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Business people  spend  most of their  time  communicat- 
ing, or attempting to communicate, with others. We 
briefly  describe  our  ideas  about  these  communication 
activities  and  their  resulting  problems,  and then dis- 
cuss an  experimental  tool we developed to help  busi- 
ness  people  solve  some of their  communication  prob- 
lems. This tool, called  the  Speech  Filing  System,  allows 
users to send  messages to anybody  in the world  and 
receive  messages  from  anybody  in the world, The  sys- 
tem  offers  powerful  editing,  filing,  retrieval,  and  mes- 
sage  distribution and control  functions,  using  pushbut- 
ton telephones  as  the  terminals. 

T here  is currently much interest in creating new 
work tools for business people, or so-called office 

principals, e.g., “white-collar” professionals, man- 
agers, executives, salesmen, etc. This interest in prin- 
cipal-support tools is stimulated by increasing white- 
collar costs, the need for greater principal productiv- 
ity, potential decreases in secretarial services, and 
the absence of computerized tools for principals 
today. 

Since 1973, we have  been doing research on princi- 
pal-support tools. This paper first describes the way 
we structured the problems to be solved and  the 
experimental system we designed to solve them.  The 
main part of the paper then describes what a prin- 
cipal can do with this new system, or tool. 

The tool is  called the Speech  Filing  System (SFS). It 
was developed at IBM Research in Yorktown Heights, 
New York, from 1973 to 1975. In 1975 principals 
began to use SFS in their own work, and informal 
evaluation with  users  At the same time, 
formal human factors laboratory experiments related 
to SFS were ~ n d e r w a y . ~ . ~  For the next  six  years, about 
750 IBM principals around  the world  used SFS in their 
daily work. This six-year period allowed us to  con- 

centrate on improving the user interface (including 
training, documentation,  and help facilities) through 
a series  of experiments, field studies, and major 
changes and the subsequent empirical evaluations of 
the interfa~e.~ In September 198  1, IBM announced 
that  the IBM Audio Distribution System (ADS), a 
direct outgrowth of SFS, would  be available as a 
commercial product. The first customer installation 
was in February 1982. Other companies, including 
AT&T, Electronic Communications Systems (ECS), 
and Wang, have announced  audio systems that have 
some functions in common with ADS. 

Many of the  audio functions described here are 
implemented in ADS. A description of the functions 
contained in ADS is contained in  the “subscriber’s 
guide.”6 We also describe some functions that we 
have  designed or incorporated in research prototypes 
only, including message composition and transmis- 
sion of nonaudio messages. The user interfaces for 
these functions and for ADS were jointly developed 
to make them compatible. 

Whereas this paper provides a functional description 
of SFS, a related human factors paper5 describes the 
design  challenges and how we addressed them by 
drawing upon  the behavioral literature to understand 
what principals actually do  and by the empirical 
research we carried out through laboratory experi- 
ments, simulations, and prototype studies. 
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The  problem 
Communicating with other people  is the  main activ- 
ity  of principals, as well as of most other people. 
Communicating takes a lot of time. Studies show 
principals spend about 25 percent of their time  in 
noninteractive communication, i.e., reading and 
~ r i t i n g , ~ - ~  and they spend over 40 percent of their 
time in interactive communication, i.e., face-to-face 
conversations, meetings, and telephone conversa- 
tions.’  If these percentages do not seem intuitively 
obvious, it may be because principals overestimate 
the  amount of time they spend in noninteractive 
communication (42 percent estimated versus 26 per- 
cent actual) and underestimate the  amount of time 
they spend in interactive communication (28 percent 
estimated versus  42 percent a c t ~ a l ) . ~  Interactive 
communication is the source of major frustrations 
for principals, e.g., inability to get the desired person 
on the telephone, inability to get to  the point in a 
conversation, and inability to be understood. 

Noninteractive communications provide a perma- 
nent record and have traditional distribution meth- 
ods (e.g., U. S. Mail, public libraries). But these 
require very expensive, time-consuming typing and 
editing. Multiple copies are often required, and dis- 
tribution is  very  slow. The increasing use  of  elec- 
tronic mail and electronic message systems” is still 
pretty much limited to people using computer sys- 
tems  and terminals which are cost-justified for other 
purposes. 

Interactive communications usually have speed ad- 
vantages over noninteractive communications. Most 
interactive communication makes use  of voice, and 
the  intonation of  speech cames  information. But 
interactive communication has become increasingly 
difficult, in part as a consequence of having to locate 
a person in both space and time. Principals are 
unavailable over half the  time because of being on 
the telephone, out of their offices, or  in meetings. 
Principals make 15 or so telephone calls each day, 
completing only half of them  to  the parties they want 
to talk with.’’ They almost never leave a content 
message  with a secretary but  rather a message to “call 
me back.” And, of course, when the call-back is 
made, the same statistics apply. (Incidentally, secre- 
taries spend ten percent of their time handling these 
telephone messages.8) Principals often volunteer that 
this telephone roulette is their main pet peeve at 
work.  Because  people are frequently away from their 
desks and may be traveling, the caller may not know 
where to reach the called person. Thus, locating a 
person at a particular time has become an increas- 
ingly  difficult task. 
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The problem, then, is to help principals with their 
communications needs. The solution lies in under- 
standing these needs and developing a tool that 
addresses them. 

Our solution 

Required  behavioral  characteristics. From our be- 
havioral analyses of principals’ communication pat- 
terns, we decided that  the solution involved many 
critical characteristics: 

1. It must address principals’ communication prob- 
lems because communicating is the  main activ- 
ity of principals. 

2. It must be a communication system that many 
principals will  use. 

3.  It must be able to be used directly by a principal. 
Direct use  is required to avoid the cost and 
potential errors of a human intermediary spe- 
cialist and  to identify displaceable costs that 
customers may need to justify the expense of 
buying the system. 

4. It must be able to be used anywhere because 
principals work in  many places-their  offices, 
other people’s  offices, conference rooms. 

5. It must be sujiciently powerjiul to be useful in 
addressing the necessary broad range of princi- 
pals’ communication needs. 

6. It must  communicate with people, not things 
(e.g., machines and traditional  computer  data 
bases)  because principals communicate mainly 
with people. 

7.  It must handle soft information (opinions, atti- 
tudes, predictions, emotions, etc.) as well as hard 
information (facts, numbers, propositions, etc.) 
because principals almost always take into ac- 
count soft information in making decisions. 

8. It must handle information with a short lifetime 
as well as information with a long lifetime. Much 
office information has a short, but critical, life- 
time, often of  less duration  than it typically takes 
to  update most data bases,  e.g., “the meeting has 
been postponed for 15 minutes” or “we  have to 
go now.” 

9. It must automatically update itself. 
10. It must be easy to learn and easy to use. This is 

the sine qua non. Principals say they do not want 
to read documentation  or spend much time 
being trained. Some critics find it hard to rec- 
oncile this position with the fact that principals 
have spent many years in school learning from 
books and going to classes. The key insight has 
to do with the difference  between learning to do 
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something, and learning about something. Peo- 
ple learn to do things by doing them (walking, 
riding a bike, playing a game, speaking a foreign 
language, aerobics, typing, swimming, giving 
talks, cooking, successfully interacting with  peo- 
ple, etc.), not by reading about how to  do  them. 

These criteria led to severe  challenges at  the begin- 
ning of our work in  the early 1970s. Office principals 
did not use computer typewriter or video terminals 
or  computer systems, and there was a general belief 
that they  would not. Computer systems communi- 
cated with things, not people, and contained hard, 

SFS contains  the  best  features of 
both  noninteractive  and 

interactive  communication 
systems. 

not soft, information. Computer terminals were  used 
only by specialists. Data bases  were updated period- 
ically, and only by specialists. Computer systems 
required extensive training to learn. It was hard then, 
just as it is  now almost ten years later, to predict the 
rate at which  these facts will change.  However, we 
believed  then-and  now-that the  manner in which 
they will change depends upon providing systems 
that are more useful and easy to learn and use. 

Summary of the system. SFS contains the best features 
of both noninteractive and interactive communica- 
tion systems.  Figure 1 shows a conceptual schematic 
of SFS. As shown, users can send and receive  messages 
using standard  pushbutton telephones. Messages are 
stored in a computer  (an IBM Series/] computer in 
ADS), which is connected to  the telephone network 
and can be dialed from anywhere. Starting from the 
lower  left of the figure and going  clockwise,  users 
can get or send messages from telephone booths, 
from their office, from conference rooms (where 
several  people can use SFS at once), or from motels 
and home. A user’s secretary can, via the secretary 
password,  assist the principal. 

SFS allows a person to compose (edit, review, insert, 
delete, annotate,  and  format) messages, distribute 

these to  any person in the world, and receive mes- 
sages from any person in  the world. (There is no 
distinction between  messages, memos, documents, 
mail, notes, letters, etc. in SFS.) To  do all this, SFS 
uses a pushbutton telephone (or its equivalent) as 
the terminal. The telephone was selected  because it 
is the most ubiquitous terminal in the world, and 
users can thus send messages at almost any time and 
from almost any place. All principals have  tele- 
phones in their offices and  at  home  (but need not 
use their own telephones). Telephones are also in 
most other places where principals work, or else 
nearby, e.g., phone booths. With SFS, unlike with 
most other  computer message  systems,  users need 
not seek out a special-purpose terminal. A principal 
gives commands  to SFS via the  pushbuttons  on  the 
telephone. Audio messages (as well as other media 
documents)  are stored and modified in digital form 
but  can be received or played out in analog or digital 
form. 

Key results. Our research in  the last  six  years  shows 
that principals use SFS directly (from our interviews 
and observational data), use it at all hours of the day 
(from interviews, observations, and usage analyses), 
find it is easy to learn (ADS customers tell us that 
new users often learn it with no training), find it very 
useful in their work (from self-reports, interviews, 
and surveys), and send content messages (from ob- 
servations and self-reports). If it is unavailable for 
even a short period of time, they are disturbed (self- 
reports and survey data). These results are elaborated 
upon el~ewhere.~.’~ SFS is a cost-effective way  of com- 
municating and can pay for itself in less than  one 
year  (based upon displaceable costs and  not counting 
any increase in principal productivity; see  below). 

What a person can do with SFS 

Message creation or editing. A person, using only a 
pushbutton telephone as a terminal, can (1) create 
an  audio message, (2) review and replace all or part 
of it, and (3) insert, delete, move, and edit segments 
of it. Although most of our work so far emphasizes 
spoken messages, we have used SFS to compose and 
distribute handwritten and typed messages as well. 
Figure 2 is an example of  how a user calls SFS, records 
a message, and  transmits it. 

A person can  annotate  audio, written, printed, or 
pictorial messages  received from other people. Figure 
3 shows an example of a user listening to a message 
from his manager, adding the answer to her question, 
listening to both voices  now in the message, and 
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Figure 1 Conceptual  diagram of SFS (from  original  rendition by Jennifer  Howard) 

returning it to his manager as well as to the sales Unlike a tape recorder or conventional dictating 
manager.  Note that it is  equally easy for a user to system, SFS is voice-activated. A person  does  not turn 
annotate a message anywhere in that message or to it off and on while recording. In effect, SFS records 
start over.  Experience  has  shown that annotation is only  when a person is talking. For subsequent ease 
often  used, and users often like to send both the of listening,  as well as  storage compaction, pauses 
initial inquiry and the response. between  words are encoded and automatically com- 
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pressed  by S F S . ' ~  Encoding and storing pauses, rather 
than simply deleting them, allows  users to  put the 
pauses back in if they want to. 

Users create messages quickly, usually in a minute 
or two.12 Because of this, and because of a terminal 
(the telephone) almost always being nearby, users 
indicate they can compose a message under almost 
any circumstances, including during a meeting with 
other people. Users volunteer that they like being 
able to send someone a message  when  "it occurs to 
me." 

As SFS has evolved over the years, it has been  used 
by principals much more as a message  system (super- 
telephone) than as an enhanced dictation system  (see 

Gould  and Boies'); Our laboratory experiments 
showed that it is easier and more efficient for people 
to speak the  contents of documents (whereby the 
recipient will listen to  them)  than  to dictate the 
documents (whereby the recipient will read 
them).'4,'5 

Message distribution. A user can send a message to 
any person in the world who has access to a push- 
button telephone (or device to convert a dial tele- 
phone  into a pushbutton telephone) and who knows 
how to use a telephone. Most often, users send 
messages to other "registered"  users,  i.e.,  users  whose 
names ("user IDS") are stored in SFS and are played 
out. Messages are sent by key-pressing the last name 
of a registered  user, as shown in Figure 2. In the case 

Figure 2 Example of a  user  calling SFS, recording a message,  and  transmitting  it.  Pressing 00 means  "do  it,"  or  transmit  it 

b 

* -T N 

b 

e P-Y-z 

TO CALL SFS AND SEND A MESSAGE  (USER DIALS SPECIFIED TELEPHONE NUMBER) 

PLEASE KEY-PRESS 
YOUR LAST NAME YOUR PASSWORD 

,,f):=: JOHN GOULD 

,(GOULD 
TALKS) 

YOU AT THE OPERA": 
'LIZ, I'LL MEET" 

AT 7:OO ...'--+ 

0-0 
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Figure 3 Example of a  user  (Jim)  listening  to  a  message,  replying  to  it,  and  sending  the  reply  back  to  the  sender  (Faye  Hindery, 
his  manager)  and  a  copy of it  to  another  person  (Stephen  Boies,  the  sales  manager) 

TO LISTEN AND REPLY  TO  A  MESSAGE: 

* -R 1 

- -PRESS 1 ADD COMMENT RECORD 
AT BEGINNING 
OF MESSAGE, 

HERE, 
THE SALES REPORT? 2 INSERT COMMENT 

PRESS *R RECORD, 
END OF MESSAGE 

*L LISTEN AGAIN. RECORDING. 
3 START  A NEW 

of ambiguities with names (e.g.,  several Smiths), SFS A user can send a message to more than  one person 
asks the user which Smith. at once, as shown in Figure 3, or  to people on user- 
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Figure 4 Example of a  user  sending  a  message  to  a  predefined  distribution  list.  Users  can  give  any  name  they  choose  to  their 
distribution  lists  and  can  play  out  those  names  if  they  have  forgotten  them 

TO SEND A MESSAGE TO A DISTRIBUTION LIST: 

:THIS DISTRIBUTION 
'LIST IS 47687. 
RECIPIENTS. 
STEPHEN BOIES. 
NANCY  GRISCHKOWSKY, 

BILL NOTZ, 
JIM SCHOONARD 

JOHN RICHARDS, JIMSCH~ONARD 
B" z11ZMESSAGETRANSMITTED 

TO STEPHEN BOIES, 

JOHN RICHARDS, 
NANCY  GRISCHKOWSKY, 

RII I NOT7 

I I 

defined distribution lists. Figure 4 is an example of 
a user sending a message to a distribution list.  Users 
can play out  the names of their distribution lists and 
the  names of the people on them.  The concept of 
distribution lists is further enhanced by SFS, which 
can store defined sets of people, e.g., group members 
and organizational charts, and automatically update 
these. 

A user can actually send a message to any person in 
the world who has a telephone number,  or receive a 
message from any such person. Figure 5 is an ex- 
ample of a user sending a message to a nonregistered 
person. In this case, the user  key-presses the tele- 
phone  number of the recipient. If a message is sent 

to a telephone number, the security may not be as 
great as when it is sent to a person's name because 
the message can be heard by anyone answering the 
telephone. 

A user may send a request to several people, and as 
they respond, SFS notes this. SFS will make  additianal 
reminder calls to  the remaining people, reminding 
them of overdue replies. 

A user can page other people via radio in  conjunction 
with a telephone. 

Note that a recipient can receive a message at any 
telephone, which  is  very  useful  while traveling. The 
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Figure 5 Example of transmitting  a  message  to  a  nonuser.  Should  a  user  make  a  mistake  in  keying  a  telephone  number,  he or 
she  can  key  that  number  in  again to delete  it  and  then  key  in  the  correct  number 

~~~ ~ ~~~~ 

TO TRANSMIT A MESSAGE TO A NONUSER: 

sender need not know where a registered recipient is 
or will be.  Users can call SFS from any telephone, or 
be  called by SFS at any telephone number included 
in the list  of numbers where SFS can reach him or 
her. These numbers can correspond to a recipient’s 
office phone, laboratory phone, and off-hours phone, 
for example. Users can easily change their numbers 
(from any telephone), which  allows SFS to call them 
no matter where they are. The order and  number of 
times SFS calls each number depends upon  the  hour 
of the day and whether the sender has assigned a 
special  classification  (e.g., urgent) to  the message. SFS 
will call  back in a few minutes if the recipient’s 
phone is busy; it will try alternative numbers  that 
the recipient has specified; and it will retry later if 
the  phone is unanswered. 

When a message  is sent, SFS calls the recipient and 
notifies him about this. This call may be made at a 
time designated by SFS, or it may be made  at times 
designated either by the sender or  the recipient. SFS 
will automatically retry should a recipient be un- 
available or should the  number be  busy. 

A person can send a message to himself or herself to 
be  delivered at any  time (i.e., make his or her own 
phone ring at  any time). Since one can send messages 
to oneself, SFS provides a reminder service.  Figure 6 
shows an example of a user sending himself a per- 
sonal reminder, which in this case  serves as a wake- 
up call as well.  If the user makes a mistake keying in 
a time  or date, he or she simply keys it in again. 
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Figure 6 Example of John Gould  sending  himself  a  personal  reminder  wake-up  call. SFS will  call  him  at  home, his off-hours 
location,  because of the  time of day  he  entered 
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TO SEND A PERSONAL REMINDER: 

'THIS IS TO REMIND 

TAKE  MY  CHARTS ON THE--+ 
MYSELF THAT I MUST-", 

AIRPLANE WITH ME"+ 
THIS MORNING: 

G-0-U W-E-D 

c--- E---  ENTER EITHER 

[--- 
I :I: JOHN GOULD ----ENTER TIME IN 3 OR 

PRESS 1 SEND  AS 

2 SEND AS 

----DELIVERY TIME: 
""WEDNESDAY,  AUGUST ""4 DIGITS.  FOLLOWED 4 DIGIT  DATE OR 

FILECOPY, BY AM OR PM. 

PERSONAL 
REMINDER. 

SPELL DAY OF WEEK. 25 AT 6:OO A.M. 

TRANSMITTED ON 
MESSAGE  WILL BE 

WEDNESDAY  AUGUST 25 
AT 6:OO A. M. 
TO JOHN GOULD. 

A user can send a message to a recipient and ask SFS individual has listened to a message that he or she 
to automatically notify him or her once the recipient sent to  that individual. This is in contrast to  other 
has listened to it. Or, a user can ask SFS if a particular forms of noninteractive communication. Although 



people can verify through the U. S. Post Office’s 
Registered Mail system whether someone at  the re- 
cipient’s (presumed) location has accepted a docu- 
ment,  this does not tell whether the  intended recipi- 
ent has actually read it. With SFS a user can learn 
whether a message he or she sent has actually been 
listened to. This information has proven valuable in 
reducing user uncertainty about whether a recipient, 
especially one who  is traveling and whose  where- 
abouts  are  unknown, has received a crucial message. 
SFS provides this  information immediately, whereas 
U. S. Registered Mail, for example, requires several 
days, and even some electronic message systems have 
network delays. 

A user can  amend  or cancel a message that has 
already been sent if the facts have changed or  the 
information is no longer needed. We have adopted 
the policy that if the message  is sent to several people, 
and if one or more people have listened to it,  then 
the message cannot be amended or canceled. 

A user can solicit a reply to his or her message, and 
both the sender and recipient can be automatically 
notified the day this reply  is due, as well as if it is 
overdue. SFS automatically tells the user of the over- 
due status, and then plays out  the text of the message. 

Besides a New  Message  Box, an Old  Message  Box, 
and  an Outgoing Message  Box, each user has a 
Pending Message  Box. The Pending Message  Box 
contains a list of people  who are overdue in replying 
to a user, as well as the people to whom that user 
owes  replies. Users skip from one box to another 
with a two-key command.  The most important box 
is activated when SFS calls a user or a user calls SFS. 
For example, if  users have new  messages, their New 
Message  Box is automatically activated. If there are 
no new or pending messages, their Old  Message  Box 
is automatically activated when a user  calls SFS (but 
in  this case, SFS would not call a user). 

There is a private bulletin board or shared message 
facility. If, for example, over a period of  weeks a 
group of users wanted names of potential recruits for 
a new job, each user could send messages to this 
central collection point so that each member could 
hear the entire set (i.e., the messages from all group 
members) as it grows. 

Message filing and retrieval. Each audio message 
has associated with it relevant statistics (e.g., time 
and  date of creation, author’s name, list  of recipients, 
time  at which  each has heard it, and actions they 
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Figure 7 Example of  SFS calling  a  user  and  the  secretary  answering.  With  default  options,  SFS  does  not  allow  the  secretary  to 
listen  to  the  messages, only learn who  they  are  from 

(RECIPIENTS 

RINGS) 
(NOTZS 
SECRETARYS 
PASSWORD) 

*D HANGUP‘ 

TO ANSWER SFS WITH SECRETARY PASSWORD: 

THIS IS THE 
SPEECH FILING 

NEW MESSAGES: 

SYSTEM CALLING 
JOHN RICHARDS, 
JIM SCHOONARD. 

BILL NOTZ. (HERE SFS ONLY INDICATES 
PLEASE KEY-PRESS 
YOUR PASSWORD. 

WHO SENT THE MESSAGES) 

PRESS *G GET ANOTHER 
MESSAGE, 

*R RECORD. 

ment,  and forward it, etc.), and how long they may 
retain it. A person can request responses to a mes- 
sage. 

All these functions are accomplished by the user 
pressing the telephone pushbuttons. 

Listening  to messages. A user can listen to his or her 
messages from anywhere. Messages,  of course, are 
heard in the voice of their creator. Pauses are  auto- 
matically encoded when a message  is recorded, so 
they can be contracted or expanded while listening. 
Listening to messages without pauses is much pre- 
ferred over listening to messages containing the 
pauses of the  author  (as with traditional tape re- 
corders or dictating equipment). Experiments have 
shown that comprehension of material heard via 
SFS’S pause-deleted  speech is equal to or better than 
that for the same material heard via careful reading 
or via extemporaneous ~peech .~  The limiting factor 
in listening to SFS messages  is the quality of the 
telephone lines. A user can change listening speed, 
increasing it  several times over the rate it normally 
plays out.  Other listening aids are described below. 

Personalization. A user can tailor SFS to his or her 
own  needs  via pushbutton telephone key-press com- 
mands. A user has four passwords: personal, secre- 
tary, family, and guest. A user can use all SFS func- 
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tions with  his or her personal password. Initially, SFS 
assigns a subset of the functions to  the  other pass- 
words. 

Figure 7 is an example of what happens when SFS 
calls and a secretary answers. With the secretary 
password, a secretary can learn who the principal’s 
messages are from, but  not listen to their content. A 
principal can modify what his or her secretary’s 
password (as well as the others) can do, assigning 
more function to it. For example, a principal may 
want the secretary to be able to listen to all noncon- 
fidential  messages. 

Special attention, in the form of a special  password 
and priorities, is  given to a user’s family. (Ever try 
calling home  at 4:30 p.m.  and get a busy  signal?) 
With the family  password, one accesses only the 
messages designated for the family, e.g.,  “I’ll  be home 
late tonight.” 

A user has three telephone numbers where SFS will 
call him or her. Users can call SFS and set these 
numbers from any telephone anywhere, which  is 
useful  when a user  is at  another location and wants 
SFS to call there. These numbers are usually the user’s 
office number, secondary work number,  and off- 
hours or home  number. 
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Figure 8 The  user  command  language  that  evolved  from  SFS  and  now  runs  on  the ADS product 

SIMPLE USER LANGUAGE ACCOMPLISHES MANY THINGS: 

COMPOSE MESSAGES 

VOICE  ACTIVATED 

REVIEW 

INSERT 

START  OVER 

MAKE FILE COPY 

RECEIVE MESSAGES 

SELECT MESSAGES 

RELISTEN 

REPLY 

ANNOTATE 

SEND MESSAGES 

TO ONE PERSON 

TO SEVERAL PEOPLE 

TO DISTRIBUTION LISTS 

PERSONAL REMINDERS 

FILE MESSAGES 

NONUSER CAPABILITY 

RECEIVE FROM NONUSERS 

ENHANCE DICTATION 

Several  user interface languages are available, and 
the user can select the  one he  prefers. A new user, 
for example, may choose to use the system-driven, 
prompted language that experience has shown re- 
quires no user training.5 The experienced user, on 
the  other  hand, may not want the prompted, or 
audio  menu, approach, but would rather choose to 
key-press the  commands based upon his recollection 
of them. 

Users can select the rate at which  system  messages 
automatically play out, making pronunciation faster 
or slower than originally recorded. It has been found 
that with experience, users  like  messages to play out 
faster. 

SFS is designed to be able to  monitor automatically 
user behavior and  to provide feedback and help 
appropriate to  the user’s  knowledge. 

Results of using SFS 

Useful functions. The two major user interface issues 
in any system are identifying the required useful 
functions and making these easy to learn and use. 
The first  issue  was initially accomplished with our 
behavioral analyses of principals’ needs. The suc- 
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ceeding  years  of empirical research that studied the 
functions principals actually used and  the additional 
functions they wanted led to major refinements (see 
Gould and Boies5)  which proved ultimately to be 
successful, as mentioned earlier under “Key results.” 

Learning SFS. The second basic behavioral chal- 
lenge was to  make SFS easy to learn and use. The 
main problem centered on mapping the 100-200 
different SFS functions onto  the 12-key telephone set. 
The basic commands amved  at after several  years  of 
empirical and experimental research5 are shown in 
Figure 8. They are *G to get a message, *L to listen 
to a message, *R to record a message, and *T to 
transmit a message. Each of these commands is, in 
effect, a command mode. For example, within the 
Transmit  mode  the N key is the prefix for a user’s 
Name. With these basic commands, a user can do 
all the things shown in Figure 8. In addition, there 
is a Customize mode (*C) that allows  users to per- 
sonalize SFS for themselves, e.g., set their passwords 
and telephone numbers. The Customize mode is 
entirely prompted-after  pressing *C a user selects 
from a series  of three-choice alternatives-because 
it contains  much function that is only infrequently 
used. 

The solution that evolved included identification of 
the basic functions people wanted, a small number 
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of commands  to accomplish these functions (with 
only a few key-presses), feedback messages after ev- 
ery  key-press,  selective prompting messages, and al- 
most no need for documentation. Experience has 
shown that users  now require only a few minutes of 
training to learn these basic functions. Getting to 

Users  learn the basic  functions  in 
a  few  minutes. 

~~ ~ ~ 

this point, however, took years  of human factors 
empirical research and several major iterations on 
the user interfa~e.~ 

The self-help tools on SFS have in fact proven helpful 
primarily because they are integrated with the com- 
mand languages and  are easy to use.  Pressing the # 
key causes suggestions about what the user might 
want to do next, conditioned by the user’s context, 
to play out. Pressing the W key  (i.e., 9 key) answers 
who, what, when, and where questions about a mes- 
sage a user is listening to  or creating. The  aim of this 
help system is not merely to aid the user in using 
SFS, but to aid the user with the general problem he 
or she is trying to solve. 

From  novice  to  experienced  user. We have attempted 
to solve the general problem in SFS, found  in all user- 
oriented interactive computer systems,  of  how to 
help a person use additional features of the system 
as he or she becomes more experienced. One simple 
method that new users in some customer locations 
have liked  is to play out a “Helpful Hint of the 
Week” to a user upon first  using SFS that week. In 
another approach, after a (programmable) number 
of  uses  by a given  user, the SFS user interface can be 
automatically changed for that user. This approach 
has worked well in the case of automatically speeding 
up  the rate of system  message playout after a user 
uses SFS a certain number of times. 

Handicapped  users. SFS would seem to have advan- 
tages  for the blind, who can listen to documents  that 
might otherwise be available only in printed form. 
SFS ordinarily plays  messages at  about 200 words per 
minute, without being much affected by the rate at 
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which they are recorded. The sped-up speech  facili- 
ties of SFS allow  messages to play out  at about twice 
this rate, which approaches the  maximum rate of 
speech percepti~n.’~,’’  The few manual controls and 
possibility  of  voice commands (see  below) make SFS 
potentially attractive for the manually handicapped 
also. 

Some  observations on SFS usage. The following 
summarizes some qualitative observations on SFS 
usage. Users learn the basic functions in a few min- 
utes. They require little or  no  documentation. SFS is 
truly principal-oriented. Principals use it directly. 
We know of no example in which a principal has 
asked his secretary to send a message for him or her. 
Much more is accomplished by noninteractive com- 
munication than we had initially imagined. Princi- 
pals send content messages (as opposed to simply 
asking the recipient to  return a telephone call). SFS 
appeals to a wide  range  of  users, including those who 
dislike  gadgets and  had  no  intention of  ever  using a 
computer terminal. SFS is  especially  used by man- 
agers. SFS is used remotely (at night, while traveling, 
in  other offices, etc.). Perhaps of most relevance, 
experience shows that users  miss SFS if it is unavail- 
able for a short time-as  was occasionally the case 
with the research prototypes. All these observations 
are elaborated upon in  Gould  and Boies.’ 

What SFS does  for  principals. The following  is a 
summary of informal positive comments we have 
heard from users  of SFS over the last  several  years. 
Users  like to be able to  communicate with people at 
any time, from any place, and  are especially appre- 
ciative of this when they do not know where other 
people are. It solves the time-zone problems, e.g., 
California to New York, Europe to U.S. (The fact 
that all times are based upon the SFS installation 
location does not seem to be a problem, probably 
because few timed deliveries are sent across  several 
time zones.)  Users  say SFS relieves their anxieties 
about certain types of communication,  and relieves 
what  would otherwise be a larger (human) memory 
load. It helps them  to control their interruptions  and 
to  communicate on relevant matters without getting 
into other, unwanted subjects. They like the personal 
touch of voice  messages. SFS is said to eliminate the 
burden of routine matters. Users do not have to  hunt 
around for people, and they can  inform several 
people at once. It is easier and quicker to compose 
spoken messages than  to compose written, dictated, 
or text-edited messages.14’15,18,21,22 U sers say that SFS 
improves their intragroup  and intergroup commu- 
nication. 
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Table 1 Estimated ADS displaceable  costs 

Operating  Expense  Cost  Savings” 

Reduction in long-distance  telephone $15.00 
costs 

calls/mo.) 

tary time 

(Assumes  6  fewer  long  distance 

Reduction  in  memos-saved  secre-  5 1.60 

(Assumes 8 fewer memos/mo.) 
Reduction in secretary  message  han- 26.65 

dling 
(Assumes 5 fewer  messages/day) 

TOTAL  PER  USER  PER $93.25 

COST OF ADS PER USER PER -$10.00 

NET COST  SAVINGS  WITH ADS $83.25 

MONTH 

MONTH 

PER  USER  PER  MONTH 
‘Estimates are  based upon unpublished studies available to the authors from IBM 

did with SFS prototypes. The ADS cost per user assumes users already have a paid- 
sources of what principals do without ADS and informal studies of what  principals 

for telephone and at least 200 users on  an ADS, and includes maintenance charges. 

Cost of SFS. An estimate of the costs of SFS can be 
obtained from the commercially available IBM Audio 
Distribution System. ADS costs about $10.00 per 
month per user for an average  system configuration,’ 
which  is much less  expensive than electronic message 
systems  used from video terminals.” 

ADS is a principal-support system. Generally such 
systems can be cost-justified only in  terms of in- 
creased principal productivity, which  is  difficult to 
estimate or measure. However, given the way ADS 
impacts principals’ behavior, it can, fortunately, be 
cost-justified in terms of displaceable costs (so-called 
“hard dollars”) as well. Three normal operating costs, 
shown in Table 1, can be reduced by ADS. First, long- 
distance telephone costs can be reduced because 
customers can lease a single 800 number for ADS. 
Second, typing costs can be reduced because  fewer 
typed memos are required. Third, telephone message 
handling can be reduced because of  fewer  missed 
telephone calls. As shown in Table 1, we estimate 
these displaceable costs to be currently $93.25 per 
user  per month  in a typical office. Thus, the net cost 
saving is $83.25 per user  per month. 

Additional SFS features 

What has been described so far are the general char- 
acteristics and  main functions of SFS, and how and 
why people are using them. In this last section we 
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describe some additional SFS features not yet men- 
tioned. 

Feedback. SFS provides the user  with stored voice 
prompts, hints, suggestions, and menu choices for 
accomplishing useful  work. SFS also responds to the 

SFS has  enhanced  dictation 
facilities. 

user  with stored-voice confirming messages  when 
key-presses are appropriate. When key-presses are 
inappropriate, SFS responds with stored-voice error 
messages, warnings, and helpful hints. 

If the user  is stuck or still does not know what to  do 
after prompting, SFS aids in  other ways. First, if a 
user, during a work  session, has not  done anything 
for a prescribed length of time (which is usually tens 
of seconds and depends upon what the user  is trying 
to  do), SFS detects this and tells the user about his or 
her options. What SFS tells the user  is entirely de- 
pendent upon where the user  is in  the system.  Sec- 
ond, a user presses the # key and SFS lists the options. 
Again, this is entirely context-dependent. A user can 
also press the W key. SFS then plays out answers to 
who, what, when, and where questions. Finally, a 
user can select a completely prompted language to 
guide him or her through  the basic functions. This 
selection is made by changes in  the user’s  profile 
(i.e., the user  presses *C to get into  the Customize 
mode). 

Mnemonics. There are  many levels  of mnemonics, 
or memory aids, designed to make SFS easy to learn 
and use. The  command  names shown in Figure 8 
illustrate verbal memory aids, e.g., G for Get, L for 
Listen. There are verbal mnemonics within a mode 
also. For example, in  Transmit mode, the  “D” key 
is the prefix for Distribution lists, the “N” key is the 
prefix for a user’s Name, and the “ W  key provides 
Who, What, When, and Where information. 

An example of a spatial mnemonic is illustrated in 
Figure 9. SFS allows a person to skip around within 
a message. Imagine a person’s  forefinger  resting on 
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the 5 key. To go to  the beginning, or top, of a 
message, a user  presses 5 and  then moves his  finger 
up to press the 2 key. To go to  the  end,  or bottom, 
of the message, a user  presses 5 and  then moves his 
finger down to press the 8 key. To skip back a little 
bit (several seconds of speech), a user  presses 5 and 
then moves his  finger to  the left to press the 4 key. 
To skip forward a little bit, a user  presses 5 and  then 
moves  his  finger to the right to press the 6 key. 

Enhanced dictation. SFS has enhanced dictation fa- 
cilities, both for creating a long document  and for 
listening to it or  another one. With traditional dic- 
tating equipment,  authors  cannot copy, move, or 
delete segments of speech. With SFS, however, they 
can do these operations anywhere in  the  document. 
They can also insert material anywhere in  the doc- 
ument. (Of course, they can record over the last 
several words of  what they said, as with traditional 
dictating equipment.) They can listen to  a  document 
(theirs or somebody else’s) in sped-up speech. They 
can attach audio format markers, through key- 
presses, to various parts of the  document. We con- 
ceive of these markers as sentence, paragraph, and 
topic markers. When pressed, each causes an audio 
tone of a different frequency to be heard by the user. 
They are hierarchically organized, provide listeners 
clues to  document structure analogous to what punc- 
tuation and indentation provide readers, and facili- 
tate listening. The user, again through key-presses, 
can, for example, skip to a new paragraph, or listen 
only through a particular topic. 

Voice  commands. Presently SFS does not include any 
speech recognition. Users give SFS commands by 
pressing buttons on their telephones. The SFS in- 
put stream contains  pushbutton signals mixed to- 
gether with  voice  signals. SFS automatically separates 
these two, and interprets the frequencies correspond- 
ing to  the telephone button presses as commands. 
SFS could be controlled with  voice commands instead 
of  key-presses, as our early  feasibility experiments 
demonstrated. SFS would  recognize and separate out 
the speech patterns corresponding to the voice com- 
mands. A special dictionary might be needed for 
each user,  however. Further, users could not use SFS 
command names or user names in their messages, 
unless other precautions were taken.  The program- 
ming underlying SFS makes it possible to switch 
between command modalities. 

Coded  data collection. When SFS is  used as a voice 
message system, it is storing and manipulating so- 
called noncoded information. SFS can also collect 
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Figure 9 Example of a  spatial  mnemonic,  or  memory  aid,  in 
the  Listen  mode 

< >  c2> < >  

<4> <5> <6> 

< >  <8> < >  

< >  < >  < >  

coded information.  That is, people can enter actual 
coded data remotely, through the telephone, e.g., 
social security numbers, customer orders, and re- 
search data. There are many  important SFS applica- 
tions of this function. In a study conducted by Eric 
Goldwasser in 1978 (unpublished), IBM field engi- 
neers  called SFS, often from a customer’s location, 
just after completing a service  call. These field engi- 
neers  were immediately prompted with a series of 
questions, e.g., the customer’s name, the serial num- 
ber of the machine repaired, etc. They were  asked to 
key in part numbers that needed to be ordered, and 
the  quantity required. (Appropriate branching was 
included here so that as many part numbers could 
be ordered as needed.) These data were automatically 
transferred, on a  computer network, to  the appro- 
priate departments in IBM. This operation allowed 
quick processing of orders, without the errors intro- 
duced by delayed data entry. Further, it also provided 
fast and accurate tracking of the performance of the 
new computer processors that these field engineers 
were  servicing.  After entering the  data,  the field 
engineers could make voice comments  about  the 
customer or  the new processors they were  servicing, 
and these comments were  relayed to product people. 

Language for coded application  design. Creating 
these prompting sequences for new applications was 
easily done using the SFS computer-assisted instruc- 
tion facility  designed for applications people by Jim 
Schoonard.*’ 

Remote  control. SFS is  designed in such a way that it 
could be  used to remotely control analog and digital 
instruments  and appliances, given appropriate tele- 
phone interfaces. To cite examples relating to  the 
home, one could raise  his home temperature  just 
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before  leaving  work in the evening,  or turn  on a 
microwave  oven  from any telephone. Since  most 
principals  have  irregular work hours, this feature has 
advantages  over  preset controls. SFS is also  designed 
in such a way that it could be  used in connection 
with  biofeedback applications and other health-re- 
lated instrumentation. 

Mixed media. SFS, as mentioned earlier, is a docu- 
ment distribution system that can accept  as input 
and distribute all media, e.g., written, spoken, typed, 
graphic, and facsimile.  Users can edit and annotate 
other media documents just as  they  can edit and 
annotate audio messages. 

Telephone  answering. If SFS is attached to a telephone 
exchange (either public or private, as ADS is  in Eu- 
rope), incoming calls can be automatically trans- 
ferred to SFS when a person  does not answer the 
telephone. The caller can hear the recorded SFS mes- 
sage and then can  leave a message  which  will  be 
placed by SFS in the user’s  New  Message  Box. 

SFS is  basically  different  from conventional tele- 
phone-answering devices’ in that it has much more 
function. In addition, with  telephone-answering  de- 
vices, callers  generally expect to talk  directly  with a 
person and are disappointed when  they hear a taped 
message instead. In using SFS, users  have no such 
violated  expectations. 

Generating  automatic  documentation. SFS provides 
automatic user documentation of  itself, thus elimi- 
nating the errors that often occur when  user docu- 
mentation of a system  is not kept in step with how 
the system  actually  operates. We  keep documenta- 
tion and system in step by using a virtual machine 
(VM) simulator to generate the documentation. The 
code (in the form of the command tables) that con- 
trols SFS (on an IBM Series/l computer) is put into 
this VM simulator. The 12 function keys on the IBM 
3270 display terminal are arranged in the same spa- 
tial array as the keys on a pushbutton telephone. A 
person uses the SFS simulator with  these keys. Printed 
(rather than audio) system  messages appear on the 
video  screen. A user  types, rather than speaks,  his 
messages.  As the document designer  uses the simu- 
lator, the results can be printed, thus supplying the 
final documentation. 

Summary 

Communication is the main activity of business 
people. SFS was  designed to improve communication. 
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Using a pushbutton telephone as the terminal, users 
can  send  messages to anyone in the world and receive 
messages from anyone in the world.  Because of the 
years  of human factors  research that led to several 
iterative improvements in the user  interface (de- 
scribed more fully in Gould and Boies5), SFS includes 
useful functions that are easy to learn and use.  An 
IBM product, the Audio Distribution System, is  based 
upon the SFS research and is  now commercially 
available. 
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