




Figure 1 Data collection  system of the Human  Factors  Center 
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Figure 2 Data stream of the data collection “event“ recording and timing 

C945E1430111 H 0103 I 0101 S 0144 0104 E! 0083 U 0111 S 0074 /0016 I WJ81 N 0108 E 0169 S 
0945E1440162 S 0144 0123 1 0510 $40480 I 0099 S 0095 0121  T 0073 0 0128 0103 S 0197 T 
0945E1450190 U 0102 D 0106 Y 0135 0133 H 0151 U 0166 M 0111 A 0085 /W16 N 0106 0142 W 
0945E1460156 E 0235 A 0728  K  0196  N  0111 E 0183 S 0154 S 0169 E 0169 S 0114 0115 A 0072 
0945E1470032 N 0085 D 0099 $70621  F 0166 A 0071 /XI35 I 0116 1 0144 I 0127  N 0112 G 0155 S 

EVENTS’ ARE KEYSTROKES ELAPSED TIMES  IN MILLISECONDS 
. .  

FOR THE WORD  GATE BETWEEN KEYSTROKES FOR THE 
WORD THOSE 

lated.  That is usually accomplished by visiting IBM customers’ 
locations  and  extracting  a sample from the real-life application 
material. As a  consequence,  over the years the  Center has accu- 
mulated a number of such application data  bases.  These are  used, 
for  example, in studies involving keyboards and displays,  among 
others.  The result is that we have identified a  reasonably  “typi- 
cal” application that  consists of some all-numeric, some all-al- 
phabetic, and some alphanumeric material. The length and per- 
centage of each subset can be varied to reflect a given simulated 
system. 

A further  characteristic is that  “noise” has been removed from 
the input material. The kinds of noise referred to  here are such 
things as illegible handwriting or  other input features  that  inter- 
fere with the  evaluation of the  particular  device  under  study. For 
example, having an operator try to  decipher  an illegible document 
may  be “realistic” but does not contribute to the  comparison  of, 
say, two  keyboards of differing technology. On the contrary, 
what is introduced is a delay in keying due  to perceptual  prob- 
lems.  The result is an inability to  attribute  the  particular delay to 
the  appropriate cause, namely, to  the keyboard technology or  to 
the illegible source  document. Accordingly, our application input 

, material has been rendered “clean” of as much extraneous noise 
as possible and  stored in the computer. 

As a  consequence, when an  operator  makes  a  mistake,  our soft- 
ware is instantly aware of it because it is doing event-by-event 
compare  operations.  If  the  operator  or  the system detects  and 
corrects  the  error,  our  computer  software  records  the  error-mak- 
ing and  error-correcting  data. Thus, we are able to  analyze  the 
frequency of detected  errors,  the time required to  correct  them, 
and the  errors  that may  be made during error  correction. 

Our software is able, furthermore, to identify errors  that  escape 
detection by either  the  operator  or  the simulated system.  It  is, in 
fact, only by a program such as ours  that  these  errors can be 
identified and analyzed. 
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detected by either the operator or the simulated system 
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Error type 

Substitution 

Omission 

Extra 
keystroke 

Transposition 

Shift error 

Field omitted 

Other 

Totals 

A 0 0 56 0.075 0 0 56 0.028 
B 0 0 11 0.016 0 0 1 1  0.006 







Figure 7 Confusion matrix from  a study, showing the keys actually struck versus the 
key intended to be struck 

KEY ACTUALLY STRUCK 

in travel  arrangements  but only incidentally as  a typist) to  the 
highly skilled (a full-time word-processing operator,  for ex- 
ample). The  products,  then,  are both hardware and software, and 
in some  instances  the  product may be  a  system in which the inter- 
face  to the  end  user includes both hardware and software. 

Also, as a consequence of studying specific products, we some- 
times identify problems of a general nature, which  we frequently 
refer to  as  “basic”  or  “advanced technology” problems. Some- 
times,  too, we undertake a study as a  service  to  our marketing 
force  to help them in discussions with potential customers  about 
the  performance of a  product. 

Several  examples will be described to  illustrate  the work of the 
Center.  The  examples  have been selected to highlight the broad 
nature of problems  studied. In presenting  the  examples we  will 
not  discuss  the  studies in detail. What we will present is a dis- 
cussion of the problem that was the  impetus  for each study.  Then, 
we  will describe only the important features of the  procedures 
followed in the  evaluation.  Moreover,  for  the  sake of clarity we 
are deliberately not describing scientific techniques; only the 



I The examples selected are intended to describe  the  scope of prob- 
lems undertaken, to illustrate something about  the  experimental 
facilities and methodologies employed, and,  lastly,  to indicate 
something about  the  various  stages during product  development 
in which the  Human  Factors  Center  becomes a participant in that 

One point that we would like to emphasize is that  the raison 
d’erre of the  Center is to  conduct tests under  controlled condi- 
tions and to  derive objective test  results,  the  data from which, 
together with other  data,  product management can  use in making 
decisions about  product design. Fulfillment of such a mission 
raises  at  least  three  issues and implications. One  issue  concerns 
what population to sample;  the implication here is that  the  market 
for a product must be well-defined by the  development  group. 
When the  Center  understands  the  target  population, we attempt 
at  the beginning to visit customer  installations to  observe  the 
work and  characteristics of the  workers. Whenever possible, we 
attempt to obtain sample application material with which we de- 
velop as realistic a  set of test materials as possible. 

A second issue is the experimental controls needed to  derive re- 
liable and  detailed  data.  The implication here is that  a  laboratory 
must exist for  studies of that  nature to be conducted.  In  the fol- 
lowing examples, we  will describe  the  data collection system  and 
procedure. A related implication concerns  the training material 
that may be required  for  users  to  learn  to  operate  the  product 
productively.  That  means  that  written  reference  material must 
also  exist;  frequently, it is the responsibility of the  Center  to pre- 
pare  the required training material, which,  whenever  possible, we 
implement in a  computer-assisted-instruction mode. We do this in 
the  interests of experimental control; it eliminates the  instructor 
and the  subsequent variability in the  instructions.  That  material, 
incidentally, also becomes an evaluated variable in the  course of 
our testing. 

The third issue concerns  the  question,  “How  close  to  reality is 
the  laboratory  test to  the field environment?”  Part of the  answer 
depends on how closely the  tested population approximates  the 
real population. Also, how like the  “real” application is the test 
application? How good a  representation is the  prototyped  or sim- 
ulated hardware  and/or  software of the  end  product?  These  are 
ongoing concerns of the  Center in devising our  test  procedures 
and analyzing the resulting data.  The implication of this  issue is 
that  reasonable tests can only be conducted when good proto- 
types  or simulations can be developed,  either by the  development 
groups or, if necessary, by the  Center itself. 

These  matters will be raised again at various times in this  paper 
when we present  the examples and  describe how  we attempt  to 
confront  the  issues  and deal with their implications. 
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file o f  current and historical reports which presently  contains 
approximately four thousand  documents  accumulated  over  the 
past twenty-five years;  accordingly, it is our  practice to review 
the literature for reports relevant to our investigation,  but,  as I 

our  studies  are usually product-specific, we  find that few of the 
reports in the  literature  are related to our  studies and that even 
those few have to be bent to fit our concerns. Accordingly, to 
focus  the  reader’s  attention on the nature,  scope, and method- 
ology of the Center‘s  work, we  will lighten the bulk of this paper 
by not including, except in a limited way,  the  extensive  literature 
reviews, bibliographical references, and research  discussions 
customarily included in papers of the psychological literature. 

Hardware  studies 

The earliest evaluations  conducted by the Human Factors Center 
concerned  various  keyboard-related  issues. One example  de- 
scribes  a  study designed to  determine  the effect of keyboard  for- 
mat on the  perfomance of nontypists.  The second keyboard  ex- 
ample deals with the evaluation of a  Japanese language data-entry 
device.  And, to illustrate  further  the  variety of keyboard studies, 
an example is described concerning typewriter  feedback for blind 
operators. 

I 

The  development of display units as substitutes  for  hard-copy 
printed output in text and data  entry  (and retrieval) generated  a 
number of questions related to  the capabilities of cathode-ray 
tubes, among other display devices.  The fourth hardware ex- 
ample concerns  the effect of the size of lettering on the  display. 

Effect  of keyboard formats on typing performance 

Reviewing the  history of the so-called standard  typewriter 
keyboard,  Dvorak’ noted that  the original keyboard design was 
based on the  assumption  “that  typists would ‘hunt and peck’ with 
the first finger of each  hand,” and that in 1873, to avoid mechani- 
cal problems, the designer, c .  L. Sholes, was therefore  forced  to 
locate “in different quadrants of the  typebar circle the  letters 
most frequently  used in words.”2  The result  was,  Dvorak  as- 
serted,  “one of the worst arrangements  possible”  for the modern 
touch  typist. Declaring that “there is a  better  typewriter 
k e y b ~ a r d , ” ~  he then  proposed what has since been generally 
known as the Dvorak-Dealey keyboard. Although convincing evi- 
dence was submitted  to  support his Dvorak’s design did 
not (for reasons  that need not be  discussed here) displace  the 
original Sholes  arrangement,  and  keyboard configurations con- 
tinue to be a  subject of investigation. 

Keyboards,  however,  present  investigators with relativeiy pecu- 
liar problems,  such as  the diillculty that  arises when an experi- 

134 HIRSCH IBM SYST J VOL 20 NO 2 1981 I 



ment is intended to yield results applicable to  data-entry  keysets 
in general. The difficulty  is associated with application-sensitive 
questions: If the  keyboards are on card  punches and bank proof 
machines, what production  and  error  rates can be expected?6 
What effect is caused by the  type of material keyed  and  the 
amount exposed?’ Does  redundancy in the  data  interact with age 
in the operator?’ How are keying speed and  accuracy affected 
when the application involves different alphabetic  sizes  and  se- 
quence lengths?’ 

This study,” which has been reported  elsewhere in greater de- 
attempts  to  answer  questions  about  keyboard  arrange- 

ments when the application data and the operator  characteristics 
are sufficiently well-defined to make questionable the applicability 
of findings from earlier studies involving differently described  data 
and  operators. Here  the design was  for a particular computer- 
based customer  service  system, and it was assumed that  some 
kind of typewriter-like keyboard would be used for input to  a  cen- 
tral computer. The employees who were to operate  the  input de- 
vice would not ordinarily be skilled typists,  and it was further 
assumed  undesirable to add typing skill to  the qualifications for 
their positions. For this  reason,  the  system  designers  asked 
whether or  not  the  performance of unskilled typists might be im- 
proved by choice of a keyboard format different from the  stan- 
dard  typewriter  format. 

In selecting an  alternative keyboard for comparison with the  stan- 
dard typewriter  format, some consideration was given to  the rela- 
tively minor modifications of the  standard keyboard proposed by 
D~orak’’~ and  others.’ It seemed likely,  however,  that  the  advan- 
tages claimed for such modified keyboards would have  little sig- 
nificance for  typists not trained in touch typing. A  more  inter- 
esting alternative was a  keyboard  arranged in alphabetical  se- 
quence, so that an untrained typist would presumably have little 
difficulty in finding the keys and remembering their  order.  It 
seemed possible  that  the familiar order of an  alphabetical 
keyboard would contribute  to both the accuracy  and  the  speed of 
typists using the  hunt-and-peck  method. 

The  two  keyboards used in this experiment are shown in Figure 8. 
Adapting to the constraints of the basic typewriter  architecture, 
we arranged the letters of the modified keyboard in alphabetical 
order, in two rows of 11 letters  each,  and placed the  last four let- 
ters- W, X ,  Y ,  Z-on the bottom r0w.l‘ 

The problem to  be investigated was this: On  which of two 
keyboards, a standard  typewriter  keyboard  or  a  sequential  alpha- 
betical one, will unskilled typists, with a given period of practice, 
type faster? 
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thesubjects Typists  come with  a  wide  range of skills. Further,  many  non- 
typists  are  to  some  degree familiar  with the  standard  keyboard, 
despite a  lack of training. In  other  words, typing skill must  be 
regarded as falling on a continuous  scale  from  some minimum to 
some  maximum.  The  problem of selecting  nontypists  for  this  ex- 
periment  was  solved by first  seeking  subjects  who identified 
themselves  as  nontypists,  and  then  selecting  for  analysis  only 
those  whose initial  typing rate,  as  determined  from a pretest,  was 
below  a  certain low level of skill,  defined below. 

Fifty-five  college students  who  responded  to a request  for  non- 
typists  to  participate in an  experiment  were  employed in the 
study.  Fifteen were  excluded  from  the  analysis of results  because 
their  pretest  scores  exceeded  the level defining nontypist,  and 
thus 40 actually  furnished  the  results  for  analysis.  They  worked in 
pairs,  each  being  assigned by the  toss of a  coin to  either  the  alpha- 
betical or  the  standard  keyboard. 

practiceand It was  assumed  that, in the  business  system  under  consideration, 
testing  sessions if practice  could  be  extensive,  training might just  as well be given 

on a standard  keyboard.  The  problem  was  to  decide  on a practice 
period  that might be  acceptable  to  an  employer  who,  for  whatever 
reason, might not  want  to  hire  only  trained  typists  as  operators, 
or  to  conduct  extended training programs  in typing. 

In  view of these  considerations,  the  study of each  subject’s  per- 
formance  was  completed within approximately  seven  hours of 
practice  interspersed with  10-minute sessions.  The  seven  hours 
were  divided  into  two  three-and-one-half-hour  periods  on  succes- 
sive  days. 

Before  beginning the  practice  session  on  the  assigned  keyboard, 
all subjects  were  given a pretest on both machines,  after which 
the  subjects  practiced in pairs. 

tests  and In  selecting  materials  for  practice  and  tests, we were  guided by a 
practice desire  to  make  the  tested  task  primarily a  manual one.  In  other 

materials words,  an effort was  made  to minimize  perceptual  aspects of the 
task.  Our  reasoning  was  that we were primarily attempting  to 
compare  hunt-and-peck  performance on the two keyboards. 
Hence,  the  tests  should  be  such  that  subjects could concentrate 
on  the  keyboard by minimizing the  perceptual effort required in 
copying  from  some  text. 

Accordingly,  the  material  used  for  testing  was  selected  to  provide 
a  subject  primarily  with  cues  that  would  leave him or  her  free  to 
concentrate  on  the  hunt-and-peck  task,  rather  than  on  the  mate- 
rial to  be  copied.  The  test  material,  therefore,  required a subject 
to  type  items  such  as  his  name,  address,  telephone  number, 
mother’s  name,  father’s  name,  etc.  It  was  regarded  as  reasonably 
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Table 3 Pretest scores (strokes per sec) on both keyboards 

Group 
(40 operators) 

Pretest  score 
~ "" ~ 

Standard  Alphabetical 
keyboard  keyboard 

On standard keyboardt 
x 
d 

x 
U 2  

x 
U 2  

riilifference 

On alphabetical keyboardt 

Results for all 40 S s  

t 

0.91 
0.206 

0.88 
0.142 

0.90 
0.170 

0.37 
5.21* 

0.52 
0.038 

0.53 
0.036 

0.53 
0.036 

i n  = 20. 
' p  i 0.001 

true  that  a  subject used the cue  sheet only to learn the  order of 
items in the test, and knowing what to type  next, would not look 
at  the  sheet again until ready to  type  the next item. 

Another  consideration in selecting this  particular material was a 
desire to minimize the effects of learning  the  test  material.  The 
test was the  same  at every trial, and it is assumed  that  the  test 
material was nearly as familiar to  subjects at  the beginning of the 
experiment as it was at the  end. 

As for  practice  material,  a list of 450 names and telephone num- 
bers was compiled from a random selection taken from the San 
Francisco  telephone  directory. To relieve the monotony some- 
what,  subjects  were  also given a  selected  short  prose  passage  as 
practice  copy.  The major part of the  practice  was,  however,  re- 
stricted  to  the list of names and telephone numbers. 

The analysis of results was confined to input rates  for  subjects 
whose pretest  scores on the  standard machine were less  than  two 
strokes  per  second.  This  speed, which translates to a speed of 
approximately 24 words  per minute by the  conventional method 
of calculation (but without the  conventional penalty for  errors) 
may be considered  a  rate approaching a level of skill justifying the 
label "typist."  But,  because of the difficulty of defining typists 
and nontypists,  this level was chosen as a  convenient cut-off 
point in this study. 

The following discussion will be concerned with only three  sets of results 
scores:  the  pretest, Trial Test 1 (given early in the  experiment), 
and Trial Test 2 (given after  seven  hours of practice). 
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Table 4 Test  results 

Test Croup 

Stan- Alpha- 
dard betical 

.~ 

Test 1 1 . 1 1  0.54 
Pretest 0.91 0.88 

Difference? 0.20 -0.34 
t 1.79* 4.57*** 

Test 2 1.58 0.83 
Pretest 0.91 0.88 

Difference? 0.67 -0.05 
f 3.51** 1.04* 

both groups on the standard machine. 
Note: The pretest scores are those made  by 

while Test I and Test 2 scores are those 

chine. 
made  by each group on the practice ma- 

tThe difference in each case is obtained by 
subtracting the pretest from  the  trial tests. 
' n s .  p > 0.05. 
**p < 0.01. 
* * *p  < 0.001. 
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Pretest  scores on both  keyboards. Table 3 presents the pretest 
input scores, in strokes per second, made by the 40 subjects, each 
tested on  both keyboards. It is probably obvious  from Table 3 
that the  two  20-subject  groups do not  differ  significantly  from 
each other on either machine.  Comparing  machines, we see that 
all 40 subjects achieved a mean  input score of 0.90 strokes per 
second  on the standard machine  and 0.53 on the alphabetical 
keyboard. The difference of 0.37 between these means  is associ- 
ated with a t of 5.21,  which  is  significant  beyond the 0.001 level. 
In other words, the hypothesis of equality  must  be rejected be- 
cause the average input rate on the standard keyboard  is  signifi- 
cantly  higher than the average performance on  the alphabetical 
keyboard. 

Although the pretest results are interesting in themselves, the 
purpose of the study was to determine on  which keyboard sub- 
jects could  type faster after some practice. Accordingly,  empha- 
sis will  now be  shifted to the progress made, after practice, by 
subjects on their assigned  machines. 

Results of Tests I and 2. Table 4 presents the scores on  Trial Test 
1 and  Trial Test 2. The effect  of practice has  been assumed to 
account for the differences  between the pretest and trial test 
scores. Thus, analyses to follow  were  made to determine to what 
extent each group was able, after practice, to achieve input 
scores (on the practice machine) equal to or greater than their 
own pretest scores on  the standard keyboard. In other words, we 
shall  not  be concerned with  each group's improvement, as such, 
on the machine  used for practice. 

Standard Machine Group. If  we consider, first, the performance 
of the group  on the standard machine, it  will be observed that 
there was a nonsignificant  (0.20 strokes per second) improve- 
ment, since the t of 1.79 indicates that the difference between the 
pretest mean and Trial Test 1 mean  is  not  significant (p > 0.05). 

Alphabetical  Machine  Group. When, next, the performance of 
the alphabetical  group  is examined, it  can  first  be  seen that their 
Test 1 scores were  lower  than their own pretest scores on the 
standard machine. Moreover, the difference  between the two test 
scores is statistically significant (p 1 0.001). In other words, the 
practice was  insufficient to raise the scores of this group on the 
alphabetical keyboard to  a point  equal to their own pretest scores 
on the standard machine. 

Table 4 also summarizes the scores used to compare Test 2 and 
the pretest scores. After  approximately seven hours of practice, 
the standard machine  group  achieved  an  input rate that was a 
significant improvement over  their pretest rates. Subjects in the 
alphabetical group, however, even after approximately seven 
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hours of practice, were  still  not able to type on  the alphabetical 
machine as fast as they  were  able to  type, without practice, on a 
standard machine. However, the magnitude of the difference  be- 
tween the scores in Test 2 and the pretest is, for this group, statis- 
tically  nonsignificant.  Accordingly,  it may be  inferred that, while 
the standard group  improved  significantly after seven hours of 
practice, it  took this much practice for the alphabetical group to 
make their scores on the alphabetical  machine  equal to their pre- 
test scores on the standard machine. 

The conclusion  drawn  from these results is that the alphabetical 
keyboard is certainly not better than, and may  not  be as good as, 
the standard keyboard for relatively  low-skilled typists. 

Some  time after this study was completed, a replication of sorts 
was conducted at Bell  Telephone Laboratories in which a some- 
what broader population  was tested, using subjects with various 
typing skills, ages, and backgrounds. The results obtained by Mi- 
c h a e l ~ ~ ~  confirmed the findings  reported here, not  only for the 
equivalently  unskilled operators, but also for the other skill  levels 
as well. The general conclusion  was “An alphabetically ordered 
keyboard  showed  no  advantage over the standard typewriter ar- 
rangement in output rate, error rate, and the speed of learning. 
Operators with little or  no  typing  skill . . . were as fast or faster 
with  the standard keyboard.” 

A probable explanation for the superiority of the standard 
keyboard may  be that, although  not a perfect arrangement, the 
key array of the standard typewriter is also not a random one. 
Whatever its limitations, it  was  “human-engineered’’ even as 
early as 1873, and  many of the  most frequently used letters  are, 
generally speaking, clustered in the center of the keyboard. 
Hence, hunting for a letter can  usually  be  confined to  a relatively 
small  visual area. Another possible  explanation may be that the 
alphabetical keyboard probably requires, first, a memory search 
to locate the letter in its approximate or relative alphabetical posi- 
tion, and  then a visual search to find the key  on the board (where 
it  is situated without  regard to the frequency of its use). Accord- 
ingly, the combination of the memory  plus  visual searches may be 
less efficient  than a purely  visual search where  the probability is 
high that the visual area first  scanned will contain the sought-for 
letter. 

One caveat: The input material  used in this study was  highly 
meaningful. That is, the  words  typed  included letters and letter 
combinations that approximated the frequency of use considered 
in the  layout of the standard machine. It is not, however, obvious 
from the study that material less meaningful  (such as stock sym- 
bols, random letter sequences, etc.) would  necessarily  yield the 
same results. 
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Figure 10 The multishift keyboard used in the study: (A) Top  view of the entire 
keyboard; (B) Lower left-hand corner of the keyboard magnified to  show 
character and shift keys 

the Kanji Keyboard can be larger than “life size””al1 of which 
contribute  to  improved readability. Finally,  there are  none of the 
mechanical movements of the Wabun in the  operation of the 
Kanji Keyboard. 

the  problem Despite  the  obvious  advantages,  the  degree of superiority of the 
Kanji Keyboard  over Wabun was not known. Accordingly, 
among the many human factors  issues  (size of keys,  character 
size  and  placement,  etc.) investigated16 was  the  question, “How 
much better  is  the Kanji Keyboard than Wabun?” 

Two  issues  arose at this point: What kind of test  subjects would 
be  adequately  representative of the  Japanese  operators? What in- 
put material would be typical of the applications for which the 
keyboard would be  used? 

the Discussions with planners  and marketing personnel established 
endusers that  the end users would not possess  any  particular or unique 

skills or characteristics.  Furthermore,  even typing skills were not 
required  because the number of skilled typists in Japan  is limited. 
Accordingly, we advertised  for  Japanese women who were born 
in Japan,  who had been educated in Japan, and who could  pass  a 
test proving that  they could still read and write Japanese  at  least 
at high-school level.  Ten  operators  were initially employed,  but 
only seven remained until the end of the study.  Three  operators 
dropped out reportedly for personal reasons unrelated to  the 
experiment.  Each  operator worked a four-hour  day.  They  prac- 
ticed on the  keyboard almost from the beginning and continued 
doing so for the next three  months. 
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Figure 11 Average speed and accuracy of all seven operators; data points are the 
averages of 10-sesslon groups 
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Fabricated by the  Fujisawa  laboratory,  the  keyboards,  as pre- 
viously indicated, had  a capacity of 2592 characters.  The  board 
had to  contain 1968 basic  (government-decreed) Kanji characters, 
and to  that  number  were  added  another 300 frequently  used  Kan- 
jis, the  Katakana,  Hiragana,  alphanumeric,  punctuation,  and 
some  special  symbols-in  all, 617 additional  characters, making  a 
total of 2585 characters. 

One  set of material  keyed by the  operators  consisted mainly of 
text  taken  from  newspapers,  magazines,  company  memos,  patent 
documents,  and  technical  bulletins. A second  set  consisted of 
names,  addresses, birth dates,  and  related  personnel  data  taken 
from the  records of  approximately 25 000 persons  listed in the 
Japanese  "Who's Who." 

The  primary  result  compares  performance on the  electronic 
keyboard with the lead-slug  mechanical  Wabun.  The  answer  can 
be  stated in brief  Whereas  Wabun  operators  take six months  to 
achieve an input  rate of approximately 30 characters  per  minute, 
the  operators on the  electronic  keyboard  were  able  to  achieve  an 
average of 60 characters  per  minute  after only three  months, or in 
more  general  terms, half the  time  for  an  average of two  times  the 
input rate. 

Figure 11 presents  the  average  speed  and  accuracy of all seven 
operators.  Each  data point is the  average of a  10-session group of 
scores.  What  can  be  seen is that  there was  a  rapid  rise in speed 
from  almost 20 characters  per  minute  at  the  start  to  something 
over 60 characters  per minute toward  the  end of the  study.  It may 
be  noted  that  the  introduction of relatively  unfamiliar terms  (tech- 
nical bulletins  and  patent  information)  produced  a  decrease in 
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error  rate was relatively stable  (approximately 0.5 percent) al- 
most from the beginning, also not surprising in what is essentially 
a  hunt-and-peck  operation. 

Unfortunately, the figure, consisting as it does of the  average  rate 
for all seven  operators,  obscures what was achieved by individual 
operators.  Some of the  operators  entered  data in the range of 75 
to 90 characters  per minute-up to  three times the Wabun rate in 
about half the learning time. 

Typewriter feedback for blind operators 

Sighted typists normally discover typing errors by proofreading 
the line or page of typewritten  output. If the  operator thinks an 
error has been made,  a simple glance at  the printed output  estab- 
lishes whether  or not a mis-key has been made. Past pilot studies 
have  indicated  that  operators look at their output for so-called 
detected  errors about once  every 30 sec0nds.l’ Accordingly, it is 
clear that visual feedback is  significant to  the  production of error- 
free  copy. 

By definition, visual feedback is not available to blind typists. As 
a  consequence, producing error-free copy is extremely difficult 
and time-consuming for them.  There  are some devices available 
to  assist blind typists  to “proofread,” but none is easy, quick,  or 
unobtrusive. 

One approach developed at  the IBM laboratory in Raleigh, North 
Carolina, consists of a single Braille cell “display”  generated by a 
3 x 3 array of pins driven by magnets to produce individual 
Braille characters  corresponding  to  the  characters  stored in a 
card of an 1BM Magnetic Card typewriter.  The Braille display is 
located at  the  top of a plastic pyramid that sits on a platform 
which houses  the magnets that  drive  the pins. The pyramid also 
serves  as  a hand rest for the blind reader.  The pins display the last 
character  typed when the magnetic card is played back in a 
single-character mode. It is also possible to go back to  the begin- 
ning  of a line or page and read out what was typed,  character by 
character. In this way the  typist can detect  keystroke errors. Al- 
though slow and limited to Magnetic Card typewriters, it  is used 
by several blind typists in  IBM. 

the problem The  purpose of this study” was to determine whether blind typ- 
ists could learn to use two new devices and to determine which 
device the  typists thought would be of greater help to  them. One 
device, called TOUCHLINE, was developed in the IBM laboratory 
located in La Gaude,  France,  and is a modification of the single- 
cell Braille display.  The other, called AUDIOLINE, is from the IBM 
laboratory in Los Gatos. 
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Figure 12 Closeup of TOUCHLINE Braille display, showing pins in Braille position and 
the erase shoe 

Performance data were collected to isolate possible sources of 
difficulty (in the initial learning and after  several  days of practice) 
on each device,  and to provide  feedback  to us as well as  to the 
typists. 

As described in the  two preceding examples,  the Human Factors 
Center normally puts  emphasis  and reliance on perfi)rmuncr data 
when comparing alternative  devices or procedures. In this  case, 
however,  important  as  performance may be, it was probably 
equaled or exceeded in importance by  how the  operators sub- 
jectively  reacted to the  devices.  Our reasoning was that  since  the 
operators  were  already skilled typists, typing performance per  sr 
was unlikely to be affected by the  devices.  Rather,  feedback from 
the  devices was likely to affect only their  “proofreading”  for  er- 
ror  correction. Although the  measurement  that might reveal  de- 
vice differences would be accuracy  and time in error  correction, 
we soon realized that  there was more to the feedback  than merely 
throughput  assistance. Specifically, the  feedback has a major 
psychological component, namely  how the  operator perceives 
being helped by the  feedback. In short, we concluded that sub- 
jective  reactions and responses from the typists had to be given 
as  much,  or even more, weight in the evaluation than was given 
to  performance  data. 

TOUCHLINE can be considered a logical extension of the single 
Braille cell approach. As the typist types each character on the 
paper, a Braille character is simultaneously generated on the 
TOUCHLINE display. Any time the  typist wishes to review what 
has been typed,  or feels that  an  error may have been made, it  is 
possible to  read immediately in Braille the line that was typed. 

Figure 12 is a  closeup view of the  tactile display of TOUCHLINE. 
The top  surface of the box contains  the line tactile display of  60 
Braille characters with a 6-mm pitch. In front of the display is a 
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(tactile) column number scale. As typing progresses,  a  part of the 
display that  combines  the  functions of a column position-in- 
dicator and an erase shoe (hence, called a position indicator  erase 
shoe) moves along the display and  remains  over  the  last Braille 
character  generated. When checking for  an  error in the  last  char- 
acter,  the  typist  can move the position indicator erase  shoe  out of 
the way  by depressing  an  actuator  bar on the  top  front  surface of 
the display box. When the carriage return on the typewriter is 
pressed,  a cam is engaged that lowers the  erase  shoe to auto- 
matically erase the Braille display during the  return  cycle. 

Error  correction  for TOUCHLINE is as follows: First,  the  character 
in error is located by reading the Braille display.  The position in- 
dicator  erase  shoe is positioned over  the  character by using the 
backspace  correction  key, which positions  the lifting tape on the 
typewriter.  The Braille character is erased by pushing on  the  top 
of the  erase  shoe, which pushes  down the pins that form the 
Braille character.  The key corresponding to the  character in error 
is depressed, lifting the  character from the paper.  The resulting 
Braille character  can then be checked, if desired,  to make certain 
the  proper  correction was made. Next, the Braille character is 
again erased  and  the  correct  character  struck on the  typewriter. 
The new Braille character  can again be checked if the  typist 
wishes. 

These  operations  have been described in some detail to help the 
reader  understand  that although not really complicated, TOUCH- 
LINE involves a  certain  number of hand operations. 

the AUDIOLINE Basically, the AUDIOLINE device provides typists with audio 
approach feedback, allowing them to review the  last  character(s1,  the last 

word(s),  or  the whole line typed. (The product  that was devel- 
oped is called the Audio Typing Unit, but we knew the  prototype 
by the name AUDIOLINE and use it here because it is a convenient 
contrast  to  its  alternative,  TOUCHLINE.)  The engineering model 
employed in this  test  consisted of an IBM Correcting SELECTRIC@ 
typewriter,  a  Votrax@ voice synthesizer,  and  a  microprocessor. 
The  functions of AUDIOLINE were controlled either by normal 
keys on the typewriter or by a row of pushbuttons located im- 
mediately below the keyboard on the front  surface of the  type- 
writer cover. 

Figure 13 shows  a  closeup of the  pushbutton  controls  on  a  type- 
writer equipped with AUDIOLINE. The functions available to the 
typist through the  pushbutton  controls  are: 

1. Last  character(s) review 
2. Last  word(s) review-spelled out 
3.  Line review-spelled out 
4. Last word review-phonetically spoken 













Table 5 Latin square experimental design 

Treatment  Period of duy 
order 

I st  2nd  3rd  4th 

A LC-R UC-R LC-N UC-N 
B  LC-N UC-N LC-R UC-R 
C  UC-N LC-N UC-R LC-R 
D UC-R LC-R UC-N LC-N 

Notes: Three operafors were assigned to each of the four indicated orders of treatment by period sequences. 
LC = lower case; U C  = upper case:  R = Reduced (0.IW height): N = Normal (0.135” heighf). 

vals to assist  the  reconstruction of the error  history.  Errors were 
then classified as legibility, typing, or  others. 

If the  error was of any  type  other  than  a single substitution of one 
character  for  another, it was assigned to the  “other”  category. If 
the  error was a  substitution, it was then classified from a con- 
fusion matrix. The matrix indicated for each possible substitution 
one of the  three  categories based on our prior experience.  The 
typing and legibility categories were only assigned when both 
were not  plausible, and when both were plausible this  category 
was also assigned to  “other.” 

After the  experimenter had classified the  last error, statistical 
treatment of data was automatically initiated. The display pre- 
sented a session summary of keying rate  and  error  rate, 
classifying the  errors according to  error category.  The keying rate 
and  error  rate  values  were then plotted  on  the  operator’s  progress 
graph, and the session summary statistics were retained on the 
data  tape  to  complete  the session cycle. 

The  experimenter first demonstrated  the terminal operation  to  the 
operators. They were particularly shown that keyed characters 
did not normally appear on the  display, but that keying the “DIS- 
PLAY” key presented  the line last keyed on the lowest line of the 
display. They were also informed that keying “BACKSPACE” 
moved the  cursor  one  step  to  the left for each depression  and 
removed the  character  above  the  cursor.  Characters  then  entered 
were retained on the display until “SPACE” had been keyed. 
Simple error  corrections without using the display were  demon- 
strated. After these  demonstrations,  operators went through a 
practice session together with the experimenter, who provided 
remedial guidance as  needed. 

The  operators  performed in four experimental treatment  periods, 
each  treatment consisting of five sessions.  The  four  treatments 
consisted of working with combinations of upper  and  lower  case 
and  the two display heights. The  operators were assigned to  the 
Latin  Square design shown in Table 5. It can be  seen  that  the 
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Table 6 Performance results of 12 operators 

Performance  measures 

Total keystrokes 

Effective keystrokes  per  second 
Mean 
S.D. 

Operator-detected  errors (%) 
Mean 
S.D. 

Cleared keystrokes (%) 
Mean 
S.D. 

Clear  time ( 9 6 )  
Mean 
S.D. 

Legibility errors (9%) 
Mean 
S.D. 

Typing errors (%) 
Mean 
S.D. 

Other  errors (%) 
Mean 
S.D. 

Total undetected  errors ( 9 6 )  
Mean 
S.D. 

0.100 inch height 0.135 inch  height 

Luwer 
case 

96,282 

2.586 
0.425 

0.660 
0.366 

2.959 
1.554 

6.59 
3.27 

0.1209 
0.0714 

0.1973 
0.1393 

0.1102 
0.0775 

0.4283 
0.2179 

Upper LoM.er 
case case 

93.911 

2.519 
0.396 

0.681 
0.361 

3.019 
1.446 

7.19 
3.50 

0.0841 
0.0458 

0.2198 
0.1463 

0.0951 
0.0693 

0.3990 
0.1934 

94,766 

2.541 
0.423 

0.672 
0.379 

3.158 
1.714 

7.49 
4.05 

0.0925 
0.0539 

0.1943 
0.1308 

0.0753 
0.0548 

0.3621 
0.1895 

~ 

Upper 
case 

~ 

95,627 

2.561 
0.383 

0.707 
0.362 

3.179 
1.568 

7.34 
3.06 

0.0722 
0.0755 

0.2307 
0.1396 

0.1138 
0.0583 

0.4167 
0.2042 

height change is always made in the middle of the  treatments  to 
balance  order effects. After the final period,  the  operators  were 
asked  to  state  their preferred treatment by height and  case. 

From  Table 6 it can be seen that  the only measure  that  resulted in 
any statistically significant differences was Percent Legibility Er- 
rors.  This is defined as 100 times the  number of legibility errors 
divided by the effective keystrokes. 

The usual way to analyze  a two-factor design (case and size) is by 
considering each  factor and its  interaction with the  other. How- 
ever, it was decided a priori that  the  size effect was of primary 
interest  for  both  cases. Orthogonal contrasts  were defined for 
these  two  sizes by case effects, leaving a third orthogonal  con- 
trast of case difference averaged over  both sizes. Designating 
these  three a priori orthogonal contrasts  permits testing the sig- 
nificance of each of these  comparisons  at any desired level of 
confidence. 
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over ai(Jielatively) stationary saar field. In this case,  for  the VDT 
user  to display data located  beyond  the  upper  border of the  dis- 
play screen, he would use  the ,Hindo\j- up  command.  This would 
have  the effect of moving the   ind do^^ up, which  would  again  bring 
the  desired  information  into  view.  Similarly,  to  view  data  beyond 
the left border of the display screen.  the  user would use  the win- 
dow /& command. 

Thus, giving the  command  to  move up, down.  left, or right will 
have  entirely  different  results  depending on whether  your  com- 
mand is interpreted  to  mean to move  the  data  or  to  move  the 
window. For  the  purposes of this study,  these  two  modes will be 
referred to as scrolling  and  windowing,  respectively. 

The -use of the  windowing or scrolling  mode  varies among VDT 
systems.  Examples of each  can  be  found  even within the  product 
line of any  one  manufacturer.  The  ideal would be  to  enable  the 
user to select  the  preferred  mode,  as  some  systems  do,  but  even 
then  the  question is which  mode to make  the  default  condition if 
one  or  the  other  mode is not preselected. Although the benefit of 
standardizing all VDT systems to one of the  modes  may  be  obvi- 
ous, which  should  be  chosen  is  not. While each  has  its  own in- 
tuitive  advantage,  no empirical evidence  could  be  found to sug- 
gest  superiority of one mode  over  the  other.  In  fact, it seems  quite 
possible  that  neither  is actually superior. If this is indeed  the  case, 
all  ,that  may  be  needed is an arbitrary  standardization.  The pur- 
pose of this study2:’ was  to  answer  the following questions: 

0 Do  novice  users  have  a  natural  “bent” in their  performance 

0 Is  performance in one  or  the  other  mode  more efficient? 
Does  training in the  conceptualization of either  mode  improve 

toward  windowing or scrolling? 

performance? 

A total of 188 eleventh  and  twelfth  grade high-school students 
were subjects in this  experiment.  None of the  subjects had expe- 
rience  moving data  on a  terminal  screen,  although  some had  used 
computer  games of various sorts, and  some had used  hard-copy 
terminals. 

An IBM 3277 keyboard  and  a  Mini-Tec”  data  screen  terminal 
(made  by  Tec  Incorporated)  were used as the  input  and  output  de- 
vices.  respectively.  They were connected  to  our  Systemi7  com- 
puter, which  controlled  stimulus  presentation to the  subjects  and 
gathered  data on speed  and  accuracy of performance.  Subjects 
communicated with the  computer using urroIt’ keys (the 5 .  7, 9. 
and 11 PF keys of the 3277 keyboard).  and  the  space  bar. All other 
keys  were  covered with an  overlay. A diagram of the  keyboard is 
shown in Figure 15. 
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The  keys were arranged  to  approximate  a  joystick with double- 
headed arrows to indicate the  axes of key control  (vertical or hori- 
zontal). Direction of display movement (up,  down,  left, or right) 
was inferred from  the position of keys relative to each  other. If 
the subject  pressed  the left key  to display data on the  left, then 
the result was windowing. Pressing the right key to display data 
on the left was scrolling. That  the  subjects understood the rela- 
tionships between key position and display movement is inferred 
from the  results  obtained. 

Figure 16 The display in  its  ini- Subjects were randomly assigned to five different treatment 
tial centered position groups.  The five groups  were: 

1. Self-defined. Subjects were allowed to self-define the  system 
in whichever mode they wished to  operate. No explanation of 
windowing or scrolling concepts was given. 

2. Windowkoncept.  Subjects were constrained to operate in the 
window mode. Prior to  testing,  subjects were given an  ex- 
planation and a demonstration of the window concept. 

3.  Windowho  concept.  Subjects were constrained to operate in 
the window mode, but were given no explanation or demon- 
stration of the windowing concept. 

4. Scrollkoncept.  Subjects were constrained  to  operate under 
the scroll mode. Prior to  testing,  subjects were given an ex- 
planation and  demonstration of the scroll concept. 

5 .  ScrolVno concept.  Subjects were constrained  to  operate under 
the scroll mode, without an  explanation  or  demonstration of 
the scroll concept. 

Figure 17 The display after The  scenario  for  the  groups was as follows: 
pressing any one of 
the arrow keys 

Self-defined group. After reading a set of instructions,  the sub- 
jects in the self-defined group were presented with the display 
illustrated in Figure 16. Subjects were required to display letters 
and numbers  that were currently beyond the limits  of the  screen, 
in this case,  the letter D. The  subject pressed whichever  arrow 
key that he felt would accomplish this  task.  The  computer re- 

SHOW 0 sponded with the display change as shown in Figure 17. No mat- 
ter which key the  subject  pressed,  the  letter  D was displayed (i.e., 
no choice was wrong). The decision of  which key to  press de- 
pended entirely on how the  subject  conceptualized  the task. After 
displaying the  desired  letter during this instructional phase, the 
screen was automatically reset to its initial “centered” position. 
Each of the  four  directions of movement was defined in this man- 
ner.  For each direction,  the  subjects were required to display a 
character (D, T, 5 ,  or 20) by pressing what they felt to be the 
appropriate  arrow  key.  Each  subject was able, by this method, to 
define what function each of the  arrow  keys would have for him 
or her.  



Concept  groups. Subjects in the  windowkoncept  and  scrolkon- 
cept  groups  were  given  written  instructions  and  demonstrations 
of windowing or scrolling. 

No-concept groups.  These  groups  were  given  the  written  instruc- 
tions  of  what to  do but  no  explanation or  demonstration of the 
windowing or scrolling  concept. 

After  receiving  appropriate  instruction  (and in the  case  of  the self- 
defined group, going  through  the  self-definition  phase), all sub- 
jects  performed 80  display  problems.  For  each  problem  the  sub- 
ject  was  asked  to  display a letter and number  simultaneously 
(i.e., SHOW X and 20). A sample  problem is shown in Figure 18. 
This  particular  problem  required  three  keystrokes  to  perform. 
Note  that.  each  keystroke displayFd three new characters  on  one 
end while  removing  three  characters  from  the  other.  Once  the 
subject  had  displayed  the  desired  letter  and  number,  during  this 
problem phase,  he  depressed  the  space  bar,  and  the  next  problem 
was displayed.  The  computer  ignored  the  space  bar  depression if 
the  correct  letter  and  number  were  not  displayed;  that  is,  each 
problem  had to  be  completed  correctly  before going on  to the 
next  problem.  During  the  problem  phase of the  study,  the  display 
was  not centered  at  the beginning of  each new  problem  (as it was 
in the self-definition  phase for  the self-defined group);  rather,  the 
subject  started  out  each  problem  with  the  display  remaining  at  the 
conclusion  of  the  previous  problem.  Each  problem  required  be- 
tween  one  and  six  keystrokes  to  perform.  The  time  required  to 
perform  the  problems,  as well as  the  number of keystrokes  made, 
were  recorded  automatically by the  Systemi7  computer. 

The 80  display  problems  were  divided  into  two  sessions of 40 
problems  each.  There  was a break  after  the first session,  during 
which  time each  subject  was  given  feedback  regarding his  speed 
and  accuracy  on  the first 40 problems. 

Of the 34 subjects in the self-defined group, 30 defined the  system 
in the  windowing  mode, while  only four defined the  system in the 
scrolling mode.  This difference was  analyzed with the  Chi-square 
statistic, utilizing the  Yates  correction  for 1 d f t e ~ t s . ~ ~  The  result 
showed  a  significant  difference: chi-square  (1) = 18.38, pF  0.001. 

Four  separate  analyses  were  performed  on  the  performance  data: 

1. Mean  total  time  it  took  subjects to  complete  the first 40 prob- 

2. Mean  total  time  for  the  second 40 problems 
3. Mean  total  moves  for  the first 40 problems 
4. Mean  total  moves  for  the  second 40 problems 

A graphical  presentation of the  data  for  these  four  analyses is 
shown in Figures 19 through 22. The figures show  that in each 

lems 
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Figure 18 Sample problem re- 
quiring three key- 
strokes; (A) centered 
position, (B) after first 
keystroke, (C) after 
second keystroke, (D) 
after third keystroke 
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Figure 19 Mean total  times,  first 
40 problems,  Experi- 
ment 1 
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Figure 20 Mean total  times,  sec- 
ond 40 problems,  Ex- 
periment 1 
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Figure 21 Mean total  moves,  first 
40 problems,  Experi- 
ment 1 
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Table 8 Analysis  of variance:  Mean  total  times  (in msec), first 40 problems-Experiment 1 

Source ss df IMS F 

". ~ 

(Treatment) (5.349 x 1011) (5) 
Windowiconcept vs 

ScrolVconcept vs 

Window self-defined vs 

windowino concept 1.482 x 10"' 1 1.482 X 1 O ' O  < I  

scrolVno concept 5.235 X 1Oln 1 5.235 X IO"' 3.00 

windowiconcept and 
windowino concept 5.705 x IO'O 1 5.705 X lo1'' 3.28 

scrolliconcept and 
scrollino concept 1.978 X 10" 1 1.978 X 10" 11.36t 

All window groups vs 
all scroll groups 2.129 x loll 1 2.129 X IO" 12.23t 

Scroll self-defined vs 

Error 3.168 x 10l2 182 1.741 x 1Oln 

t p  < 0.001. 

case  the  windowing  groups  performed  faster  and  with  fewer 
moves  than did the scrolling groups. 

For  each of the  four  performance  analyses,  the  between-group 
variances  were  divided  into five different  orthogonal  contrasts in 
order  to  make  the following  statistical  comparisons: 

1. Windowlconcept  versus  windowlno  concept 
2. ScrolVconcept versus scrolVno concept 
3.  Windowlself-defined versus  windowlconcept  and  windowlno 

4. ScrolYself-defined versus  scrolliconcept  and  scrolllno  concept 
5 .  All window groups  versus all scroll  groups 

The  results of these  analyses  are  given in Tables 8 through 11. As 
may be  seen,  the windowing groups  performed significantly faster 
and  with fewer  moves  than did the scrolling  groups. No signifi- 
cant  differences in performance  were  found  between  the  concept 
and  no  concept  groups.  The  four  subjects  who defined the  system 
to  scroll (scrolllself-defined  group) took significantly more time 
and  a  significantly greater  number  of  moves  to  complete  the  first 
40 problems  than did  the subjects  who  were  constrained  to scroll 
(scrolVconcept and scrolVno concept  groups).  This effect was  not 
present  during  the  second 40 problems.  Finally,  subjects in the 
windowlself-defined  group  made  significantly  fewer moves  to 
complete  the first 40 problems  than did subjects in the window1 
concept  and  windowlno  concept  groups. 

It may be said that  under  the  conditions specified in this  study, 
operation in the  windowing  mode  demonstrated  its  "superiority" 
on  every  measure.  It  should  be  pointed  out,  however,  that while 

concept 
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Table 9 Analysls of variance: Mean total  times  (in msec). second 40 problems-Experiment 1 

Source ss d f  M S  F 

(Treatment) (5.127 X 1 O ' O )  ( 5 )  
Window/concept vs 

ScrolUconcept vs 

Window self-defined vs 

windowhoconcept 4.951 X lo7 1 4.951 x lo7 < I  

scrolUno concept 3.645 X I O y  1 3.645 x 109 <1 

windowlconcept and 
windowhoconcept 3.067 X IOy I 3.067 X 109 <1 

scrolUconcept and 
scrolYno concept 1.245 X IO9 I 1.245 X 109 < I  

All window groups vs 
all scroll  groups 4.299 x 1O'O 1 4.299 x 1Olo 9.99t 

Scroll self-defined vs 

Error 7.836 x lo1' 182 4.305 x loy 

tp < 0.01. 

Table 10 Analysis of variance: mean total moves, first 40 problems-Experiment 1 

Source ss df M S  F 

(Treatment) (1.174 X IO5) (5 )  
Window/concept vs 

Scrolkoncept vs 

Window self-defined vs 

windowino  concept 7.159 X IO2 1 7.159 x 102 < I  

scrolUno concept 8.469 X 1W 1 8.469 x IO.? 3.16 

window/concept and 
windowho  concept 1.326 X IO4 1 1.326 x IO4 4.95t 

scrollkoncept and 
scrolUno concept 5.800 X IO4 1 5.800 X IO4 21.63* 

All window  groups vs 
all scroll groups 3.698 X lo4 I 3.698 x IO4 13.79* 

Scroll self-defined vs 

Error 4.880 X IO5 182 2.681 X IO3 

Tp < 0.05. 
* p  < 0.01. 

the majority of the novice users indicated in a  questionnaire  a 
preference  for  the windowing mode,  a fair percentage (12 per- 
cent) of users did prefer scrolling. For  this  reason,  whenever pos- 
sible, users should be given an  option of which mode to  use, with 
the default being the windowing mode. In cases where giving that 
option is not  practical, we recommended  that  the windowing 
mode  be used. 

VM/370 NED-SCRIPT and TSM: a comparison of text-editing 
efficiency 

The following is a description of a study that is not, strictly speak- 
ing, a psychological experiment.  Rather, it illustrates how the fa- 
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Table 11 Analysis of variance:  mean  total  moves,  second 40 problems-Experiment 1 

Source 

(Treatment) 
Windowiconcept vs 

windowino concept 
Scrolliconcept vs 

scrollino concept 
Window self-defined vs 

windowiconcept and 
windowino concept 

Scroll self-defined vs 
scrolliconcept and 
scrollino concept 

All window groups vs 
all scroll groups 

Error 

ss df 

(3.419 x 1 W )  ( 5 )  

1.070 x lo2 1 

3.200 x lo2 1 

5.371 x IO2 1 

9.651 x 10' I 

2.358 X 103 1 

5.214 X lo4 182 

M S  F 

1.070 X IO2 < 1  

3.200 x lo2 1.12 

5.371 x IO2 1.87 

9.651 x 10' < 1  

2.358 X lo3  8.24t 

2.865 X lo2 

cilities of the  Human  Factors  Center  were  employed  to  conduct 
a  simulation  study  to  compare  how a system  operates, given  real 
data  entered by humans.  The  objective of this  was  to  de- 
termine  whether a  specific  on-line  text-editing task  could  be  per- 
formed  more efficiently using a facility  called NED (new  editor) 
and SCRIPTi370 than by  using the TSM (Terminal  System  Modera- 
tor)  editing  and  formatting  facility.  The  criterion  for  determining 
which of the  two  text  tools  was  more efficient was  the  time  re- 
quired  to  complete a  text-editing  task.  The  editing  task  was 
identical  for  both  systems,  and a set of commands  necessary to 
perform  the editing efficiently was  written  for  each  system. 

procedure The  editing  task  consisted of additions  and/or  modifications  to a 
set of text files.  A scenario  was  defined  for  performing  the  neces- 
sary  editing,  and  then  for  each  scenario,  a  series of editing  activ- 
ity blocks, 15 in all,  was  defined.  An  editing  activity  block  con- 
sisted of a set of  editing  commands  required  to  access  and modify 
a  text file. A flow diagram  of  the  editing  scenario is shown in 
Figure 23. 

To eliminate  the  problem of skill variability  among  individuals, 
the  command  set  for  each  editor  was  transcribed  onto a  magnetic 
card  and  then  read  into  each  system using the IBM Communicat- 
ing Magnetic  Card  Terminal.  The  user's  input  for  each  system 
was  thus  entered  at a constant  rate  and  free  of  errors.  Terminal 
sessions  were  monitored using the  Human  Factors  Center's ME- 
RANDA (Multiple  Event  Recording AND Analysis)  program  that 
records  and  time  stamps  data  coming  to  and  from a selected  ter- 
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Table 12 Input and  output character counts Flgure 23 Test script  description 

Editing 
activity 
block 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Totals 

Total 
input  characters 

TS M NED-SCRIPT 
~~~ ~ ~~ . . ~~ ~~~~~~ 

~ ~~~ ~~ ~~~~~~ . ~ ____ ~ ~~~ 

29 36 
28 19 
37  57 
6 21 

35 44 
14  38 
28 26 
18 29 
14  17 
22 25 
26 30 
23 29 
44 69 
60 63 
57 94 

~~ ~ 

44 1 597 

Total 
output  charucters 

TS M NED-SCRIPT 

91 62 
25 0 

131 0 
22 0 
86 0 
0 22 

69 0 
9 20 

45 0 
34 1 
65 4 
66 0 

122 54 
52 5 

127  147 

944 315 
____ __ 

minal. Since MERANDA is run on  an  independent  computer  system 
in the  Center,  no  additional  load  was placed on  the  system being 
monitored. 

In order  to  evaluate  text-editing efficiency, measurements  were 
made  on  the  following  aspects of each of the  two  editors: 

Input  character  counts 
0 Output  character  counts 
0 Number of commands  required  to  perform editing task 
0 Number of signed-on  users  at  time  script  was being  run 
0 Total  elapsed  time  per  session 
0 Total  activity  block  time  per  session 
0 Times  for individual  activity blocks 

Characters. Table 12 presents  input  and  output  character  counts. 
The  large number of  input characters  required  to  perform  the  ed- 
iting task with NED-SCRIPTI370 is due primarily to  the  need  to  spec- 
ify  file name  and file type  whenever  the  edit  command is issued or 
whenever  other file-related commands  (e.g.,  Print,  Get)  are  exe- 
cuted.  Conversely,  the  output  character  counts  for NED-SCRIPTI 
370 are  shorter  than  they  are in TSM because  the CMS (Conversa- 
tional  Monitor  System)  messages  are  shorter,  and  the  editing ver- 
ification messages  can be turned off if the  user so wishes.  The vw 
370 (NED) concept of  very short  messages  and elimination  of  con- 
firmation messages at the  user’s  request  are highly desirable  fea- 
tures  for  the  expert  user. 

IBM SYST J VOL 20 NO 2 1981 HIRSCH 

SIGN ON 1 
SCRIPT1 ~ PROGRAM  MANUAL  DRAFl I 
(7096 LINES) 
WORK FROM MARUED UP PRINTOIJT  WITH 
LINE  NUMBERS REFER TO DOC SCRIPT? 
FOR ADDITIONAL  INSTRUCTIONS 

1 
SCRIPT2 (6  LINES) 
ADDITIONAL  INSTRUCIIONS FOK EDITINL 
SCRIPT1  INSTRUCTIONS TO CONNECT 
TO AND  PRINT  THE FIRST 27 LINES OF 

t 
PROGIN ~ PLI  SOURCE  LISTING t316 

I N S T R ~ C T I O N S  F O K  SCll l i ’T3  AFTER 

LINES) 
EDIT PER WRITTEN  INSTRUCTIONS 
PROVIDE0  SEND DOC SCRIPT1  TO 
PRINTQ 

t 
I SIGN OFF I 

results 

I65 





Table 14 Timing data summary 

Editing T S M  
activity 
block Meun  Standard 

time  deviution 
(sec) 

1 14.9 
2 

3.1 
7.7 

3 
1.2 

16.0 0.2 
4 5.4 1.4 
5  17.6 1.9 
6: 17.8 1 .O 
7 13.6 0.3 
8 t  8.6 
9 

0.2 

10 
8.1  0.3 

12.1 0.9 
11 16.5 3.0 
12 15.8 
13t 

3.0 
46.7 6.7 

14 17.6  1.6 
151 30.6 4.3 

.- . 

~~ . ~ _ _ _ _ . ~ ~ ~ ~ ~ ~  ~~ ~~~~ . 

_______ ~ 

Mean block time 248.9 
Mean adjusted block time" 
Mean elapsed session time 367.7 

File "SCRIPTI" time 

- 

Per session - 
Per command - 

_ _ _ ~ _ _ _ _ ~ _ ~ _  

NED-SCRIPT1370 

Meun Standard 
time  deviation 
(sec) 

3.1 0.1 
9.2 0.1 
5.1 0.1 
3.1 0.1 
5.8 0.1 

118.5 26.5 
1.9 0.0 

102.6 25.9 
1.7  0.2 
2.3 0.1 
9.1  6.7 
3.5 0.1 

125.9 32.0 
10.8 0.1 

204.2 42.1 

606.8 
241.4 
727.3 

365.4 
91.4 

(S.D. = 26.1) 
~~~ _____~~. "~  ~ 

+These blocks contained  a  command  under  NED-SCRIPT/370. 
'For NED-SCRlF'TI370. mean  adjusted  block  time = block  time  less  time  required to file "SCRIPTI." 

see  that  the  editing  task  was  performed  approximately  twice as 
fast  on TSM as  on NED-SCRIPTI370. The  increased time to perform 
the  editing  on NED-SCRIPT/370 is due mainly to  the  delay  associ- 
ated  with filing document  Scriptl  after  each  phase of editing. Dur- 
ing the  course of  editing  with NED-SCRIPTi370, document 
"Scriptl"  was filed four  times.  Since TSM does not  make  use of 
the  Working Storage  concept, file storage  times  for  document 
"Scriptl"  were significantly shorter (3 to 5 seconds  for TSM as 
compared  to 56 to 124 seconds  for NED-SCRIPT1370). For all activ- 
ity blocks in which it was  unnecessary  to file document 
"Scriptl,"  the  times  required  to  perform  the  task(s) in those 
blocks  were comparable  on  both  systems. 

A file time  test  was  run  on VMi370 (NED) to  determine  the time 
required to file various  document  sizes ranging  from 500 to 10 OOO 
lines,  with an  average line width of approximately 70 characters. 
Each  document  size  was filed five times  consecutively  during 
three  separate  terminal  sessions.  The  time  required  to  respond  to 
the "file" command was calculated  from MERANDA data. It  was 



seen  that  the file time  bears a  linear  relationship to  the file size, 
with response  times  becoming increasingly  long  for documents in 
excess of 1000 lines. 

conclusion Because  character  counts  and  command  counts  are  lower  on TSM 
than  on NED-SCRIPTI~~O,  the  fewer  keystrokes  result in a  higher 
degree of typing efficiency for TSM. More  terminal  printing is 
done  on TSM than  on NED-SCRIFTI~~O (3: 1 ratio), which results in 
increased  session  time  (approximately 42 seconds).  This time 
could  be reduced by  providing  a TSM equivalent  to  the NED “Ver- 
ify Off” command. 

In  addition,  the  timing data collected  during  this  study  indicate 
that  when  document  sizes  are small (500 lines or less)  there is 
relatively  little  difference in the  editing efficiency of the  two sys- 
tems  from  the  standpoint of the  user.  However,  as  the  size of  the 
document file increases,  text  editing  becomes significantly  more 
efficient on TSM compared  to NED-SCRIPTI370. 

Summary 

By a  discussion of certain  hardware  and  software  projects, we 
have  illustrated  how  the  Human  Factors  Center in San  Jose im- 
plements  its  mission  to  evaluate  products  to  determine  that  the 
man-machine interfaces  have  been  optimized  and  assessed. To 
summarize,  we  list  the  steps  taken to realize that  mission,  most of 
which were  described in the  projects  just  discussed. 

Evaluate  the task. This  involves  understanding  the  user’s  ap- 
plication(s)  and  hardware,  and  the  characteristics of the  oper- 
ators. An attempt is made,  from  experience,  to  help  the plan- 
ners  and  engineers  to  assign  to the operator  and to the ma- 
chine (or system)  those  tasks  that  are  most  appropriate  to 
each. In the  course of clarifying the  application,  samples of its 
data  base  are  extracted for use in subsequent  tests  and simula- 
tions. 
Simulate  the  applicution  environment. This  means  setting up 
in the  laboratory  those  characteristics of the  application  envi- 
ronment  that  are likely to  interact with the  operators  during 
task  performance. An attempt is also  made  to  control  extra- 
neous  application  “noise”  that would contaminate  the  data 
collection  and  obscure  interpretation of the  results. 
Compute-control the data collection. The essentials of this 
step  are: (a)  identify and  record all possible  events  (such as a 
keystroke  depression,  the  transport of a document,  etc.),  (b) 
measure all times  between  and  associated with the  events,  and 



0 Analyze  the  data. Determine the  operator  and  system per- 
formance by calculating throughput  and  error  rates,  and, in 
the  case of errors, determine  the  cause  for  each. 

0 Communicate. At this point an  attempt is made to inform en- 
gineering about the results of our  tests,  and, where appropri- 
ate  and  possible,  to  recommend design changes  that may lead 
to performance  improvements. 

0 Iterate. If time permits and  the changes warrant  it, we fre- 
quently  rerun  the study to  determine  that  the  changes have 
indeed resulted in real improvements. 

0 Dejine  training  sequences. Very often,  our simulations sug- 
gest ways by which customers may use our  test  sequences and 
procedures  to  train  operators. 

0 Validate  the  simulation  results. This involves post-installation 
visits to review field performance  to  determine  that  the results 
achieved in the  laboratory  are reflected in the field. Obvi- 
ously,  feedback from such  reviews helps to refine subsequent 
simulations and  test  procedures. 
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