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Acomplex, computer-based taskthatis difficult to do
with a general-purpose tool can be facilitated bya special­
ized tool with capabilities tailored for the task. To make
thisapproach to taskfacilitation attractive, we developed a
software framework, called Ttrs, thatenables us totake
anexisting UNIX® system tool-a general-purpose text
editor, for instance-and specialize itbyaugmenting its
basic capabilities with new, task-specific capabilities. The
original tool is notcompromised bythis specialization.
As anapplication ofthe 'nPS framework, we built a spe­
cialized texteditor for textformatting onthe UNIX sys­
tem. The specializedtoolprovides avariety ofon-line,
context-sensitive services thatmake the taskeasier to
learn, do, and remember. Because its services arealways
available and tailored to the situation athand, the special­
ized tool compares favorably to conventional tasksup­
ports, such as training classes and pape-r manuals, as a
method for taskfacilitation.
Introduction

How canwehelppeople copewith complex, computer-based
tasks? Oneapproach is to provide environments specialized forthe
tasks. The world around us seemsto haveevolved to this answer. Look
at a house, for example. Eachroomis specialized foran activity: a kit­
chen forcooking, a bathroom forhygiene, an office or a shopforwork,
and so on.The office or shopmaybe furtherspecialized depending on
the natureofthe work.

Specialized environments also existon computers as software
tools-forexample, a text editorforworking with text,a spreadsheet
forworking with tablesofnumbers, and so on. [Inthe personal com­
puter (pc) world, software tools tend to be highly specialized and
focussed on a single task-for example, a word processor forcreating,
formatting, and printing a document; a spreadsheet forcomputing data



and printing reports; a database fororganizing, storing,
andretrieving information. Integrated packages are also
available for doing several related tasks,particularly
"office" tasks, so users havea single environment for
doing a variety oftasks. This paperfocusses on the UNIX
systemworld, whereyouneed a combination oftools to
perform a task-for example, one tool to createor
changethe text,anotherto format it.]

If specialization is a goodthing, whyare most
software tools general-purpose? Why, for instance, is
there only a general-purpose text editorsuch as vi on
mostUNIX systemmachines instead ofmany specialized
text editors: oneforwriting shellscripts, anotherfor
writing Cprograms, yet anotherforwriting business
letters, and so on?

Anobvious reasonis that tools costmoney to
buyor build. This is the acquisition cost. Another reason
is that specialization leadsto a proliferation oftools and
thus increases the costoflearning, remembering, and
mastering their use.We'll callthis the competency cost.
Another reasonis flexibility loss. Atoolspecialized for
one task is often awkward to use for other tasks. Once
westart down the roadofspecialization, wemayfind that
weneed a different tool for eachtask,which bringsus up
against acquisition andcompetency costs.

Wehave developed a framework-called TIps­
forbuilding specialized tools that lowers acquisition cost,
minimizes competency cost, andeliminates flexibility
lossentirely.

TIps lowers the acquisition cost ofa specialized
tool by startingwith an existing tool as a base and
enhancing it with task-oriented, on-line services. The tool
wewould chooseas the base toolis one that is already in
common use for the task andthat a user would learnas a
matterofcourse. The base tool provides the core capabil­
itiesofthe specialized tool, so only the enhancements
need to be learned. This minimizes competency cost, and
overcomes the reluctance ofusers to learnan entirely
newtoolfrom scratch. In addition, several specialized
tools mayuse the samebase tool, but with the same

interface for the enhancements. TIps eliminates flexibility
lossbecause the enhancements don'tcompromise anyof
the existing capabilities ofthe base tool.

In the nextsection, wedescribe a specialized
tool that was developed with TIPS forformatting text.
This is followed bya briefdescription ofthe TIps frame­
workanda discussion ofthe user-interface benefits of
this approach.

A Specialized Tool for Text Formatting
To explore the benefits ofa specialized tool and

the TIps framework, webuilta specialized tool forfor­
matting textusingMM, that is, the UNIX system's memo­
randum macros.' Before wedescribe the tool, let's first
understand whatthe task involves andwhy it serves our
purposes well.

MM is a markup language for specifying the for­
matofa document. It consists ofa codelanguage that is
addedto text to tellhowparticular partsofthe text
should be handled. (See Panel 1foran example ofhow
MM is used to produce a letter.) Strictly speaking, mm is
the nameofa software tool that generatesa well­
formatted document, given the properinput. Preparing
the inputfor the mm tool-that is, inserting the correct
format information intothe text-is a task,just as writing
a program for a compiler is a task. Fromnow on,when
we refer toMM, wemeanthe task ofpreparing a docu­
mentfor inputto the mm text-formatting software tool,
unlessthe context suggestssomeother meaning.

The following aspectsmakeMM a good task for
exploring the usefulness ofa specialized tool:
- MM is complex. Classroom instruction onMM takes

sixdays, testimony to its complexity. Entire books
have beenwritten onMM and related topics.1,2 Coping
with the complexity ofMM should be a challenge fora
TIps tool.

- MM is a real task in the realworld. Thousands ofpeo­
plealready use MM. Eachyear,several hundred stu­
dents take the MM course, and many morelearn on
their own. Given this need,a useful TIps tool should
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Panel 1. MM: A BriefO\lervlew

Formatting instructions or macros inMM consistofthe
macro's nameand its argumentor arguments. Con­
sider,forexample, the macro. WA "J. Doe" that
provides information aboutthe writerofa letter.
(We1l explain this macro furthershortly.) Its nameis
. WA, and its argumentis "J. Doe". (Quotation
marksmust surroundanyargument that contains
embedded spaces.) Macros are distinguished from
normal text bya period (pronounced dot) at the begin­
ningofthe line.

We now presenta briefexample to showhow
the memorandum macros (MM) are used to produce
the following letter:

J.Doe
AT&T Bell Laboratories
MurrayHill. NJ 07974

Equipment Supplier, Inc.
1234 MainStreet
Corpville, NJ 01234

To whom it mayconcern:

Pleasesend me information aboutyourWidget,
Model A123. Thankyou.

). Doe

find many users. If not, the failure will be obvious.
- There is competition. Classes, manuals.v' books.l­

andcomputer-aided instruction (theUNIX system's
teach and learn facilities)! are currently available
for learning MM. The extentto which aTirs toolsue-
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This letter resultsfrom formatting and print­
ingthe following MM document file:

.WA "J. Doe"
AT&T Bell Laboratories
Murray Hill, NJ 07974
.WE
.IA
Equipment Supplier. Inc.
1234 Main Street
Corpville. NY 01234
.IE
.LO SA
.LT BL

Please send me information
about your Widget. Model A123.
Thank you.
.SG

This is a briefdescription ofthe letter'scom­
ponents. The writer's address macro, . WA, specifies
the writer's narne-se.g., J. Doe-and denotes that
the writer'saddressappears onthe linesthat follow.
The . WE macro marksthe endofthe writer's address.
The recipient's address macros, . IAand . IE, play
similar rolesforthe recipient ofthe letter. The letter
option macro, . LO, with the code, SA, forits argument
generates the salutation, "To whom it may con­
cern:." The letter style macro, .LT, with the code,
BL, forits argument specifies a style with blocked
paragraphs. The signature macro, . SG, generates the
signature lineat the bottom ofthe letter.

ceedsagainst this competition is a measure ofits rela­
tive usefulness.

Ourgoalwasto explore theTtrs framework, not
to permitor simplify the formatting oftext, per se. If the
latterwereour goal, wemightredesign the text-



formatting task to eliminate the rootcausesofthe diffi­
culties with MM.

Agoodexample ofa redesigned task is a
WYSIWYG (what yousee is whatyouget) word processor
that displays the formatted document as youcreateit,
unlike MM wherethe document is formatted only whenit
is printed. Doesthe possibility ofredesigning tasks make
specialized tools unnecessary, or,worse yet, misguided?
Wethinknot.

Task redesign won'teliminate the needforhelp.
Many PCword-processing packages follow the WYSIWYG
approach but mastering or evenlearning to use anyof
them is not easy. Witness the numberofbooksavailable
on howto use the so-called, easy-to-use WYSIWYG word
processors on the market. Many such word processors
also include on-line help. Wetake these observations as
evidence that users need supportin dealing with com­
plextasks,no matterhowwell designed the tasks.

Moreover, redesign maymakea task morecom­
plexthan before. The tendency is to makeeachgenera­
tionofa toolmore powerful, and the tasks donewith the
tool morecomplex. Aslongas this tendency continues, a
rolefor task supportseemsassured.

Using the TIps framework, webuilta specialized
toolforMM with a general-purpose text editoras its base
tool. Atext editoris an appropriate choice for the base
tool, becauseit is normally used to createandeditMM
documents.

The text editorcanbe either the vi or emac s
screen editor. (Vi is pronounced vee eye, while emacs is
pronounced ee max.) Ifyouuse the UNIX system, then
youprobably know one ofthem already because a text
editoris such an essential and heavily used tool.

For the sake ofthis paper, we'll assumethat you
use vi, andwe'll use viMM to denote the version special­
izedforMM. Because viMM retainsallthe text editing
capabilities ofvi, youalready know howto use mostof
v i MM• You can still use v i MM just likeplain v i. Butwhen
youformat a document with MM, youcantake advantage
ofthe task-oriented, on-line services that viMM provides to

makethe task easier:
- On-line documentation
- Sample documents
- Help with MM macro syntax (called forms)
- Plans forvarious typesofdocuments
- Anotebook forpersonal samples ofdocuments.
Let's looknextat these services.

Butfirst, weneed to cover onedetail. Toget to
anyofthe services, youwould use the help command in
viMM, the only newcommand a user need learn. The help
command is control- / (pronounced control slash),
which is keyedbyholding down the "control" key (often
labeled CfRL) andhitting the "I" key. This command pro­
ducesa prompt at the bottom ofthe screen. Atthe
prompt, type? andhit the "return" key. (We'll referto
the latteras RETURN.) ViMM responds with helptailored to
the current situation.

On-LineDocumentation. V i MM offers on-line docu­
mentation forMM. This documentation is hierarchically
organized intochapters, chaptersinto sections, andso
on.To accessthe on-line documentation, youuse a menu
hierarchy that reflects this organization.

Weare notenthusiastic abouton-line documen­
tation as a meansoftask support. Studies show that
paperdocumentation is seldom used,6-8 andwequestion
whyan electronic version should not suffer the same
fate. Documentation, whetheronpaperor screen, only
describes or instructs; it doesnotmake the taskintrinsi­
cally easier.

In viMM , wesoughttogo beyond documentation
to provide supportservices that are possible only be­
causea computer can senseand respond to the current
situation. Forexample, suppose youwantanexplanation
aboutsomedetail ofMM that appears on the texteditor
screen. You can"point" to the puzzling itemwith the text
editor's cursorandthen use the helpkeyto askviMM for
an explanation. (To point to or select an item onthe
screen,move the cursor to that itemwith the textedi­
tor's normal cursor-control commands andthenuse the
helpkey.) ViMM will "sense" whatyouhave pointed to,
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Figure 1. On-line
documentation.
(a) An explanation for
the .WAmacro;
(b) the raw form of
the macro; (c) the
setter allows you to
change the macro's
arguments; (d) setter
values replace the
arguments in the
macro's raw form.
(For this publication,
we have emboldened
the critical Informa­
tion on "screens";
these areas are not
emboldened on a real
screen.)

.WA "J. Doe"
1--------------------------------

Mark the .tart of the writ.r'.
name and addr•••.
Us•.WE to mark its .nd.

1234 Main St.
Corpville. NY 01234
.IE
.LO SA
.LT BL

Please send me information
about your Widget. Model A123.
Thank you.
.SG

(8)

.WA "J. Doe"

.NA <s.nder's name> [titl.]
AT&T Bell Laboratories
Murray Hill. NJ 07974
.WE
.IA
Equipment Supplier. Inc.
1234 Main St.
Corpville. NY 01234
.IE
.LO SA
.LT BL

Please send me information
about your Widget. Model A123.
Thank you.

(b)

searchits storedknowledge aboutMM, andpresentan
explanation on the screen.You haveonly to makeyour
desireknown, and the computer responds appropriately.

The remaining services described in this section
show howViMMprovides assistance tailored to your
needsandthe situation at hand.

Sample Documents. Acommon strategyfor solving
a problem is to find an example ofa solution to a similar
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problem, analyze the example to understand the solu­
tion, and then modify the example to solve yourvariant
ofthe problem," Vi.. letsyouapply this strategy to learn
andworkwith MM.

Vi~M contains a collection ofsample documents
that representsolutions to a variety offormatting prob­
lems. Toget a sample document, use the help key. Atthe
prompt, type ?andRETURN. Amenuofall the services



·WA "J. Doe"
.WA <.ender'. name> [title]

I-;~~~~;;;-~~~-;~-;~~~--------------l

I [title]: Sale. Manager I
--------------------------------------

Equipment Supplier. Inc.
1234 Main St.
Corpville. NY 01234
.IE
.LO SA
.LT BL

Please send me information
about your Widget. Model A123.
Thank you.

(el

.WA "J. Doe"

.WA "S. SJnith" "Sale. Manager"
AT&T Bell Laboratories
Murray Hill. NJ 07974
.WE
. IA
Equipment Supplier. Inc.
1234 Main St.
Corpville. NY 01234
.IE
.LO SA
.LT BL

Please send me information
about your Widget. Model A123.
Thank you.

(d)

available will appearon the screen.Fromthe menu,
selectExamples. In response, viMM will present a menu
ofsample documents. Then, whenyouchooseone,that
sample document is read intothe text editor.

Now you can analyze the sample with ViMM'S help
and use the text editorto changethe sample to meet
your needs.This service ofViMM enablesyouto learn
from examples and do useful workas youlearn.

For example, suppose youwantto write a letter.
You mightstart with the codedsample letterwesawin
Panell, which is available from ViMM.1f there is some­
thingyoudon'tunderstand aboutMM in the sample- for
instance, the .WA macro-you can point to that linewith
the text-editor cursor and ask ViMMforan explanation.
The explanation is presentedon the screenina "frame"
placed directly below the linein question. Figure la
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Figure 2. The desired
macro can be found
from just the first
letter of its name. If
you ask for a list of all
the macros that begin
with the letter S, you
will get the menu on
the left. A brief expla­
nation of each item Is
available; the frame
to the right displays
an explanation of the
.SG macro.

.WA "J. Doe"
AT&T Bell Laboratories
Murray Hill. NJ 07974
.WE
.IA
(=======)
( .S [POINT SIZE) )
( . SA [RIGHT MUG )
( .SG [REF LINE) )
( .SK [paq•• to • )
( .SP [lin•• to • )
( .nr S <point .i )
( .nr Si <di.play )
( )
Thank you.

86

shows the explanation youwould get for the . WA macro.
If, basedon the explanation, youdecide to mod­

ify the. WA macro (thatis, changethe argument), once
again youcanpointto the macro to ask forhelp. Butthis
time, develop the . WA macro by hitting the helpkeyand
RETURN. Here,develop meansto get the macro's raw
form. (More generally, develop meansto transform the
thingpointed to intosomething else that moves the task
along; laterexamples will makethis clear.) The raw
form is put intothe text editor, below the line to which
youwerepointing.

Aswecan see from the secondlinein Figure Ib,
the rawform shows the macro and its arguments, which
are enclosed in either angle ("<" and "s") or square ("["
and"]") brackets. Angle bracketsmeanthe argumentis
required anda value mustbe supplied; squarebrackets
signify it is an optional argument and may be ignored.
(The bracketsare omitted whenthe macro is typed into
the textfile.)

Ifyounow point to the rawform and ask ViMM to
develop it,youget the setter, a service that enables youto
supply values forthe arguments. In Figure lc, we show
the setterwith newvalues already typed. Whenyoufin­
ishwith the setter, the values youtyped are substituted
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forthe arguments ofthe rawform, as shown in Fig­
ure ld. You would now delete the original .WA macro.

The explanation, rawform, andsetterservices
are available for anyMMdocument, notjustforsample
documents available from viMM• Forexample, suppose
thatyourcolleague has a document thatyou canuse as a
basisforyourown work. You canreadthatdocument
into viMM (with the text editor's normal "read" command)
andworkwith it as justdescribed.

Forms. Weuse the termforms in ViMM to mean
the MM macros with their arguments. You canget any
macro by namefrom ViMM•

Forexample, suppose thatyouwant a signature
on a letter, but the letteryouare creating doesnothave
the . SG macro that generatesthe signature line. Ifyou
know thatyouneedthe. SG macro but aren'tsure about
its arguments, youcanask ViMM forthe macro by name.
(Use the helpkey andtypethe macro name, SG, instead
of? at the prompt.) v i MM responds byputting a rawform
ofthe macro intothe text editor. With this service, you
need to know only the nameofa macro andnotits syn­
tax, because ViMM will supply the complete macro.

Here'sa moreinteresting variation ofthe forms
service. Suppose youwantthe signature macro but



remember only that its namebeginswith an S. You can
ask viMMsimply for S, and a menuofallthe macros in
MM that beginwith S will appear (Figure 2).Ifyoustill
can't recognize whatyouwantfrom the menu, youcan
get a briefdescription ofeachchoice. Figure 2 shows the
description for the. SG macro (ina frame next to the
menu). Whenyouchoosethe. SG macro from the menu,
viMMwill put its rawform intothe text editor.

Thisvariation letsyouget bywith goodguesses.
Ifyouguess that the nameofthe macro to generatea
signature mightreasonably start with the letter s,you
canexplore that hypothesis easily with the helpofviMM•

Plans. Ifyouare a newcomer to MM, formatting a
complete document is likeputting togethera puzzle. The
individualMM macros are the pieces (declarative knowl­
edge),and the processofformatting a document is the
puzzle (procedural knowledgel.v'" To solve the MM puz­
zle, youneed not only the MM macros, but also a plan for
the document: which macros to use,whattheir order
mustbe, andwhatvalues their arguments must have.

ViMMcontains ready-made plans to helpwith the
processofputting togethera document puzzle. Aplan is
either the structureofan entiredocument or ofa com­
ponentofa document. To get a plan, youask viMM for a
menuofplans. Whenyouchoosea plan, viMMputs that
plan intothe text editorwhereyoucan develop its parts
intothe final document.

With a plan, producing a document is no longera
processoftyping macros namesand argument values
from memory ontoa blankscreen.Instead, it is one of
altering a ready-made plan bitbybit with viM/S help,
until the final document evolves. This is an application of
the means-ends analysis," where viMM'S ability to develop
a plan is the principal means, and the final document is
the goal.

Forexample, suppose thatyouwantto produce a
standard businessletter. Figure 3ashowthe plan youget
from viMMfor the letter with the expected three parts: the
beginning, the body, andthe end.

Toformat the beginning ofthe letter, youcan

point with the cursorto the partofthe plan that is
labeled LETTER BEGIN andask viMM to develop it.
Figure 3b showsthe result; here, allthe subparts that
go at the beginning ofthe letterhave replaced the
LETTER BEGIN part (in Figure 3a).

For the sakeofbrevity, we'll skipsome stepsin
the development ofthe complete plan forthis letter to
show anotherservice ofviMM• This service, called the
selector, presentsa listofalternatives as a menu. The
menumakesit possible to develop something bysimply
making a choice. Wewill now show howthe selector is
used to specify the style ofthe letter.

The LETTER STYLE partofthe plan develops
into the . LT macrothat has the argument named
[LETTER STYLE] (seeFigure 4a). Whenyoudevelop
the . LT macro, youget a selector menu that liststhe
possible values for the [LETTER STYLE] argument.
This menuis displayed just to the rightofthe argument
ina frame with "scalloped" leftand rightmargins (see
Figure 4b). Anexplanation foreachvalue is available.
In the boxto the rightofthe selector menu in Figure 4b,
weshowan explanation ofthe firstchoice: the Blocked
letter style. Ifyouthen choose Blocked as the style,
viMMsubstitutes the corresponding codevalue BL for
the [LETTER STYLE] argument in the. LT macro
(notshown). -

In this example, the selector menu consists of
meaningful descriptions ofthe alternative values for an
argument. Corresponding to eachdescription is a code
value that is a possible value forthe argument. Aselector
menurelieves us ofthe burdenofremembering listsof
meaningless codevalues.

Notebook. ViMMprovides a private notebook as a
convenient place to keep itemsforyourpersonal use.
such as a letter template with youalready identified as
the sender. Ifyoudevelop sucha template for a letter
andwant to save it forfuture use,youcanstore it inyour
private notebook with a name thatyouspecify. Then, the
next time youwant to write a letter, youcanaskviMMfor
a menuthat liststhe namesofitemsinyournotebook,
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Figure 3. Ready-made
plans represent the
structure of the entire
document or of one of
Its components.
(a) The plan for a
business letter;
(b) the development
of the beginning of a
business-letter plan.

••••••• -LETTER_BEGIN- (Things before the letter body)
[BODY TEXT]
••••••• -LETTER END- (Things after the letter body)

(8)

••••••• -DATE- (Date; delete if today's date is OK)
••••••• -SENDER- (Sender's name, title and address)
••••••• -RECIPIENT- (Receiver's name, title and address)
••••••• -SALUTATION- (Salutation)
••••••• -LETTER STYLE- (Overall letter format)
[BODY TEXT] -
••••••• -LETTER_END- (Things after the letter body)

(b)

chooseyour letter planto get it into the text editor, and
get a head start on the letter.

The notebook is a convenience that relieves your
memory, and is alsoa wayto customize viMM to suityour
needs. Figure 5a is an example ofa personalized tem­
plate for a letter ofthe sort you mightkeep in your note­
book. Notice that the template is not fully fleshedout.
Instead, some macrosare stillin their rawforms, to be
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developed later whenyou use the template to writean
actual letter.

For example, supposeyou sometimes wantto
include a notation such as "Copy to" inyourletter.You
can develop the notation macro, .NS, to get the selector
menu ofpossible notations in Figure5b. Eachnotation is
associated withan arbitrarycodenumberthat will
replace the argument [NOTATION_TYPE] whenyou



.WA "5. Smith"
AT&T Bell Laboratories
Murray Hill. NJ 07974
.WE
.IA
Gadgets Galore. Inc.
789 Front St.
Hoboken. NJ 07077
.IE
.LO SA
. LT [LETTER STYLE]
[BODY_TEXT]-
••••••• -LETTER_END- (Things after the letter body)

(a)

Figure 4. Specifying
the document's style.
(a) The business­
letter plan developed
through the .LT
macro that controls
the document's style.
(b) The selector
presents a menu of
possible values for
[LETTER_STYLE] .
To the right is the
explanation for the
Blocked style.

.WA "5. Smith"
AT&T Bell Laboratories
Murray Hill. NJ 07974
.WE
. IA
Gadgets Galore. Inc.
789 Front St.
Hoboken. NJ 07077 (=============
. IE ( Blocked )
.LO SA ( Semi-blocked)
.LT [LETTER STYLE] ( Full blocked)
[BODY_TEXT]- (Simplified)
••••••• -LETTER_EN ( )

(b)

The date, return address, closing
and writer's identification lines
begin at the center of the page .
All other text begin at the left I
margin. I

-----------------------------------the letter body)

89

makea choice from the menu. Bykeeping macros in
their rawform, youleave openopportunities for viMM to
continue to helpyou.

The TIPS Framework
Aspecialized tool builtto comply with the Tirs

framework consists offourmajor parts (Figure 6):
- The PLEXUS process.

- The base-tool process. (The base tool inourexample
above wasthe vi text editor.)

- The Trrs control process, which enhances the base
tool with the task-specific services.

- The task database.
Ashort description ofeachpartfollows.

PLEXUS. The heart ofthe Ttrs framework is the
PLEXUS process, which plays an administrative role.

AT&T TECHNICAL JOURNAL. SEITEMBER/OCTOBER 1989
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Figure 5. A notebook
feature stores person­
alized "sample" docu­
ments. (a) A skeletal,
personal version of a
business letter may
still contain raw
forms of macros for
later development.
(b) This selector
menu lists possible
values for the
[NOTATION_STYLE]
argument.

.WA ItS. Smith"
AT&T Bell Laboratories
Murray Hill, NJ 07974
.WE
· IA [recipient's name] [title]
Recipient's data and/or address
.IE
.LO SA [salutation and name]
.LT BL
[BODY TEXT]
.Fe "Sincerely,"
.SG
.NS [NOTATION_TYPE]

(a)

.WA ItS. Smith"
AT&T Bell Laborator( )
Murray Hill, NJ 07( Copy to )
· WE ( Copy (with att.) to )
.IA [recipient's na( Copy (with atts.) to )
Recipient's data an( Copy (without att.) to )
.IE ( Copy (without atts.) to )
.LO SA [salutation ( Att. )
.LT BL ( Atts. )
[BODY TEXT] ( Enc. )
·Fe "Sincerely," (Encs. )
,SG ( Under separate cover" )
.MS [MOTATIOM_'l'YPIl:] ( )

(b)

PLEXUS coordinates the behavior ofthe entireensemble
by managing the other processes, managing interpro­
cess communications (IPe) , andhandling keyboard input
andscreen output.

Some ofthe capabilities ofPLEXUS impartcertain
features to aTirs tool thatwefeel are critical to the tool's
success. These capabilities andtheir manifestations as
features ofa lIps tool are:
- To the base-tool process, PLEXUS lookslikea terminal.

Thus,PLEXUS can interpose itself between the termi­
nalanda base-tool processthat normally expects to be
connected directly to a terminal. This ability ofPLEXUS
to mimic a terminal makesit possible to use screen­
oriented interactive tools, such as the vi text editor,
as the base tool.

- PLEXUS enables processes to communicate with each
otherviaan interprocess communication mechanism
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that doesnot require messages to be addressed.
Because a basetooldoesnothave to add anaddress
to its outputnor remove an address from its input, it
canworkwithout modification within theTtrs frame­
work. Totalreuse ofexisting software without modifi­
cation obviously saves effort inbuilding alIps tool.'!
Moreimportant, total reuse enables us to use as bases
forlIps tools those tools that wecan'tmodify-for
example, tools from third-party vendors.

- PLEXUS maintains an exactcopy ofthe screen.
Because the information on the screendefines the
context ofthe work in progress, aTirs tool canuse
that information to respond intelligently to requests
forhelp. That is, a lIps tool canprovide context­
sensitive help. Forexample, whenyoupoint to a macro
in viMM andask foran explanation, viMM "reads" the
textfrom the screencopy to determine what macro



youwantexplained.
- PLEXUS is normally transparent, sendingkeyboard

inputto the base tooland tooloutputto the screen.
Because ofthis transparency, the TIps toollooks and
actsjust likethe base tool in normal use.There is no
lossofflexibility. This assures thatyouhavenothing
to lose andpotentially muchto gainby usinga special­
izedvariant ofyourfamiliar base tool. For example,
the ViMM version ofthe vi editoris aTIps toolthat
helpsyouuse MM forformatting text, unlike plain vi,
which knows nothing aboutMM.

- PLEXUS can sendcommands anddatadirectly to the
toolto effect the workin progress. This is whatJudd
calls direct help.12 Thus, PLEXUS canfacilitate the task
bygoingbeyond the roleofan observer, andassum­
ing the roleofan assistant that does someofthe
actual work. In ViMM, whenyouuse a setter to enter
values fora macro'sarguments, ViMM reads the values
and sends them-along with the appropriate editor
commands-to the text editorto effect the substitu­
tionofvalues forarguments. And, whenyoudevelop a
plan, the development takes place in the text editor
becauseviMM has sent the text editorthe appropriate
commands and data.

The Base Tool. The base tool provides mostofa
TIps tool's functionality. Bothfile-oriented and screen­
oriented UNIX systemtools canbe used as a base tool,
becausePLEXUS canlooklikeeithera file or a terminal,
depending on the base tool's orientation. And as wemen­
tioned earlier, the base toolcanbe takenoffthe shelfand
used "as is"; it doesn'thaveto be changed to workwithin
the TIps framework.

For now, the base tool mustbe character­
oriented to workwith TIps. Ononehand, this is an
advantage because youdon'tneeda fancy graphics ter­
minal to use aTIps tool. Buton the other hand, this will
prove increasingly to be a disadvantage as graphics ter­
minals become morecommon and moreUNIX system
tools become graphics-oriented.

The Control Process. All task-specific services ofa

Figure 6. Block diagram of a TIPS tool. PLEXUS manages
processes, interprocess communication, and keyboard input
and screen output.

TIps tool derive from the TIps control process. The con­
trolprocessalso defines the interface to theTIps tool.

Whenyouask forhelp, the control process takes
control ofthe interaction. It notesthe position ofthe cur­
sor and the text on the corresponding line on the screen,
anduses this information-withyourrequest-to
retrieve the desiredinformation from the database
(described next) and package it forpresentation. The
information may be presented as a textbox-for exam­
ple, an explanation-to be read. Or,it may be presented
in a "live" form that permits interaction with the informa­
tion: a menuforchoosing, a setterfortyping, or a plan
fordeveloping. Or,the information may bypass the inter­
face andgo instead to the base tool to give direct help.

The Task Database. The task database attached to
the control processcontains alltask-specific information,
including information that specifies the interface forthe
specialized tool. In ViMM (and in the MM version of
emacs), forexample, this database contains information
aboutthe MM macros andhowthat information is to be
presented. If a specialized TIps tool were developed to
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helpusers write C-language programs, its task database
would relateto Clanguage and programming structures.

Specifications for the menus, setters,and selec­
tors are storedin the database and are notpart ofthe
TIps control process, per se.The control process pack­
ages the information to be useful forthe task but is itself
neutral aboutthe task.

The control processis designed to workwith
multiple databases, each onecontaining information fora
different task. If multiple databases are attached to the
control process, the user could get aTIps tool specialized
for different tasks by simply switching databases. For
example, if wewereto develop a database for C-language
programming, inaddition to the database wealready have
forMM,then the user could switch between the two data­
bases to get a TIps toolspecialized for either Cor MM.

Learning, Doing, and Remembering a Task
This workwasmotivated by the need to make

computer-based tasks easierto learn, do, and remember.
In this section, weexamine howa TIps tool addresses
these aspects ofcoping with a complex task.

Learning. ATIps tooladdresseslearning in two
ways: byenhancing learning efficiency and reducing the
amount youneed to learn.

To enhance learning efficiency, aTIps toolpro­
vides the following conditions that are known to foster
learning:
- Learning by doing-The TIps tool helpsyousolve real

problems to get realworkdone. Eachtimeyouuse
the TIps toolto do realworkyouare practicing, which
is indispensable forlearning a complex proccdure.P
The motivation to learnis heightened because what­
everis learned is put to use immediately and rein­
forced byworksuccessfully completed.

- Learning from examples-To encourage learning, a
TIps toolmakesexamples easily available, provides
explanations ofunfamiliar material in the examples,
andallows you to use the examples as a startingpoint
foryourown version ofa similar document. Learning
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from examples is a form of inductive learning.9

- Learning in small amounts-With aTIps tool, learning
occursin small chunksovera longperiod-weeks or
months or evenyears-unlike a classwherea large
amount ofmaterial is covered in a few days. The con­
sequentspacing effect9 enhances learning.

- Review andreinforcement-A TIps tool offers continu­
ingand unlimited opportunities to review and rein­
force learning. Training classes, on the other hand,
offer little supportfor learning whentheyare over.

- Timeliness-With aTIps tool, learning occurs as the
need arisesand thus is timely. Aclass, however, must
be takenwhenit is scheduled andnotnecessarily
whenit is timely.

- Convenience-Likeother on-line helpsystems, aTIps
tool makeslearning experiences conveniently accessi­
blewith a few keystrokes, unlike off-line supports
suchas a classor manual. Because convenience
increases access, learning is enhanced.

- Adaptability-ATIps tool adapts to you, unlike a class­
room (which is gearedto the average student), or a
manual (which is written to meet the needsofa hypo­
thetical reader). You havethe power andthe responsi­
bility to makeaTIps tool accommodate yourback­
ground, needs,and desires; the kindofwork youdo;
andyourjobsituation.

ATIps toolmakeslearning easierby reducing
the amount youhaveto learn. You canget startedwith a
task rightaway without learning a lotofinformation
beforehand. Furthermore, the information so readily
available from aTIps tool allows youto be less than dili­
gent aboutlearning and committing a lotofinformation
to memory. This is especially beneficial forthe following
kindsofinformation that are hard to remember andeasy
to forget.
- ATIps tool cansupply the rawforms (declarative

knowledge) ofthe information. All youhave to remem­
ber is the nameofthe form-better yet, the first letter
alone may suffice. The TIps tool will supply the com­
pleteform, with its mnemonically labeled arguments



in their properorder.
- ATIps tool can supply a menuthat listspermissible

codevalues for an argument. Moreprecisely, the
menulistsmnemonic descriptions ofthe argument
values. Associated with eachdescription is a code
value, often an arbitrary number, which is the real
value ofthe argument. Memorizing such a list is a
difficult-if not futile-task, not only becauseofthe
list's nature, but also becausemorethan one listmay
use the samecodevalues.

- ATIps toolsupplies plans (procedural knowledge) that
showhowindividual pieces have to be arranged to cre­
ate a coherentwhole. In viMM, plans makeit possible to
createentiredocuments without learning their formats.

Doing. To makedoing a task easier, aTIps tool
does someofthe workforyou. In ViMM , for example, ifa
macro argument canhavea small set ofpossible values,
the set is presentedas a live menuinstead ofa "dead"
document. Whenyouchoosean option from the menu,
TIps will substitute the corresponding value for the
argument.

The plans in viMM are anotherexample ofaTIps
tooldoing someofthe work. You simply identify the
parts ofthe plan to be developed, and ViMM doesmuchof
the workofturningthose parts intoa document.

ATIps tool also changesthe way yougo about
the task.You canlet the tooldo someofthe work, instead
ofdoing it allyourself. Because aTIps tool decreases
effort and tedium, it has the potential to makeyourwork
easier to do, fasterto finish, and less proneto errors.

Remembering. Despite yourbest intentions,
remembering takes effort and is frustrating. Mostlikely,
youwill forgetsomeinformation anyway, especially lists
ofhard-to-remember codevalues and rarely used mate­
rial. ButaTIps tool's task database can"remember" for
you, saving youthe effort. Betteryet,whata TIps tool
remembers, youdon'tevenhave to learn.

We've already talked abouthowa TIps tool
remembers rawforms, selectors, and plans. Another
memory aidina TIps tool is the notebook. Ifyouhave

something thatTIps doesn'tprovide butyoumight need
in the future, youdon'thave to remember it. Instead, you
canput it in the notebook andforget it. Later, youcanfind
whatyouneedfrom a menuofthe notebook's contents.

Contrast thisview oflearning andforgetting with
that takenby a classor manual. The effectiveness ofa
classor manual depends not only on howwell youremem­
ber whatyoulearned, but also on remembering where you
learned it andwhereyouput the manual or yournotes.
Whenyouforget, youhave no recourse but to searchfor
the material, relearnit, andtry not to forget again.

Doesthe memory service make aTIps tool a
crutch? Yes, just as a addressbookanda personal calen­
dar are crutches. The extentto which a tool becomes
indispensable is a measure ofitsworth.

Conclusion
Wehavedemonstrated the feasibility ofa soft­

ware framework called TIps foradding task-oriented, on­
lineservices to a general-purpose base tool. The resul­
tant specialized tool facilitates learning, doing, and
remembering a complex computer-based task.

Moreover, wehave demonstrated the feasibility
ofproviding services that support doing tasks, in contrast
to traditional forms ofon-line helpthat support using
tools. Mastery ofa tool doesnotmean mastery ofthe
tasks donewith the tool-hence, the needforspecialized
versions ofa familiar tool, such as a texteditor, with ser­
vices oriented toward taskfacilitation.
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