we have no dlrect 
evldence for this interpretation. Regardless of 
cause, the results suggest that alternatlves to 
this insert method should be explored. One 
alternative that might be easier to learn 
because I t  Is more in line wlth Intult ion is a 
strikeover system with an expl ic i t  insert 
command that opens up a blank llne. 

The second persistent error was in positioning 
the cursor for deletion, and to a lesser extent 
for insertion. The form of the cursor appears 
to make a difference in thls type of error. The 
Mill lken Word Processor uses a cursor shaped 
l ike a large capital let ter "I" positioned 
between two letters. Cut and Paste uses a 
blinking rectangle positioned on a letter. In 
both cases, characters are deleted to the le f t  
of the cursor. Students using Cut and Paste 
exhibited a strong tendency to position the 
cursor ON the let ter to delete rather than to 
the right of I t .  On the final assessment, 2 of 
4 students using Cut and Paste and none of those 
using Milliken made this type of error. 

One might expect the form of the cursor to 

affect errors in positlonlng the cursor for 
insertion as well. However, we rarely noted any 
errors In posltlonlng the cursor to add letters 
or words (or the spaces to make room for letters 
or words). Students using both word processors 
dld have d i f f icu l ty  locating the cursor to 
insert blank lines or llnes of text they were 
moving. To insert a blank l ine students were 
taught to place the cursor at the beginning of a 
l lne and type return. Students were confused 
about whether the blank line would appear above 
or below the line where the cursor was located. 
Thls confusion Is related to the more general 
confusion about returns, spaces, and screen 
format which is discussed In the next section. 

Another error, or inef f ic ient  procedure, was 
observed that may be related to the form of the 
cursor. Two students In the Cut and Paste group 
used an unusual technique for replacing a single 
letter.  The most ef f ic ient  procedure, and the 
one taught, is to delete and then insert. These 
students inserted the correct let ter f i r s t  and 
then deleted the incorrect one. Possibly, the 
students were attempting to type over the error; 
the posltlon of the cursor on the let ter might 
encourage such an error. 

One other Ineff lclent procedure exemplifies the 
tendency to use the slmplest procedure available 
rather than the most eff ic ient.  Students 
quickly learned to use the backspace delete key 
for immediate correction of typing errors. I f  
they discovered an error two or three words back 
in the text, they tended to delete a l l  the way 
back to I t  and retype those words rather than 
using the cursor to move back and f i x  the error. 

Invisible characters and screen format. 
Another  group of  e r r o r s  l s  r e l a t e d  to confus ion  
about  the way t e x t  i s  f o rma t ted  on the screen 
versus the way I t  Is  represented  in  the computer 
s to rage .  Ne i t he r  word processor  was a "what you 
see l s  what you get "  system (Shnelderman, 1983). 
Both systems rep resen t  t e x t  I n t e r n a l l y  as a 
s t r i n g  of  cha rac te rs  I n c l u d i n g  re tu rns  and 
spaces. As t e x t  i s  d i sp layed  on the screen, i t  
wraps around a t  the end of  each l l n e  and begins 
a new line after a return. A similar 
re-formattlng occurs during printing. This 
explanation Is too abstract for elementary aged 
children to understand, and in fact is d i f f i cu l t  
for many adults. Children see a screen display 
wlth characters and empty space. Confusion 
arises because there are 3 types of "empty 
space." First, real spaces exist where they are 
typed. Second, returns are invisible (though in 
some word processors they are marked in some 
way). Finally, there are empty spaces where no 
character exists. Such "nulls" occur after 
returns, at the end of lines where words have 
wrapped around, and at the bottom of the f i l e .  

We observed th ree types of e r r o r s  that r e f l e c t  
con fus ion  about I n v i s i b l e  cha rac te rs  and screen 
fo rmat .  F i r s t ,  s tudents  i n i t i a l l y  t r i e d  to move 
the cursor  l n t o  areas on the screen where no 
cha rac te rs  e x i s t e d  and were confused about  why 
they c o u l d n ' t  do so. Th is  problem receded as 
they learned to use spaces to i nden t  and cen te r  
words.  Second, they typed a r e t u r n  a t  the end 
o f  a l i n e  r a t h e r  than us ing the wraparound 
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feature or they used spaces to get to the next 
l ine instead of wraparound. Third, students 
used spaces rather than return to get to the 
next llne after a paragraph. They also used an 
entire line of spaces rather than a single 
return to create a blank line. All these 
errors have one common feature. They look right 
on the computer screen, but they cause problems 
in re-formattlng when text is inserted or 
deleted or the document Is printed. 

A closely related problem was d l f f icu l ty  in 
spl i t t ing and merging lines. Students did not 
understand that inserting a return would sp l i t  a 
l lne or that deletlng a return would merge two 
lines or paragraphs. Thls process was not 
expl ic i t ly  taught, but the problem emerged when 
students accidently inserted or deleted a return 
and needed to recover from their error. 

Although showing an expl ic i t  'return' character 
on the screen is dlstracting, we conjecture that 
i t  is an appropriate design compromise. 

Overall or~anlzation. The organization of 
Mlll lken and Cut and Paste differed 
considerably. Both are menu-drlven systems. 
Mlll iken uses a desktop analogy. Users entering 
the system, see a graphic representation of a 
desktop with a four-choice menu: writing tools, 
f i l e  cabinet, typewriter, and help. Each branch 
leads to another menu. In order to save a 
document, the user, starting at the text area, 
must press 'Escape' twice to ~et back to the 
desk and select ' f i l e  cabinet . We anticipated 
t ha t  students would have d i f f i c u l t y  learn ing to 
f i nd  t h e i r  way around the system and knowlng 
when to go to each area. We also expected 
students to have problems leaving the text area 
and seeing their text disappear In order to go 
save I t .  However, students had l i t t l e  
d l f f i cu l ty  using the menus. The model of 
writing area, f i l e  cabinet, and typewriter 
seemed easy for them to grasp. Moving among the 
areas was relatlvely easy because they followed 
a simple rule -- press 'Escape' to get the desk 
and then choose one of the three areas. Some 
In l t i a l  confusion was caused by the loading 
procedure; after loading a f i l e ,  the user has to 
return to the desk and go to the writing area to 
see the text. Students expected to see the text 
r ight away. In addition, the f l l e  folder 
analogy led at least one student to believe that 
several 'papers' on one topic could be stored In 
the same f i l e ;  he erased hls f i r s t  story by 
saving another one In the same f i l e  folder. 

Cut and Paste uses hlghllghted menus at the 
bottom of the screen. On enterlng the system, 
the user sees the catalog of f i les  on the disk. 
The Escape key Is used to get to the menu, the 
arrow keys to hlghllght the deslred option, and 
return to execute i t .  The menu changes as one 
moves from the catalog to the writing area and 
the print formats area. Students had far more 
d i f f i cu l ty  moving around this system than the 
M111Iken. Part of the d i f f icu l ty  was that since 
Cut and Paste was not designed for children, the 
vocabulary was unfamlliar, e.g., 'document' and 
'catalog.' They also had d i f f lcu l ty  
mantpulatlng the menus wlth escape, arrows, and 
return. The overall organization of the system 

was confusing as well, particularly in 
comparison to the clear division of the Mllllken 
Into writing, f i l i ng ,  and printing functions. 

Saving and loadln~. Other than problems with 
the overall organization of these two particular 
word processors, the major problems with f i l i ng  
resulted from confusion between text In the 
computer and on the disk. Most problems 
occurred when updating a f11e created earl ier, 
rather than In saving a new document. Students 
had trouble understandlng that savlng a new 
verslon under the same name would erase the old 
version. When told thls, their f i r s t  response 
was always to use a new name so they wouldn't 
lose anything. As mentioned above, one student 
using Milliken thought he could save more than 
one document In the same f i l e  folder. Another 
student, after making corrections to a document 
and being told to save the corrections, loaded 
the f i l e  rather than savlng I t .  In general, 
students needed reminders to save their work and 
close supervlslon when doing so to avoid 
potential frustration. On the final editing 
task, a l l  but one student loaded and saved the 
f l l e  correctly without help. 

Moving ano deletln~ blocks. Learning the 
procedures for moving and deleting blocks of 
text was relatively d l f f i cu l t  for these 
students. Only three of the eight students were 
able to move a sentence on the flnal edlttng 
task, partly due to relatively brief instruction 
on the topic. Two general problems were 
encountered: remembering and following the 
steps of the procedure and positioning the 
cursor correctly for Insertion. 

Mllltken uses a ful ly prompted approach to lead 
the user through each step; however, the 
students were reluctant to read the directions 
and forged ahead making mistakes. Cut and Paste 
uses a three step procedure of marking text, 
cutting to a buffer, and pasting. When the text 
was cut to the buffer, students thought they had 
lost i t .  They also had trouble rememberlng the 
steps. 

Beyond the p a r t i c u l a r  procedures of these two 
WOrd processors, one general problem wi th  movlng 
tex t  was evident ;  i t  Is  r e l a t e d  to  the problems 
mentioned above about opening a blank l l ne  
before i nse r t i ng  t ex t  and pos i t i on ing  the cursor 
to i nse r t  a whole l i ne .  Once tex t  had been 
marked' to move, students dld not know where to 
pos i t i on  the cursor to l nse r t  i t .  The f u l l y  
prompted procedure used In M l l l i k e n  dtd not 
a l low them to open a blank l l ne .  Cut and 
Paste's two step procedure of cu t t i ng  to a 
bu f fe r  and then past ing did al low students to 
open a l l n e ,  which they dld. 

Design Issues 

A great many cholces must be made in  designing a 
word processor, and a 11vely debate can be found 
about each of those choices. Thls study 
provides pre l iminary  evidence for  some design 
decis ions and suggests d i rec t i ons  for  f u r the r  
research. 

Cursor form and pos i t i on .  At the level  of t e x t  
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entry and simple insertion and deletion, the 
designs of recent word processors, including the 
two used In this study, have begun to converge 
on a strategy for modeless editing. In this 
design, the system Is always in Insert mode, the 
arrow keys are used for cursor movement, and the 
delete key Is used to delete the character to 
the lef t .  Given this arrangement, the study 
suggests that a cursor located between letters 
Is less confuslng for deletion than one located 
on top of a letter. However, placement on a 
let ter  might be preferable i f  deletion were done 
directly to the letter or I f  the system used an 
overstrike mode. 

Insertion. The standard Insert operation, in 
which characters are inserted at the cursor 
position and remaining text is moved to the 
right, was avoided by the students in this 
study. They I n l t l a l l y  expected that thls would 
type over their work. They persisted in opening 
space prior to inserting words and lines, 
desplte contrary instruction, They may have 
lacked confldence In the operation because i t  
ran counter to their intuit ion or they may have 
found the movement of text too confusing and 
distracting visually. An alternative worthy of 
investigation wlth reading handicapped children, 
at least, is a system that is normally In 
strikeover mode wlth an insert mode that opens 
up space for insertion. 

Returns. spacesj and nulls. The most perslstent 
d l f f l cu i t les  of students stemmed from confusion 
about invlsible characters and screen 
formatting. Students used whatever keys worked 
to make the text look right on the screen 
without being aware of the implications for 
future printing or Insertlon and deletion of 
text. They used returns or spaces to get to the 
next l ine rather than a11owlng the wraparound 
feature to work. They used spaces Instead of 
returns at the end of paragraphs. They used 
spaces to create entire blank llnes. They tried 
to move the cursor into 'nul l '  areas. 

A simple solutlon worth experimentation in word 
processors for handicapped children is to make 
returns and spaces visible in some way. 
Students could then see the difference between 
spaces, returns, and 'nulls' and see the effect 
of inserting and deleting returns more clearly. 

Use of a 'what you see is what you get' system 
would solve part of the problem by elimlnatlng 
differences between the screen and the prlntout. 
However, this would not deal wlth problems 
caused by extra spaces when materlal is inserted 
or deleted. However, rules could be developed 
for handling spaces at the right margin that 
would resolve this problem. 

Another solution is to ellminate nulls 
altogether by designing a system In whlch the 
screen Is f i l l ed  wlth spaces and the user 
overstrikes the spaces wlth characters. 

Overall or~anlzatlon. Simple, rapid, and 
reversible movement through the menu structure 
is important. The structure should be slmple 
enough so that users can form or be shown a 
mental map. A more visual representation of 

saving and loading or ellmlnation of the 
distinction between text on the computer and on 
the dlsk might ald novlce users. 

Conclusion 

The emphasis of this paper has been on students' 
errors in learning to use a word processor and 
the Impllcatlons for deslgn. However, i t  would 
not be proper to conclude without mentlonlng the 
impact on students' attitudes toward writing. 
We worked with eight learnlng dlsabled students 
with a history of fai lure at school tasks, 
especially writing. Wlth one or two exceptions 
they wrote eagerly and contlnuously, though 
slowly. Informal review of their wrlting wlth 
paper and pencil and meetings wlth their 
teachers indicated that they wrote considerably 
longer pieces on the word processor. Students 
s t i l l  dld not spontaneously revise their wrltlng 
just because the capability was there; however, 
they were wi l l ing to revise wlth adult guidance. 
Their excltement, especlally about prlnting 
thelr work, was evident; they were obviously 
pleased wlth the prospect of printing a story 
with no errors. The newspaper they took home at 
the end was a solld achievement. 

We bel ieve that  s imp l i c i t y  in software design 
can be obtalned wi thout  sac r i f i ce  of power. The 
de ta l l ed  account of errors has led us to many 
conjectures about design changes which we hope 
to va l l da te  In con t ro l led  experimentat ion, We 
are also Interested in forming an e x p l l c t t  
cogn i t i ve  model of users which w111 have 
predictive and explanatory power. 
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