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ABSTRACT 

A "percent-done progress indicator" is a graphical tech- 
nique which allows the user to monitor  the progress 
through the processing of a task. Progress indicators 
can be displayed on almost all types of output devices, 
and can be used with many different kinds of programs. 
Practical experience and formal experiments show that 
progress indicators are an important  and useful user- 
interface tool,  and that they enhance the attractiveness 
and effectiveness of programs that incorporate them. 
This paper discusses why progress indicators are impor- 
tant. It includes the results of a formal experiment 
with progress indicators. One part  of the experiment 
demonstrates that people prefer  to have progress indica- 
tors. Another  part a t tempted to replicate earl ier  
findings to show that people prefer  constant to variable 
response time in general,  and then to show that this 
effect is reversed with progress indicators,  but the 
results were not statistically significant. In fact, no 
significant preference for constant response time was 
shown, contrary to previously published results. 
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I. Introduction.  

Unfortunately,  there will always be computer pro- 
grams that cannot be executed instantaneously (fast 
enough so the user does not notice a delay). Examples 
of slow processes include compilers,  text formatters ,  file 
loading from floppy diskettes or  other  slow devices, file 
transfers to remote machines or  printers,  and data base 
processing. Even with supposedly interactive computer 
systems that may have "easy-to-use" interfaces with 
menus, icons or whatever,  the user will still be faced 
with periods when the computer  has not finished pro- 
cessing a request.  

Percent-done progress indicators are a technique for 
graphically showing how much of a long task has been 
completed.  They operate  like the giant thermometers  
in charity drives and "fill up" from empty to full as pro- 
gress is made (see Figure 1). Progress indicators give 
the user enough information at a quick glance to esti- 
mate how much of the task has been completed and 
when the task will be finished. Many systems currently 
present a "busy" picture,  such as an hour-glass, clock, or 
Buddha (for "patience ') ,  to show that computation is in 
progress, but since this is static, it does not indicate 
how swiftly the program is progressing towards comple- 
tion or whether the program has crashed or not. 

Some systems, such as UNIX* and Accent" 
(Rashid, 1981), support multi-processing, which means 
that the computer  can be performing more than one 
task at the same time. When multi-processing is cou- 
pled with a window management system, such as on the 
BLIT (Pike, 1983) or  PERQ* (Myers, 1984) then the 
user is encouraged to multi-process, i.e. run more than 
one task at a time. For  example,  the user might be 
editing one file while having the system compile another 
file in the background. Progress indicators can be used 
in this case to show the progress of each process and 
thereby keep the user informed about the state of the 
entire environment.  

*UNIX is a trademark of AT&T Bell Laboratories. Accent is a 
trademark of Carnegie-Mellon University. PERQ is a trademark of 
PERQ Systems Corporation. 
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Figure 1. 

Percent-done thermometer that indicates approximately 70% com- 
plete. 

Figure 2. 
Two icons from the Sapphire window manager (Myers, 1984), with 
two progress indicators in each. The first icon shows 25% and 50% 
complete. The second shows eight pieces of window and process 
state information including the progress indicators at 75% and 99% 
complete. 

A typical implementat ion of progress indicators 
will require that the application programs update them 
explicitly. This means that if the program crashes, the 
progress indicator will cease to be updated. Thus, pro- 
gress indicators also tell the user if a program is still 
running. 

Progress indicators are usually presented graphi- 
cally rather  than shown as a numerical percentage. This 
has a number of advantages: first, users can more 
quickly and easily assimilate a graphical display than a 
textual one (Myers, 1983) when an accurate value is not 
required. Second, the graphical display implies that 
only an approximate est imate of the time is available, 
since exact t imes can only rarely be determined.  
Finally,  the graphical picture can be displayed in a 
small space (as in Figure 2) without interfering with 
other  displays on the screen. 

2. Implementing Progress Indicators.  

Progress indicators can be displayed in a wide 
variety of formats depending on the display device used, 
but in every case, there must be some indication of the 
percent of the entire task that has been completed.  For  
example,  on a character  terminal ,  a progress indicator 
might appear as a series of asterisks along the bottom 
of the screen, with complet ion signified by the asterisks 
reaching the right margin (Figure 3). On a bit-map 
display, such as those found on personal workstations,  
progress indicators can be shown as a growing bar (Fig- 
ure 3), an hour glass filling up, or a clock face with the 

Figure 3. 
A window from Sapphire showing a graphical progress indicator in 
the title line, and a textual progress indicator using characters. 

Figure 4. 
Two other styles of progress display. The hand on the "clock" face 
moves clockwise to completion, and the "sand" in the hourglass 
moves from the top to the bottom. 

hands moving (Figure 4). There should clearly be a 
centralized routine to display the actual pictures so pro- 
gress for all programs is uniform. In addit ion,  there 
may be auxiliary routines; for example,  one might take 
a file variable (as in UNIX or  PASCAL)  and show pro-  
gress for the percent of  the file read. 

No matter  how progress indicators are displayed, 
programs will need to be able to calculate percentage 
information for the indicators.  This will clearly be easi- 
est with algorithms that linearly process their  input and 
are then completed.  Luckily, a fairly large number of 
operations fall into this class. Examples include file 
transfers, program loading, compilation,  text process- 
ing, etc. These account for a large proport ion of the 
long programs run on many systems. Unfortunately,  all 
of these may also have non-linear parts. For  example,  a 
program to be compiled may refer  to other programs 
(such as files that are "imported" or "included") which 
must also be processed. Also,  the "piping" mechanism 
in UNIX makes it difficult to tell how long the input 
will be since it may come from another program. This 
problem might be handled by insuring that all programs 
in the pipeline are processing their input at approxi- 
mately the same rate and basing progress on the origi- 
nal data producer  (either a file or a program creating 
the data). 

In programs that run multiple passes through data, 
the progress indicator  can be divided into sections for 
each pass. Since progress is just an approximation any- 
way, programs may be able to estimate how long they 
will run based on heuristics or  past experience. In addi- 
tion, if a system supports a hierarchy of programs, for 
example through command files or scripts, it may be 
useful to present multiple progress indicators for the 
same process. For  example,  the Sapphire window 
manager (Myers, 1984) has two progress indicators in its 
icons, one for the current program' and another for the 
entire task (Figure 2). 
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Figure 5. 
The "busy bee" moves randomly around the screen to show that the 
system is processing (PERQ, 1983). 

Figure 6. 
An icon from Sapphire with two progress indicators showing ran- 
dom progress. While the application computes, the appropriate in- 
dicator flickers. 

For  programs that simply cannot calculate how 
long they will be running, a system can provide random 
progress. This can be shown in a number of ways, such 
as simply printing dots,  moving around a "busy bee" 
(Figure 5), or a constantly changing a pat tern (Figure 
6). This tells the user that the system is processing his 
request and has not crashed, even though no informa- 
tion is available to display the percentage completed.  A 
question, however,  is whether  having some programs 
with percent-done progress indicators and some with 
only random progress will be more annoying to users 
than simply having no progress at all. Experience with 
l O S  (PERO, 1983) suggests that this is not the case. 

Progress indicators are not a new idea. For  exam- 
ple, Spence (1976) repor ted that a graphical count-down 
clock (Figure 4) was used to show the time left to com- 
plete a request in a CAD-CAM application. They are 
also used for file transfer in the Macterminal program 
on the Apple  Macintosh (Williams, 1984). For  some 
reason, however,  progress indicators have only rarely 
been used. Experience with the PERQ POS (PERQ, 
1983) and Sapphire (Myers, 1984) systems, which have 
thoroughly integrated progress indicators with their 
user interfaces, have suggested that progress indicators 
are very useful for a wide variety of applications. 
There is clearly some cost, however, associated with 
progress indicators in algorithm design and execution 
time, so it is appropriate  to try to determine if they are, 
in fact, perceived as useful by users. This paper reports 
the results of a formal experiment that shows that peo- 
ple do, in fact,  prefer  to have progress indicators. 

3. The Experiment. 

3.1. Hypotheses. 

This experiment was designed to test three 
hypotheses. The first was simply that people preferred 
systems with progress indicators.  The second was that 
the progress indicators would be more useful when the 
response time of the system was variable rather  than 
constant. Earl ier  experiments,  such as Miller (1977) and 
practical experience (Carbonelle,  1968 and Weisberg, 
1984) have shown that users prefer  to have predictable,  
constant response times rather than variable times, even 

if the average time is shorter  for the variable case. A 
third hypothesis for this experiment was that this effect 
could be reversed by having progress indicators. 

3.2. Method. 

A simplified computerized transportat ion manage- 
ment system was prepared for this experiment which 
performed simple pat tern matching on a data base con- 
taining about 100 travel entries. The task was similar to 
the Miller (1977) experiment.  Subjects first read an 
instruction sheet explaining the task and the commands 
available, and then they answered eight questions (see 
Appendix A)  using the computerized system, which 
required about 14 queries to the data base. The ques- 
tions were on a piece of paper and the answers were 
writ ten onto a separate answer sheet. The computer-  
ized system ran on a PERO personal workstation 
(Rosen, 1980) and was designed to be easy to use. To 
make a query, the subjects filled out the form on the 
screen (Figure 7), and then hit a key to have the system 
match it against the data base. Before the results were 
printed,  however,  there was a delay that was ei ther a 
constant 10 seconds, or  randomly varied with a uniform 
distribution from 1 to 17 seconds with an empirical 
mean of 8.601 seconds. During this delay, a progress 
indicator may have been shown. Af te r  completing all 
of the queries, the subjects filled out a questionnaire to 
gauge their  feelings about the system. This featured a 
"semantic differential" scale that a t tempted to measure 
the subject 's  at t i tude towards the system. There were 
10 items with a range of 1 (negative) to 9 (positive); for 
example: "Anxious...Relaxed" or  "Bored...Excited" (see 
Appendix B). The aim was to measure various aspects 
of the user's feelings. The dimensions were chosen 
intuitively. The subject then repeated this process with 
a different version of the system. The subjects were 
divided into four groups to determine which versions 
they used, as follows: 

1: Constant time: First "Progress" then "No Progress" 
2: Variable time: First "progre~" then "No Progress" 
3: No Progress: First "Constant time" then "Variable" 
4: Progress: First "Constant time" then "Variable" 

Each group was further subdivided so that half got 
one version first and the other half got that version 
second. The system randomly assigned subjects to the 
groups, with the constraint that there would be the 
same number of people in each group. 

Af te r  answering the second set of questions, the 
subject answered the same questionnaire as before to 
evaluate their opinion of the second version. Finally,  
the subjects answered a different questionnaire that 
asked the subjects to explicitly compare the two systems 
and also asked some background information. All  sub- 
jects completed both versions and all questionnaires in 
the same session, and the average times were about 5 
minutes to read the instructions, 10 minutes for each 
version, and 5 minutes for each questionnaire,  for a 
total of 40 minutes per subject. 
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• II 

Commands: 

-----]Oelete previous character.  ~ Go to next f i e l d .  

- - ~ O e l e t e  entry in t h i s  f ' ielcl. ~ Erase a l l  +'ields and s t a r t  over 

FI--NS--1Evaluate the form. ~ - ~ F i n i s h e d  wi th a l l  questions. 

i Date: Ronth: Jul 
! Day: 
I 

! D e s t l n a t i o n :  

Person Name: 

P e o p l e  t: 
A c c o m -  z: 
panying:  

Progress: 

Resu l t s :  
1. Robert Frost  to Kansas C i ty  on Jul  ZZ Nith Rcla= Sai th ,  Alan S c h ~ r t z .  
Z. Larry N i l l a r  to San Diecjo on Jul 4 Hith Rl~y Milson. 
3. RI~x Nilson to Rt lanta on Jul 18 Hith Jane F ie ro ,  Sis Ferar.  
4. Robert Frost  to Ne~ Orleans on Ju] ZI wi th Rrnold 5erk in.  
5S~ Rl~y Hilson to Seat t le  on Jul  |Z Hith David Simpson, Jane Fiero.  

Larry M i l l e r  to San giL=cJO on Jul  5 wi th David Simpson. 
?. Robert Frost  to Rt lants  on Jul 9 Nith David SimpSOn. 
8. RI~F Milson to Rt lanta on Ju1 t Hith Rda= Ssi th .  
9. R¢lam Smith to Nm4 ,Orleans on Jul  15 Hith Sarah Smith. 

19. Rdam Smith to Iliami on Jul  31 Hith David Simpson. 
11. Rclam Smith to Des Roines on Jul  7. 
IZ. S i l  Farar to London on Jul  Z8. 

F i g u r e  7.  
The screen for the forms-based query system used in the experiment. The subjects typed into 
the various fields (e.g. "Month' ,  "Person Name ' )  and then hits the INS keyboard key to have the 
query processed. 
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1st V : P  C:P V:NP C:NP NP:C P:C NP:V P:V 
2nd V:NP C:NP V : P  C:P  NP:V P:V NP:C P:C 

Mean 1st 6.250 5.867 5.917 5.767 5233 6.067 6.367 6.216 
Score 2nd 4.317 5.233 6.087 5.733 5.033 5.383 6.683 5.950 

Tab le  1. 
Unnormalized means of the scores on the semantic differential 
(1=negative, 9=positive) on each of the 16 versions. Each column 
represents one group of 6 subjects (each subject used two versions). 
The top entry in each pair is the first version the subject used, and 
the bottom is the second. Code: P=Progress indicator, NP=No pro- 
gress, V=Variable time, C=Constant time. 

Source 
Subject 
Var-Const 
Prog-Not 
First-See 
V.C.*P.N. 
Error 

df Sum of Squares Mean Square F Value pr > F 
47 10713.5729 227.9484 5.78 0.0001 

1 65.3333 65.3333 1.66 02046 
1 5 4 0 . 0 2 0 8  540.0208 13.70 0.0006 
1 4042604 404.2604 10.26 0.0025 
1 94.0104 94.0104 2.39 0.1296 

44 1733.8750 39.4063 

Tab le  2. 
Evaluation of significance of semantic differential scores. 

1st V:P  C:P V:NP C:NP NP:C P:C NP:V P:V 
2nd V:NP C:NP V:P  C:P NP:V P:V NF:C P:C 

Mean 1st 4.16 7.83 7.33 7.83 6.33 8.33 6.33 6.50 
Varia- 2nd 4 .33  6.67 4.00 7.00 6.33 3.17 6.83 7.66 
bility 

T a b l e  3. 
Unnormalized means of the perceived variability of the response 
time (1--very variable, 9=constant time) on each of the 16 versions. 
Format is the same as Table 1. Code: P=Progress indicator, 
NP=No progress, V=Variable time, C=Constant time. 

Source 
Subject 
Var-Const 
Prog-No 
First-Sec 
V.C.*P.N. 
Error 

df Sum of Squares Mean Square F Value pr > F 
47 197.1667 5.507 1.45 0.1079 

1 35.0208 35.0208 12.11 0.0011 
1 7.5208 7.5208 2.60 0.1140 
1 28.1667 28 3667 9.74 0.0032 
1 35.0417 35.0417 12.12 0.0011 

44 127.2500 2.8920 

Tab le  4. 
Evaluation of significance of the subjects' rating of the variability 
perceived in their versions of the system. 

3.3. Popu la t ion .  

Fo r ty -e igh t  sub jec t s  were  t es ted ,  mos t  of  w h o m  
were  c o m p u t e r  sc ience  g r adua t e  s tuden t s ,  bu t  abou t  one  
fifth we re  c o m p u t e r  novices .  Al l  subjec ts  w e r e  unpa id  
vo lun tee r s .  

3.4. Resul ts .  

T h e  sub jec t s  d id  no t  have  any  t r o u b l e  l e a r n i n g  or  
us ing the  sys tem.  A l l  ve r s ions  we re  r a t e d  as easy to 
use,  ba sed  o n  t he  f a v o r a b l e  c o m m e n t s  f r o m  subjec t s  and  
the  fac t  t h a t  t h e r e  w e r e  few e r ro r s .  

T a b l e  1 gives t he  means  for  the  subjec t s '  score  o n  
the  s e m a n t i c  d i f f e r en t i a l  scale ba sed  on  the  d i f f e ren t  
vers ions .  These  da t a  w e r e  fed  in to  the  SA S  s ta t is t ics  
p r o g r a m  (SAS,  1984) w h i c h  g e n e r a t e d  the  da t a  fo r  
T a b l e  2. T a b l e  2 d e m o n s t r a t e s  t ha t  the  d i f f e r ence  fo r  
p rogress  ind ica to r s  versus  no  progress  ind ica to r s  is 
h ighly  s ignif icant  (pr  = 0.0006). A l so ,  resu l t s  f r o m  the  
c o m p a r i s o n  q u e s t i o n n a i r e  show tha t  86.1% p e r c e n t  of  
the  subjec t s  l iked  progress  ind ica to r s ,  and  t he  m e a n  ra t -  
ing for  t h e m  was 2.94, w h e r e  1 m e a n s  "Very  Usefu l"  and  
9 m e a n s  "Useless ,  Annoying ."  O t h e r  s ignif icant  resu l t s  
are  t ha t  t h e r e  was a subs t an t i a l  d i f f e r ence  b e t w e e n  sub-  
jects ,  and  the  first ve r s ion  peop le  used was r a t e d  h ighe r  
t han  the  second.  

A n  i n t e r e s t i ng  resu l t  is t ha t  t h e r e  is no  s ta t i s t ica l ly  
s ignif icant  p r e f e r e n c e  fo r  the  ve r s ion  w i t h  cons t an t  
r e sponse  t ime  over  t he  ve r s ion  w i t h  va r i ab l e  r e sponse  
t ime  (pr  = 0~.046). E v e n  w h e n  only  t he  vers ions  
w i t h o u t  p rogress  i nd i ca to r s  are  cons ide red ,  the  resu l t  is 
st i l l  no t  s ignif icant  (pr  = 0.1497). F igure  8 shows t he  
average  scores  fo r  va r i ab l e  and  cons t an t  t ime  fo r  ver-  
s ions w i th  progress  and  no  progress .  

"9ood" 
6.0- 
5.S: 
S.e ~ 

S.?I 
S.Sl 

S.S I 

? 
"bad" I 

0 I I 
Variable Constant 

Figure  8. 
Graph of the mean scores on the semantic differential for progress 
versus no progress and variable versus constant time. The sixteen 
versions were summed into these four groups. It is interesting that 
constant time is rated better (higher) than variable time when there 
is no progress, but this affect is reversed when there is progress, as 
hypothesized. This affect, unfortunately, is not statistically 
significant. 

T a b l e s  3 and  4 show the  resu l t s  w h e n  t he  subjec t s '  
eva lua t ion  of  the  va r i ab l enes s  of  the  ve r s ion  is 
eva lua ted .  T h e  s ignif icant  resu l t  h e r e  is tha t  t h e r e  is a 
h igh c o r r e l a t i o n  b e t w e e n  h a v i n g  a progress  i nd i ca to r  
and  co r rec t ly  r a t i ng  the  var iab i l i ty .  

3.S. Discuss ion o f  Exper imenta l  Results .  

Clear ly ,  th is  e x p e r i m e n t  s t rongly  suppor t s  the  
hypo thes i s  t ha t  users  p r e f e r  p rogress  ind ica tors .  Th i s  
resul t  is s ta t i s t ica l ly  s ignif icant  at  p r  = 0.0006, wh ich  
m e a n s  t h a t  t h e r e  is on ly  6 chances  ou t  of  10,000 t ha t  
th is  e f fec t  w o u l d  h a p p e n  by  r a n d o m  chance .  
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Unfortunately,  the last two hypotheses, that pro- 
gress indicators would affect their feelings towards vari- 
able response times, and that variable response times 
would affect their  feelings towards progress indicators,  
were not supported. It is interesting to note,  however,  
that subjects prefered constant t ime (mean = 5.73) over 
variable time (5.41) without progress bars, but prefered 
variable (5.98) over constant (5.90) with progress bars as 
hypothesized (see Figure 8). Since this difference is not 
statistically significant, the experiment failed to dupli- 
cate the results of ear l ier  experiments such as Miller 's 
(1977) which said that subjects should favor constant 
t ime over variable t ime, at least without progress indi- 
cators. 

By observing the subjects perform the experiment,  
it was clear that when the progress indicator is present,  
the subjects tended to watch it on the screen since they 
had no other  task to do. Without  a progress indicator,  
however,  the subjects apparently got bored with the 
screen and looked around the room or at the questions 
or instruction sheet. When the answers appeared on the 
screen, the subjects would notice this in their peripheral  
vision, and then look up. This is supported by the data 
in Tables 3 and 4 which show that the subjects rated the 
variabil i ty of the constant and variable versions the 
same without progress indicators,  but there is a 
significant difference when progress indicators were 
present (correlat ion V.C. with P.N. at pr = 0.0011 in 
Table 4). 

This calls into question, therefore,  the general 
applicabil i ty of the ear l ier  experiments;  variable t ime is 
not always perceived as worse than constant t ime. I n  
the Miller experiment ,  for  example,  the variabil i ty was 
apparently in the rate  at which characters were 
displayed, which is an entirely different situation from 
the one tested here.  Clearly,  if the degree of variabil i ty 
is very low, the system will seem constant,  and if it  is 
very high, e.g. 1 second to 1 hour,  it will be unaccept- 
able no matter  what the mean is. An  experiment to 
investigate the range of variabil i ty that is acceptable,  
with and without progress indicators,  and under various 
wait conditions,  would be interesting. Another  
approach would be to try to insure that the subjects 
paid more at tention to the screen, possibly by making 
the test t imed and having a very faint signal when 
answers were ready,  or by having the questions 
displayed on the screen so there is no paper to look at. 

Another  interesting result is that subjects overall  
had a lower opinion of the second version they used 
than the first version which is statistically significant (pr 
= 0.0025). This suggests that people got bored with the 

system (due, no doubt ,  to the long response times) and 
were annoyed at having to use it again. Since the 
experiment control led for this affect,  however,  it does 
not bias the normalized results. 

4. Interpretat ion of Advantages of Progress Indicators.  

This section at tempts to propose some explanations 
for why people prefer  the versions with progress indica- 
tors. Since applications will typically not start  showing 
the progress indicators until they have parsed and 
understood a command,  progress indicators provide the 
following important  messages listed by Miller (1968): 

the user knows (a) his request has been 
listened to, (b) his request has been accepted,  
(c) that an interpreta t ion of his request has 
been made,  and (d) that the system is now 
busy trying to provide him with an answer. 

Progress bars are important  for novice users since 
they are likely to believe that everything on the com- 
puter  should opera te  quickly, and therefore  is more 
likely to panic (Foley,  1974) and think that the com- 
puter  has crashed if it does not provide feedback while 
the computer  is working. Although experts typically 
have a feel for  how long most tasks will take,  they 
should also benefit from progress indicators.  Experts  
will be more l ikely to run mult iple tasks in parallel  
since their t ime is valuable,  but most people find it 
difficult to keep track of what is happening when 
multi-processing. Progress indicators help users plan 
and monitor  the various tasks so their  t ime can be more 
effectively used. An  interesting experiment would be to 
at tempt to measure the affect of progress indicators in 
a multi-processing environment.  

Another  reason people may prefer  systems with 
progress indicators is that they rarely like to sit idle and 
waste time. Therefore ,  any "wait" t ime is annoying. 
There are many examples of  this effect in areas other  
than computers,  e.g. waiting "on hold" on the phone. 
When people do not know how long the wait will be,  it 
is impossible for  them to schedule a different task of 
the appropr ia te  durat ion,  or  even to relax effectively. 
This tends to raise the level of  tension while waiting for  
completion.  If  there is an indication of progress,  how- 
ever, or if the user knows a pr ior i  how long the task 
will take,  then the time can be used in some productive 
manner.  This lowering of the users'  anxiety is an 
important  benefit of progress indicators.  Therefore ,  an 
al ternative to progress indicators might be an actual 
number or an analog display of the actual t ime left  until 
the task is completed,  if this can be est imated.  
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5. Conclusion. 

Percent done progress indicators appear  to be an 
important  user interface tool that helps users in a 
number of ways. They help novices feel bet ter  about 
the system by showing that a command has been 
accepted and the task is progressing successfully. They 
are also useful for experienced users since they provide 
enough information to allow them to estimate comple- 
tion times and therefore plan their time more 
effectively. This is especially important  with multi- 
processing systems with windows. The experimental  
evidence presented here demonstrates that systems with 
progress indicators are prefered by users. This indicates 
that the benefits of progress indicators are probably 
sufficient to warrant  the extra  cost in computat ion and 
implementat ion required to include them in future sys- 
tems. 

Appendix A. 
The questions that the subjects were asked to 

answer using the query system in the experiment 
included: 

Who wanted to go to Fresno in December? 
Who wanted to go to Santa Barbara on August 8? 
How many requests for trips to Oakland are there in the 
data base? 
List the data of travel for requests that William Powers 
made, where he requested Ned Maxwell to also travel. 
If the people who accompanied Scott Derry to Oakland in 
May, how many trips did each request for themselves in that 
month? 
Which of Walter Scdlak, Rosa Velaseo, or William Powers 
booked the most trips? 

Appendix B. 

The following is the semantic differential  scale 
used in the questionnaire: 

This version of the program made me feel: 

Sad 1 2 3 4 5 6 7 8 9 Happy 
Anxious 1 2 3 4 5 6 7 8 9 Relaxed 
Impatient 1 2 3 4 5 6 7 8 9 Pstient 
Annoyed 1 2 3 4 5 6 7 8 9 Calm 
Tired 1 2 3 4 5 6 7 8 9 Energetic 
Uncomfortable 1 2 3 4 5 6 7 8 9 Comfortable 
Helpless 1 2 3 4 5 6 7 8 9 Powerful 
Bored 1 2 3 4 5 6 7 8 9 Excited 
Tense 1 2 3 4 S 6 7 8 9 At Ease 
Confused 1 2 3 4 5 6 7 8 9 Confident 
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