
A design  exercise performed  by human factors  specialists is 
described. In this  exercise  a front-of-screen simulation of the 
Interactive Chart Utility  was  written  before  a working prototype 
was  available in order to draft and  test  a  series of on-line 
instructional (HELP) panels  for incorporation  into the jinal  prod- 
uct. Trials were run in which the keyboard  activity  and  utterances 
of naive  subjects  were  recorded for later  action replay, before 
and  after  redrafting  the  simulation. Three objective  measures to 
detect the resulting improvement  are  considered,  and  the  most 
robust identified. 

Software  simulation as a tool for usable product  design 
by 1. A. Clark 

A software  developer is usually extensively equipped with tools 
for testing the  programs  he or  she  writes  and is supported by 
service  groups,  such as Product  Assurance in IBM, that  provide 
further testing. A program can  be  tested to  see if it actually runs 
as soon as it has been written. It is unthinkable that a software 
product would be shipped without first ensuring that it actually 
ran on the machines for which it was intended. 

A job aid such as a manual or an on-line assistance facility (called 
a HELP facility) is the  counterpart to  the program for  the human 
user. Yet it is  no  secret  that such job aids  have been written  and 
shipped with nothing like the testing enjoyed by the program 
code. 

Programs are written in languages that follow rigid rules to 
specify instructions to a computer. For each  computer  there  is 
also a written functional specification available to  the program- 
mer, who is already intimately familiar with its principles of 
operation.  There  are relatively few variations  on  the  basic model, 
which further simplifies the  task of writing an effective program 
for a given machine. 

The same cannot be said for the human user.  The  developers of a 
product hope that it will appeal to a wide audience,  the wider the 
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better,  and  the manuals for  the  product are translated  into many 
different languages. But  even among those who speak  English, 
the  same  words  can  have quite different meanings to  any pair of 
people  chosen  at  random, or even to  the same person in different 
contexts.  For  example,  to  an  electronics engineer the meaning of 
the  term  “bus  driver” will be  quite different depending on 
whether  he  encounters it at his workbench or in the  street. We 
might then  pose the question: Is  there any  hope  that  the  text of a 
written manual or an on-line HELP facility can  be verified to 
perform as it is  intended, while there is still time to rectify 
defects? 

Today  provision  for on-line HELP facilities in an interactive 
product is often made during product  development.  Printed 
manuals can  be  written  to a large extent independently of the 
program,  but not so an on-line HELP facility. It must be  developed 
in close  conjunction with the program code.  The  style of text 
suitable  for a manual turns  out not to be appropriate  for a HELP 
facility. Thus, when the developers of the IBM Graphical  Data 
Display Manager (GDDM) and  Presentation  Graphics  Feature 
(PGF)’ decided to incorporate a HELP facility in the  Interactive 
Chart Utility (IcU), a part of PGF, they invited the  Hursley  Human 
Factors  Laboratory  to  draft  the  text of the HELP facility. 

The ICU is intended  to permit nonprogrammers to  construct 
business  charts in color,  or  to view and  alter existing charts which 
might have been generated by a program or by somebody  else. 
The  repertory of business  charts  includes line graphs,  surface 
charts,  histograms,  bar  charts, pie charts, and Venn diagrams. 
The resulting chart is displayed on an IBM 3279 color  display 
device. 

The ICU user  creates  or modifies a chart by causing so-called 
“menus” (really overtypable  forms) to appear  on  the  screen  and 
then changing the  values of fields on  the  forms by typing new 
values  over  them.  Fields are  never  blank, unless blank is  a 
permissible variant, so that  even a fresh  set of forms will appear 

1 with initial values (defaults) in  all fields. Once  the  user  has  typed 
1 in suitable  sets of coordinates  representing his or  her  data. 









A hand-drawn example of a business  chart was exhibited.  This 
chart was marked with a number of corrections in blue to  show 
how it was to be altered.  Next, a fair  copy of the  end  result  was 
exhibited. Both were  kept in view of the subjects  throughout  the 
experiment.  The  session-recording  apparatus was then  set in 
motion,  and  the  trial was concluded when the one-hour recording 
tape  ran  out. On another  questionnaire  subjects  were  asked 
separately  to  rate subjectively the  ease  or ditficulty of doing 
various  aspects of the  task. 

A time-stamped computer listing was produced by the simulation 
apparatus,  recording  the  state of the simulation at  each  point 
when ENTER or a program function (PF) key was pressed. 
Subjects’  voices  were  recorded on one  track of a two-track 
(stereo)  tape  recorder. On the  other  track all keystrokes  were 
recorded by a data-logging device  that  intercepted the lead 
connecting the  keyboard to the display head.  The  keystroke 
record so obtained was complete enough to allow accurate real- 
time replay, in synchrony, of both voices  and  screen  activity. The 
latter was possible  because  the  sequence of recorded  keystrokes 
could drive  the  host  computer  through precisely the  same  se- 
quence of states  as during the  actual  session. 

The  experimenter  afterwards  replayed  parts of the  session to  the 
subjects  and  asked  them  to recall what  they had in  mind when 
they did or said certain things. Later  the experimenter  replayed 
the  entire session to himself, annotating a printed version of the 
log produced by the simulation, which he  then used to redraft the 
HELP text,  or to propose design changes to be incorporated in 
subsequent  versions of the simulation. It was found important  to 
do this  the  same  day as  the session itself. 

Later  an  independent reviewer repeated  the  process of listening 
to  the tapes and annotating  a printed version of the log. The  error 
counts of Table 2 are taken from his records,  rather  than  the 
experimenter’s. 

Scientific  background  to  the  exercise 

The problem of whether  concurrent  verbalization affects the way 
a subject  goes  about the task  has  been  treated The 
trick of having two subjects-the less  assertive  operating the 
terminal,  the  more  assertive helping-seems to  ensure  that sub- 
jects actually verbalize,  and in a more  natural  fashion  than  can be 
achieved by continual questioning of a solitary subject,  as  was 
done  by  Hammond e? 

The  experimenter  found himself reinterpreting much of his mem- 
ory of the  session in the light of the resulting faithful action 
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Nevertheless,  the human factors  engineer who agrees to work 
with a deadline,  subject  to  constraints not imposed for a full 
scientific study,  does not need to  jettison all philosophical 
foundation  for his or  her work. Nor  has he or  she nothing to learn 
from the  laboratory  methods of behavioral psychology. 

Without belittling the work, it is properly  described as nonscien- 
tific. Design, in particular  the design of a HELP facility, is a 
creative activity by one person  for  the benefit of another  person. 
No reference  need  be made to  the  concept of scientific truth to 
justify such activity. The designer uses his perception, aided by 
tools, to judge how to make appropriate design decisions.  Science 
begins and  ends with the objective evaluation of those  tools,  and 
a  study of the  data they yield. 

There  is, of course, a science of decision making. This  science 
evaluates the  strengths and weaknesses of proposed  tools for 
making decisions,  such as a  statistical  test.  The  designer may or 
may not  use  this  tool in coming to  a  decision. Ultimately the only 
criterion  for judging whether  the  correct  choice was made is the 
success or failure of the design. The only philosophical motive  for 
using a scientifically approved tool is to  furnish  some  assurance, 
before  completion,  that  the design will be the better  for doing so. 

It is important to clarify this matter when judging a design 
exercise of the  sort being described.  The  present  exercise  leaned 
heavily upon the  laboratory  techniques of the behavioral psychol- 
ogist. It was run with apparatus  and  methods similar to  those of 
the  reductionist  experiments  described by Hammond et a l .  lo Yet 
it is not to  be  compared with these  experiments in a scientific 
sense. 

To begin with,  there  is nothing like the same level of control of 
variables. In  the  case of Reference 10, this  took  months of pilot 
studies  and redesign of the  task,  as progressively more  experi- 
mental variables were brought under  control  and  conditions 
multiplied. With a balanced statistical design used,  each new 
variable to  be analyzed  doubles,  and maybe triples,  the  number of 
subjects  that must be run. With six (two-valued) variables con- 
trolled in this way, 64 subjects are required (none to be reused), 
each subject  generating  data in the form of an  hour's  terminal 
activity plus before  and  after  questionnaires. 

The  worst  damage to realism,  however,  comes from controlling 
all the  other  variables  that  are not going to play any  part in the 
analysis of variance  and must therefore be kept constant,  such  as 
what  the  experimenter  says in the  course of the  experiment, how 
he answers  requests  for clarification, the  response  time of the 
computer,  the  possible different ways of completing the  task,  etc. 
It can safely be said that  there is no  future  for  this sort of exercise 
in the time scale of a typical development  project. 
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By contrast,  the  present  exercise employed just  two groups of 
trials.  The first control  group of five trials  used  the  same  version 
of the simulation. After that, each  successive trial was run on a 
new version,  redrafted to  address  the difficulties subjects  were 
encountering. 

Statistical  analysis of such  an  experiment is strictly limited in 
scope,  but it is possible to  detect, using Student’s  t-test,  whether 
the redesigned exercise had any significant effect on  the subjects’ 
performance. The word “detect” is used, because the t-test is 
being employed here  not  to  demonstrate  the scientific truth of any 
proposition,  but to  detect a signal in noise,  the signal being the 
beneficial effect, if there  is  any, of redesigning the simulation. 

For this purpose a small sample size  actually lends credence to 
the significance of our  result, if that  result  is to reject the null 
hypothesis  (i.e., the hypothesis  that the redesign had no effect). 
The effect of a larger sample size is simply to make it more likely 
that a weak signal is detected,  i.e.,  that a weak (albeit  genuine) 
impact of the  redesigned  exercise  on  subjects’  behavior  shows  up 
as statistically significant.” With a sample  size of just  ten trials, 
only the  stronger effects make  themselves  apparent  (statistically 
significant) above  the  “noise” of random variation. 

A good analogy for this  use (or abuse) of behavioral techniques 
arises from contrasting  the  use  of, say, a proton  magnetometer in 
a physical standards  laboratory  to  measure a fundamental  proper- 
ty of matter with its  use in a quarry by police to  detect buried 
metal objects  (as the  author  once  encountered).  In  the  latter  case, 
the conditions  under which the  instrument was used  were  such as 
to invalidate any scientific generalization from the  result. Yet it 
did discover a buried  object. 

Significance The scientific, as opposed  to  the methodological, significance of 
of paper this  paper  thus lies in its  answers to  the following questions: I 

0 What signals, if any, were  objectively  detected  during  the 
exercise? 

0 What is  the likely source of random  noise  that  could  conceal 
signals? 

0 What systematic noise might there  have been to  produce false 
signals? 

0 What subjective insights were gained concerning user difficul- 
ties? (We may ignore  those for which there is no  objective 
supporting  data.) 

Analysis of results 

As stated  previously, an independent  reviewer,  who had not  been 
involved in the  actual  exercise,  was employed to rate  the  sub- 
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I However, when we examine the  recurring  errors  made by sub- 
jects according to their  type and occurrence, we do find apprecia- 
ble signals (Table 2). 

In hindsight, both of these  results are what might have been 
expected. If we  consider  Sackman's  observations" of ratios in 
the  order of 30: 1 between  the  productivity of the most  and  least 
able of the normal population when using time-sharing systems, it 
is absurd to  expect that  a mere ten  trials will  yield statistically 
significant task-completion effects when  there  has  been  no con- 
trol of the  subjects'  ability,  either by selection  or by measure- 
ment. 

Nonetheless,  the  experimenteddesigner was in a  superb position 
to  observe recurrent  types of error and to redesign the simulation 
specifically to  attack  them.  Not  surprisingly,  the  greatest im- 
provements  came in those  areas where greatest effort was  devot- 
ed,  e.g., in navigating between  the different panels.  This  subtask 
proved  to be unexpectedly difficult with the first version of the 
simulation. 

No significant effect arises in those areas where  there  was little 
hope of doing much  good, such as  redundant ENTER keystrokes. 
These  areas  were  considered  to  cause little damage to  the ideal 
task  structure. 

It is important to ask first how much a study of errors  and word 
comprehension  contributes  to designing systems  that  can be used 
productively.  A  product  planner,  and  perhaps  the  purchaser of a 
product, will be interested in business cases based on percentage 
productivity gains due  to a given line item.  However,  as we have 
said, it is dficult  to measure productivity gains directly and  even 
more difficult to establish statistically their  true  cause.  Frequen- 
cies of certain sorts of error are a much more  sensitive  measure. 
They contribute to productivity in an obvious  way,  even if the 
relationship is complex.  Moreover,  there is some hope  for  a 
mechanism to explain how and when they arise.13 

Nevertheless, in the  case of the ICU, it is important to remember 
that productivity was  a  secondary  issue. Acceptability is much 
more important.  The ICU is aimed at people  who  have  some 
discretion as  to whether  they  use  a  computer in a  particular way 
or  not, and want to  use  one in a way they  have not done  before, 
namely to  draw colored  charts of business  data.  The  question is, 
can  they  do so at all? Never mind whether  they  do so efficiently, 
at least  to start with.  Some sacrifice of efficiency  may be 
permissible in order to assist  them.  The  greatest  barriers to their 
uptake of a novel system come in the first hour of use. If they find 
that  they  cannot  surmount this hurdle  because of obscure termi- 
nology or frustrating  errors,  they are unlikely to  persevere with 
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using the ICU. That is why  we concentrated  on naive subjects  and 
their  reactions during initial exposure  to  the  product. 

It also  serves  to warn that,  whereas  our  choice of subjects, 
consisting as it did of people with no  particular skills who  were 
obtained from an employment agency, may have  been  appropri- 
ate  for  an investigation of the ICU, it may not  be  appropriate  for  a 
system designed for  a specialized class of user.  In  such  a  case  the 
employment agency would have  needed  more  precise  instruc- 
tions on the  type of staff to supply,  an  acceptance  procedure 
would have been advisable,  and a course of preliminary training 
probably necessary. 

Underlying causes of error 

In  the  absence of further (scientific) experiments,  the underlying 
causes of error  have  to  be a  matter of conjecture, although we 
may ignore those  hunches  that  have no counterpart in Table 2. 

The preliminary word-comprehension test showed that the sub- 
jects had a poor level of knowledge of special terms  related to 
graphs  and  charts. Nearly all subjects could recognize a  bar  chart 
and  a pie chart.  Some thought that  a histogram was just  another 
name for  a  bar chart. Nobody knew what “tick  marks”  were (a 
draftsman’s  term for graduation marks on an axis). The  terms “X 
axis”  and “Y axis”  were fairly familiar,  whereas  more  precise 
terms  for  the  same  things,  “abscissa” and “ordinate,”  were  not. 
Subjects groused freely about  incomprehensible  jargon. 

Surprisingly this lack of knowledge did not appear  to  contribute 
to the difficulty  of using the ICU. Wherever  an unfamiliar term 
such as tick mark was used, it was easy  to clarify what this meant 
in the  associated “HELP” panel, in this  case by a simple diagram. 
Subjects  appreciated diagrammatic explanations  where  these 
were  feasible.  This is not necessarily a recommendation to  use 
them,  however.  There seems to be a greater possibility for a user 
to misunderstand a diagram than  the  words in a text, although this 
does  not  detract  from  the  greater  appeal of a diagram to  the  user. 

In fact, few errors  arose primarily from the difficulty of the  task 
or unfamiliarity with drawing graphs.  Rather they stemmed  from 
unfamiliarity with the display device itself (especially when  the 
keyboard locked) and from the  task of what we shall call 
interpanel navigation. 

There  were  two  problems  associated with interpanel navigation: 

Calling up  the  appropriate panel containing the field to  be 
altered  to  achieve a given effect 
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ICU called PPI04 

> 
' \  New Menu -w #1 Chart Utlllty 1 - Chart  Type 2 - Chart  Headlng 

3 - Axes 
4 - Data Values 

6 - Chart Layout 
5 - Data Attrtbutes 

7 - Restore 

PF 1 = H e l p  2 =Save 3 = E n d  4 = Prlnt 5 = Dlsplay 

4 

\ 

L 
The # slgn slgntfles the start of an overwrltable fleld 



Figure 3 Chart-type panel, as  originally  specified,  from  the  version  of  the  simulation of the 
ICU called PPIM 

$ 
Chart Type 

Chart Type * #1 
2 - Surface Chart 
1 - Llne Graph 

3 - Hlstograrn 
4 - Bar Chart 
5 - Pie Chart 
6 - Venn Dlagrarn 

New  Menu +#l  1 - Optlons for mdtcated Chart 

PF. 1 =Help 2 =Save 3 =End 4 = Prlnt 5 = Dlsplay 

\ 
The U slgn slgnlfles the start of an overwrltable fleld 

Type  a  number  into  the  first  field  on  the  screen,  then  press ENTER. 
By now the  subject  is being shown  the  Home Panel (Figure 2). 
The  behavior of this field occurs  nowhere  else  since it is a single- 
character  autoskip field and  the only one on the  screen. Thus,  the 
cursor  stays  put  after  each  character  keystroke.  The  subjects’ 
experience  up to now may prompt them to  do a number of things, 
such as type a number  (e.g., 3) and immediately afterwards  press 
PF03, or  press PF03 only (say) to make the menu choice  numbered 

Type YES in preference to NO in answer  to  a  question. For 
example: Do you want to  do such-and-such?  This  construct  was 
introduced in the PPI05 redraft and  those following in place of the 
original PPIM construct exemplified in Figure 3. The  New Menu 
Field shown in the figure serves  to  route  users  to  other panels 
further  down in the hierarchy. All subjects failed to  comprehend 
the meaning or  intended  use of the  New Menu Field,  but it is 
actually a collapsed  form of Figure 2, i.e., with only one menu 
choice.  In  the  strictest  sense, it was a double, not a single choice, 
namely either type a 1 or leave it blank.  Introducing yet another 
way of raising a new panel was the  lesser of two  evils.  Subjects 
implicitly knew what  was  expected of them here  (see  Figure 4). 
This panel is similar to  the corresponding  panel in the simulation 
PPIM of the ICU. It  is used consistently  wherever  there  is  the 
choice of only a single daughter menu to  see. 



comparison with Figure 3 

Chart Type 

Chart Type "+#I 1 - Llne Graph 
2 - Surface Chart 

4 ~ Bar Chart 
3 - Histogram 

5 - Ple Chart 
6 - Venn Dlagram 

Would you like to deflne  the Type In further 
detail? -#NO (Defaults are provided) 

PF 1 =Help 2 =Save 3 =End 4 = Prlnt 5 = Display 

The # slgn slgnlfies the start of an overwrltable fleld 







Figure 6 HELP panel for  the  chart-type  menu  shown  in  Figure 3 

Th~smenushowsyouthecurrentcharttypeandlets~oualterIt 
Put the  amrovrlate  number cn the  fleld  labeled 

ChartType + - 
You wtll see thls new chart when you next press key PF5 

_ .  . 

ThereIsalsoafleldlabeled 

If you leave thls  fleld  blank  and press ENTER, you wlll see the same panel agaln 
Theentr!esonItw~llslmplybechecked 
If you put  a 1 in thls  fleld  and  press ENTER, you wfll see a new menu whlch 15 
approprlate  to  the  Chart Type mdlcated In the  fleld above It 
Thls new menu wlll  let you alter  the  texture  of  the lhnes (bars. etc 1 

New Menu - - I . Opttons for  mdlcated  Chart Type 
ThereIsalsoafleldlabeled 

If you leave thls  fleld  blank  and press ENTER, you wlll see the same panel agaln 
New Menu - - I . Opttons for  mdlcated  Chart Type 

Theentr!esonItw~llslmplybechecked 
If you put  a 1 in thls  fleld  and  press ENTER, you wfll see a new menu whlch 15 
approprlate  to  the  Chart Type mdlcated In the  fleld above It 
Thls new menu wlll  let you alter  the  texture  of  the lhnes (bars. etc 1 
-Al~negraphIsaplotofpolnts~o~nedbyaI~ne. 

-Ah~stogram~saplotofpo~nts~o,nedbystepswh~chcanbeshadedIn 
-Asu~aacechart~sal~negraph,butw~thshad~ngbetweenl~nes 

-A bar char? IS a  senes of bars  whlch  can  be shaded In 
-Ap~echart~soneormoreclrclescutlntosectors 
”AVenn dlagram IS a  plot of overlapping clrcles 

To reannotate  the cha r t  -go  back  to  the  home  panel  (press key PF3) and choose 
anotherbranchofmenusbytyp1ng2,3(1fval~d),4,5,or6 

ToseewhatPF(etc)means’-seetheHELP(keyPFl)forthehomepanel I 

I 

h I 
a glance the significance of the  format of each grouping of words, 
or typographical construct. It seems that shape and visual pattern 
play a more  important  part  here  than the actual meaning of the 
words.  Justification of text, although  it  looks neat, seems not to 
help  legibility. It is better if each sentence can start a new  line. 

Pitching  the  reading  age of the  English  text  too  high 

HELP panels  seem to need  couching  in a style suitable for a six- or 
seven-year-old,  even to having  one sentence per line.  Adult users 
can, of course, understand greater prolixity, but not, it appears, 
keep  hold  of the problem  occupying their minds at the time.  The 
“fog  index”15  was  used as a rough and ready yardstick. 

Telling  the  user  to do something,  but  not  there  and  then 

Consider the two forms of words  in this instruction: 

0 Pressing  key PF5 will cause the picture to be drawn. 
0 To draw the picture, press  key PFS. 

The  first  is  couched  in passives, participles, and  noun phrases as 
if it  were a vague remark. The  second is an order. Subjects said, 
in so many words, that they  preferred the latter since  it  stood out 
for them as an unmistakable  signal  against the “noise” of all the 
new  material that was  bombarding them. 
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Table 3 Main  points  to  consider  when  choosing  a  simulation tool 

Low probability of introducing bugs as result of a modification to the  simulation 
Quick to  alter a large number of similar panels 
Quick to  see the end image of a  panel when altering it 
Ability to replay a session in real time 
Ability to edit such a replayable  session, including the voice/keystroke tape, in 

order  to  compose a sequence of highlights for presentation to  designers 
Ability to run an  incomplete simulation and  add  to  it while it is running 
Ability to manage groups of related  panels 
Ability to  annotate  screen displays  produced as record of session 
Ability to print a fair copy of a  panel with highlighting for a report 
Ability to load  a  panel layout  from  other  systems' panel  libraries 
Ability to  incorporate  an  actual session  record into a fresh simulation to build 

Easy synchronization of a voice/keystroke tape and  a host  computer  system 
Reliable identification (subject,  date,  experimental condition) of recorded  data 
Simulation flow definition corresponds naturally to a handwritten graphic  format, 

e.g.,  a  man-machine  function diagram 
Quickly picked up by temporary staff (There is a heavy  workload in building and 

maintaining a simulation, which represents a poor  use of highly trained 
professional human  factors staff.) 

Easy  for human factors professionals  not  familiar with data  processing  to 
understand a simulation  they did not write,  to suggest modifications, and  to 
run  it in an  experiment 

demonstrations  and on-line training courses 

Resists crashes during an  experiment, even if incomplete 
Easy  to  restart a session if forced  to suspend it 
Successive versions  easily  archived and  restored  for examination 
Easy  to manage several  current versions of the  same simulation at  once 
Easily transmitted to  other  computer installations 
Easy to load and  examine a simulation received  from  another location 
Easily used to  assist  detailed dialogues with designers  and reviewers 

The ICU simulation was written, as stated  earlier, using an 
informal system based on the VM/CMS EXEC interpreter and a 
high-level screen  handler called 10S3270.3 As a result of this and 
other experiments with this apparatus,  a clear idea was obtained 
of its shortcomings. In Table 3 we reproduce a list of the main 
points  to consider when choosing a simulation tool for this sort of 
work. 

A simulation tool called SIMIC (System Intended  to Mimic Inter- 
active Conversation)" has been written to  accommodate most if 
not all of these  requirements.  It  runs  under VSAPL for CMS" and 
also makes use of 10S3270.3 

Summary 

A design exercise  that resulted in a  draft  set of panels for  the on- 
line HELP facility of the  Interactive Chart Utility (Xu) has been 
described.  The  exercise was undertaken before the program code 





8. E. C. Poulton, “Observer bias,” Applied  Ergonomics 6 ,  No. 1, 3-8  (1975). 
9. L. S. Hearnshaw, Cyril  Burt:  Psychologist, Hodder & Stoughton, London 

(1979). 
10. N. Hammond, P. Barnard, I. Clark, J. Morton, and J. Long, “Structure and 

content in interactive dialogue,” 88th  Annual  Convention of American 
Psychological  Association, Montreal, Canada (1980). 

11. W. L. Hays, Statistics, Holt, Rinehart, and Winston, New  York  (1%9), pp. 
332-333. 

12. H. Sackman, Experimental  Investigation of User  Performance  in  Time- 
Shared  Computing  Systems:  Retrospect,  Prospect,  and  the  Public  Interest, 
Report No.  SP-2846, System Development Corporation, Santa Monica, CA 
(1967). 

13. J. Morton, P. J. Barnard, N. V. Hammond, and J. B. Long, “Interacting with 
the computer: A framework,” Teleinformatics ’79, E. J. Boutmy and A. 
Dantine (Editors), North-Holland Publishing Co., Amsterdam, pp. 201-208. 

14. I. A. Clark, How  to  Help  “HELP”  Help, Human Factors Laboratory Report 
HF 022,  IBM Corporation, Hursley, England (1980). 

15. R. Gunning, How  to  Take  the  Fog  Out of Writing, Dartnell Press, Inc., 
Chicago  (1959), pp. 9-10. 

16. I. A. Clark, “Human factors in  designing software prototypes,” Proceedings 
of DESIGN ’79 Symposium (Monterey, CA) 1, 333-346 (April  1979). 

17. E. Meijer, “Application simulation,” Proceedings of DESIGN ’79 Sympo- 
sium (Monterey, CA) 1, 410-420 (April 1979). 

18. I. A.  Clark  and P. Kingsnorth, SIMIC,  a  Simulation Tool for  Human  Factors 
in  Product  Development, Human Factors Laboratory Report HF 033,  IBM 
Corporation, Hursley, England  (1980). This tool is not available outside IBM. 

19. IBM  VSAPL  for   CMS: Terminal  User’s  Guide, SH20-9067, Program Number 
5748-AP1,  IBM Corporation (1976); available through IBM branch offices. 

The  author  is  located  at  the IBM United  Kingdom  Laboratories 
Limited, Hursley  Park,  Winchester,  Hampshire SO21 2JN, En- 
gland. 

Reprint Order No. G321-5149. 

1 IBM SYST J VOL 20 NO 3 0 1961 CLARK 293 


